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ABSTRACT
This report details progress to date on a set of tasks being performed by Sandia National Laboratories (SNL) for the
Department of Transportation (DOT). These tasks identify and examine the feasibility of technologies for the
DOT’s Commercial Vehicle Operations (CVO) component of the Intelligent Vehicle Highway Systems (IVHS)
program. Specifically, these tasks are as follows: Enhancements to Commercial Vehicle Inspections; Commercial
Vehicle Brake Study (Project Short Stop); RAMPOST (RadioActive  Materials POST notification reports)
Database Support; Assessment of Technologies for Hazardous Material Transport; and Technologies for Covert
Inspections Monitoring. Reports on progress to date on each of these tasks are presented as attachments to this
report. This report also outlines and presents a rationale for an overall Systems Approach to building a
Commercial Vehicle Architecture that will best meet CVO needs. This approach is based on a top-down, life-
cycle approach to technology development that takes advantage of Sandia’s experience in systems engineering,
prototype development, and technology transfer.
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ATTACHMENT 1

Enhancements to Commercial
Vehicle Inspections

R. H. Byrne
9616 - Advanced Vehicle Development Department

J. P. Berry
324 - System Safety Engineering Department

Sandia National Laboratories
Albuquerque, NM 87 185

Abstract

This report documents a study sponsored by the Federal Highway Administration
(FHWA) on technologies to enhance the commercial vehicle inspection process.
The Federal Motor Carrier Safety Regulations, Commercial Vehicle Safety Alliance
(CVSA) Out-of-Service Criteria, CVSA North American Standard Inspection, and
European inspection procedures are reviewed. Current technologies and research
efforts are also summarized. Based on a review of the commercial vehicle
inspection process and available technologies, candidate technologies and
recommendations for enhancing the commercial vehicle inspection process are
identified.
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TECHNICAL TASK PLAN

TITLE: Enhancements to Commercial Vehicle Inspections

Sponsor: Federal Highway Administration (FHWA)
6300 Georgetown Pike
McLean, VA 22101

Technical Program Officer: Mike Freitas (703) 2852421
(703) 285-2264 (FAX)

Sandia Proposal Number: 959200309 Date: March 23, 1992

Principal Investigator: Ray Byrne, Dept. 9616
Sandia National Laboratories
Albuquerque, NM 87185-5800

(505) 845-8716
(505) 844-5946 (FAX)

Technical Program Manager: Steve Roehrig, Dept. 9604 (505) 844-1180
Sandia National Laboratories (505) 844-2193 (FAX)
Albuquerque, NM 871855800

TASK SUMMARY

Many technologies have been proposed to improve commercial vehicle operations (CVO).
These include automatic vehicle identification, weigh-in-motion, automatic vehicle classification,
and electronic placarding/bill of lading. For commercial vehicle freight operations, the benefits
include fewer required stops, reduced paperwork burden for interstate operations, and improved
safety performance.

There is considerable interest in improving the process of inspecting commercial vehicles and
drivers through the use of advanced technology. The purpose of this task is to identify and
assess various concepts to aid in monitoring, selecting, and inspecting large trucks and their
drivers. Concepts to be considered include systems that assist in selection of vehicles for
inspection by providing such data as a carrier’s safety record, etc. while the vehicle is still on the
mainline; remote sensors that monitor key vehicle components or driver characteristics and alert
inspectors of potential problems; and sensors, meters, and other systems to aid in the actual
inspection process. A long term goal would be the development of a fully automated on-board
computer inspection system that can alert the driver immediately of any unsafe conditions. This
system would also be able to transmit the results of the latest inspection to the inspection station
as the truck passes, thereby reducing the need for manual inspections. This system will improve
productivity by reducing the time required for manual inspections and improve safety by allowing
continuous monitoring of the systems checked during an inspection.

Sandia has extensive experience with battery operated computer systems that have been
employed on robotic vehicles, missiles, satellites, and the Department of Energy’s tractor trailers
used to transport highly valued assets. This expertise, as well as the capability to design
custom, miniature sensors, makes Sandia well qualified to perform this task.

STATEMENT OF WORK

The project will be broken into the following sub-tasks:
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Phase I. Gather Information - Through a literature review as well as meetings and
conversations with key officials, determine the process used to select trucks (and/or
drivers) for inspection, the critical items, the inspection process, and the problems
and shortcomings associated with these activities. Time - 4 months.

Phase II. Identify and Assess Technologies - Examine proposed or implemented efforts to
improve the inspection process through the use of technology. This should include
efforts to provide data to aid in the selection of vehicles or drivers, as well as any
sensors, meters, or other devices intended to improve the quality or efficiency of
inspections. Time - 2 months.

Phase III.  Analysis and Summary of Findings - Identify opportunities for improving the
commercial vehicle inspection process through the use of technology as well as
candidate technologies. Analytically evaluate the potential for the candidate
technologies to improve the commercial vehicle inspection process in a cost effective
manner. Based on the analysis, develop a recommended course of action for further
development of inspection systems. Document analysis and recommendations in a
SAND Report. Time - 3 months.

Phase IV. Negotiate Future Work - Based on the analysis and recommendations, mutually
agree on a course of action for further development of inspection systems by Sandia.

ESTIMATED COST

YEAR
FY93

Phase I - I I I *

MANPOWER EXPENSE
$130K $50K

TOTAL
$180K

*Includes approximately $20K for support from the Commercial Vehicle Safety
Alliance in researching the truck inspection process.

MILESTONES

Deliver SAND Report outlining Phase I-III findings July 1, 1993

RISK

The risk in Phase I-III is negligible since it mainly involves gathering and analyzing information.

APPROVALS

FHWA

Sandia
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1. Introduction

1.1
Many

Project Goals
technologies have been proposed to improve

commercial vehicle operations (CVO). These include
automatic vehicle identification (AVI), weigh-in-mo-
tion (WIM), automatic vehicle classification (AVC),
and electronic placarding/bill of lading. For commer-
cial vehicle fleet operators, the benefits of these tech-
nologies include fewer required stops and a reduced
paperwork burden for interstate operations. These
technologies are currently being demonstrated in sev-
eral smart corridor projects, including HELP/Crescent
and ADVANTAGE I-75 (Cambridge, 1993; Walton,
1993). However, none of these projects are looking at
the safety inspection task in great detail.

Vehicle safety inspections are performed to ensure that
carriers and drivers are complying with the Federal
Motor Carrier Safety Regulations (FMCSR). The
Commercial Vehicle Safety Alliance (CVSA) has de-
veloped a Standard North American Inspection
Procedure as well as uniform Out-of-Service Criteria,
which have been adopted by most states with minor
variations. CVSA is an alliance of federal and state of-
ficials responsible for the administration and enforce-
ment of motor carrier safety and hazardous materials
laws; the alliance is working together with government
and industry to improve commercial vehicle safety and
to standardize inspections. While CVSA has been
working to standardize the inspection process, there
have been no large-scale efforts to develop technolo-
gies to improve this process. Several states are cur-
rently conducting tests with pen computers, laptops,
and voice recognition systems, but these tests are not
part of a larger plan to integrate technologies into the
commercial vehicle inspection process. The goal of
this report is to gather preliminary data about the in-
spection process and the technologies being tested, and
to make recommendations on how to better use tech-
nologies to improve the commercial vehicle inspection
process.

1.2 Information Sources and
Acknowledgments
Information for this report was gathered from a number
of different sources. A literature search of the Society
of Automotive Engineers (SAE) database and several
other databases was conducted to obtain information
about previous and ongoing research projects. Several
conferences were attended to keep abreast of the most
current research and to meet people in the field. A

brake workshop was also conducted at Sandia National
Laboratories in Albuquerque, NM, as part of a related
project. (See Attachment 2 of this report.) Local
contacts that were very helpful include the New
Mexico Motor Carrier’s Association, the State of New
Mexico Motor Transportation Division, and the
Albuquerque Federal Highway Administration (FHWA)
Office of Motor Carriers. CVSA was an excellent re-
source, on both the state and national level. Meetings
with CVSA and attending the CVSA two-week North
American Standard Level I Class were invaluable
sources of information. Visits to the University of
Michigan Transportation Research Institute (UMTRI)
and the Transportation Research Center in Ohio were
also conducted. In order to obtain hands-on information
about the inspection process, inspection stations were
visited in Anthony, NM, St. George, UT, and Helena,
MT. In addition, visits to European industry and re-
search centers related to commercial vehicle inspec-
tion were conducted. These visits included
WABCO/UK  (United Kingdom), Lucas (United
Kingdom), Mercedes Benz (Germany), and IMechE
(United Kingdom). Phone interviews were also con-
ducted to obtain information about some of the tech-
nologies discussed in this report. The authors would
like to thank all of the people who provided informa-
tion for this study. Although a complete listing here
would be impractical, it is hoped that everyone who
contributed has been listed on the distribution page for
this report.

1.3 Report Overview
This report attempts to identify and assess ways that
advanced technology can improve the commercial ve-
hicle inspection process. It begins with a discussion of
the fundamentals of computers, sensors, and communi-
cations, all of which are essential components of
commercial vehicle inspection systems (Section 2).
Then the details of the inspection process are described
(Section 3). The report then provides a review of tech-
nologies currently being tested in the area of vehicle
inspection (Section 4) as well as mature technologies
that could easily be implemented. Finally, the report
closes with near- and long-term recommendations for
enhancing commercial vehicle inspections (Section 5).

Although this report does not contain an executive
summary, those already familiar with the truck inspec-
tion process can skip to Section 5 to find the report’s
conclusions.
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2. Technology

All of the technologies described in this report involve
some combination of computers, sensors, and commu-
nications. This section explains the basics of comput-
ers, sensors, communications, and smart materials so
that the nontechnical reader will have a better under-
standing of how they might be applied to improve
commercial vehicle inspections and safety. This sec-
tion should also help nontechnical readers better grasp
other Intelligent Vehicle Highway System (IVHS) con-
cepts that are being proposed for commercial vehicle
operations (CVO). Readers who are already familiar
with computers, sensors, and communications might
want to skip to the next section of this report.

2.1 Computers
Computers are electronic devices that are capable of
storing large amounts of data and very quickly perform-
ing operations on that data. An inexpensive computer
can perform millions of operations per second. A block
diagram of a typical computer system is shown in
Figure 2- 1.

The four basic components that make up most comput-
ers are the central processing unit (CPU), memory, in-
put/output (I/O) devices, and display. (Often primary
memory, I/O capabilities, and the CPU are integrated
on a single chip; this single chip is called a micropro-
cessor.) Computers run a program, or a sequence of in-
structions stored in memory, that determines how the
data will be obtained, manipulated, and displayed.
These programs are often called software. Software
can improve memory, speed, and efficiency without
necessitating hardware upgrades. Memory can be bro-
ken down into two main types, volatile and nonvolatile.
The data stored in volatile memory is lost when the
power is turned off. In contrast, information stored in

Fundamentals

nonvolatile memory is not lost when power is removed.
Therefore, programs are usually stored in nonvolatile
memory. An example of volatile memory is random
access memory (RAM), which is what the computer
uses to store temporary data while executing a pro-
gram. Examples of nonvolatile memory include read-
only memory (ROM), electrically programmable read-
only memory (EPROM), electrically erasable/pro-
grammable read-only memory (EEPROM), diskettes,
hard disks, and CD (compact disk) ROM.

Although RAM is considered volatile memory, infor-
mation can be stored for over 10 years in a low-power
RAM device, if it has a battery backup to ensure that
power is never lost. This pseudo-nonvolatile memory
type is often called Battery-Backed RAM (BRAM).
For applications that involve rugged operation, elec-
tronic storage devices like EEPROM and BRAM are
preferable to hard disks (electromechanical) for storing
large amounts of data. The only advantage of hard
disks over EEPROM and BRAM is that hard disks are
generally less expensive and smaller when large
amounts of data must be stored. However, as elec-
tronic devices continue to shrink, EEPROM and
BRAM will become superior to hard disks in all areas
for rugged applications.

I/O devices allow the CPU to communicate by input
and output of data. Examples of input devices include
keyboards, mouses, parallel ports, serial ports, and
other electronic devices. Examples of output devices
include parallel ports, serial ports, printers, and plot-
ters. Note that parallel and serial ports are both input
and output devices, that is, they are bidirectional.
Sometimes a display is considered an output device,
but, for this discussion, we will consider displays sepa-
rately.

MEMORY Central Processing
Unit (CPU) DISPLAY

 ,

.
INPUT/OUTPUT

Figure 2- 1. Computer block diagram.
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For this application (commercial vehicles), two impor-
tant I/O devices are analog-to-digital converters (A/Ds)
and digital-to-analog converters (D/As). A/DS  are used
to convert analog, or continuous-time, signals from
sensors and other devices into a digital format that the
computer can use. D/As are used to convert digital
data in the computer into analog signals that are output
to the real world. A/Ds are critical for this application
because many sensors, as discussed in the next sec-
tion, output an analog signal.

Displays are used to present data to the operator. The
most common type of display is a cathode ray tube
(CRT), which displays text and graphics for most per-
sonal computers. However, other types of displays in-
clude bar graphs, lights, and head-up displays. An im-
portant type of display for this application is the liquid
crystal display (LCD). LCDs require less power than
CRTs and are used in most laptops. Important display
parameters for this application include resolution, size,
power requirements, ruggedness, and visibility under
different lighting conditions. LCDs usually require
lighting from the back, or backlighting, to be seen in
the dark or under low-light conditions.

Power requirements are an important consideration for
embedded computer applications. In an office, power
is readily available. But on vehicles, the power avail-
able from the battery and alternator is limited.
Computing power (operations per second) is also di-
rectly proportional to power in general. The faster a
computer is, the more power it usually requires.

Almost every IVHS CVO application involves using a
computer in one form or another. However, computers
need to obtain data about the real world using sensors
before they are really useful. Sensors are described in
the next section.

2.2  Sensors
Sensors are devices that are used to measure physical
quantities (i.e., temperature, speed, displacement, or
position) and typically convert these quantities into
electrical signals (i.e., voltage, current, or frequency)
that can be used by computers and other electronic
equipment. Sensors usually have to contact the physi-
cal quantity that they are measuring. For example, a
temperature sensor must usually be in contact with the
medium whose temperature is to be measured. Remote
sensing refers to when a sensor does not have to be in
physical contact with the medium being measured. An
example of remote sensing would be measuring tem-
perature with an infrared sensor (measures the tempera-
ture by looking at the infrared energy being emitted
from it). Although sensors are usually thought of as
complicated devices, a simple switch that detects an
open door is also a sensor.

Sensor outputs can be subdivided into two broad cate-
gories: analog and digital. Analog sensors output a
continuous signal, usually a voltage or current, that is
proportional to the quantity being measured. Digital
sensors output a digital value that is proportional to the
quantity being measured. This digital value may be ei-
ther on or off, or a digital representation of a number
(i.e., in binary or gray code). Most sensors are analog
in nature. However, some analog sensors are packaged
with electronics built in to convert the analog signal
into a digital signal. This is done to make the sensor
more compatible with a microprocessor. The concept
of an A/D presented in the previous section is impor-
tant because most sensors require an A/D to interface
with a microprocessor.

Two emerging sensor technologies that have numerous
potential applications, including commercial vehicles,
are microsensors and smart sensors. Because of their
small size, microsensors can obtain information about
a system without interfering with system dynamics or
size restrictions. Smart sensors combine signal condi-
tioning and self-testing systems on the same chip or in
the same package as the sensor. This improves both
reliability and performance.

It is possible to embed sensors within a physical struc-
ture. An example of this would be tires or brake linings
that have temperature or thickness measuring devices
built into their structure. Embedded sensors usually
take advantage of smart microsensors. One difficulty
in designing embedded sensors is the tradeoff between
sensor information and reducing the performance of the
material by incorporating sensors.

2.3 Communications
Many proposed IVHS technologies require radio com-
munications to be successfully implemented. This in-
cludes intra-vehicle communications as well as vehi-
cle-road communications. Two basic methods are used
to carry information on a radio signal: frequency modu-
lation (FM) and amplitude modulation (AM).

One important concept for vehicle communications is
bandwidth. Bandwidth refers to the amount of data that
a channel is capable of handling. The amount of radio
spectrum needed is proportional to the bandwidth of the
transmitted signal. The Federal Communications
Commission (FCC) provides frequency allocations,
and obtaining allocations for IVHS systems is a critical
issue. In addition, bandwidth is important for drive-by
transmissions, where the vehicle has a limited amount
of time to transmit data. The higher the bandwidth, the
greater the amount of information that can be transmit-
ted in a fixed time period. Therefore, given a short-
range radio communications system, the amount of
data that can be transmitted from a moving vehicle is
limited by the bandwidth of the radio link.
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Based on potential communication needs in commer-
cial vehicle operations and IVHS, light-based devices
may become an alternative to radio communication
systems. Light-based systems combine optical and
electrical technologies known as optoelectronics.
Advantages of these systems over radio frequency data
transmissions would be higher speed, greater precision,
and higher density of data transmission. However, one
disadvantage of optical systems is their susceptibility
to disruptions from dirt, fog, rain, and other obstruc-
tions.

For commercial vehicle operations, another critical
communication issue is how to communicate with on-
board electronics during an inspection. The communi-
cation channel (light, radio, or wire) as well as the
communication protocol is yet to be determined. As
on-board electronics become more commonplace, a
standard communication interface will have to be de-
veloped to allow inspectors to take advantage of on-
board diagnostics.
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In order to fully understand the reasoning behind the
recommendations presented later in this report, some
knowledge of truck inspections is required. Therefore,
this section provides an overview of the truck inspec-
tion process. This includes an overview of the Federal
Regulations (Section 3.1),  Out-of-Service Criteria
(Section 3.2), the North American Standard Inspection
(Section 3.3),  and European inspection practices
(Section 3.4). Shortcomings noted with the inspection
process are also discussed (Section 3.5).

The truck inspection process is based on the Federal
Motor Carrier Safety Regulations (FMCSR), found in
the Code of Federal Regulations (CFR), Title 49,
Subtitle B, Chapter 3, Subchapter B. The truck inspec-
tion process is also based on the Commercial Vehicle
Safety Alliance’s (CVSA) Out-of-Service Criteria for
the driver and vehicle (also based on the FMCSR).
CVSA includes members from Canada, Mexico, and
the United States. The Out-of-Service Criteria outline
critical inspection items that can place the vehicle or
driver out of service.

Under the CVSA bylaws, inspectors must complete and
pass  a  CVSA-approved  80-hour  Nor th  American
Standard Inspection course. Much of this chapter is
based on the material covered in the North American
Standard Level I class. This class prepares inspectors
for Level I - V inspections. An inspection may be of
any of the five types shown below in Table 3-l.

Table 3-1. Summary of Inspection Types

3. Inspection Process

3.1 Federal Regulations
As mentioned earlier, the truck inspection process is
based on the FMCSR. An overview of the different
regulations that appIy to truck inspections appears be-
low in Table 3-2.

Table 3-2. FMCSR Summary
Part Description
383 Commercial Driver’s License (CDL) Standards;

Requirements and Penalties
387 Minimum Levels of Financial Responsibility for

Motor Carriers
390 General
391 Qualification of Drivers
392 Driving of Motor Vehicles
393 Parts and Accessories for Safe Operation
394 Notification, Reporting, and Recording of

Accidents
395 Hours of Service of Drivers
396 Inspection, Repair, and Maintenance
397 Transportation of Hazardous Materials: Driving

and Parking Rules

Sections 3.1.1 to 3.1.8 discuss the highlights of the
Federal Regulations. They are reviewed in the order
that they are presented in the CVSA 80-hour  class.
This ordering makes them easier to understand and is a
more natural progression than their numerical order.

3.1 .1 Part 390-General

Level Inspection Type
I North American Standard Vehicle/Driver
II Walk-Around
III Driver Only
IV Special
V Terminal

The Level I inspection is a complete inspection of the
driver and vehicle. A Level II inspection involves only
a quick walk around the vehicle to check for violations
visible without going underneath the vehicle. A Level
III inspection involves an examination of the driver’s
principal documents and his compliance with hours-of-
service requirements. Level IV inspections are re-
served for special inspections, while a Level V inspec-
tion involves inspecting vehicles and records of the
carrier at the terminal. The MCMIS (Motor Carrier
Management Information System) database is used to
help prepare for Level V inspections and compliance
reviews. This database includes vehicle inspection
data that is entered by states into the national database
using the SAFETYNET  program.

Part 390 of the Federal Regulations covers general ap-
plicability, definitions, and general requirements and
information. The “general applicability” of the regula-
tions is stated as follows: “The rules...are applicable to
all employers, employees, and commercial motor ve-
hicles, which transport property or passengers in inter-
state commerce” (390.1 (a)). For this chapter (of the
FMCSR), a commercial motor vehicle is defined as a
vehicle having a gross vehicle weight rating (GVWR)
of 10,001 or more pounds, or a vehicle designed to
transport more than 15 passengers including the driver,
or a vehicle used to transport hazardous materials in a
quantity requiring placarding (390.5). (Note: The def-
inition of a commercial motor vehicle in Part 383
(relating to commercial driver’s licenses) is different.)
Interstate commerce is defined as travel from state to
state, or travel between a state and a location outside
of the United States. The final destination of the cargo
must be taken into account when determining the na-
ture of the shipment. For example, cargo destined for
Japan via ship or air would be considered interstate
commerce as the cargo traveled through the state of
California by truck. Gross Vehicle Weight Rating
(GVWR) refers to the value specified by the manufac-
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turer as the loaded weight rating of the vehicle (390.5).
GVWR does not refer to the actual load.

The required markings on trucks are also outlined in
Part 390. These include the name of the motor carrier,
the city and state in which the carrier is located, and
the motor carrier identification number.

The following are exempted from the rules in this sub-
chapter: school bus operators; government vehicles
(state, federal, and local); transportation of personal
property (i.e., U-Haul trailers); fire and rescue trucks
involved in emergency operations; and the private
transportation of passengers (i.e., a church ski trip).

3.1.2 Part 391--Qualifications of the
Driver
Part 391 establishes minimum qualifications for the
driver of an interstate commercial vehicle. General
exemptions to the driver requirements (but not to the
vehicle requirements) are given to farm operators,
drivers in the apiarian industry (beekeepers), certain
farm vehicle drivers, and certain intracity drivers. A
qual i f ied  dr iver  must  meet  the  requirements  in
Table 3-3.

Table 3-3. Summary of Driver
Qualifications

1.
2.
3.

4.

5.
6.
7.

8.

9.
10.

11.
12.

Is at least 21 years old.
Can speak and read the English language.
Can safely operate the type of motor vehicle he
drives.
Can determine whether the cargo has been
properly loaded.
Is familiar with how to secure the cargo.
Is physically qualified.
Has a valid commercial motor vehicle operator’s
license.
Has furnished his employer with a list of viola-
tions.
Is not disqualified from driving a motor vehicle.
Has successfully completed a driver’s road
test.
Has taken a written examination.
Has completed an application for employment.

Reasons for disqualification include loss of driving
privileges (e.g., for too many points from speeding vio-
lations in personal car); conviction for driving a com-
mercial vehicle under the influence of alcohol or drugs;
conviction for transportation, possession, or unlawful
use of drugs while on on-duty time; conviction for leav-
ing the scene of an accident while operating a com-
mercial vehicle (there is a specific definition of acci-
dent); and conviction for a felony involving the use of
a motor vehicle.

Physical qualifications, which may be circumvented
with a waiver, include no missing foot, hand, leg, or
arm. Impairment of a hand or finger which interferes
with prehension or power grasping or the impairment of
an arm, a foot, or a leg which interferes with the ability
to perform normal tasks associated with operating a
motor vehicle is also a disqualifying condition for
which a waiver may be granted. Medical conditions
that would disqualify a driver and that are not subject
to waivers are listed in Table 3-4.

Table 3-4. Summary of Disqualifying
Medical Conditions

1.
2.
3.
4.
5.

6.

7.

8.

9.
10.

Diabetes
Cardiovascular disease
Respiratory dysfunction
High blood pressure
Rheumatic, arthritic, orthopedic, muscular,
neuromuscular, or vascular disease which in-
terferes with the ability to control or operate a
motor vehicle.
Mental or psychiatric disorders that interfere
with the ability to drive a motor vehicle.
Less than 20/40  vision in either eye
(corrected), less than 70-degree peripheral vi-
sion, inability to discern the colors of traffic
signals.
Inability to perceive a forced whispered voice in
the better ear at 5 feet (use of a hearing aid
permitted).
Drug usage.
Current clinical diaqnosis of alcoholism.

Medical examinations are required at least every 24
months, and must be performed by a qualified medical
examiner (not necessarily an M.D.--could be a chiro-
practor, an osteopath, or anyone licensed by the state).
Drivers are required to have a copy of the medical ex-
aminer’s certificate on their person, but a violation of
this does not put the driver out of service.

A definition of a commercial motor vehicle different
from that in 390.5 is used to determine if controlled
substance testing is required or allowed. The definition
of commercial motor vehicle in 391.85 used to define
the applicability of drug testing is the same definition
used to define a commercial vehicle in 383 when de-
scribing the commercial driver’s license (CDL) re-
quirements. This definition uses a GVWR of 26,001 or
more pounds.

3.1.3 Part 383-Commercial Driver’s
License
The goal of the commercial driver’s license (CDL) was
to help reduce or prevent truck and bus accidents by
requiring drivers to have a single commercial vehicle
driver’s license. In the past, some drivers had over a
dozen different driver’s licenses. This allowed them to
spread traffic violations over a number of different state
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licenses, thereby avoiding disqualification in any one
state. Part 383 prohibits a commercial motor vehicle
driver from having more than one commercial vehicle
driver’s license (383 (b) (1)). The CDL regulations use
a definition of commercial motor vehicle different from
that used in Part 390, which outlines the general appli-
cability of the FMCSR.

The definition of a commercial motor vehicle in the
CDL regulations is outlined in Table 3-5. If the towed
vehicle has a GVWR greater than 10,000 pounds, then
the GVWRs of the vehicles are added. The classifica-
tion of motor vehicles requiring a CDL is broken into
three groups, A, B, and C. These groups closely follow
the definition in Table 3-5 and are outlined in Table 3-
6.

Table 3-5. CDL Definition of Commercial
Motor Vehicle (383.5)

(a) Has a gross combination weight rating of
26,001 pounds or more, inclusive of the towed
unit, with a gross vehicle weight rating of more
than 10,000 pounds; or

(b) Has a gross vehicle weight rating of 26,001
pounds or more; or

(c) Is designed to transport 16 or more passen-
gers, including the driver; or

(d) Is of any size and is used in the transportation
of materials that have been found to be haz-
ardous and that the motor vehicle must be
placarded to transport.

Table 3-6. Vehicle Groups as Established
by FHWA (383.91)

Group Description
A Anv combination of vehicles with a GVWR of

26,001 or more pounds, provided the GVWR of
the vehicle(s) being towed is in excess of
10,000 pounds. (Holders of a Group A license
may, with the appropriate endorsements, oper-
ate all vehicles within groups B and C.)

B Any single vehicle with a GVWR of 26,001 or
more pounds, or any such vehicle towing a ve-
hicle not in excess of 10,000 pounds GVWR.

C Any single vehicle, or combination of vehicles,
that does not meet the definition of Group A or
B, but is either designed to transport 16 or more
passengers, including the driver, or is plac-
arded for hazardous materials.

In addition to obtaining a CDL for the vehicle group
that includes the vehicle the driver will be operating,
there are special endorsements that must be obtained
to operate special types of vehicles. These include
double/triple trailers (T), passenger vehicles (P), tank
vehicles (N), and vehicles placarded for hazardous ma-
terials (H). There is also a restriction for drivers who
are not qualified to operate trucks with air brakes

(because they failed the air brake component of the
knowledge test, or performed the skills test on a vehi-
cle not equipped with air brakes).

Drivers may be disqualified for driving while under the
influence of alcohol or drugs, for leaving the scene of
an accident, or for the commission of a felony involv-
ing the use of a commercial motor vehicle. These of-
fenses result in a minimum 1- to 3-year suspension.
Convictions for multiple serious traffic violations
(excessive speeding, reckless driving, improper lane
changes, following too closely, or a violation involving
a fatality) within a 3-year period will also result in
driver disqualification, but for a shorter period of time.
These convictions carry 60-  to 120-day suspensions.

3.1.4 Part 392-Driving of Motor Vehicles
Part 392 of the FMCSR covers many common-sense
rules regarding the operation of a commercial vehicle.
This part requires drivers to wear corrective lenses and
hearing aids while driving if they are necessary to meet
the physical qualifications outlined in 39 1.4 1. This part
also requires that the driver wear seat belts if they are
installed on the vehicle. Part 391 requires the driver to
perform a pre-trip inspection of the vehicle, but this in-
spection does not have to be documented (as does the
post-trip inspection described in a subsequent section).

Requirements relating to the use or possession of drugs
or alcohol are outlined in Part 392. A driver is not al-
lowed to be on duty and possess, be under the influ-
ence of, or use any drug or substance that renders the
driver incapable of operating a motor vehicle safely.
The driver is allowed to take prescription drugs pro-
vided a doctor has determined that the drug will not
impair the driver.

Part 392 also states that a driver must periodically
check the securement of the cargo. Should a driver
have to park on the side of the road, this part also pre-
scribes the correct placement of reflective devices,
which must be in place within 10 minutes of stopping.
A summary of prohibited practices outlined in PART
392 appears in Table 3-7.

Table 3-7. Examples of Prohibited
Practices in Part 392

7
8

Carrying unauthorized passengers.
Allowing an unauthorized person to drive.
Bus driver talking to passengers.
Pushing or towing buses with people on board.
Riding in the back of a closed truck or trailer.
Driving if carbon monoxide is detected in the
cab.
Driving with an open flame cargo heater going.
Driving with the engine disengaged from the
wheels.
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3.1.5 Part 395-Hours of Service
A driver is required to keep a record of his hours of ser-
vice, which refers to the amount of time a driver may
be on duty and/or driving. A driver keeps a record of
duty status, or log book (Figure 3-l),  to document his
hours of service. There are four status categories that a
driver uses to describe how his time is spent: driving,
on duty (not driving), off duty, and sleeper berth.
There are four regulations which govern how long a
driver may drive without rest or time off as well as how
many hours a driver may work in a given time period.
These four rules are the IO-hour rule, the 15-hour rule,
the 60-hour rule, and the 70-hour rule.

The 10-hour rule states that an operator may not drive
more than 10 hours following 8 consecutive hours of
duty (395.3(a)). The 8 consecutive hours off duty may
consist of 8 consecutive hours of off-duty and/or  sleeper
berth time. The 8 consecutive hours may also consist
of 2 periods of sleeper berth time adding up to 8 hours,
with no period less than 2 hours. If two periods of
sleeper berth time are used to reset the lo-hour rule,
the start time is the end of the first sleeper berth period.
The 15-hour rule states that a driver may not drive after
being on duty 15 hours following 8 consecutive hours
off duty (395.3(a)). The same “definition” of 8 consec-
utive hours used in the lo-hour rule also applies to the
15-hour  rule. For both regulations, the driver is only in
violation if he is caught driving. For example, if a
driver is on duty for 16 hours, but has not been driving
the last 2 hours, he is not in violation.

The other two rules that govern the hours of service are
the 60-hour rule and 70-hour rule. The 60-hour  rule
states that a driver may not drive after being on duty 60
hours in 7 consecutive days. The 70-hour rule states
that a driver may not drive after being on duty 70 hours
in any 8 consecutive days. The 70-hour rule only ap-
plies to carriers who operate vehicles 7 days a week.
An example of a driver’s log appears on the previous
page (Figure 3-l).

Drivers are required to keep a record of the last 7 days
in their possession. Entries are to be kept current to the
time shown for the last duty change (395.8(f)(l)).
Exceptions to hours of service regulations include
drivers making local deliveries during the Christmas
season, driving in adverse conditions, and drivers oper-
ating within a loo-air-mile radius of the normal work
reporting location (395.1).

The FMCSRs  describe in detail the requirements for
automatic on-board recording devices (395.15).
However, an item missing from the regulations is a
standard electronic interface to an automatic recorder
which would allow electronic verification of the hours
of service regulations by an inspector.

3.1.6 Part 396-Inspection, Repair, and
Maintenance
Part 396 of the FMCSR outlines general regulations
regarding inspection, repair, and maintenance. This
section of the code requires the driver to complete a
post-trip inspection every day, and a copy of the post-
trip inspection must be carried in the power unit
(396.11). The authority to put a vehicle out of service
is also granted in part 396 (396.9(c)). Section 396.17
requires the carrier to perform periodic inspections, and
396.19 outlines inspector qualifications. The qualifica-
tions of brake inspectors are also outlined in part 396
(396.25).

3.1.7 Part 397-Transport of Hazardous
Materials: Driving and Parking Rules
Part 397 of the FMCSR covers some common-sense
rules regarding the transport of hazardous materials.
This includes rules about parking on the side of the
road; smoking near a vehicle; fires; traveling through
heavily populated areas; and required documents.
More specific regulations regarding hazardous materi-
als are located elsewhere in the Federal Code.

3.1.8 Part 393-Parts and Accessories for
Safe Operation
Part 393 of the FMCSR includes detailed regulations
covering the different parts of a truck. Included are re-
quired lighting, wiring specifications, and requirements
for battery installation. Detailed brake regulations are
contained in this part. Regulations on windshield, fuel
systems, coupling devices, and tires are also outlined.
Sleeper berth specifications, including occupant re-
straints, are described. Regulations regarding horns,
defrosting devices, rear-view mirrors, speedometers,
and other accessories are also covered. General rules
for cargo securement are outlined, but CVSA has de-
veloped cargo securement guidelines that are used in
conjunction with the CVSA Out-of-Service Criteria.
The steering system specifications, including those for
steering wheel lash, are completely described. The re-
quired emergency equipment and rear end protection
are described in detail. In summary, almost every
component on a truck, with the exception of the elec-
trical system, is described in detail in this section.
Most of the electrical specifications are left to SAE
standards called out in the FMCSR.

3.2 CVSA Out-of-Service Criteria
The North American Uniform Out-of-Service Criteria
developed by the Commercial Vehicle Safety Alliance
describe critical inspection items for the driver, vehi-
cle, cargo, and hazardous materials. If an out-of-ser-
vice condition is met, the driver and/or vehicle will be
placed out of service until corrective action is com-
pleted. The criteria are updated each year at the an
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nual CVSA fall meeting. Inspectors are instructed to
be no more strict or lenient than the Out-of-Service
(O.O.S.) Criteria specify when placing a truck out of
service. The inspection items for the driver are
summarized in Table 3-8. The critical inspection items
for the vehicle are listed in Table 3-9.

Table 3-8. Summary of Critical O.O.S.
Items for Driver

1. Driver’s age
2. Operator’s license
3. CDL
4. Waiver of physical disqualification
5. Sickness or fatigue
6. Driver disqualification
7. Use of drugs or other substances

9.
8.       Use of intoxicating beverages

Driver’s record of duty status
Table 3-9. Summary of Critical O.O.S.

Items for Vehicle
1.
2.
3.
4.
5.
6.

8.
9.
10.
11.
12.
13.

15.

Brake system
Coupling devices
Exhaust system
Frame
Fuel system
Lighting devices

7.       Safe loading
Steering mechanism
Suspension
Tires
Van and open-top trailer bodies
Wheels and rims
Windshield wipers

14.        Windshields
Emergency exits (buses)

A driver or vehicle may be in violation of the Federal
Code and ineligible to drive a commercial motor vehi-
cle, but the driver and/or vehicle may not be placed
out of service unless one of the Out-of-Service Criteria
is met. For example, a one-eyed, deaf driver who does
not speak English, but who does possess a CDL and a
medical certificate, cannot be placed out of service
even though he is not qualified to operate a motor ve-
hicle.

3.3 North American Standard
Inspection
During the CVSA 2-week class, a recommended North
American Standard Inspection Procedure is outlined.
The basic flow of the inspection process starts with
meeting the driver and inspecting the front of the vehi-
cle. The inspector then moves around the vehicle start-
ing with the front left and finishing with the front right,
going under the vehicle several times to inspect differ-
ent areas. If a pit is available, the undercarriage of the
vehicle can be inspected easily all at once. The in-
spection process concludes with finishing the paper-
work, explaining the violations to the driver, and then
taking the appropriate enforcement action (if any) and
applying the appropriate CVSA decals. Sometimes in-
spections are done in teams of two inspectors, with one
person taking notes while the other person is inspecting
the vehicle. The complete Level I inspection can take
between 30 minutes and 1 hour (average time is 39
minutes), depending on the size and condition of the
tractor-trailer rig. For more details on the North
American Standard Inspection Procedure, refer to
Table 3-10.

Table 3-10. Recommended North American Standard Inspection Procedure.
STEP 1 CHOOSE THE INSPECTION SITE

l SELECT A SAFE LOCATION
If possible, find a paved, level surface away from traffic. Avoid hills, curves, and construction sites.

As you approach the vehicle for the first time, look for placards or other signs of hazardous materials. If such
cargo is present, always look for leaks or spills.

STEP 2 GREET THE DRIVER

Make initial contact with the driver.

Check for seat belt usage and condition.

Check for possible illegal presence of alcohol or drugs.

Explain the inspection procedure to the driver.

3-6 Inspection Process October 21,1993



Table 3-10. Recommended North American Standard Inspection Procedure (continued)
STEP 3 PREPARE THE VEHICLE AND DRIVER

Instruct the driver to remain at the controls.

Have the driver turn the engine off. (Make sure you allow for a cool-down period for turbocharged engines.)

Place chock blocks in position beginning on the driver’s side, one in front and one behind the drive axle tires or
between the axles.

Advise the driver that the wheels have been chocked.

Have the driver place the transmission in neutral and release all brakes.

Advise the driver in the use of hand signals (lamps and brakes).

An inspection form or note pad can be used to record violations during the inspection.

STEP 4 CHECK DRIVER’S DOCUMENTS

l COLLECT DOCUMENTS BEFORE INSPECTIONS
All documents should be collected from the driver BEFORE beginning the vehicle inspection. This will prevent
the driver from altering the log book while you are under the vehicle, and discourage him/her from leaving the
inspection scene until you are finished.

l DRIVER’S LICENSE
Appropriate license for the vehicle being driven.
Expiration date, birth date, status check.

l MEDICAL EXAMINER’S CERTIFICATE
Expiration date, corrective lenses, hearing aid, signature, waiver.
If Canadian driver has a valid license, he has passed a physical exam.

l RECORD OF DUTY STATUS
Updated to last change of duty status, legible handwriting, today’s date, past 7 days recorded, mileage, driving
time, on-duty time, signature, vehicle numbers, remarks.

Check for written authorization if using an on-board electronic recording device.

l DRIVER VEHICLE INSPECTION REPORT
Vehicle I.D., defects, signatures.

l Documentation of a periodic (annual) inspection.

STEP 5 CHECK FOR PRESENCE OF HAZARDOUS MATERIALS/DANGEROUS GOODS

l SHIPPING PAPERS/BILL OF LADING
Check for listings of hazardous materials indicated by the first entry, an “X” in the H.M. column, or a contrasting
color. Papers must be within arm’s reach and visible.

l PLACARDS
As mentioned above, check for the presence or placards, but use caution even if none are posted.

l LEAKS, SPILLS, NONSECURE CARGO
When hazardous materials are present, be ESPECIALLY careful with leaks, spills, or nonsecure cargo.

l MARKINGS
Cargo tanks and portable tanks will display markings on an orange panel or placard. They indicate the I.D. num-
ber of the hazardous materials. There are exceptions to this rule.

l LABELS
When containers are visible, labels will identify the hazardous materials. There are exceptions to this rule.

l If poisons and edible materials are loaded on the same vehicle, immediately notify the nearest office of the Food
and Drug Administration.
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Table 3-10. Recommended North American Standard Inspection Procedure (continued)
STEP 6 INSIDE CAB

l STEERING LASH
Turn the steering wheel in one direction until the tires just begin to pivot.

Vehicles with power steering may require the engine running to turn the wheel.

Place a mark on the steering wheel, then hold the marker at that point. Turn to wheel in the other direction until
the tires again start to move.

Measure the distance between the two points. The amount of allowable lash varies with the diameter of the
steering wheel.

Compare that measurement to the regulations and to the current Out-of-Service Criteria.

Check steering column for nonsecure attachment.

STEP 7 FRONT OF TRACTOR

l HEAD LAMPS, TURN SIGNALS, EMERGENCY FLASHERS
Check for improper color and operation.

l WINDSHIELD WIPERS
Check for improper operation.

Two wipers are required unless one can clean the driver’s field of vision.

l WINDSHIELD
Check for cracks or other damage.

Check for decals or stickers in field of vision.

STEP 8 STEERING AXLE

INFORM THE DRIVER THAT YOU ARE GOING UNDER THE VEHICLE, AND TO LISTEN FOR YOUR
INSTRUCTIONS.

l STEERING SYSTEM (BOTH SIDES)
Check for loose, worn, bent, damaged, or missing parts.

Instruct the driver to rock the steering wheel, and check key components: front axle beam, gear box, pitman
arm, drag link, tie rod, tie rod ends.

l FRONT SUSPENSION (BOTH SIDES)
Check for indications of misaligned, shifted, or cracked springs, loosened shackles, missing bolts, spring hang-
ers nonsecure at frame, and cracked or loose U-bolts.

Any nonsecure axle positioning parts, and signs of axle misalignment.

l FRONT BRAKES (BOTH SIDES)
Check for missing, nonfunctioning, loose, contaminated, or cracked parts on the brake system, such as brake
drum, shoes, rotors, pads, linings, brake chamber, chamber mounting, push rods, or slack adjusters.

Check for “s” cam flip-over.

Be alert for audible air leaks around brake components and lines.

With the brakes released, mark the brake chamber push rod at a point where the push rod exits the brake cham-
ber. Identify or measure brake chamber size. Mark the push rods on both sides at this time; all push rods will be
measured in Step 21.
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Table 3-10. Recommended North American Standard Inspection Procedure (continued)
l FRONT AXLE

Check for cracks, welds, and obvious misalignment.

l FRAME and FRAME ASSEMBLY
Check for cracks, or any defect that may lead to the collapse of the frame.

STEP 9 LEFT FRONT SIDE OF TRACTOR

l LEFT FRONT WHEEL AND RIM
Check for cracks, unseated locking rings, broken or missing lugs, studs or clamps. Bent or cracked rims,
Check for “bleeding” rust stains.

Check for loose or damaged lug nuts and elongated stud holes.

l LEFT FRONT TIRE
Check for improper inflation, serious cuts, bulges.

Check tread wear and measure major tread groove depth.

Inspect sidewall for defects.

Check for exposed fabric or cord.

Radial and bias tires should not be mixed on the steering axle.

STEP 10 LEFT SADDLE TANK AREA

l LEFT FUEL TANK(S)
Check for nonsecure mounting, leaks, or other damage. Verify that the fuel crossover line is secure. Check for
nonsecure cap(s).

Check ground below tank for signs of leaking fuel.

l TRACTOR FRAME
Check frame rails and crossmembers on the tractor just behind the cab, looking for cracks, bends, or excessive
corrosion.

l EXHAUST SYSTEM
Check for nonsecure mounting, leaks (under the cab), exhaust contacted by fuel or air lines or electrical wires.

Check for carbon deposits around seams and clamps.

STEP 11 TRAILER FRONT

l AIR AND ELECTRICAL LINES
Lines between tractor and trailer should be suspended and free or tangles or crimps.

They should have sufficient slack to allow the vehicle to turn.

Inspect line connections for proper seating.

Listen for audible air leaks.

. FRONT END PROTECTION
Check for height requirements.

There are many exceptions to the front end protection regulations; be able to recognize these.
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Table 3-1 0. Recommended North American Standard Inspection Procedure (continued)
STEP 12 LEFT REAR TRACTOR AREA

l WHEELS, RIMS, AND TIRES
Inspect as described in Step 9.

Check inside tire of dual for inflation and general condition.

Tires should be evenly matched (same circumference) on dual wheels.

Without placing yourself between the tires on tandem axles, check for debris between the tires.

Check for duals touching one another.

l LOWER FIFTH WHEEL
Check for nonsecure mounting to the frame or any missing or damaged parts.

Check for any visible space between the upper and lower fifth wheel plates.

Verify that the locking jaws are around the shank and not the head of the kingpin,

Verify that the release lever is seated properly, and that the safety latch is engaged.

l UPPER FIFTH WHEEL
Check for any damage to the weight-bearing plate (and its supports) on the trailer.

Check kingpin condition.

l SLIDING FIFTH WHEEL
Check for proper engagement of locking mechanism (teeth fully engaged on rail).

Check for worn or missing parts, making sure that the position does not allow the tractor frame rails to contact
the landing gear during turns.

INFORM THE DRIVER THAT YOU ARE GOING UNDER THE VEHICLE. ENTER THE UNDERCARRIAGE IN VIEW
OF THE DRIVER.

. SUSPENSION (BOTH SIDES)
Inspect as described in Step 8.

Check for deflated or leaking air suspension systems.

l BRAKES (BOTH SIDES)
Inspect brakes as described in Step 8.

With brakes released, mark the push rods.

STEP 13 LEFT  SIDE OF TRAILER

l FRAME AND BODY
Check for corrosion fatigue, missing crossmembers, cracks, missing or defective body parts.

l CARGO SECUREMENT
Check for improper blocking or bracing, and unsecure  chains or straps. Verify end gates are secured in stake
pockets. Check tarp or canvas. Verify number, size, and condition of tie-downs. Check Out-of-Service Criteria.
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Table 3-10. Recommended North American Standard Inspection Procedure (continued)
STEP 14 LEFT REAR TRAILER WHEELS

l WHEELS, RIMS, AND TIRES
Inspect as described in Step 9.

l SLIDING TANDEM
Check for misalignment and position. Look for damaged, worn, or missing parts. Check locking mechanism;
teeth of locking mechanism must fully mesh with those of the rail secured to the frame.

INFORM THE DRIVER THAT YOU ARE GOING UNDER THE VEHICLE. ENTER THE UNDERCARRIAGE IN VIEW
OF THE DRIVER.

l SUSPENSION (BOTH SIDES)
inspect as described in Step 8.

l BRAKES (BOTH SIDES)
Inspect as described in Step 8.

With brakes released, mark push rod.

STEP 15 REAR OF TRAILER

l TAIL, STOP, AND TURN LAMPS, AND EMERGENCY FLASHERS
Check for improper color and operation. This will require the use of the hang signals explained to the driver ear-
lier.

l CARGO SECUREMENT
Inspect as described in Step 13.

Also check tailboard security. Verify end gates are secured in stake pockets.

Check both sides of trailer to ensure protection of cargo from shifting and failing.

Verify that rear doors are securely closed.

Check for and inspect rear end protection.

STEP 16 RIGHT REAR TRAILER WHEELS

l WHEELS, RIMS, AND TIRES
Inspect as described in Step’9.

.  SLIDING TANDEM
Inspect as described in Step 14.

STEP 17 RIGHT SIDE OF TRAILER

l FRAME AND BODY
Inspect as described in Step 13.

. CARGO SECUREMENT
Inspect as described in Step 13.

l SPARE TIRES
Check for nonsecure mounting.
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Table 3-10. Recommended North American Standard Inspection Procedure (continued)
STEP 18 RIGHT REAR TRACTOR AREA

l WHEELS, RIMS, AND TIRES
Inspect as described in Step 9.

l UPPER, LOWER, SLIDING FIFTH WHEEL
Inspect as described in Step 12.

STEP 19 RIGHT SADDLE TANK AREA

l RIGHT FUEL TANK(S)
Inspect as described in Step 10.

l TRACTOR FRAME
Inspect as described in Step 10.

l EXHAUST SYSTEM
Inspect as described in Step 10.

STEP 20 RIGHT FRONT SIDE OF TRACTOR

l WHEELS, RIMS, AND TIRES
Inspect as described in Step 9.

STEP 21 BRAKE ADJUSTMENT CHECK

l INSTRUCT THE DRIVER
Proceed to the driver’s door, and have driver make a full brake application and hold in the applied position with
the reservoir air pressure at approximately 90 p.s.i.

INFORM THE DRIVER THAT YOU ARE GOING UNDER THE VEHICLE. ENTER THE UNDERCARRIAGE IN VIEW
OF THE DRIVER.

l MEASURE PUSH ROD TRAVEL (ALL BRAKES)
While the brakes are applied, move around the vehicle and measure the distance of push rod travel at each
chamber.

Again, listen for leaks as you move around the vehicle.

Write down each push rod measurement, and compare them to the regulations and Out-of-Service Criteria for the
appropriate size and type of brake chamber.

STEP 22 FIFTH WHEEL MOVEMENT CHECK

l USE CAUTION
If conducted improperly, this method of checking for fifth wheel movement can result in serious damage to the
vehicle. Use caution and instruct the driver carefully.,

l PREPARE THE VEHICLE AND DRIVER
Have the driver put the vehicle in gear, release the service brakes, and apply the trailer brakes.

Remove the wheel chocks and have the driver start the vehicle.

Carefully explain the procedure to the driver. Tell him/her to GENTLY rock the tractor as you watch the fifth
wheel.

l CONDUCT THE PROCEDURE
As the tractor rocks, watch for movement between the mounting components and frame, pivot pin, and bracket,
and the upper and lower fifth wheel halves.
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Table 3-10. Recommended North American Standard Inspection Procedure (continued)
STEP 23 AIR LOSS RATE

l WHEN TO CONDUCT THE TEST
If you heard an air leak at any point in the inspection, you should now check the vehicle’s air loss rate.

l CONDUCT THE PROCEDURE
Have the driver run the engine at idle, then apply and hold the service brake.

Observe the air reservoir pressure gauge on the dash. Have the driver pump the pressure down to 80 p.s.i.
Compressors do not activate until system pressure drops below a certain level. At about 80 p.s.i., most com-
pressors should be operating.

Air pressure should be maintained or increased. A drop in pressure indicates a serious air leak in the brake sys-
tem, and the vehicle should be placed out of service.

STEP 24 LOW AIR PRESSURE WARNING DEVICE

l TEST THE WARNING DEVICE
The ignition must be in the “on” position for this test.

Instruct the driver to deplete the air supply by pumping the foot valve until the low air pressure warning device
activates.

Observe the gauges on the dash. The low air pressure warning must activate at a minimum of 1/2 the compres-
sor governor cutout pressure, i.e., normally 55 p.s.i. or above.

STEP 25 TRACTOR PROTECTION VALVE

l BE SURE THAT WHEELS ARE PROPERLY CHOCKED

l CONDUCT THE TEST
Instruct the driver to release all brakes. Make sure air pressure is at the normal operating level.

Instruct the driver to get out of the vehicle and give him the following instructions:

- DISCONNECT BOTH AIR LINES AT THE GLAD HANDS AND LAY THEM DOWN ON THE FRAME. (Be sure to
tell the driver to be careful, as high-pressure air and possibly water and oil may come out of the air lines.) After
the lines are disconnected, the air coming out of the supply emergency line may shut off almost immediately, or
may still bleed out. Either is acceptable.

- RETURN TO THE TRUCK CAB AND MAKE A FULL BRAKE APPLICATION. While the driver does this, check
the service glad hand to make sure no air is coming out of the service line. If air comes out of the service line and
air is still coming out of the supply emergency line, ask the driver to maintain the brake application until the air
stops. Most of the time, the air will stop when the air gauge reads about 60 p.s.i.

- AFTER THE AIR STOPS, MAKE A SECOND FULL BRAKE APPLICATION. No air should come out of either line.
If air is still escaping the tractor protection valve is malfunctioning

STEP 26 TRAILER EMERGENCY BRAKES

l While the air lines are detached from the trailer at the glad hands, check the glad hand connection on the trailer to
make sure that air is not bleeding back from the trailer. Air escaping from the trailer air lines at the glad hand
connection indicates a malfunctioning of the trailer emergency braking system.
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Table 3-10. Recommended North American Standard Inspection Procedure (concluded)

STEP 27 COMPLETE THE INSPECTION

. COMPLETE PAPER WORK
Complete inspection form and other paperwork, as required. Make sure to list all violations. Then refer to the
Out-of-Service Criteria to determine if these violations should cause the driver or vehicle to be placed out of ser-
vice.

. CONCLUDE WITH THE DRIVER
Explain any violations to the driver. Take appropriate enforcement action, if necessary.

l OUT-OF-SERVICE PROCEDURES
Follow the appropriate procedure when placing a driver or vehicle out of service.

l APPLY C.V.S.A. DECAL
If the vehicle(s) passed the inspection, remove or cover any old C.V.S.A. decals and apply the correct C.V.S.A.
decal(s).

3.4 European Inspection
European inspection practices are similar to those in
North America in terms of the inspection items, but in-
spections differ from country to country. In the United
Kingdom (UK), commercial vehicles are referred to as
goods vehicles. A list of inspections for the UK pub-
lished in the 1984 edition of the Goods Vehicle Tester’s
Manual, by the Department of Transport, is included as
Table 3-l 1. Inspections in the UK follow an annual in-
spection procedure (Shilton and Noon, 1993). Goods
vehicles are prepared for annual inspection by an
operator or carrier. The preparation usually involves
taking the vehicle out of service for at least an entire
day. Official Testing Stations are at fixed site
locations where all inspections are conducted. Though
European inspection procedures vary from country to
country, member nations of the European Economic
Community (EEC) accept certification of inspection
from other member countries.

Random roadside inspections are not performed in the
UK as they are in North America. Random inspections
in the UK would probably be equivalent to a Level III
inspection. A goods vehicle is stopped by an enforce-
ment officer, papers are examined, and, if applicable,
tachograph operation is examined. A tachograph is an
electromechanical device on goods vehicles that
records hours of operation, speed, and engine RPM
onto a circular paper using a stylus. A tachograph card
from Germany appears in Figure 3-2. Proper operation
of the tachograph is inspected, including proper paper
supply. Significant differences between North
American and EEC inspections include the use of
brake dynamometers and the use and checking of
tachographs.

3.5 Shortcomings
The following are shortcomings noted in the inspection
process that were gathered as data for this report:

l It is very difficult and unsafe to conduct a thorough
Level I inspection in bad weather or at night. For
this reason, states tend to waive Level I inspections
under these conditions. Some states do have en-
closed inspection stations, but the typical inspection
station does not have any protection from weather or
a pit to facilitate inspecting the undercarriage of a
vehicle. A critical issue for night inspection is
lighting.

. The inspection process itself, although oriented to-
ward increasing truck safety, is really an enforce-
ment task. Inspectors are enforcing the FMCSR and
using the Out-of-Service Criteria to determine when
trucks and/or drivers are to be placed out of service.
CVSA is working to standardize the truck inspection
with the North American Standard Inspection
Procedure and the Out-of-Service Criteria, but the
policy of giving warnings vs. violations carrying fines
is left up to the individual states. Therefore, some
states use violations as a source of revenue, while
other states give out mostly warnings to let the driver
know he needs to make repairs. CVSA is working for
standard fines, but the current system does not pro-
vide uniform incentives (fines) for becoming compli-
ant, even though the inspection itself is becoming
standard.

l There exists a problem with inspection capacity re-
garding staff and space. Staff and space limitations
determine the number of trucks that can be inspected
in a reasonable manner. When inspections crews are
occupied, all vehicles except those having visibly
gross violations or incorrect paperwork are allowed to
pass through.
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Table 3-11. List of Inspections for Goods Vehicles (UK Department of Transport, 1984)

No. Title No. Title

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

Ministry Plate Position
Ministry Plate Details
Seat Belts
Not allocated
Smoke Emission
Road Wheels and Hubs
Size and Type of Tyres
Condition of Tyres
Side Guards, Rear Under-Run Device and Bumper
Bars
Spare Wheel Carrier
Trailer Coupling
Coupling on Trailer
Trailer Landing Legs

Condition of Wings
Cab Security
Cab Doors
Cab Floor and Steps
Driving Seat
Security of Body
Condition of Body
Not allocated
Mirrors
View of Front
Condition of Glass or Other Transparent material
Windscreen Wipers and Washers
Speedometer
Audible Warning (Horn)
Driving Controls
Tachograph
Play at Steering Wheel
Steering Wheel
Steering Column
Not allocated
Pressure/Vacuum Warning
Buildup of Pressure/Vacuum
Hand Lever Operating Mechanical Braking
Systems

(Except Trailers)
Service Brake Pedal

38 Service Brake Operation
39 Hand Operated Brake Control Valves
40 Not allocated
41 Condition of Chassis
42 Electrical Wiring and Equipment
43 Engine and Transmission Mounting
44 Oil Leaks
45 Fuel Tank and System
46 Exhaust System

47
48
49
50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Not allocated
Suspension Pins and Bushes
Suspension Spring Units and Linkages
Attachment of Spring Units, Linkages and Sub-
Frames
Shock Absorbers (Dampers)
Not allocated
Stub Axles/Wheel Bearings
Steering Linkage
Steering Gear
Power Steering
Transmission
Not allocated
Mechanical Brake Components
Brake Actuators
Braking Systems and Components
Rear Markings
Front Positional Lamps
Rear Positional Lamps and Rear Fog Lamps
Reflectors
Direction Indicators
Aim of Headlamps
Headlamps .
Stop Lamps
Trailer Parking Brake
Service Brake Performance
Secondary Brake Performance
Parking Brake Performance
Not allocated

75 Not allocated
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Figure 3-2. Tachograph card.
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4. Review of Current Technologies

This section reviews current technologies being tested
to improve the inspection process as well as mature
technologies that could be implemented easily using
system integration techniques. Section 4.1 discusses
automated brake inspection technologies, including
dynamometers and infrared systems. Section 4.2 dis-
cusses computer systems being used to reduce paper-
work. This includes pen-based computers and laptops.
Section 4.3 discusses a novel voice recognition system
being tested by the state of Nebraska. Section 4.4 de-
scribes special paints being developed to visually de-
tect thermal cracks. Section 4.5 discusses “smart
cards” and PCMCIA (Personal Computer Memory Card
International Association) cards. Section 4.6 reviews
the capabilities of current transponder systems, while
section 4.7 summarizes related IVHS corridor programs.

4.1 Brake Inspection and Testing
Current brake tests in North American standard inspec-
tions rely on visual inspection of the brake components
and measurement of push-rod travel (also called air
stroke measurement). Air stroke measurement consists
of marking a push rod, applying the brake at a speci-
fied pressure (generally 90 to 100 psi) and measuring
the resulting push-rod travel.

In North American commercial vehicle inspections,
four types of brake testers are emerging as available
brake assessment technologies that can potentially re-
place or complement air-stroke measurement. These
devices are roller dynamometers, skid plates, de-
celerometers, and infrared systems. These technolo-
gies, whose basic characteristics are comparatively
evaluated with each other and conventional techniques
in Table 4-1, are discussed in detail below.

4.1.1 Roller Dynamometer Testing
Roller brake dynamometers (also called “roller
testers”) are used to measure brake torque. Roller test-
ing involves rotating a wheel and evaluating brake axle
effectiveness. Brake effectiveness is measured by a
vehicle’s ability to brake the rotating wheels.

A schematic diagram of dynamometer testing is pro-
vided in Figure 4-l. A vehicle drives into the testing
position and brakes are tested by contact rollers driving
the wheel. Stopping performance is based on a brake
response to the roller driving force.

Table 4-1. Principal Approaches to Brake
Testing (Vaughn, 1993)

Identify Repeat- Capital
Type Faults? ability? Mobile? Cost Quick?
Road Poor Poor Yes Low- No
Test Mode-

rate
Air- Good
Stroke
Skid Poor-
Plates Good

Dyna- Very
mome-  G o o d
ter
(fixed)
Dyna- Very
mome- Good
ter
(port.)

Very Yes
Good
Poor No

Very No
Good

Very Yes
Good

Low No

Mode- Yes
rate-
High
Mode- Yes
rate-
High

High- Yes
Very
High

Rollers

Figure 4-1. Dynamometer tester schematic.
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Both fixed and portable roller dynamometers are avail-
able. Fixed systems are already used in European in-
spections (UK Department of Transport, 1984). A vari-
ation on this system uses the in-ground fixed roller
brake test with tie-down straps for unladen vehicle test-
ing. These tests allow brake system performance to be
measured including load simulation capabilities for un-
laden vehicles.

Portable roller brake dynamometers were originally de-
signed in Australia, where they are currently being
used (Vaughn, 1993). An enhanced version of these
portable systems is being evaluated in North America
by the National Highway Traffic Safety Administration
(NHTSA) (Radlinski, 1992). Other designs of the
portable roller brake tester now exist (e.g., the Hicklin
engineering model) and are being evaluated. These
roller blade dynamometer variations emphasize a
portable design, making them better suited for North
American Commercial Vehicle Operations.

Portable brake dynamometers have several advantages
as a testing tool. One basic advantage is that a driver’s
cooperation is not required in systems that use a com-
puter to conduct the test. This eliminates variations in
the data as well as deceptive techniques to pass the
test. Because the device is portable, it can be easily
deployed, allowing random inspections. Both NHTSA
and Hicklin versions of the portable roller brake tester
use microcomputers but differ in their portable design.

4.1.2 Skid Plate Testing
Skid plate testers evaluate the brake force exerted on
in-ground plates. To perform a test, the vehicle must
travel at a designated speed and the brakes must be

applied as the wheels travel over in-ground skid plates.
Forces created between vehicle and plate surfaces are
a function of vehicle dynamics and brake effectiveness.
These forces can be used to evaluate braking ability.
Figure 4-2 is a schematic of the skid plate test process.
One basic advantage of skid plates over air stroke
measurement or infrared techniques is that skid plates
provide performance assessments.

Skid plate testing requires the assistance of a skilled
driver. Test results are not repeatable. In-ground skid
plates are usually not portable and therefore would be
difficult to deploy randomly. Skid plate tests, because
they are dynamic, are more dangerous than static roller
brake dynamometer tests or air stroke measurement
(Vaughn, 1993).

Currently, versions of skid plate testers are being eval-
uated by NHTSA at the Transportation Research
Center (Radlinski, 1993). One of the designs is by
Hunter engineering. These systems were developed in
the U.S., but to the knowledge of the Sandia investiga-
tors, these systems are not being used as a part of any
inspection process.

4.1.3 Deceleration Testing
Deceleration testers are simply attached to a vehicle
and measure deceleration as the vehicle stops. This in-
formation is processed and used to assess a vehicle’s
braking ability. The advantages to these tests are that
they could be relatively inexpensive, and they do not
require extensive hardware test fixtures. However,
safety risks associated with dynamic vehicle testing
would be involved.

Figure 4-2. Skid plate tester schema tic.
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Table 4-2. Infrared Brake Testing
Identify Faults?

Repeatability? Mobile? Capital Cost Quick?

Good Very Good Yes Not Available Yes

4.1.5 Evaluation of Commercially Available
Technologies
Several types of brake testers are now commercially
available technologies. The Motor Carrier Safety
Assistance Program (MCSAP) is funding evaluation of
innovative brake testing devices (Hagan, 1993).
Commercial devices are tested and evaluated at the
East Liberty, OH Transportation Research Center; rec-
ommendations are then made to the manufacturer re-
garding desired improvements. After the company has
a satisfactory device, field testing is conducted.
Products, technologies, and the companies developing
them are listed in Table 4-3.

Table 4-3. Summary of MCSAP-Funded
Brake Tester Research

Company Technology Test Site
Australian Government Portable Dyno OH, WV
Control Devices Infrared OR
Hicklin Engineering
Hunter Engineering

Portable Dyno IA, CO
Skid Plate MN

The Australian portable dyno is probably the furthest
along in testing, along with Control Device’s Renstar
system. If the devices pass field testing for about one
year and become certified, MCSAP will pick up 80
percent of the cost if states wish to purchase one
(Hagan, 1993).

4.2 Notepad and Pen Computers
The Idaho State Police are field testing a GridPad  pen
computer in early July (1993) to help inspectors pre-
pare inspection reports (Sammons, 1993; DOT, 1993).
The screen on the computer will look very similar to an
Idaho Inspection Form. The special pen that is sensed
by the screen has two modes of operation: character
identification and keypad operation. In the character
identification mode, the computer recognizes printed
handwritten characters on the screen and converts them
to typewritten symbols. This mode has some problems
discerning messy writing, so it will not be used for the
field testing. The other method allows data entry by
typing on a keypad with the special pen. This method
of data entry will be used to enter the carrier and driver
information. Other information, like violations and the
inspection location, are stored in the computer and can
be selected from a menu. The officer’s/driver’s  signa-
tures will be stored as signatures. A printer in the car
will be used to print out a copy of the inspection form

for the driver. The results of the inspections can be
sent electronically via a modem to a central database.
There the inspection results are reviewed before being
entered in SAFETYNET.

There are two places for the officer to record com-
ments: a space after each violation and a space for an
officer to record comments that do not go on the form
but are stored in a database on the hard disk of the
computer. These notes are meant mostly to aid in
court cases. After two months of field testing the Grid
computer, Idaho plans to test five other models to get
an idea of the relative performance of different brands.
The software for the pen computer was developed at
Boise State University in Idaho.

Alabama is also testing the GridPad computer to aid
inspectors (DOT, 1993; Holt, 1993; Marzano, 1993).
The software for the Alabama project is being devel-
oped by Technology Solutions, Inc., and should be
ready for field testing in late July 1993. The Alabama
program is attempting to use the handwriting recogni-
tion capability of the computer, in addition to the key-
pad capability, to enter information. The initial phase
of testing will last six months. Alabama opted not to
use modems to transfer data from the GridPads.
Instead, solid-state memory cards are mailed in to en-
ter the SAFETYNET data, a form of “sneakernet.”
Alabama is also using printers in cars to print out the
inspection form for the driver. Alabama currently does
not plan to test computers from other vendors in the
near future.

California has a similar pen-based initiative, and is the
farthest along in testing (Khoygani, 1993). The
California system is also based on a GridPad  computer.
The field testing, which has been going on since early
June, involves the use of four units at an inspection sta-
tion in Cordellia, CA. The inspectors use the pen-
based system, capable of print recognition, to record
inspection results. The information entered into the
GridPad  is transferred to the office computer electroni-
cally via a modem. In the office, the inspector can re-
view the information, make changes or additions, and
then print out the inspection form for the driver’s signa-
ture. The database constructed by the program on the
PC is directly compatible with and easily transferred to
the SAFETYNET database. The California system can
also be used by inspectors conducting roadside inspec-
tions and operating out of cars. After the field testing
in Idaho, California, and Alabama has been completed,
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some of the advantages and disadvantages of using
pen-based computing for inspections will have been
identified.

The state of New Hampshire has been using laptops for
truck inspections for the last 3 years [Peaseley, 1993].
Originally, they were using a PC version of the
SAFETYNET program. For the last 9 months, they
have been using a program developed by Wayne
Peaseley using the Paradox Application Program to en-
ter truck inspection results. After completing an in-
spection, the inspector enters the same data that would
normally be handwritten on an inspection form. A
database of CDL numbers and Carrier Numbers (ICC)
automatically enters the appropriate information if the
number is in the database. This database is updated
once a month. Every 2 weeks the inspectors use
modems to download the inspections to a central
database. Sometimes the data is transferred using
floppy disks. The inspectors also have access to the
FMCSR on the laptop. A WordPerfectTM-compatible
version of the FMCSR is available, and the ZyindexTM
program can be used to search for key words and
phrases. This capability is rarely used because the
electronic version of the FMCSR is always out-of-date
and using ZyindexTMM is not an effective way to search
the code. For example, if the keyword is “brakes,” the
program would look for every mention of the word
“brakes.” This word is mentioned throughout the
FMCSR, but only the section in PART 393 would be of
interest. A keyword search would therefore yield many
useless results.

The St. George, Utah port of entry also uses computers
to print inspection reports (Kendall, 1993). However,
instead of entering information into a pen computer,
the inspector takes notes on a small pad of paper.
Then, the inspector uses a PC in his office to write up
the inspection form. The software constructs a
database of all carriers and drivers who are inspected.
When the carrier number or driver’s license number is
entered, the other relevant information is automatically
entered if it is in the database. Otherwise, the inspec-
tor enters the driver and carrier information with the
keyboard and it is added to the database. This is a lo-
cal database, and it only stores information regarding
drivers and carriers who have inspections performed at
the St. George port. The FMCSRs are easily brought
up with a menu, and the inspector can select the cor-
rect violation from a menu. An experienced operator
can skip the various menus and enter information
quickly using keyboard commands. The software was
developed by an inspector, Lane Elmer. The software
currently does not output SAFETYNET-compatible
data, but an upgrade is under way to allow electronic
transfers of data to SAFETYNET.

West Virginia is currently using a portable computer
system developed by the Radix Corporation to generate
truck inspection reports in the field (Radix, 1992;
Horracks, 1993). The FW60 portable computer and
FP40 thermal printer are used to log violations and
generate inspection reports in the field. Inspectors
transmit data to a central location via a modem, where
the data is manipulated into a form compatible with
SAFETYNET. A sample of the inspection form given
to the driver appears on the following page. The soft-
ware is menu-driven to help the inspector easily locate
the proper section of the West Virginia code. The cor-
responding Federal Code is automatically entered on
the inspection form (Figure 4-4). The system is capa-
ble of reading magnetic strips, but this capability is not
being used.

Many states put a magnetic strip on commercial
driver’s licenses, which would allow automatic entry of
the driver information. The GridPad supports this ca-
pability, but no one is currently using it. The main dif-
ference between the pen-based technology and the
Radix system is that the Radix system relies on an al-
phanumeric keypad to enter data and select menus
while pen-based systems use a special pen. Pen-based
systems tend to have larger displays than the Radix
system, which allows the display of more information.

4.3 Voice Recognition
The Nebraska State Patrol will conduct field testing of
a voice recognition system that should allow inspectors
to conduct “hands free” inspections. The inspector will
talk into a headset, which will send his commands over
a radio link to a computer. The computer will interpret
his commands, record inspection results, and interact
verbally with the officer if it detects a mistake. The
voice recognition system, developed by the Artisan
Group in Baltimore, MD, is user-dependent. Each offi-
cer who uses the system must make a training tape
which is recorded on a floppy disk. The system was
supposed to be fielded in January of 1993 (DOT, 1993),
but the system has not been tested because the soft-
ware is not yet functional (Danahy, 1993; Gembicki,
1993). An operational version of the software should
be ready in the next several months.

4.4 Visual Inspection of Thermal
Wheel Damage
Researchers have developed a “thermo-paint” for
wheels which shows when wheels have been exposed
to excessive heat from braking (Kigawa and Kirimura,
1988). Thermal cracks and fracture of the wheel rim
are easily caused by overheating. The thermal paint
developed shows distinct discoloration when exposed
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to temperatures between 200” to 300°C. This technol-
ogy was primarily developed for passenger cars, but
might have some application in the trucking industry
for visually detecting exposure to damaging tempera-
tures .

4.5 Smart Cards
A “smart card” is defined as an integrated-circuit-
based, credit-card-sized portable data carrier
(Komanecky and Claus, 1991). Many people mistak-
enly refer to credit cards with bar codes or magnetic
stripes as smart cards. These type of cards, although
programmable in a limited sense, do not meet the true
definition of a smart card, which usually includes a
microprocessor and memory (EEPROM). Other com-
ponents in a smart card include an analog IC for power
conditioning, a communications interface, and a
method of transferring power to the card. Smart cards
are currently used in Electronic Toll and Traffic
Management (ETTM)  systems with Automatic Vehicle
Identification (AVI). Although smart cards are not
currently being used in any CVO demonstrations, they
have many possible applications. A driver’s credentials
(CDL, medical certificate, violations, etc.), along with
the carrier and cargo information, could easily be
stored on a smart card, possibly all integrated into a
CDL with a picture of the driver. Applications for
smart cards in the inspection process are discussed in
more detail in Section 5.

Another device related to a smart card is the PCMCIA
(Personal Computer Memory Card International
Association) Standard. This standard defines the phys-
ical requirements, electrical specifications, and soft-
ware for these “PC cards” (Gyorki, 1993). Currently
these cards measure 85.6 x 54 mm and come in three
thicknesses (3.3 mm, 5 mm, and 10.5 mm). These de-
vices usually are used as memory devices, holding bat-
tery backed SRAM or EEPROM. These devices are
very rugged storage devices compared to hard disks,
and also have much faster access times. However, the
maximum capacity currently available is 40
megabytes. In addition to memory, these devices can
also contain other electronics. Applications for vehi-
cles include rugged data storage devices that are easily
removed and analyzed by a personal computer. Black
box storage devices on trucks could use PCMCIAs  or
other solid-state memory devices.

4.6 Transponder Systems
Transponders are used to identify vehicles in
Automatic Vehicle Identification (AVI) systems. AVI
systems are composed of three functional elements: the
vehicle-mounted transponder or tag; the roadside reader
unit; and a computer system for processing and storing
the data (Case, 1990). This is shown in Figure 4-5.

On-Board
Transponder I

Interrogating

 I

Response
Signal Signal

Computer
System

Figure 4-5.AVI block diagram.

Automatic vehicle identification systems allow a vehi-
cle to send information to the roadside as the vehicle
drives by at highway speeds. Technologies are avail-
able that allow sending a fixed message (vehicle iden-
tification) as well as changeable messages about vehi-
cle status. The largest application for vehicle
transponders is currently automatic toll collection
(Car-render, 1993). Transponders are also being used
for Automatic Vehicle Identification of commercial
vehicles by several demonstration projects.

The earliest AVI systems relied on optical and infrared
technologies (Case, 1990). These systems required
clear visibility and were seriously affected by snow,
rain, ice, fog, and dirt. Therefore, optical and infrared
technologies have been largely abandoned by AVI
manufacturers (Case, 1990). Current technologies be-
ing used for AVI include inductive loops, microwave
signals, and Surface Acoustic Wave Systems (SAW)
(Case, 1990). A listing of AVI vendors appears in
Case (1990).

Amtech has developed many types of sensors that have
been used for AVI (both vehicle and rail) and toll col-
lection. The specifications of an Amtech system are
described to give the reader an idea of the capabilities
of AVI systems. The Amtech system uses passive tags
that remodulate the backscatter of a roadside radar to
transfer information from the vehicle to the roadside.
The information on the vehicle tag can be either fixed
or variable, and the maximum message length is 4096
bits of data. Passive tags, which are powered from the
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RF beam, have a maximum range of about 25 ft.
Battery-powered active tags have a longer range, about
100 yards. The Amtech systems transmit at 915 Mhz,
and higher frequency systems are under development
(Carrender, 1993). All transponders operate on the
same frequency, and the closest transponder to the
roadside detector is the strongest signal. Therefore,
even though all transponders are “talking at once,” the
roadside sensor is able to determine the strongest sig-
nal and read the data correctly. The Amtech system
works at speeds of up to 200 mph.

Although vehicle transponders are currently being used
mainly for AVI and toll collection, these types of sys-
tems could easily be adapted to transmit vehicle safety
information to the roadside inspection station. Because
these systems can only transmit a limited amount of
data, the day will probably come when more on-board
vehicle data is available than can be transmitted to the
roadside. Therefore, some research will probably have
to be performed to determine what vehicle data provide
the most information about the overall safety of the
tractor trailer system.

4.7 IVHS Corridor Programs
There are two IVHS CVO demonstration corridor pro-
grams that are currently in progress, the HELP/
Crescent and ADVANTAGE I-75 programs (Walton,
1993; Grayson, 1993). Both projects are focused on
improving CVO efficiency using electronic technolo-
gies. The HELP (Heavy Vehicle Electronic License
Plate) program was initiated in 1983 by representatives
of the Arizona and Oregon Departments of
Transportation. The first phase was a feasibility as-
sessment and was completed in 1985. Phase II con-

sisted of a number of technical studies of different
technologies. It included a core group of Western
states and was completed in 1989 (on-board computing
and refinement of certain technologies continue to be
studied). Phase III consists of the Crescent
Demonstration, which is testing and evaluating the in-
tegration of technologies in a real-world environment.
The states participating in the Crescent Demonstration
are shown in Figure 4-6.

The HELP/Crescent Demonstration integrates auto-
matic vehicle identification (AVI), automatic vehicle
classification (AVC), weigh-in-motion, and communi-
cation linkages (Walton, 1993). These technologies
are more closely associated with the taxation and rev-
enue process than the truck safety inspection process.
The current stage of the demonstration is not applying
any technologies to improve the truck safety inspection
process. However, plans for the next stage include re-
mote brake testing as the truck drives at slow speeds.
Details of this technology are unavailable because of a
nondisclosure agreement (Gentner, 1993). Other plans
for improving truck safety include using MCMIS
(Motor Carrier Management Information System) car-
rier safety data to determine which trucks should be in-
spected (Gentner, 1993). The MCMIS database would
also have the results of the previous inspections for a
particular truck. The HELP/Crescent Demonstration is
also hoping that as on-board diagnostic equipment be-
comes more prevalent, trucks will be able to transmit
these results as part of the automatic vehicle identifi-
cation message to give inspectors another metric of the
truck’s safety (Gentner, 1993) .

Figure 4-6. Crescent Demonstration Project (Walton, 1991).
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The ADVANTAGE I-75 program is also not currently
applying any technologies to improve truck safety in-
spections. They plan to have trucks participating in the
demonstration provide self-certification (Grayson,
1993). This will put the burden on the carriers of
ensuring that the trucks meet the FMCSRs. Random
safety inspections will be conducted to determine how
well the self-certification works.

Other demonstration projects include the proposed I-80
Corridor demonstration project (Cambridge, 1993).
This project will also focus on reducing the number of
stops trucks are required to make for licenses, permits,
registrations, fuel tax reporting, and other credentials.

This will involve AVI, WIM, and AVC. The highway
safety functions are envisioned to include remote driver
and vehicle inspections at mainline speeds, but the ap-
propriate technologies have not yet been identified. As
in the I-75 project, all operational trucks will have pre-
clearance (self-certification) for safety and credential
checks. The Port of Entry Advanced Sorting System
(PASS) in Oregon will also be performing operational
testing of AVI, WIM, AVC, on-board computers
(OBC), and two-way communications to pre-clear
trucks on the mainline. The main thrust of these and
other IVHS demonstration projects has been to reduce
the amount of time trucks spend stopping for documen-
tation and permits.
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5. Recommendations

Commercial vehicle inspections depend on the interac-
tion of three components: the inspector, the inspection
facility, and the vehicle and driver being inspected
[Figure 5-l). This section outlines how promising
technologies could be evaluated in the near term and
how they could be further developed and integrated in
the long term to improve interactions between the three
main components of commercial vehicle inspection.

As Section 4 explains, there are several field tests
currently in progress to evaluate laptops, pen-based
computers, portable brake testing systems, and voice
recognition systems. Field testing is just beginning,
but over the course of the next year the opportunity will
exist to compare these systems side by side. The lap-
top, pen-based, and voice recognition tests will provide
valuable information about the direction inspection-re-
lated computing technology should take. Technologies
that are being field tested or could soon be field tested
are identified and examined in the near-term recom-
mendations presented in Section 5.1.

In order to determine how the inspection process can
be modified to improve safety, further research will
have to be conducted to determine from a systems per-
spective what the goals and requirements are and how
these technologies enhance the interactions between
the inspector, inspection facility, and vehicle. As ex-
plained in the main portion of the overall report,
Commercial Vehicle Architecture Systems Study (to
which this task report is an attachment), a systems ap-
proach will provide a systematic way to identify, as-
sess, and plan the development of the most appropriate
commercial vehicle inspection technologies. As these
candidate technologies are developed, the systems ap-
proach will help identify important interactions be-
tween candidate technologies, meaningful criteria for
comparing candidate technologies, and the best ap-
proaches for developing them. These developing tech-
nologies are examined in the long-term recommenda-
tions presented in Section 5.2.

5.1 Near-Term Recommendations
This section discusses near-term candidate
technologies for improving the truck inspection process.
As Figure 5-2 shows, the truck inspection process in
the U.S. is primarily an enforcement process. The
overall goal of the inspection process is to improve
safety. CVSA works to refine the Federal Regulations
and the Out-of-Service Criteria. In the real world,
inspectors enforce the Federal Regulations and the
Out-of-Service Criteria.

Figure 5-1. Three components of the inspection
process. Ultimately, the success of
any commercial vehicle inspection
technology will depend on how well it
enhances interactions between the
inspector, the inspection facility, and
the vehicle,

Because improved truck safety is sought through in-
spections that enforce existing regulations, we exam-
ined the inspection process in detail and used it as a
starting point for identifying near-term solutions. A
step-by-step analysis of the recommended North
American Standard Inspection Procedure presented in
Section 3 revealed deficiencies, and existing tech-
nologies that could address those deficiencies were
identified. The report on this study is presented in
Appendix A; the study’s outcome is summarized in
Table 5-1.

The most promising of the candidate technologies iden-
tified in Table 5-l are discussed in more detail below
in Section 5.1.1. These technologies involve mostly
devices to help the inspector with the current system.
If the assumption is made that on-board computing ca-
pabilities of trucks will increase significantly in the fu-
ture, then the capability for on-board safety monitoring
will become practical. Section 5.1.2 outlines technol-
ogy areas that show promise for on-board inspection
capabilities. Section 5.1.3 recommends how these
candidate technologies could be developed to enhance
commercial vehicle inspections.
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Table 5-1. Technology Study of the Recommended North American Standard Inspection
Procedure*

0.

1.

2.

3.

4.

5.

3.

7.

8.

9.

Step
Select truck for inspection

Choose the inspection site

Greet/assess the driver

Prepare the vehicle and
driver

Check driver’s documents

Check for presence of
hazardous materials/
dangerous goods
Check steering lash inside
cab

Inspect front of tractor

Inspect steering axle

Inspect left front side of
tractor

Deficiencies
l limited inspection frequency
l no intelligent screening of

inspections

l alternate routes bypass fixed
inspection sites

l inspector safety
l driver leaving during inspection

l presence/use of illegal
substances hard to detect

l driver’s condition during
inspection not necessarily
same as while driving

l paper inspection form makes
information archiving/retrieval
difficult

l paperwork extensive and
therefore subject to error and
fraud

l labels and documents do not
necessarily indicate true
nature of hazardous materials

l inspection does not detect
steering lash problem when it
first occurs on the road

l lighting/wiper problems not
detected when they first occur
on the road

l functioning steering axle
problem not detected when it
first occurs on the road

l push-rod travel brake
inspection time consuming,
dangerous, and not exact

l problems not detected when
they first occur on the road

l thermal cracks hard to detect

Candidate Technologies
Improve method of screening

trucks for inspection using the
following technologies:

. on-board storage of driver and
vehicle information

l Automatic Vehicle
Identification (AVI)

l vehicle-roadside
communications

l smart cards
l national databases and

communications networks
l data encryption
l portable interrogations

systems
l portable brake testers
. portable interrogation systems
Remote monitoring of alternate

routes using:
l video systems
l weigh-in-motion systems
l A V I
l noninvasive drug/alcohol

testing during inspection
l on-board noninvasive

drug/alcohol testing
l on-board monitoring of driver

performance
l notepad/pen computers
l voice recognition system

.  smart card
l voice recognition system

l infrared spectroscopy to
independently identify/classify
hazardous material

l on-board monitoring
. transmission of problems to

nearest inspection station
l on-board monitoring
l transmission of problems to

nearest inspection station
l on-board monitoring of steering

axle
l transmission of problems to

nearest inspection station
l dynamometer testing
l skid plate testing
l infrared testing of brakes

(temperature measurement)
l on-board sensing of brake

performance
l on-board monitoring
l transmission of problems to

nearest inspection station
l thermal paint

* See Appendix A for a more complete report on this technology study.
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Table 5-1. Technology Study of the Recommended North American Standard Inspection
Procedure (continued)

Step Deficiencies Candidate Technologies
10. Inspect left saddle tank . problems not detected when l on-board monitoring

area they first occur on the road l infrared spectroscopy to
l some problems hard to detect identify leaking fuel

l thermal paint
11. Inspect trailer front l tangled lines not detected l on-board monitoring

when they get tangled on the l transmission of problems to
road nearest inspection station

12. Inspect left rear tractor l problems not detected when l on-board monitoring
area they first occur on the road l transmission of problems to

l thermal cracks hard to detect nearest inspection station
l push-rod travel brake l thermal paint

inspection time consuming, l dynamometer testing
dangerous, and not exact l skid plate testing

l infrared testing of brakes
(temperature measurement)

l on-board sensing of brake
performance

13. Inspect left side of trailer l problems such as unsecured l on-board monitoring of cargo
cargo not detected when they l transmission of problems to
first occur on the road nearest inspection station

14. Inspect left rear trailer . problems not detected when l on-board monitoring
wheels they first occur on the road l transmission of problems to

l thermal cracks hard to detect nearest inspection station
l push-rod travel brake l thermal paint

inspection time consuming l dynamometer testing
l skid plate testing
. infrared testing of brakes

(temperature measurement)
l on-board sensing of brake

performance
15. Inspect rear of tractor l lighting problems not detected . on-board monitoring of cargo

when they occur and lighting
l problems such as unsecured l transmission of problems to

cargo not detected when they nearest inspection station
first occur on the road

16. Inspect right rear trailer l problems not detected when l on-board monitoring
wheels they first occur on the road l transmission of problems to

l thermal cracks hard to detect nearest inspection station
l thermal paint

17. Inspect right side of trailer l problems such as unsecured l on-board monitoring of cargo
cargo not detected when they l transmission of problems to
first occur on the road nearest inspection station

18. Inspect right rear tractor l lighting problems not detected l on-board monitoring of cargo
area when they occur and lighting

l problems such as unsecured . transmission of problems to
cargo not detected when they nearest inspection station
first occur on the road

19. Inspect right saddle tank l problems not detected when l on-board monitoring
area they first occur on the road . infrared spectroscopy to

l some problems hard to detect identify leaking fuel
l thermal paint

20. Inspect right front side of l problems not detected when l on-board monitoring
tractor they first occur on the road l transmission of problems to

. thermal cracks hard to detect nearest inspection station
l thermal paint
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Table 5-1. Technology Study of the Recommended North American Standard Inspection
Procedure (concluded)

Step Deficiencies Candidate Technologies
21. Inspect brake adjustment l push-rod travel brake l dynamometer testing

inspection time consuming, l skid plate testing
dangerous, and not exact l infrared testing of brakes

(temperature measurement)
l on-board sensing of brake

performance
22. Check fifth wheel l serious damage to vehicle can Various types of sensors:

movement occur during inspection l optical sensors
l magnetic sensors
l LVDTs

23. Check air loss rate l influenced by inspector’s l pressure sensor
hearing and background noise

24. Check operation of low air l no major deficiencies l on-board monitoring
pressure warning device l transmission of problems to

nearest inspection station
25. Check operation of tractor l safety problems related to l automate tractor protection

protection valve high-pressure air, water, and oil valve inspection using on-
board diagnostics

26. Check emergency brakes l escaping air must be detected l pressure and flow sensors
audibly, which is very
subjective

27. Complete the inspection l paperwork time consuming l notepad/pen computers
l handwritten forms hard to read l computer printouts
l verifying correction of out-of- * covert monitoring of out-of-

service condition difficult service trucks
28. Enter inspection data into l erroneous data entered l use of computers to generate

MCMIS database because of typographical data inspection reports
entry errors and unreadable
inspection reports

Although this report is supposed to recommend “tech-
nologies” to improve the truck inspection process,
some of the best aids for inspectors might be improve-
ments in truck inspection station design. Pits, like the
one located at St. George, UT, allow the inspector to
easily and more thoroughly inspect the undercarriage of
a vehicle. It is also easier to show the driver what is

Table 5-2. Documents Requested in
Typical Level I Inspection

1.      Commercial Driver’s License2. Medical Card3.
4:

Bingo Card
Registration - Tractor & Trailer

5.
wrong if the driver can accompany the inspector into

Bill of Lading

the pit. Although safety considerations must be taken
into account, pits are becoming relatively common- The state of Arizona is currently testing a Commercial

place in fast-service lubrication stores. Having some Driver’s License (CDL) that combines the license and

protection from the elements would also make the medical card into one card. By using a “smart card,”

safety inspections easier and safer. Improving the truck all of the required information could be accessed

inspection process should probably involve a combina- quickly and electronically. Often, the inspector has a

tion of using technology as well as improving the in- difficult time determining who the actual carrier is (the

spection facility. This systems approach is discussed truck may be owned by the driver but leased to a car-

in more detail in Section 5.2. rier for the current cargo). If this information were
available quickly on a “smart card,” the information

Smart Driver’s License
could be automatically entered on the inspection form.

A truck driver is currently required to carry numerous
documents in the cab. Whenever a truck inspection is
performed, the documents listed in Table 5-2 are re-
quested from the driver.

Current WIM and AVI demonstrations are requiring the
inspection station to keep a database of trucks and
carriers. If this information were recorded on a smart
card coupled with a transponder system, some of the
burden of maintaining a database would be removed
from the ports of entry.
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Electronic Log Reader
Electronic logs are currently available to record the
driver’s hours of duty, thereby replacing the handwrit-
ten log. Because there are not many in use, inspectors
are often unfamiliar with them and have a difficult
time verifying the hours of service. Also, the inspector
must get into the cab to view the screen that displays
the hours of service (inspectors don’t like getting into
the cab). The FMCSRs currently define the require-
ments of an electronic log. These include a display
capable of showing the previous 7 days. If an addi-
tional requirement were made for a standard communi-
cations interface, the log could be inspected electroni-
cally instead of manually. This could be accomplished
by defining a standard communications interface
(protocol, electrical, and hardware). The inspection
process would then consist of hooking a cable from a
laptop (or dedicated computer in a box) to the elec-
tronic log. The log verifier would then check for 10-
hour, 15-hour and 60- or 70-hour violations. This pro-
cess could be taken a step further if the wire intercon-
nection were replaced with a radio link; then the hours
of service could be verified as the truck drove by the
inspection station.

5.1.2 On-Board Monitoring Systems
As on-board computing technologies become more
prevalent, the opportunity to take advantage of on-
board sensing becomes available. The following sec-
tions discuss some specific truck systems that could be
monitored using sensors.

Brake System
Various components of the brake system may be mea-
sured or monitored using sensors. Brake lining charac-
teristics, including temperature and thickness, could
easily be monitored using sensors. Brake effectiveness
could be measured by looking at slack adjuster dis-
placement, brake temperature, brake pressure, tire
pressure, and torque applied during braking. Brake sys-
tems could include self-diagnostics of expected brake
performance in addition to having anti-lock braking
systems (ABS).

Road Surface Conditions
Variations in road surface conditions can result in ac-
cidents for vehicles with or without mechanical defi-
ciencies. These variations can be detected using in-
frared and ultrasonic sensors. Infrared sensory devices
detect heat changes and have been used for this pur-
pose at airports and for efficient road sanding/salting.
Information on the road surface could help in calculat-
ing real-time braking ability.

Driver Alertness
Different technologies could potentially measure driver
alertness. These include fuzzy logic or neural network
systems that analyze the driver’s performance in real
time. Some work has also been done using voice to
determine alertness (Hayre, 1993). Although these
technologies have great potential, further research is
required.

Lghts and Other Electrical Systems
Testing systems could easily be designed to sense fail-
ure in lights and other vehicle electrical systems.
Properly functioning lights can be verified with optical
sensors or current sensors. Continuity sensing can be
used to determine the integrity of a lighting system
without turning on the lights.

Structural Integrity
Embedded sensors could be used to detect cracks and
other structural deficiencies. However, it will probably
be more practical and economical to rely on visual in-
spections for most cracks, except in very critical areas.
Vibration analysis, a technology widely used in the
electric power industry, could also be applied to struc-
tural monitoring.

Tachograph - Black Box Recorders
Electronic tachographs, with greatly expanded capabil-
ities compared to the electromechanical European ver-
sions, could easily be developed. These electronic
tachographs would resemble current airplane “black
box” recorders. A number of critical vehicle parame-
ters could be recorded to improve maintenance as well
as accident reconstruction. This type of device will
probably become commonplace as on-board computing
technologies mature.

Sensors
With the exception of infrared cameras, sensors for
commercial vehicle operations that would enhance the
inspection process are all related to on-board monitor-
ing. Given present commercial vehicle technology, no
sensors or combination of devices can provide remote
inspection capability. In order for this type of system
to be realized, technologies must be applied to com-
mercial vehicles, inspection facilities, and inspectors.
These changes would require new enforcement guide-
lines, standards, and regulations. For this study case,
as previously mentioned, the Sandia investigators at-
tempted to identify technologies that not only have ap-
plication in commercial vehicle operations, but also
require no changes to the current inspection process
structure.
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5.1.3 Proposed Near-Term Activities
Based on the discussion of available technologies and
information found in Table 5-1, this section recom-
mends some near-term activities to improve the current
inspection process. These tasks are aimed at improv-
ing the current system, rather than radically changing
it. The recommendations in Section 5.2 deal with long-
term, fundamental changes to improve truck safety.

Hold an inspection computer conference at St.
George, UT. This conference would provide a fo-
rum for evaluating all pen-based, palm-top, laptop,
and voice recognition systems that could be used for
commercial vehicle inspections. Sandia electrical
engineers, computer scientists, and human factors
specialists could provide unbiased evaluations of
these systems. Also, feedback could be elicited from
inspectors who would actually be using the systems
in the field. St. George’s inspection pit could be
used to evaluate whether pen-based systems are truly
superior to paper/personal computer systems in a
fixed-station/pit environment. The conference would
last five days and would heavily involve CVSA.

Develop an electronic “regulation/interpretation”
reference with CVSA. This electronic document
could replace the books currently used and would
provide a means of easily searching for and retriev-
ing desired regulations and interpretations. The de-
vice could utilize pen or touch-screen technologies.
Revisions could be easily entered with PCMCIA
cards.

Develop and demonstrate an inexpensive brake
out-of-adjustment sensor. An inexpensive switch-
type sensor could be used to determine out-of-service
brake adjustments. This sensor could also work with
an automatic slack adjuster system.

Develop a standard interface to electronic logs.
Such a standard would help electronic log manufac-
turers make products that would be compatible with
the needs of all commercial vehicle inspectors in
North America.

Develop and demonstrate a smart driver’s license
system for commercial vehicles. This system
would integrate a smart card with on-board electron-
ics: a communication link and programming devices
for the carrier.

Develop a modular, standard inspection station
design for the twenty-first century. This project,
which would rely heavily on input and guidance from
the CVSA, should combine pit and facility design
with computer systems identified in the proposed in-
spection computer conference described above. This

design would use an open architecture so new tech-
nologies could easily be integrated.

5.2 Long-Term Recommendations
Although there is some room for technology to improve
the current inspection process in the near term, other
issues will play an equally important role in the long
term. Facility design and the interaction between the
vehicle electronics and the inspection station will ul-
timately determine the quality of truck inspections and
the extent to which time required to complete in-
spections can be reduced. This will require the integra-
tion of on-board technologies with electronic systems
at the port of entry and inspection facilities, combined
with an efficient facility design. Only incremental im-
provements in the truck inspection process will be ob-
tained by applying technologies to the current system.

5.2.1 Fully Automated Inspection
Looking at the deficiencies and candidate technologies
listed in Table 5-1, many require on-board monitoring
in order to be checked automatically or remotely.
With the exception of infrared brake temperature mea-
surements, there is no device that an inspector can
point at a truck to determine the truck’s state of health,
without the truck “talking back.” Therefore, long-term
improvements in the truck inspection process will in-
clude facility design as well as integration of on-board
technologies with electronic systems controlled by the
inspector.

An example of a fully integrated truck inspection sys-
tem would have trucks with on-board diagnostics
transmit critical information to the port of entry several
miles out. Based on the on-board status, as well as the
carrier safety record (from AVI), a decision could be
made whether or not to inspect the truck. As the truck
approaches the station, it could be told to come in for
an inspection with a special message sign. The inspec-
tion would be performed in a well-designed facility
with a pit and protection from the elements. The driver
would carry a smart card that would have all of the typ-
ical information required by an inspector, possibly in-
cluding an electronic log. The inspector could interro-
gate the on-board computer system using special diag-
nostic equipment. Using the most appropriate com-
puter technology (pen, voice, or laptop) developed dur-
ing the current field testing, the inspector would write
up the inspection report. The inspection report would
automatically be entered into SAFETYNET or a simi-
lar database. The results of the inspection could be
recorded in the truck’s black box electronically so a
CVSA (electronic) decal would no longer be neces-
sary. Even if a truck was not stopped based on the on-
board sensor data, a larger number of trucks would be
inspected because of the on-board inspection capabil-
ity.
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Although roadside inspections could not take advan-
tage of a well-designed facility, the same technologies
could be used to interrogate a truck’s on-board diagnos-
tic system to determine which trucks to inspect.
Portable diagnostic equipment as well as pen-based or
laptop computers could also be used. Modifying the
data in the truck’s black box could also be accom-
plished in the field.

5.2.2 Proposed Long-Term Activities
Based on the above discussion, this section recom-
mends some activities to improve the inspection pro-
cess in the long term:

l Conduct safety risk/cost analysis of different
truck components to determine which items
should be monitored by on-board sensors to im-
prove safety. The results of this research would also
help CVSA determine which items merit inclusion in
the Out-of-Service Criteria. Once critical items have

been identified, further research can be conducted to
identify appropriate sensor technologies or sensors
that need to be developed.

l Further investigate the communications re-
quirements needed to implement remote truck
inspections. Work with CVSA, the FCC, and other
agencies to determine the frequency allocations,
standards, protocols, and regulations required to im-
plement an automated truck inspection system on the
national level.

l Initiate research to determine the feasibility of
driver performance evaluation by monitoring
steering, brake, and throttle commands as well as
other vehicles states (velocity, acceleration, etc.).
Non-invasive evaluation of driver performance is crit-
ical if on-board monitoring is implemented. The fea-
sibility of this technology has not yet been deter-
mined.
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This appendix reviews the 27-step North American
Standard Inspection Procedure, identifying deficiencies
and candidate technologies for each step of the proce-
dure. Two additional steps that were not mentioned in
the previous section, the selection of the truck (called
“Step 0")  and the data processing using SAFETYNET
(called Step  28),  are also discussed. Based on the
analysis of the inspection process, recommendations
are made on how to best use technology to improve the
truck inspection process.

STEP 0: SELECT TRUCK FOR
INSPECTION
Trucks are chosen for inspection for various reasons.
At a fixed inspection site, often the first truck that
comes in after an inspector has completed an inspec-
tion is chosen for inspection. Sometimes, trucks are
chosen for inspection based on inspector knowledge of
carrier safety history. Inspections are conducted when
an inspector notices a problem as the truck is passed
on the road, and an expired CVSA decal is a basis for
inspecting some trucks. Random inspections are also
often conducted.

Deficiencies
The number of inspections conducted is limited by the
number of inspectors available and the space at the in-
spection site. This limited number of inspections per-
formed would provide better results if a higher percent-
age of ‘bad’ trucks were inspected. The inspection se-
lection process is currently not based on any previous
safety history of the truck and/or driver. Intelligent
screening of trucks based on carrier safety records,
driver safety records, and vehicle inspection results
would make better use of a limited number of inspec-
tions.

Candidate Technologies
On board electronics could be used to store driver, ve-
hicle, and carrier safety records. These records could
then be transmitted to the inspection station (or squad
car) to help select trucks for inspections. Another
method would be to have the driver, carrier, and vehi-
cle databases stored at fixed inspection sites. Then
Automatic Vehicle Identification (AVI) could be used
to look up the appropriate information in the database.
This approach puts the burden of developing and main-
taining the database on the inspection officials. Once
information about the driver, vehicle, and carrier safety
is readily available, a standard algorithm could be de-
veloped to optimally select trucks for inspection. This
approach would allow screening multiple trucks for in-
spection very quickly and efficiently.

Appendix A: Inspection Procedure Analysis

Technologies required to implement this type of system
are listed below:

1.   on-board computers

2.  vehicle-roadside communications

3. smart cards (driver information)

4.  national databases and communications networks
(if information is stored at inspection stations)

5. encryption of data for security

6. portable interrogation systems for random inspec-
tions performed on the roadside

Other systems such as portable brake testers (i.e., roller
brake dynamometers, skid plates, infrared systems)
could also be used to help select trucks for inspection.
However, time constraints would limit the effective-
ness of dynamometers and skid plate systems. Infrared
systems could be used for drive-by selection if the
technology is successfully developed.

STEP 1: CHOOSE THE
INSPECTION SITE
This is not an issue for fixed inspection sites.
However, random inspections conducted at the road-
side must be conducted in a safe location. The rec-
ommended inspection site should be a paved, level sur-
face away from traffic. As the inspector approaches
the truck, he/she should look for placards or other signs
of hazardous materials. If such cargo is present, the in-
spector should also look for leaks or spills.

Deficiencies
Trucks can easily avoid fixed sites by taking alternate
routes. Random inspections are often conducted on al-
ternate routes for this reason. Hazards include being
struck by traffic as well as a greater chance that a
driver will try to drive away during an inspection.
There are only a limited number of safe inspection ar-
eas, especially on secondary roads.

Candidate Technologies
Remote monitoring of alternate routes would allow in-
spection officials to determine how many trucks are
avoiding a particular fixed site. This would allow more
efficient selection of random inspection sites. Remote
monitoring technologies could include video systems,
weigh-in-motion systems, as well as AVI devices.
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STEP 2: GREET THE DRIVER
Greeting the driver consists of four basic steps. Initial
contact is made, seat belt usage and condition is
checked, possible illegal presence of alcohol or drugs
is checked, and the inspection procedure is explained.
The major benefit of this step is that it allows an in-
spector to make a personal assessment of a driver’s
condition.

Deficiencies
It is often difficult to detect the presence and/or use of
illegal substances. A driver’s condition during the in-
spection may be unrelated to his or her on-road driving
condition.

Candidate Technologies
Noninvasive drug/alcohol testing could be used to ver-
ify a driver’s status at the time of the inspection.
Similar technologies could be used on-board to aid in
the detection of alcohol or illegal drugs, and continu-
ous monitoring of the driver could be conducted.

STEP 3: PREPARE THE VEHICLE
AND DRIVER
The driver is instructed to remain at the controls and
turn off the engine. Once inspectors have placed chock
blocks in appropriate positions, the driver is instructed
to place the transmission in neutral and release all
brakes. Inspectors advise the driver in the use of hand
signals to test lamps and brakes. Violations during the
inspection are recorded on an inspection form or note
pad.

Deficiencies
While a paper inspection form is adequate for record-
ing information, archiving the information contained on
the paper form for later retrieval is difficult. Easily ac-
cessible historical information (i.e., past brake and
light failures, driver cooperation) could provide valu-
able guidance to the inspector.

Candidate Technologies
Notepad and pen computers could be used instead of
paper inspection forms to record violations. Such an
approach would not only save on paper; more impor-
tantly, if the hand-held computer could communicate
with historical databases, past violation history for a
specific driver could be instantly retrieved.

Another candidate technology that could replace paper
is voice recognition. Using voice recognition, the in-
spector would talk into a headset as the inspection pro-
gresses. The computer could interpret his commands
and record the necessary information; it would also

prompt the inspector if he or she overlooked an item or
made a mistake during the inspection.

Notepad computer and voice recognition systems are
currently available for truck inspection applications.
Further field testing is required to compare their rela-
tive performance.

STEP 4: CHECK DRIVER’S
DOCUMENTS
The following documents are checked: driver’s li-
cense, medical certificate, record of duty status, driver
vehicle inspection report (post-trip), and documenta-
tion of an annual inspection. All these documents
should be collected from the driver before beginning
the inspection to prevent the driver from altering the
log book and to discourage the driver from leaving the
inspection site.

Deficiencies
This step is very paperwork intensive and therefore
susceptible to error and fraud. Although the log book
(along with the other documents) is requested from the
driver before the inspection begins to prevent the driver
from altering the log book during the inspection, the
driver could have already illegally altered the log book.
Lack of centralization of records makes it easier for a
driver to present illegally altered documents.

Candidate Technologies
A single “smart card,” a credit-card sized portable data
carrier could be used to hold all the driver’s creden-
tials. Software protection could be encoded into the
smart card to prevent the driver from altering the data
it contained. Results from the inspection could be en-
coded directly into the smart card.

Another candidate technology that could replace paper
is voice recognition, which is discussed in Step 3.

STEP 5: CHECK FOR PRESENCE
OF HAZARDOUS MATERIALS/
DANGEROUS GOODS
The inspector checks the truck for the presence of haz-
ardous materials and dangerous goods as indicated by
shipping papers/bills of lading, placards, markings, and
labels. If hazardous materials are present, the inspec-
tor needs to look out for leaks, spills, and nonsecure
cargo.

Deficiencies
Because placards, marking, labels, and shipping papers
are used to indicate the presence of hazardous materi-
als, these indications could be altered to hide the fact
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that the truck contains hazardous cargo or to change
the description of the hazardous cargo.

Candidate Technologies
There is a need for a way to confirm that the hazardous
cargo conforms with it documentation. Infrared spec-
troscopy could be used to identify independently com-
mon hazardous substances.

STEP 6: INSIDE CAB
Steering lash is checked by turning the wheel in one
direction until the tires just begin to pivot. At this
point the wheel should be marked and turned in the
other direction until the wheels begin to pivot. After
marking the steering wheel again, the amount of mea-
sured lash should be compared to the regulations and
the Out-of-Service Criteria. The steering column in
also checked for nonsecure attachment.

Deficiencies
While this method will detect unacceptable steering
lash, it may not detect it soon enough. Steering lash
may become a problem while the vehicle is traveling
and may cause the driver to have an accident before it
can be detected by manual inspection.

Candidate Technologies
An on-board system could monitor steering lash and
steering column attachment as the truck is traveling.
At the moment that steering lash or steering column at-
tachment became unacceptable, the monitoring system
could inform the driver. An on-board transponder could
also relay the information to the nearest inspection sta-
tion.

STEP 7: FRONT OF TRACTOR
This inspection includes the head lamps, turn signals,
and emergency flashers. The windshield and wind-
shield wipers should also be checked.

Deficiencies
While this method will detect nonfunctioning lights
and windshield wipers, it may not detect them soon
enough. Failures may cause the driver to have an ac-
cident before they can be detected by manual inspec-
tion.

Candidate Technologies
An on-board system could electronically monitor light-
ing and windshield wipers as the truck is traveling. At
the moment that a lighting failure occurs, the monitor-
ing system could inform the driver. An on-board
transponder could also relay the information to the
nearest inspection station.

STEP 8: STEERING AXLE
Before beginning the steering axle inspection, the in-
spector should inform the driver that he is going under
the vehicle. Once under the vehicle, the inspector
should check the steering system and the key steering
components (front axle beam, gear box, pitman arm,
drag link, tie rod, and tie rod ends). The front suspen-
sion, front brakes, front axle, frame, and frame assem-
bly should also be inspected while the inspector is un-
der the front of the vehicle.

Deficiencies
While this method will detect a nonfunctioning steer-
ing axle, it may not detect it soon enough. Failure
may cause the driver to have an accident before it can
be detected by manual inspection.

Push-rod travel for inspecting brakes, while it can be
accurate, is very time consuming, and it requires driver
cooperation. The required time investment prevents
the inspector from testing an adequate number of vehi-
cles.

In addition, the inspector must crawl under the vehicle
to measure push rod travel. This is dangerous for a
number of reasons. The inspector can be exposed to
leaking hazardous materials (e.g., hot motor oil, hot an-
tifreeze fluid, wiper cleaning fluid, and so on), the
truck could move if not secured properly, and the
emergency brake chambers can explode if the chamber
is corroded. In addition, measuring push rod travel is
not an exact measurement considering that the push
rod is marked with soapstone usually. Proper push rod
travel does not ensure proper brake operation. Broken
or missing mechanical linkages, worn or greasy brake
pads, and air leaks can all contribute to improper brake
operation. Although proper push rod travel is required
for proper brake operation, other factors contribute to a
correctly functioning brake system.

Candidate Technologies
An on-board system could monitor the steering axle as
the truck is traveling. At the moment that a steering-
axle failure occurs, the monitoring system could inform
the driver. An on-board transponder could also relay
the information to the nearest inspection station. Since
steering axle failure might be a catastrophic failure,
the driver might notice the failure at the same time
that the on-board monitor does.

Dynamometer (both portable and fixed) testing or skid
plate testing could be used instead of push rod travel to
inspect brakes at the inspection station. In addition,
on-board infrared testers could be used to monitor brake
pad temperatures as the vehicle traveled. Brake dy-
namometers and skid plates attempt to measure brake
performance. Infrared systems attempt to assess proper
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brake adjustment by looking at temperature differences
between wheels (which correspond to the amount of
work done by each brake because brake work is con-
verted to heat energy). Skid plate results are affected
by driver skill and performance, while dynamometer
tests can be time-consuming for multiple axles. The
costs of both systems are also moderately high.
Infrared systems under development could allow drive-
by assessment of brake adjustment, but these systems
are still undergoing field testing. The cost of infrared
systems was not available at the time of this report.

On-board sensing could easily be used to monitor dif-
ferent aspects of brake performance. Push-rod travel
could easily by measured, either with a switch type
sensor (which detects only out-of-adjustment condi-
tions), or with a linear position sensor (potentiometer,
linear voltage displacement transducer (LVDT), etc.)
Brake pad/drum temperature and torque applied to the
cam shaft by the slack adjuster could also be measured
with sensors. In addition, axle torque can be measured.
The cost of these systems would depend heavily on the
reliability and accuracy of the sensors. Although dif-
ferent quantities in an S cam air brake system could be
easily measured with off-the-shelf technology, further
research is required to determine the required sensors
and algorithms to estimate brake performance from raw
sensor data. The costs of the various sensors would
also have to be taken into consideration for truck ap-
plications.

STEP 9: LEFT FRONT SIDE OF
TRACTOR
The inspector checks the left front wheel and rim for
violations such as cracks, unseated locking rings, miss-
ing clamps, and bleeding rust stains. The left front tire
is also checked for violations such as improper infla-
tion, cuts, bulges, too much tread wear, sidewall de-
fects, and exposed fabric/cord. The inspector also
checks to see if radial and bias tires have been mixed
on the steering axle.

Deficiencies
While this method will detect violations in the left
front side of the vehicle, it may not detect them soon
enough. Failures may cause the driver to have an ac-
cident before they can be detected by manual inspec-
tion.

In addition, many of these violations, such as cracks,
are difficult to detect by visual inspection.

Candidate Technologies
An on-board monitoring system could be used to detect
many of the violations on the left front side of the ve-
hicle. For example, sensors embedded in the tire tread
could detect when the tire is dangerously worn or im-

properly inflated. At the moment that a failure oc-
curred, the monitoring system could inform the driver.
An on-board transponder could also relay the informa-
tion to the nearest inspection station.

Because of the complicated nature of these violations,
on-board monitoring systems cannot entirely replace
manual inspection. However, there are technologies
that can aid manual inspection. For example, a ther-
mal paint has been developed that shows distinct dis-
coloration when exposed to high temperatures, a major
cause of thermal cracks and fracture of the wheel rim.
This thermal paint could be used to aid the inspector.

STEP 10: LEFT SADDLE TANK
AREA
The saddle tank inspection includes the fuel tanks,
tractor frame, and exhaust system.

Deficiencies
While this method will detect violations in the left
saddle tank area, it may not detect them soon enough.
Failures may cause the driver to have an accident be-
fore they can be detected by manual inspection.

In addition, many of these violations, such as cracks
and nonsecure mountings, are difficult to detect by vi-
sual inspection.

Candidate Technologies
An on-board monitoring system could be used to detect
many of the violations on the left saddle tank area. At
the moment that a failure occurred, the monitoring sys-
tem could inform the driver. An on-board transponder
could also relay the information to the nearest inspec-
tion station.

Because of the complicated nature of these violations,
on-board monitoring systems cannot entirely replace
manual inspection. However, there are technologies
that can aid manual inspection. For example, an in-
frared spectrometer could detect fuel vapor fumes from
leaking fuel. Thermal paint (see Step 9) could be used
to detect cracks.

STEP 11: TRAILER FRONT
While performing the trailer front inspection, the in-
spector should check to see that the air and electrical
lines between the tractor and trailer are suspended and
free of tangles or crimps. The front end protection
should meet the height requirements (as tall as the
load up to 4 feet).
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Deficiencies
While this inspection may detect tangled air and elec-
trical lines, it may not detect them before they cause
the vehicle to malfunction or even cause an accident.

Candidate Technologies
On-board monitoring systems could indirectly check
whether air or electrical lines are tangled. For exam-
ple, an on-board brake monitoring system could check
air pressure in a brake line. If there was a sudden drop
in air pressure caused by a crimped line, the driver
could be informed and that information could be re-
layed by transponder to the nearest inspection station.

STEP 12: LEFT REAR TRACTOR
AREA
During inspection of the left rear tractor, the inspector
checks the wheels, rims, and tires in this area. The
lower and upper fifth wheel is also examined. After
these items have been inspected, the inspector should
inform the driver that he/she is going under the vehicle.
Entering the undercarriage in view of the driver, the in-
spector should check the suspension on both sides of
the tractor and inspect the tractor brakes. The push
rods should also be marked with the brakes released.

Deficiencies
While this inspection may detect problems in the left
rear tractor area, it may not detect them before they
cause an accident.

Some defects (thermal cracks) are hard to detect.

Push-rod travel to assess brake performance is time
consuming, dangerous, and not exact. (See deficien-
cies discussion for Step 8.)

Candidate Technologies
Thermal paints (explained in Step 9) could be used to
show cracks.

On-board monitoring technologies could be used to
check tire wear and inflation.

Dynamometers, skid plates, infrared techniques, and
on-board sensing (see Step 8) could replace brake in-
spection using push rod travel.

STEP 13: LEFT SIDE OF TRAILER
Inspection of the left side of the trailer includes the
frame and body as well as cargo securement.

Deficiencies
While this method may detect problems with the vehi-
cle frame and cargo, it may not detect them soon
enough. For example, cargo could become unsecured
during travel.

Candidate Technologies
While on-board monitoring systems cannot totally re-
place visual inspection, they could provide valuable in-
formation as when the vehicle is operating. For exam-
ple, a simple stress sensor on cables restraining cargo
could detect if the cargo comes unsecured. This infor-
mation could be relayed directly to the driver and by
transponder to the nearest inspection station.

STEP 14: LEFT REAR TRAILER
WHEELS
The inspector first inspects the left rear trailer wheels
and then informs the driver that he/she is going under
the vehicle. Upon entering the undercarriage in view
of the driver, the suspension on both sides of the tractor
is checked. The trailer brakes are also inspected, and
the push rods are marked with the brakes released.

Deficiencies
While this method will detect violations in the left rear
trailer wheels, it may not detect them soon enough.
Failures may cause the driver to have an accident be-
fore they can be detected by manual inspection.

In addition, many of these violations, such as cracks,
are difficult to detect by visual inspection.

Push-rod travel, while accurate, is very time consum-
ing, and it requires driver cooperation. The required
time investment prevents the inspector from testing
significantly more vehicles.

Candidate Technologies
An on-board monitoring system could be used to detect
many of the violations on the left rear trailer (e.g., tire
sensors-see Step 9). At the moment that a failure oc-
curred, the monitoring system could inform the driver.
An on-board transponder could also relay the informa-
tion to the nearest inspection station.

Because of the complicated nature of these violations,
on-board monitoring systems cannot entirely replace
manual inspection. However, there are technologies
that can aid manual inspection. For example, thermal
paints (see Step 9) could be used to detect cracks.

Dynamometers, skid plates, infrared techniques, and
on-board sensing (see Step 8) could replace push rod
travel for inspecting brakes.
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STEP 15: REAR OF TRAILER
In this step the rear of the trailer is inspected. The tail,
stop, and turn lamps and the emergency flashers should
be checked. Cargo securement should also be verified.

Deficiencies
While this method will detect nonfunctioning lights, it
may not detect them soon enough. Failures may cause
the driver to have an accident before they can be de-
tected by manual inspection.

While this method may detect problems with the
cargo, it may not detect them soon enough, and cargo
could become unsecured during travel.

Candidate Technologies
An on-board system could electronically monitor light-
ing and relay malfunctioning information to nearest in-
spection station (see Step 7).

Stress sensor for cables restraining cargo (see Step 13).

STEP 16: RIGHT REAR TRAILER
WHEELS
In this step the wheels, rims, and tires as well as the
sliding tandem are inspected.

Deficiencies
While this method will detect violations in the right
rear of the vehicle, it may not detect them soon
enough. Failures may cause the driver to have an ac-
cident before they can be detected by manual inspec-
tion.

In addition, many of these violations, such as cracks,
are difficult to detect by visual inspection.

Candidate Technologies
On-board monitoring systems described in Step 9.

Thermal paint, also described in Step 9.

STEP 17: RIGHT SIDE OF TRAILER
The frame and body, including cargo securement and
spare tire mounting, are checked in this step.

Deficiencies
While this method may detect problems with the vehi-
cle frame and cargo, it may not detect them soon
enough. For example, cargo could become unsecured
during travel.

Candidate Technologies
Stress sensor for cables restraining cargo (see Step 13).

STEP 18: RIGHT REAR TRACTOR
AREA
The right rear tractor area is inspected in this step. The
tail, stop, and turn lamps and the emergency flashers
are checked. Cargo securement is also verified.

Deficiencies
While this method will detect nonfunctioning lights, it
may not detect them soon enough. Failures may cause
the driver to have an accident before they can be de-
tected by manual inspection.

While this method may detect problems with the
cargo, it may not detect them soon enough, and cargo
could become unsecured during travel.

Candidate Technologies
An on-board system could electronically monitor light-
ing and relay malfunctioning information to nearest in-
spection station (see Step 7).

Stress sensor for cables restraining cargo (see Step 13).

STEP 19: RIGHT SADDLE TANK
AREA
The saddle tank inspection includes the fuel tanks,
tractor frame, and exhaust system.

Deficiencies
While this method will detect violations in the right
saddle tank area, it may not detect them soon enough.
Failures may cause the driver to have an accident be-
fore they can be detected by manual inspection.

In addition, many of these violations, such as cracks
and nonsecure mountings, are difficult to detect by vi-
sual inspection.

Candidate Technologies
An on-board monitoring system could be used to detect
many of the violations on the left saddle tank area. At
the moment that a failure occurred, the monitoring sys-
tem could inform the driver. An on-board transponder
could also relay the information to the nearest inspec-
tion station.

Because of the complicated nature of these violations,
on-board monitoring systems cannot entirely replace
manual inspection. However, there are technologies
that can aid manual inspection. For example, an in-
frared spectrometer could detect fuel vapor fumes from
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leaking fuel. (See Step 10.) Thermal paint (see Step
9) could be used to detect cracks.

STEP 20: RIGHT FRONT SIDE OF
TRACTOR
In this step, the wheels, rims, and tires on the right
front side of the tractor are checked.

Deficiencies
While this method will detect violations in the right
rear of the vehicle, it may not detect them soon
enough. Failures may cause the driver to have an ac-
cident before they can be detected by manual inspec-
tion.

In addition, many of these violations, such as cracks,
are difficult to detect by visual inspection.

Candidate Technologies

On-board monitoring systems described in Step 9.

Thermal paint, also described in Step 9.

STEP 21: BRAKE ADJUSTMENT
C H E C K
Brake adjustment is verified in this step. All push rods
should have already been marked with the brakes off.
The driver should be instructed to make a full brake
application and hold in the applied position with the air
pressure between 90 and 100 psi. The inspector should
then inform the driver that he/she is going under the
vehicle. The push rod travel on each brake should be
measured while listening for air leaks. The type of
brake chambers should also be noted, and each push
rod measurement should be compared to the Out-of-
Service Criteria for the appropriate size and type of
brake chamber.

Deficiencies
Push-rod travel to assess brake performance is time
consuming, dangerous, and not exact. (See deficien-
cies discussion for Step 8.)

Candidate Technologies
Dynamometers, skid plates, infrared techniques, and
on-board sensing (see Step 8) could replace push rod
travel for inspecting brakes.

STEP 22: FIFTH WHEEL
MOVEMENT CHECK
The driver gently rocks the trailer as the inspector
watches the fifth wheel. The inspector watches for
movement between the mounting components and

frame, pivot pin, and bracket, and the upper and lower
fifth wheel halves.

Deficiencies
If conducted improperly, this method of checking for
fifth wheel movement can result in serious damage to
the vehicle.

Candidate Technologies
Fifth wheel movement could be detected using various
types of sensors. Sensor technologies that could be
used to measure relative position of the tractor and
trailer include: optical sensor, magnetic sensors (Hall
effect), and LVDTs (linear voltage displacement trans-
ducers).

STEP 23: AIR LOSS RATE
If the inspector hears an air leak at any time during the
inspection, he/she should check the vehicle’s air loss
rate. The driver runs the engine at idle, and then ap-
plies and holds the service brake. The driver then
pumps the brake until the pressure drops to about 80
psi. At about 80 psi, most compressors start to acti-
vate. Air pressure should be maintained or increased.
A drop in pressure indicates a serious leak and is suffi-
cient to place the vehicle out of service.

Deficiencies
Air leaks are found mostly by the inspector listening for
leaks. Because audible cues are used to find leaks, as-
sessment of the severity of the leak is very subjective.
Factors that influence the inspector’s ability to find a
leak include the inspector’s hearing as well as back-
ground noise.

Candidate Technologies
Pressure sensors located throughout the pneumatic
brake system could easily measure the air pressure at
critical points. A “leak listener” device that would lis-
ten for leaks could also be developed. It could be car-
ried with the inspector and provide an alert signal if a
leak was detected. However, such a device would
probably be expensive and not increase an inspector’s
efficiency at detecting leaks, unless the inspector had
hearing difficulties.

STEP 24: LOW AIR PRESSURE
WARNING DEVICE
With the ignition on, the driver depletes the air supply
by pumping the foot valve until the low air pressure
warning device activates. The inspector observes the
gauges on the dash to determine if the warning acti-
vates at a minimum of one-half the compressor gover-
nor cutout pressure (normally 55 psi or above).
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Deficiencies
There are no major deficiencies with this step,
However, safety could be improved by periodically
testing the low air pressure warning device with on-
board-diagnostics.

Candidate Technologies
Pressure and flow sensors could be used to measure
trailer air loss at the glad hands. These sensors could
also be part of the air leak detection system used for
Step 23.

Candidate Technologies
Conduct a self-test of the low air pressure warning de-
vice periodically with on-board diagnostic electronics.
At the moment that a failure occurred, the monitoring
system could inform the driver. An on-board transpon-
der could also relay the information to the nearest in-
spection station.

STEP 25: TRACTOR PROTECTION
VALVE
With the brakes released and the air pressure at the
normal operating level, the driver disconnects both air
lines at the glad hands. Then the driver makes a full
brake application. Air should stop coming out of the
lines when the gauge reads about 60 psi. After the air
stops, the driver makes a second full brake application.
If the tractor protection valve is functioning properly,
no air should come out of either line.

Deficiencies
There are minor hazards associated with removing the
glad hands: high pressure air and possibly water and
oil may come out of the lines.

Candidate Technologies
The tractor protection valve inspection could be auto-
mated by placing valves in the pneumatic system,
which would simulate disconnecting the glad hands.
Pressure and/or flow sensors could be used to monitor
the tractor protection valve performance. This ap-
proach would require on-board diagnostics.

STEP 26: EMERGENCY BRAKES
While air lines are detached from the trailer at the glad
hands, the inspector checks to make sure that air is not
bleeding back from the trailer. Air escaping from the
trailer air lines at the glad hand connection indicates a
problem with the trailer emergency braking system.

Deficiencies
Air escaping from the glad lines must be detected au-
dibly or by feeling the air leak. This is very subjective.

STEP 27: COMPLETE THE
INSPECTION
The inspector completes the paperwork, concludes with
the driver, follows the out-of-service procedures if ap-
plicable, and applies the CVSA decal if the vehicle(s)
passed the inspection.

Deficiencies
The paperwork and report forms completed by the in-
spector can be time consuming. Also, the inspector’s
handwriting greatly affects the ability of others to read
the inspection form. If a truck is put out-of-service,
there is often no way of verifying that the out-of-service
condition has been corrected before the truck leaves.

Candidate Technologies
Pen-based computers (see Step 3) is an area already
being evaluated by some states. A computer printout
of an inspection report is also generally easier to read
than a handwritten report. Covert monitoring of trucks
that have been placed out-of-service is also being re-
searched.

STEP 28: ENTER INSPECTION
DATA INTO MCMIS DATABASE
States use the SAPETYNET program to enter inspec-
tion results into the MCMIS database.

Deficiencies
Typographical data entry errors and unreadable inspec-
tion reports cause erroneous data to be entered into the
database.

Candidate Technologies
The use of computers to generate inspection reports
will allow automatic entry into the MCMIS database of
the appropriate information. This should reduce the
number of errors caused by data entry errors and un-
readable inspection reports (these steps will have been
eliminated).
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ATTACHMENT 2

Commercial Vehicle Brake Study
Project Short Stop

R. J. Peterson
96 11 -Access Delay Technology Department

Sandia National Laboratories
Albuquerque, NM 87 185

Abstract

The Federal  Highway Adminis t ra t ion (FHWA) ass igned Sandia  Nat ional
Laboratories (Sandia) the task of providing an independent review of heavy truck
(pneumatic) braking system and component problems that lead to a large number of
vehicles having substandard braking capacities. Information gained from an
extensive literature search and visits to American and European heavy truck
manufacturers and vehicle safety research facilities provided Sandia with a basis for
an FHWA-sponsored workshop on this problem. Ideas from the workshop were then
ref ined by Sandia  engineers  and near-  to  mid- term as  wel l  as  long- term
recommendations were identified that could be directly applied or first developed
then applied to the deficiencies. This report presents background of this project,
along with braking technology deficiencies, proposed solutions, and obstacles to
those solutions.
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TECHNICAL TASK PLAN

TITLE: Project Short Stop (Commercial Vehicle Brake Study)

Sponsor: Federal Highway Administration (FHWA)
6300 Georgetown Pike
McLean, VA 22101

Technical Program Officer: Mike Freitas (703)285-2421
(703)285-2264  (FAX)

Sandia Proposal Number: 959200309 Date: March 23, 1992

Principal Investigator: Randy Peterson , Dept. 9611
Sandia National Laboratories
Albuquerque, NM 87185-5800

(505) 844-5792
(505) 844-5569(FAX)

Technical Program Manager: Steve Roehrig, Dept. 9604 (505) 844-1180
Sandia National Laboratories (505) 844-2193 (FAX)
Albuquerque, NM 87185-5800

TASK SUMMARY

The largest single cause of accidents involving commercial vehicles (large trucks and inter-city
busses) in the US is brake related (National Highway Transportation Safety Administration Study
 May 1992). Truck inspections (1.6 million in 1991) reveal that 90% of trucks that fail have
brake problems. The US Federal Highway Administration needs a fresh look at large vehicle
braking to plan a program that will solve inherent braking problems.

The purpose of this study project is to apply the technical resources of Sandia to provide
independent review, investigation, and analysis of the problem with the final result being
recommendations for improving heavy truck braking systems.

STATEMENT OF WORK

The project team, composed of members from Sandia, FHWA, industry, and universities will
accomplish the following sub-tasks:

1. Gather Information - this will include a literature search (for US and foreign documents) and
interviews with experts (government and industry) in the braking field. Advanced systems
(aircraft and space shuttle, for example) will be included.

2. Workshop - a workshop will be held to discuss and determine concepts.

3. Investigation/analysis - the information and ideas will be subjected to both simple feasibility
checks and simple engineering analysis to pare and order a list of promising solutions.
Materials, RF, control theory, sensor and polymer areas will be examined for advances that will
contribute to improved brake performance and truck stopping distances. Both near-term and
future solutions will be listed.
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4. Recommendations - near to mid-term solutions will be summarized based on currently
available technology. However, major emphasis will be placed on investigating braking and
truck stopping fundamentals and how they might be improved in the future. This will include
recommendations for improvements using more advanced technologies.

The scope of this project is limited to addressing US commercial vehicle braking from technical
aspects only. Regulatory and political issues are excluded.

ESTIMATED COST’

YEAR
FY93

MANPOWER
$75K

EXPENSE
$35K

TOTAL
$110K

MILESTONES

Workshop Held

Briefing on Recommendations

Draft Report Delivered

May 1993

July 1993

September 1993

RISK

Since the magnitude of this project is not known until the available literature is received and
industry contacts are made, there is risk that all factors cannot be collected, assimilated and
ranked in the time allotted. The sponsor will be involved in any changes to this task plan.

APPROVALS

FHWA
Mike Freitas Date

Sandia
Steve Roehrig Date

1     Numbers reflect after tax amounts.
2   1f FHWA sponsors the Workshop, this amount could be reduced to 20K.
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1 .I Background of the Commercial
Vehicle Operations Study
In the fall of 1992, Sandia National Laboratories
(Sandia) began working with the Federal Highway
Administration (FHWA) on the task of developing the
Commercial Vehicle Operations (CVO) service for the
Department of Transportation (DOT). This task is part
of the Intelligent Vehicle Highway Systems (IVHS)
program, which has the objective of providing safer,
more efficient, and cleaner vehicles and highways for
the transportation systems of the future. Sandia’s in-
volvement with IVHSKVO  is part of an overall DOT
effort to establish partnerships with the national labora-
tories, the Department of Defense’s (DOD’S) Advanced
Research Projects Agency (ARPA), and the defense
and space industries in general to identify and develop
suitable intelligent vehicle systems for commercial
trucking operations.

Sandia is involved in several specific CVO technical
subtasks, namely:

. Enhancements  t o  C o m m e r c i a l  V e h i c l e
Inspections

. Commercial Vehicle Brake Study (Project Short
Stop)

. RAMPOST  (RadioActive  Materials POST noti-
fication reports) Database Support

. Assessment of Technologies for Hazardous
Material Transport

. Technologies for Covert Inspection Monitoring

1 .2 Commercial Vehicle Brake
Study (Project Short Stop)
The National Traffic Safety Board (NTSB) has found
that brake problems are a major contributor in l/3 of
accidents involving commercial vehicles (large trucks
and intercity buses) in the U.S. (NTSB, 1992). Truck
inspections have shown historically that 60 to 65% of
out-of-service trucks have brake problems (Clarke, et
al., 1991). This report estimates that vehicles will
have an average life span of 11.6 years, which relates
to the fact that on average a vehicle will have a 40-
percent chance of being involved a brake-related crash.
As part of their work for the CVO, the participants of
Project Short Stop were assigned the following tasks:
(1) provide an independent review of the problem, us-
ing Sandia technical resources; (2) conduct investiga-
tions into possible solutions using information from in-

1. Introduction

dustry, government (both U.S. and foreign), and
academia; and (3) analyze preliminary results offered
by those sources. The final activity of Sandia’s in-
volvement in this study will be to document findings
and recommendations for both near- and long-term
technologies that would improve brake performance in
a white paper for FWHA. This Project Short Stop re-
port describes Sandia’s investigation into heavy vehicle
brakes and braking technologies, including research
and development in the U.S. and abroad, safety studies
of heavy vehicle braking, and advanced designs (e.g.,
aircraft and space shuttle braking). Visits and inter-
views with domestic and foreign heavy vehicle brake
manufacturers, government, and research experts are
also documented. Sandia has performed technical in-
vestigations and analyses of near- and long-term de-
signs for brakes and braking systems, has identified ob-
stacles to implementing those designs, and has made
recommendations for near- and long-term activities.

1.3 Sandia National Laboratories
For over 40 years, Sandia has been primarily involved
in developing weapons systems for the Departments of
Defense and Energy. As a result of that work, Sandia
has gained considerable knowledge and experience in
developing a systems approach to problem solving,
whether the task involves developing a weapons
system or designing the transportation system to move
nuclear materials safely on U.S. highways.

As a national laboratory, Sandia is actively pursuing
technology transfer activities with U.S. industry. In an
article published in the AT&T Technical Journal, the
field of transportation was identified as one of Sandia’s
six strongest areas o f  t e c h n o l o g y transfer
(Narayanamurti and Arvizu, 1991). One of Sandia’s
(and other national laboratories’) strongest technology
transfer  tools  i s  the  Coopera t ive  Research and
Development Agreement (CRADA). A CRADA com-
bines the technical resources of a national laboratory
with those of industry to develop new products and pro-
cesses. Sandia has CRADAs in the field of transporta-
tion with several U.S. firms, most recently signing six
CRADAs with General Motors. These GM CRADAs
demonstrate Sandia’s experience in working with indus-
try in transportation areas. Eventually, the technolo-
gies developed by the CVO program will be transferred
to the domestic market.

October 21, 1993 Commercial Vehicle Brake Study Project Short Stop 1-1



2. Research and Investigations

2.1 Literature Search Summary
As a means of gathering background information on
heavy vehicle brakes and braking systems, and as a
partial completion of the Statement of Work for the
Project Short Stop Technical Task Plan, an intensive
literature search of stopping and braking approaches
was accomplished. The material was gathered for
three main reasons: (1) to determine what research
and development (R&D) was occurring in the govern-
ment and private (industry) sectors; (2) to identify sup-
pliers of commercially available advanced brakes and
braking systems; and (3) to identify the experts in the
field of heavy vehicle braking for a workshop to be
held as part of the brake study.

The material gathered was categorized into 14 general
topics: tractor/trailers; advanced/aircraft braking;
heavy-duty brakes and general information regarding
antilock braking systems (ABS); materials technolo-
gies; heavy-duty braking safety studies; foreign braking
codes and regulations; tire technology; retarders; disc
brakes; bus antilock brake systems; trailer-specific an-

tilock brake systems; brake-by-wire technology; truck
ABS’s;  and miscellaneous articles addressing foreign
and domestic comparisons of heavy-duty braking re-
quirements. A total of 103 documents was reviewed for
this task. Of these, 72 were authored in the U.S., while
24  were  authored  abroad  (Federa l  Republ ic  of
Germany, Sweden, Canada, Japan, and Australia).

The sources for the material were industry (domestic
and international), United States (U.S.) federal and
state governments, foreign governments, government
contractors, professional societies, and trade journals.
The primary sources for materials are shown in Table
2-l. The most prevalent sources for domestic informa-
tion were the U.S. Department of Transportation’s
(DOT) National Highway Traffic Safety Administration
(NHTSA), DOT’s National Transportation Safety Board
(NTSB), the Society for Automotive Engineers (SAE),
the University of Michigan’s Transportation Research
Institute (UMTRI), and Automotive Engineering, a
trade journal. Most of the foreign information came
from technical papers presented at international meet-
ings of the SAE.

Table 2-1. Source Material Breakdown for Project Short Stop
CATEGORY SOURCES FOR MATERIALS

industry Federal State Contractor Professional Trade
Society Journal

Tractortrailer 0 + + l

Advanced/Aircraft 0 0 0 0 0

Brakes/General ABS 0 + 0 0 0

Materials 0

Safety Studies 0 * 0 0 0

Foreign Codes & Regulations m n

Tires l 8 0 l

Engine Retarders +
Disc Brakes +
Bus ABS l

Trailer-Specific ABS n 0

Brake-By-Wire n 0

Truck ABS q e l 0

Miscellaneous (Foreign + 0 0
Comparison)
Notes:
l designates domestic sources only.
4 designates domestic and foreign sources.
. designates foreign sources only.
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Several general impressions were gained from this lit-
erature search. These are highlighted below.

. Many articles have been written on this subject,
but the majority of information has been nar-
rowly focused on specific components or facets
of truck braking and not on truck braking as an
integrated system. Two very good summaries on
truck braking and exceptions to this statement
are reports by Clarke, et al., 1991 and NTSB/SS-
9201 (PB92-917003).

. Current air brake systems work well when driver,
maintenance, and environments are optimum.

. The current drum brake designs are not an opti-
mum foundation brake type, because of their
maintenance sensitivity and tendency to fade
when used in extreme situations.

. Disc brake designs offer inherent design advan-
tages over drum. These include being more re-
sistant to fade when pushed to their design limits
and von Glasner, 1990) and allowing
the possibility of easier friction material re-
placement.

2.2 Visits to American and
European Trucking Concerns
To determine the scope of available and possible future
heavy vehicle brakes and braking systems in the U.S.
and abroad, and as partial completion of the Project
Short Stop Statement of Work, engineers from Sandia
visited several facilities involved in the production and
product testing of heavy trucks in the U.S., England,
and Germany. They hoped to learn about the current
state of braking technology and to interview the de-
signers of advanced brakes and braking systems.

In the U.S., the Sandia team visited the University of
Michigan’s Transportation Research Institute (UMTRI)
in Ann Arbor, Michigan; the NHTSA Traffic Research
Center near Liberty, Ohio; and the Eaton Corporation’s
Engineering and Research Center in Southfield,
Michigan. The Sandians traveled to England to visit
WABCO’s  (Westinghouse Air Brake Company’s) facil-
ity and the Lucas Heavy Duty Brake Engineering and
Test Center. They then traveled to Germany to
Mercedes-Benz’s Engineering Truck Division. At the
industrial facilities, the Sandians discussed the current
state of brakes and braking technology and learned how
brake technology will change in the future. They
learned that based on the information gathered from the
best available sources, Europeans are placing a major
emphasis on developing advanced brake control sys-
tems for introduction into the market in a 5-10 year
time frame. Test beds with these advanced brake sys-

terns were demonstrated in both the U.S. and Europe.
The Sandians also learned from these industry contacts
the differences between U.S. and foreign trucking man-
ufacturing industries, how those industries work with
government with regard to rules and regulations, and
how new braking technologies are moved from the re-
search stage to the marketplace. The contacts pro-
vided the Sandians with trucking industry contacts for
an FHWA-sponsored workshop that was hosted by the
Sandians in May of 1993. In addition to obtaining the
names of industry contacts, the Sandians gained guid-
ance as to the direction that these representatives
thought the workshop should take.

The three European manufacturers agreed that load
sensing is crucial for vehicle stability during braking.
The U.S. trucking industry currently designs brake bal-
ancing for a fully loaded condition. This practice, ac-
cording to European engineers, leads to vehicle insta-
bility when a tractor is operated in the bobtail configu-
ration (tractor only) or when a trailer being pulled is
empty or only partly loaded. Several of the manufac-
turers thought that advanced control systems would be
incorporated into future brake designs; however, U.S
concerns thought that the cost of those advanced sys-
tems needed to be made tolerable for the customer. An
advanced brake control concept being tested is a
brake-by-wire system that uses pneumatics as a backup
only. Brake-by-wire designs allow for faster control of
ABS hardware and removes lag times encountered with
pneumatic brake systems. These new systems incorpo-
rate ABS hardware and feature brake balancing, inte-
gral retarder control, tractor and trailer compatibility,
load sensing, optimal friction material wear, and brake
proportioning into an integrated package. This package
gives feedback to the driver as to the condition of the
brake system while storing pertinent system informa-
tion for later use by maintenance technicians.

The Sandians gained insight into the current and future
trends of braking technologies through these visits. The
visits also laid the groundwork for possible future R&D
partnerships between Government, industry, and
Sandia.

2.3 Federal Highway Safety
Administration Workshop
A workshop sponsored by the FHWA and hosted by
Sandia was held in May of 1993 in Albuquerque, New
Mexico. Participants included representatives from
commercial trucking businesses; heavy vehicle brake
and component manufacturers; officials from the DOT;
consultants; and employees of Sandia. The workshop
was prepared as a problem-solving session to determine
what near- and long-term improvements experts believe
should be made to braking systems; and as a forum to
analyze and make recommendations for technologies
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that would make these visions of future braking sys-
tems a reality. James Kelsey, Director of Sandia’s
Transportation Systems Center, gave an overview of
the lab’s involvement with Department of Energy
(DOE) programs and emphasized Sandia’s commitment
to sharing available technology with private industry
through the technology transfer process.

The goals of the meeting were to

. Solicit a wide variety of opinions on braking
questions;. examine current stopping approaches for heavy
truck braking;. identify near-term (5 to 10 years) improvements
in braking components and systems;. identify long-term (10 to 20 years) improvements
in braking components and systems; and. build a consensus of opinion regarding current
and emerging technologies that can be used to
accomplish near- and long-term improvements.

The first step was to use a quality process to identify
near-term technologies for improvements to braking
systems and components. The range of current stop-
ping approaches for heavy trucks was broken into three
main areas:

. foundation of braking;. advanced braking; and. alternatives/supplements to conventional founda-
tion brakes.

The workshop participants divided into three groups to
identify the system(s) from each area that were the
major factors in each of the above three categories,
with the definition of a major factor in selecting brak-
ing systems being that the system has an 80% share of

the U.S. market for that particular application. The
goal of these discussions was to complete a quality
matrix (Figure 2-l) from which the group could reach a
consensus on the technology that would have the most
impact on braking in the near term.

All major factors, such as the one listed above, were
broken down to their component level (“what’s”) with
the major cost (C), life (L), and performance (P) lim-
iters being identified. These limiters can be used to
yield a ranking by using the following relationship:

R = (P*L)/C

where

R = ranking of stopping systems
P = overall safe stopping performance
L = lifetime (period between major maintenance

requirements
C = capital costs of braking hardware.

The viewpoint of the customer (the purchaser of trac-
tor/trailer equipment) was the factor used to prioritize
the technologies. The technologies were first identi-
fied, then grouped according to affinity grouping tech-
niques (Table 2-2). This grouping exercise led the par-
ticipants to examine how changes in technology could
bring about the desired advanced braking concepts.
The workshop participants also expressed their vision
of the future of braking systems (lo-20  years). In con-
cert with the future braking systems, the participants
identified technology areas that will need further de-
velopment to make the future of braking systems a re-
ality. Lastly, the group was asked to identify obstacles
in the path of developing those technologies. An anal-
ysis of those ideas is outlined in Section 3, Analysis of
Findings.
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Customer Requirement Units:
P - Overall Controlled/Safe Decelleration
C - Capital Costs of Installed Hrdwr
L - Lifetime between Mjr Maintenance

Correlation:

@ - 9 points (Strong)
0 - 3 points (Medium)
A - 1 point (Weak)

Ranklng:
99 - 85 = 1st rank
84 - 54 = 2nd rank
53 - 43 = 3rd rank
~43 = 4th rank

lzl - Correlation not Completed

figure 2- 7. Quality Process Matrix.
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Table 2-2. Affinity Grouping

ore Heavy Vehicle Demand)

-  .   Common Cooling Fluids

l Standardization of SAE

l  More Wheels

-  Dirt Tolerance
l Adjuster Materials (Cost and Weight)

l Electric Motors/Regenerative Braking
l  Mid-Range Performance
l  Automatic Transmission
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Table 2-2. Affinity Grouping (concluded)

l Automatic Weight Distribution
.   Load Sensing Valves
l  Smart Valves
l Valves with Larger Holes
l   Control System (Active/Passive)
l Maintenance Diagnostic

. Improve Connectors (15-Year Life)

.  Sensors (various)
l   Sensor/Pressure
l Controlled Area Network

for Hostile Environments
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3. Analysis of Findings

3.1 Workshop Input
Literature searches and visits to heavy vehicle brake
manufacturers yielded technical information on current
and future braking systems and concepts that needed
further discussion and analysis. A study of this mate-
rial was needed to prepare for any recommendation of
brake technologies for DOT or DOE programs. A sig-
nificant portion of the following analysis comes from
summaries distilled at the FHWA workshop on May
13-14, 1993, in Albuquerque, New Mexico. At that
workshop, participants used a quality function deploy-
ment (QFD) process to identify and prioritize near-term
technologies for improvements to braking systems and
components. In addition, long-term technological im-
provements and any obstacles to improvements or
changes were examined.

The potential technologies that could improve brake
performance, lower costs, and extend maintenance in-
tervals were prioritized. The results show that materi-
als technology would have the highest influence on the
improvement of brakes with design, control, and data
communica t i on  t echno logy  fo l l owing  c lo se ly .
Synopses of the near- and long-term improvements
along with discussion of obstacles to those goals fol-
low.

3.1 .l Near-Term Improvements
Foundation Brakes-Materials research would have the
greatest impact on near-term braking improvements.
Materials research would include better friction mate-
rials for disc and drum applications with better wear
characteristics, as well as better drums, rotors, and
valves; improved wiring and connectors; and simplified
component design to make the brake systems less sen-
sitive to maintenance. The consensus was that founda-
tion brakes also need to have a long life, probably on
the order of one million miles.

3.1.2 Long-Term Improvements
Materials-Better materials for foundation brakes were
discussed for the long term. There was some interest in
making lighter, less expensive materials available for
foundation brakes. Some types of professional racing
cars use carbon/carbon brakes and liquid-cooled
calipers for long life. Materials that could cool the
brakes (phase change) and liquid-cooled rotors were
discussed for heavy vehicle brake systems.

Sensors-Sensors are needed that are inexpensive and
reliable, and can relate load, torque, temperature, ve-
locity, and wheel speed from the foundation brake or
wheel area. This information would be critical in im-

plementing a higher order brake management system.
This would allow the system to compensate for many
of the shortcomings of the current braking systems.

Communications-Communications techniques that
would possibly use more or better sensors were thought
to be crucial to future braking systems. Fiber optic
technology combined with multiplexing (using one
fiberoptic cable, in this case, to transmit two or more
signals) was one idea brought forth to solve these prob-
lems, but cost and manufacturing problems would have
to be resolved.

Commuter Modeling-Modeling and computer simula-
tion could increase safety and reliability of brake sys-
tems, while decreasing the cost of future braking sys-
tems. However, better, more cost-effective methods
need to be determined to measure the values needed to
develop the models.

Cooling-The wear rates of friction materials used in
brakes are directly related to temperature. If tempera-
tures could be held to lower extremes, the current
foundation brakes would be much less sensitive to ad-
justment. In addition, more exotic cooling techniques
such as phase change or liquid-cooled rotors could be
investigated for long-term improvements to friction life.

3.1.3 Obstacles to Improvements or
Changes
The following obstacles need to be overcome before
the development of new technologies for long-term
braking system improvements can occur.

-Because  the U.S. trucking market is customer
driven, the cost of improvements or changes would
need to be justified before more advanced braking sys-
tems could be implemented. Most customers are con-
cerned with even modest increases in capital costs
without a direct correlation to greater resultant savings
in some other area of their operations. This makes it
difficult for the trucking industry to promote develop-
ment of new technologies for improved safety without
being able to show its direct correlation in cost savings.
It may be prudent to have a consortium formed with or
without government support to jointly develop ideas
for improved vehicle safety. Pursuing govern-
ment/industry partnerships to develop the needed tech-
nology was one area identified for further review.

Rules and Regulations-Manufacturers of brakes and
braking components would like to see more negotiated
rule-making between themselves and the government.
They believe that this would ensure that the research
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taking place would not be irrelevant by the time it
reached the market. It was noted that most of the ad-
vanced research in braking occurs in anticipation of fu-
ture federal rule-making.

Training of Maintenance Personnel-Maintaining ad-
vanced braking systems could be a problem if proper
training of maintenance technicians is not accom-
plished in concert with greater technical support from
the manufacturers.

3.2 Sandia Technology Discussion
for Advanced Brake and Braking
Concepts
A meeting was held between the Sandia participants
who attended the FHWA workshop to further refine the
concepts raised at the workshop to relate possible
Sandia technologies that might benefit the CVO study.
The Sandia participants took the material from that
meeting back to Sandia where they contacted other re-
searchers at the lab to garner interest and develop pro-
posals for Sandia’s systems solution approach to the
CVO’s  needs. A summary of these proposals, including
collaborative work with industry, which could assist the
FHWA’s CVO Technology Development program, is
presented below along with a brief commentary regard-
ing the feasibility of the highlighted technology. If
more detailed information is desired regarding these
proposals, appropriate contacts at Sandia can be ob-
tained through the Advanced Transportation Programs
Department at Sandia by calling Stephen Roehrig at
(505) 844-l 180.

3.2.1 Heavy Commercial Truck
Instrumentation
This proposal describes a system that continuously
monitors and stores key information on a commercial
vehicle’s brake system with the most relevant informa-
tion being displayed in the cab of the tractor. The sys-
tem would use current wiring and connectors to collect
necessary data and power the system. The sensors se-
lected for wheel end locations would have to operate in
harsh environments and possess properties to resist cor-
rosion, shock, vibration, moisture, and temperature
ranges of -55” to 125°C (or higher if required). The fol-
lowing is a list of some areas that would be measured
with this proposal.

. Automatic/manual slack adjuster displacement

. Brake temperature

. Brake pressure at actuator during braking

. Tire pressure

. Torque during braking

. Infrared sensor to monitor road conditions

. Axle and fifth wheel loading

Comments:
This proposal is a good overview of one potential
way to gather, store, and display information
needed for an advanced brake control system. A
preliminary time and cost estimate was provided
for this task, but there is still a certain degree of
uncertainty regarding the availability of commer-
cial hardware to accomplish the transducer mea-
surements needed. Questions would have to be re-
solved regarding the electrical current available to
power this system given that ABS’s have problems
using the trailer lighting circuit because of low
voltages. Finally, radio frequency interference
would have to be investigated if today’s grade of
wiring were to be used for data gathering.

3.2.2 General Sensing Approaches
This proposal is a brief survey of sensing approaches
that could be used to measure important parameters in
an advance brake control system. The paper suggests
that many components required for this system exist, to
some degree, and could be purchased from suppliers
and integrated into an overall system. It also describes
work being done on CRADAs in the automotive indus-
try. The following is a list of topics covered and their
relevance to future brake systems.

. Thin film coatings - friction material wear

. Silicon carbide - high-heat environments at
wheel ends (1 0 0 o F )

. Polysilicon  substrates - pressure transducers

. Fiber optics - friction material wear and torque
sensing

. Acoustic sensors - friction material wear

Comments:
This proposal briefly highlights areas that may fa-
cilitate transducer measurements for future brake
systems. No budgetary requirements were pro-
vided for the development of these technologies
and/or integration into a working system. An over-
all systems requirement document would have to
be developed and preliminary feasibility studies
completed before any of these highlighted tech-
nologies could be explored.
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3.2.3 Silicon Carbide (SIC) Sensing
This paper describes advantages and applications for
Sic based electronic components. Silicon carbide
based electronics have a potential for many uses both
commercially and militarily. Transducers manufac-
tured from this material would be capable of operating
at temperatures of  lOOoF.  Several large companies
including General Electric (GE) and Westinghouse are
pursuing this technology area.

Comments:
Silicon-carbide based electronics are still in the ba-
sic research stage, therefore the associated risks of
developing viable, commercially available prod-
ucts are high.

3.2.4 Controlled Thermal Transport
Friction Materials for Heavy Vehicle Brakes
Cause and effects of problems with current friction ma-
terials are summarized. High thermal conductivity
brake materials including metal-matrix and ceramic-
matrix composites may prove to be better alternatives
to conventional materials. Descriptions of representa-
tive composites are presented with the note that new
drum or rotor materials may be needed to take full ad-
vantages of these new friction materials.

Comments:
The materials described in this paper exist today.
The real challenge for their application to truck
brakes is the development of economical process-
ing methods scaled up to high production volume
to reduce costs. Research on pressure, tempera-
ture, and environmental effects on the friction and
wear of these materials is needed to optimize the
compositions and processing methods to satisfy
brake requirements.

3.2.5 Viscoelastic Braking
In this approach, elastic deformation of new braking
mater ia ls  i s  used to  s top commercia l  vehic les .
Microscopic tips of these materials would be deformed
elastically during braking thereby transferring the force
from peak to peak. Repeating this process millions of
times per second over the entire contact zone can re-
sult in substantial energy dissipation. Candidate mate-
rials include many elastomers, plastics, glasses, and
enamels.

Using these materials in this manner could produce
foundation brakes with extremely low wear characteris-
tics.

Comments:
The technology for this braking approach is still in
the basic research stage. Once appropriate mate-
rials are selected for use in the harsh environments
of truck braking, the feasibility of stopping an
80,000-pound  vehicle in present wheel-end dimen-
sional constraints needs to be studied. This area
may have potential for future foundation brakes,
but it represents a high risk approach.

3.2.6 Phase-Change Cooling of
Commercial Vehicle Brakes
Excessive temperatures in the brake leads to marked
increase in friction material wear, brake fade, and can
result in tire failure on intercity buses. Soft metal al-
loys, metal salts, and paraffins are explored as possible
materials for storing this heat that is generated during
commercial braking. Using this cooling approach, the
heat generated during braking is stored away from the
wheel end. This process continues until heavy de-
mands are no longer required of the braking system al-
lowing the stored heat to be slowly dissipated.

Comments:
This is a sound approach to reducing wheel end
temperatures and it associated problems. The con-
straints to this system would be weight and cost
concerns that would surely arise if this technology
were to be implemented on commercial trucks.
Given the industries extremely competitive nature,
these two concerns would have to be alleviated with
demonstrated savings in other areas of vehicle op-
eration such as increased friction material life that
would more than offset the cost and weight penalty
of such a system.

3.3 Summary
Though many ideas on the future of braking technology
were offered or resulted from Sandia input at the
FHWA workshop, only the main ones were summa-
rized in this section. Recommendations for future stud-
ies and technology development are presented in
Section 4.
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4. Recommendations

Current foundation brakes work well when they are
cool, correctly adjusted, and the driver operates the
vehicle properly. Problems can arise if frequent main-
tenance is not performed or if an operator enters a
downgrade in a wrong gear or with excessive speed.
Relying only on the foundation brakes to slow or stop
the vehicle during these conditions might cause the
current drum brakes to fade to the point of failure.

An additional contributor to braking problems is that
commercial vehicle brakes are designed to be bal-
anced in the fully loaded condition. If the tractor is
operating in a bobtail configuration or with an empty or
lightly loaded trailer, this balance is no longer at its
optimum and vehicle instability can result. Even if the
operator performs his task flawlessly and the truck is
maintained correctly, environmental hazards such as
rain, snow, and ice can drastically reduce the stability
and increase the stopping distances required.

4.1 Near- to Mid-Term
Recommendations
An existing characteristic with current foundation
brakes is that they require frequent adjusting and are
subject to large fluctuations in available brake torque
because of thermal expansion of drum material.
Therefore, the major focus of shorter-term solutions
should address these characteristics.

l Better foundation brakes need to be developed.
While improvements could be made to drum brakes,
disc-brake designs offer inherent safety advantages
over drums. Drums will expand when overheated,
thereby saving themselves but possibly failing to stop
the vehicle, while disc-type brakes will work to the
point of self-destruction.

Simpler, more reliable, disc-brake designs need to be
developed. These designs would reduce the com-
plexity and cost while increasing the performance of
disc brakes. Domestic disc brakes currently cost
three times that of drum designs (S-cam) and have a
reputation for having reliability problems caused by
uneven pressure distribution and caliper pin contami-
nation. Using reaction-beam caliper designs is one
approach that can address the pressure distribution
p r o b l e m  w h i l e  e c o n o m i e s  o f  s c a l e  a n d  r e -
duced/simplified parts can serve to greatly reduce
the cost of these brake types. Reducing the number
and complexity of caliper parts would also lead to
greater acceptance by maintenance personnel. The
swept area of the pads needs to be increased and the
rotor material needs to be investigated for improved
heat dissipation characteristics. These two im-

provements would increase the life and reduce the
maintenance requirements of current disc-brake de-
signs.

Another approach to reducing maintenance sensitiv-
ity of foundation brakes would be to develop better,
more h e a t to lerant , friction mater ia ls .
Standardization of friction material ratings also
needs to be addressed for after-market linings. This
would eliminate the inconsistencies in available
brake torque caused by friction materials having dif-
fering friction characteristics. This can lead to poor
material life and vehicle instability.

4.2 Long-Term Recommendations
The recommendations presented here need to be inves-
tigated in concert with near- to mid-term recommenda-
tions and are only cosmetic solutions if better, less
maintenance sensitive foundation brakes are not devel-
oped in the near term. Because the following vision of
long-term braking relies on ABS hardware, it is as-
sumed that this system makes continuing inroads with
the trucking industry. Both ABS and ATC (automatic
traction control) are gaining more acceptance in the
U.S. A recent NHTSA study of a fleet of 200 tractors
that use ABS’s showed that, with the exception of
some minor pre-production problems, overall the sys-
tems performed very well.

The vision of the future advanced brake control system
is one that would manage the vehicle’s braking system
for optimum performance and life regardless of envi-
ronments. This system would feature brake control that
is accomplished by electrical means, but still retains a
pneumatic back-up control as well as pneumatic actua-
tion of the foundation brakes. This feature eliminates
lag that can be present in combinations, but more im-
portantly facilitates the system’s major advantages over
current braking approaches. European contacts have
indicated that Saab-Scania is in the initial stages of
marketing a straight chassis vehicle with this feature
on the rear axle. The following is a summary of those
features an advanced brake control system could pos-
sess along with associated implications for the trucking
industry.

.Tactile feedback - This would allow the driver to
have some degree of pedal feel similar to vehicles
equipped with hydraulic brakes. With current pneu-
matic systems, the driver is unaware that there could
be potential brake problems because the brake pedal
fails to provide feedback about the system’s condi-
tion.

October 21, 1993 Commercial Vehicle Brake Study Project Short Stop 4-1



Driver information - This feature would keep the
driver informed of the brake system’s overall condi-
tion, but would not overwhelm him with irrelevant
details. This function would also be used to store
pertinent system information that could be used to
recreate accident or for diagnostic work done by
maintenance technicians.

Integrated retarder control - This would allow for
marked improvement in friction material life by us-
ing retarders to do routine slowing of the vehicle
each time the brake pedal is depressed if stability
and/or emergency braking concerns did not override
this feature.

Dynamic brake proportioning/balancing - This feature
would use load sensing with wheel-end torque mea-
surements to determine the optimum amount of
torque required at each individual wheel end to
achieve the shortest, most stable braking possible.

Tractor/trailer compatibility - This feature would ac-
count for differences in foundation brake type or con-
dition and would resolve cracking pressure differ-
ences between vehicles. This would ultimately al-
low the phasing in of new disc brake designs
throughout nondedicated combinations.

Equalized friction material wear - This feature would
equalize friction material wear by using the axle(s)
with the most lining first during routine nonemer-
gency slowing of the vehicle. This could greatly re-
duce the duration and frequency of downtime re-
quired by combinations for lining replacement by al-
lowing all of the friction material to be replaced dur-
ing one maintenance visit.

For the previously mention vision to become a reality
the following technologies need to be refined.

l Reliable and inexpensive sensors that relate load and
wheel-end conditions need to be developed. This
would involve a thorough search of current commer-
cial  technology for  components  that  could be
adapted for use in the trucking industry’s harsh envi-
ronments. Sandia has people that are versed in sen-
sors and sensor technology. These resources could
be used as key assets to give independent evaluation
and recommendation of components that could be
useful in these applications.

Torque, temperature, wear, and position would be the
most valued information gained from the wheel-end
area. Because of the high-heat environments, Sic-
based sensors may be developed to work well as
temperature sensors (see Section 3.2.3) if high heat
capabilities are required. This technology would al-
low components to work reliably at 1lOOOF  and is

currently being developed by a few major corpora-
tions for commercial applications. Position sensing
would be necessary to ensure that the foundation
brakes are properly adjusted, but this information
may be inferred from temperature or torque mea-
surements. Wearing of friction materials could be
monitored with thin-film technology or inferred from
other measurements. Load sensing would have to in-
corporate fifth wheel input to produce an effective
system, and a reliable means of measuring load on
vehicles with steel springs still needs to be ad-
dressed.

l Wiring, connectors, and communication techniques
need to be further developed to handle the amount of
information an advanced brake management system
would require. Advanced communication systems
could relay information such as road conditions from
the IVHS to the vehicle, or vehicle information could
be transmitted to inspection stations via transponders
(radio receivers/ transmitters). Better wiring or fiber
optic technology could be investigated for use with
multiplexing techniques to allow better use of the
limited number of pins available in current connec-
tors. Because an advanced control system would
have to acquire and analyze large amounts of data,
either the number of connector pins would have to be
changed, or more efficient use of the current type of
connector would have to be investigated. If the pin
configuration or wiring type were to be changed,
compatibility issues would have to be addressed for
the current generation of vehicles with some type of
transition or commonalty assuring that compatibility
problems would not arise. Along with other wiring-
related problems, the issue of a separate power
source for the ABS system should be resolved.
Currently these systems are powered by the trailer
lighting system‘s power source, which has led to
problems of insufficient voltages in some installa-
tions.

Information provided by commercial vendors of fric-
tion materials shows that wear rates are directly re-
lated to temperature. If the brake temperature could
be held to lower extremes, current foundation brakes
would be much less sensitive to adjustment. A dou-
bling of brake temperatures from 200° to 400°F
would result in a four-fold increase in wear rates of
friction material, while increasing temperature from
200” to 600°F increases wear seven-fold (Fancher
and Winkler, 1984 as cited in Clarke et al., 1991).
More exotic cooling techniques such as phase
change or liquid cooling of rotors could be investi-
gated for long-term improvements to friction life.
DeConti  Industries of New Britain, Connecticut, is
developing a liquid-cooled disc brake for use on
medium-duty trucks. The braking force is applied to
the driveline of the vehicle in a fashion similar to
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that of a retarder, but this device is capable of bring-
ing the vehicle to a complete stop, not just regulat-
ing its speed. This technology may be used in its
envisioned form or it may be adapted for use at the
wheel ends of the vehicle. Liquid cooling of tractor
brakes could be accomplished using the same tech-
nology in a somewhat straightforward manner, but
there would be associated cost, weight, and reliabil-
ity issues that would have to be explored. Using this
cooling approach on trailers would be much more
complex because, unlike tractors, trailers do not
have integral cooling systems.

Another approach to this problem would be to con-
tinue and expand the near-term development of new
friction materials that are much more heat resistant.
Advanced composite matrices are currently being
pursued by friction material suppliers, but reliability,
cost, and manufacturing problems still need to be re-
solved.

Either approach would result in reducing the amount
of maintenance sensitivity that foundation brakes
currently possess. An interesting aside to the devel-
opment of friction materials is that a major U.S.
manufacturer of these materials has contacted
Sandia in the hopes of pursuing an R&D partnership.
This interest is a direct offshoot of the FHWA Brake
Workshop. The details of the partnership are being
worked out; however, no additional information is
currently available.

l The wider use of modeling and simulation software
could help ensure better vehicle braking and stabil-
ity. This would have advantages for original equip-
ment manufacturer (OEM) designers as well as vehi-
cle customers. Currently, there are very good models
available for stopping and stability, but insufficient
data exist for all of the differing types of vehicles
and brakes. If a sufficient data base could be built, a
customer would be able to retrieve valuable informa-
tion on how equipment specifications could help to
produce vehicles with better braking balance and
performance. This approach is available for optimal
drive train selection.

4.3 Industry-Government
Interactions
Improvements need to be made in the way that industry
and government regulators interact. Currently, repre-
sentatives from the trucking industry are hesitant to in-
vest too many resources into brake R&D because of
their fear that government action could render this ef-
fort obsolete. The two parties need to work together to
identify areas that need correction and develop agreed-
upon goals for resolving these deficiencies.

4.4 U.S. Trucking Market
The U.S. trucking market is customer driven. This
market requires that every addition in capital cost ne-
cessitates a reduction in operating or maintenance
costs. This tradeoff makes it difficult for the trucking
industry to promote development of new technologies
for improved safety without being able to produce a di-
rect correlation in cost savings. It may be prudent to
form a consortium, with or without government support,
to jointly develop ideas for improved vehicle safety.
Sandia may be able to play a significant part in this ef-
fort.

Regardless of the technological advances that may be
accomplished, maintenance of these components will
be a major concern to the operators. Component sup-
pliers will have to expend considerable effort to de-
v e l o p  a n d  s u p p o r t  a  p r o g r a m  t h a t  w i l l  t r a i n
maintenance personnel to diagnose and repair these
items. Toll-free phone numbers with liberal hours of
operation would be an asset to resolving unexpected
problems that arise in the field. The personal computer
industry currently uses this approach with very
satisfactory results. As experience with ABS’s  has
shown, gradually introducing new hardware will assist
in  famil iar iz ing both dr ivers  and maintenance
personnel with new systems before they are introduced
on a mass basis.

4.5 Partnership with Domestic
Manufacturers and Developers
As was discussed earlier, competitive market forces
hamper, to some degree, the ability of individual man-
ufacturers to develop improved brakes for commercial
heavy vehicles. One way to address the ideas brought
forth in the Recommendations section of this document
would be to form partnerships between government,
industry, and Sandia. These partnerships could culti-
vate working relationships that would improve com-
mercial heavy-vehicle braking technologies in both the
near and long term. The technologies and hardware
developed through these joint ventures with private in-
dustry would be shared with others in an effort to in-
crease the performance of heavy truck brakes. All of
the companies with an interest in this project would be
asked to form a consortium to develop technologies for
improved braking that could be used to develop a test
bed that would lead to a proof-of-concept vehicle being
built and tested.

To date, one company has expressed interest in team-
ing on just such a project: Eaton’s Corporate Research
and Development Detroit Center, based in Southfield,
Michigan. It is anticipated that other domestic manu-
facturers and developers could offer similar capabilities
for this project. Based on Eaton’s willingness to work
with Sandia and the potential benefits from teaming

October 21, 1993 Commercial Vehicle Brake Study Project Short Stop 4-3



with others willing to collaborate in this effort, a pri-
mary recommendation is that industrial partnerships
that complement Sandia’s brake development capabili-
ties be aggressively sought. A discussion of what
Eaton could offer such a development project follows.

While Sandia has much expertise in identifying and
developing candidate core technologies for improving
brake systems for commercial heavy vehicles, Eaton
has the practical experience to incorporate these tech-
nologies into real brake systems and test their effec-
tiveness, according to Jeff Skorupski, a chief engineer
at Eaton’s Corporate Research and Development
Center. Eaton engineers have developed a thorough
understanding of how brake hardware functions. For
example, computer scientists and systems analysts at
Eaton’s Systems Analysis and Software Development
Laboratory have developed and enhanced detailed
computer models that are used to

analyze and simulate the forces and stresses that
take place in the drum brake itself;

develop control algorithms for optimizing the
tire/road interface during ABS brake events;

simulate the airflow going through the air system
that actuates and controls the brakes; and

simulate the dynamics of the vehicle as it goes
through braking maneuvers.

Eaton’s Detroit R&D staff often teams with other corpo-
rate teams to resolve individual technical problems in-
cluding the development of new product lines to meet
customer requirements. This experience working with
diverse groups could also be used to facilitate a gov-
ernment/industry/Sandia  joint approach to advancing
commercial braking technology.

The Eaton Detroit Center also has dynamometer sys-
tems for laboratory testing of heavy-truck brake hard-
ware up to the speeds and wheel inertias found in
heavy commercial vehicles. Once a candidate system/
component has proven itself feasible in a laboratory
environment, it could be incorporated into one of
Eaton’s heavy-truck test vehicles and be tested at the
Eaton on- and off-highway test center and proving
ground near Detroit.

The experience that Eaton has gained in bringing new
products to market can be used to complement Sandia-
initiated core technology development aimed at im-
proving today’s brakes and braking systems, which,
though they satisfy all applicable regulations when
they are adjusted properly, are still very sensitive to
poor maintenance and abuse. A govern-
ment/Sandia/Eaton  team effort could span many as-
pects associated with commercial vehicle brakes, from
alternate designs and products to improved mainte-
nance and inspection techniques.
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5. Conclusions

Studies by the NTSB and the NHTSA have con-
cluded that brake problems are a major contributor in
approximately l/3 of accidents involving commercial
vehicles in the U.S. and that 60 to 65% of out-of-ser-
vice trucks in the U.S. have brake problems. Sandia
was assigned the task of investigating the state of cur-
rent braking technology and determining the design of
future brake systems. Sandia engineers have re-
searched this problem in depth, and have made rec-
ommendations based on their interaction with experts
in the field of heavy vehicle brake design and vehicle
safety.

Those recommendations reflect Sandia’s concept for
near-term (5 to 10 years) and long-term (10 to 20
years) brake system improvements. Based on informa-
tion gathered from the best available sources, the
Sandians deduced that near-term improvements should

concentrate on developing foundation brakes that are
less maintenance sensitive and should emphasize the
advantages that an improved disc design would offer.
Long-term improvements should focus on advanced
control of these foundation brakes. This vision would
center on a brake-by-wire technique that would offer
improvements in many area of commercial vehicle
braking. Capital constraints and a market-driven indus-
try tend to dilute the focus needed to bring advanced
concepts into the production arena. Through govern-
ment/Sandia/industry  partnerships technologies can be
developed and implemented for improved brake system
performance independent of market forces.

Finally, an example is given showing how govern-
ment, Sandia, and industry can work together to ad-
vance future brake system performance.
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The U.S. Department of Transportation (DOT) currently receives reports, known as “post
notification reports”, from shippers for the shipments of radioactive materials called “Highway
Route Controlled Quantities” in accordance with 49 CFR 177.825 and 49 CFR 397. In July 1991,
the DOT delegated authority for administering programs regarding the highway routing of
hazardous materials to the Federal Highway Administration (FHWA) which currently compiles
and reviews the reports.

Between 1982 and 1991, the DOT’s Research and Special Programs Administration (RSPA)
which previously administered the DOT highway routing programs had entered information from
the reports into a database known as the Radioactive Materials Routing Report (RAMRT). The
U.S. Department of Energy (DOE) requested that Sandia National Laboratories Transportation
Technology Center (Sandia) initiate an analysis of the shipment patterns in RAMRT in 1986,
Sandia reviewed and prepared a report anaiyzing the shipment data contained in RAMRT in
1989 summarizing the shipment patterns and trends contained in the RAMRT database for the
period from 1982 through 1987. Among the conclusions contained in this report, Sandia
recommended that the database be modified to permit a greater array of searches to be
performed and that the data entry options be consolidated for clarity.

The DOE subsequently directed Sandia to create a modified database that would address these
issues, and in 1992 a new database, containing reports received by the DOT for 1989 through
part of 1992 was put on the TRANSNET System. Entitled RAMPOST, for RadioActive  Materials
POST notification Reports, this database was used to address, in part, the International Atomic
Energy Agency reporting requirements regarding transportation activities in the U.S.



Technical Task Plan - RAMPOST  Database Support Page 2

Sandia demonstrated the RAMPOST database to representatives of the U.S. DOT FHWA in
December 1991, to ensure awareness of this DOE-funded effort. The FHWA is considering the
use of RAMPOST in lieu of RAMRT for tracking and reporting of HRCQ shipments. The FHWA
will provide the reports and fund the maintenance of the RAMPOST program in FY93. The
FHWA will further fund the checking and correction, where necessary, of formerly entered
records to the extent possible.

The objectives of this program are:

1. To consolidate existing efforts at the U.S. Department of Transportation and the U.S.
Department of Energy to collect and analyze post notification reports of Highway
Route Controlled Quantity Shipments of Radioactive Materials.

2. To provide continuing maintenance and updating of the database on the TRANSNET
System.

3. To provide periodic analysis of these data.

STATEMENT OF WORK

The following sub-tasks will be accomplished:

1. Continuously enter post notification reports submitted by FHWA into the RAMPOST
database.

2. Provide a quality check and correction of the past and future post notification reports
where necessary, to the extent of the total funding level.

3. Provide, on an annual basis, a letter report summarizing the data.

4. Provide analysis of the shipment data, upon request, to the program sponsoring
organization.

5. Maintain a hard copy file at Sandia and the computerized RAMPOST Database on the
TRANSNET System.

ESTIMATED FHWA PARTICIPATION

YEAR
FY93

MANPOWER
$30K

EXPENSE
5K

TOTAL
$35K

MILESTONES

Data Entry Complete
Update Data
Annual Shipment Summary Letter Report

February 1993
Continuous
October - Annually



.*
Technical Task Plan - RAMPOST  Database Support Page 3

RISK

There is little risk that the objectives of this task will not be met since similar activities have been
peiformed.

APPROVALS

FHWA
Mike Freitas Date

Sandia
Steve Roehrig Date



The U.S. Department of Transportation (DOT) began
compiling records of “highway route controlled quanti-
ties” of radioactive materials in 1982, after a DOE final
rule went into effect. The DOE’s rulemaking, HM-164,
which was codified in the U.S. Code of Federal
Regulations at 49 CFR 173.22, had as one of its provi-
sions the requirement that shippers of “large quantities”
of radioactive materials submit a copy of the route plan
to the DOT within 90 days following the shipment.
These routing plans were assembled in the Radioactive
Materials Routing Report (RAMRT) database.

On July 1, 1983, a new criterion was established for
classifying radionuclides based on Al/A2 values and
the term “large quantity” was replaced with “highway
route controlled quantity” (HRCQ). This reclassifica-
tion reduced the number of shipments that were re-
ported to the DOT; most notably, most radiopharma-
ceutical shipments and some waste shipments were
eliminated from the postnotification reporting require-
ments. Another change in the reporting requirements
occurred in May of 1988, when the DOE began requir-
ing that the carriers, not the shippers, post-notify their
HRCQ shipments.

In 1991, Sandia National Laboratories (SNL) devel-
oped an expanded version of the RAMRT database
called the Radioactive Materials Postnotification
(RAMPOST) database. RAMPOST,  which is under
the sponsorship of the Federal Highway Administration
of the DOT, resides on the TRANSNET  System at SNL
and is accessible to a wide user community through the
use of a computer modems.

Currently, there are three sources of information for the
RAMPOST  data: (1) the carriers; (2) the U.S. Nuclear
Regulatory Commission (NRC), which submits data
from its prenotification  database; and (3) the U.S.
Department of Energy (DOE). T h e  RAMPOST
database contains 13 fields of information: RAM iden-
tification number; origin of shipment; destination of
shipment; date of shipment; type of shipment (NRC,
DOE, or foreign shipment); carrier; shipper; consignee;
packaging type; products, e.g., cobalt 60, spent fuel,
etc.; activity of products; foreign origin: and route data.
I t  i s  p o s s i b l e  t o  e x t r a c t  i n f o r m a t i o n  f r o m  t h e
RAMPOST  on any data field or combination of data
field.

The RAMPOST  data provide not only a historical per-
spective on HRCQ shipments from 1982 to the present,
but has also been used as input for environmental as-
sessment programs. Additionally, the RAMPOST
database provided important information for Phase 1 of
the Surveying the Transportation of Radioactive
Materials (STORM) project.

Further information on the RAMPOST  database may
be obtained by contacting:

Mr. Larry Brown
U. S. Department of Transportation
Federal Highway Administration
HHS-32, Room 3419
400 Seventh Street, S.W.
Washington, DC. 20590-0001
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TASK SUMMARY

Many technologies have been proposed to improve commercial vehicle operations (CVO). These include
automatic vehicle identification, weigh-in-motion, automatic vehicle classification, and electronic
placarding/bill of lading. For commercial vehicle freight operations, the benefits include fewer required
stops, reduced paperwork burden for interstate operations, and improved safety performance. .

There is also considerable interest in using technology to make the transport of hazardous materials safer.
Technologies that have been proposed include satellite tracking, container integrity sensors, electronic bill
of ladings, automatic accident reportin g, robotics for accident scene inspection, as well as technologies to
aid accident response teams (LIDAR for remote sensing for example). The goal of this task is to analyze
the hazards involved with transporting hazardous materials, and to evaluate technologies that can reduce
these hazards.

Sandia has extensive experience wirh battery operated computer systems that have been employed on
robotic vehicles, missiles, satellites, and the Department of Energy’s tractor trailers used to transport highly
valued assets. This expertise, as well as the capability to design custom, miniature sensors, makes Sandia
well qualified to perform this task.



ST ATEMENT OF WORK

The prqiect will be brohen into the following sub-tasks:

Phase I GATHER 1NFORMATlON  - Through a literature review as well as meetings and
conversations with key officials, determine the main hazards associated with the
transport of hazardous materials. Time - 4 months.

Phase 11 IDENTIFY and ASSESS TECHNOLOGIES - Examine proposed or implemented efforts
to improve the transport of hazardous materials through the use of technology. Time - 2
months

Phase III ANALYSIS and SUMMARY of FINDINGS - Identify opportunities for making the
transport of hazardous materials safer based on the analysis. Develop a recommended
course of action for further development of key technologies. Document analysis and
recommendations in a SAND Report. Time -3 months.

Phase IV NEGOTIATE FUTURE WORK - Based on the analysis and recommendations, mutually
agree on a course of action for further development by Sandia.

ESTIMATED COSTS

YEAR MANPOWER
FY93 - Phase I-III $130K

EXPENSE
$l0K

TOTAL
$140K

MILESTONES

Deliver SAND Report outlining Phase I-III findings October 1, 1993

RISK

The risk in Phase I-III is negligible since it mainly involves gathering and analyzing information.

APPROVALS

FHWA
Mike Freitas Date

Sandia
Steve Roehrig



In an effort to provide an assessment and overview of
hazardous materials commercial vehicle (trucking) op-
erations and possible future enhancements, this task
will attempt to integrate recent literature with the opin-
ions and recommendations of experts in the field. A
comprehensive literature search of hazardous materials
routing and operational processes was initiated by the
Department of Transportation Research and Special
Programs Administration at Sandia in 1990. This doc-
ument, together with a more comprehensive literature
search of potential technology applications and opera-
tional controls, will assist in providing a recommenda-
tion to the DOT Federal Highway Administration on a
comprehensive, coordinated program to address these
issues. This study will also provide direct input from
professionals in the area, including commercial vehicle
operators, regulators, and technical experts in remote
sensing and advanced hardware development now
available through the nation’s National Laboratories.

The experience with radioactive materials transport, al-
though a very limited subset of the overall hazardous
materials transportation operations, has proven that an
inherently safe, relatively efficient system of packag-
ing, operational controls, operator training, and emer-
gency response planning and training can be achieved
through shipper and carrier cooperation and compre-
hensive federal regulation. In this case, packaging per-
formance requirements are established through regula-
tion based on the capability of the package to survive
hypothetical accident conditions. The economics of
such a requirement to the more generalized movements
of hazardous materials could result in severe adverse
economic impacts. Some of the requirements, how-
ever, such as a more limited packaging performance
criteria, coupled with more stringent package and ve-
hicle service and maintenance, increased training re-
quirements and improved hardware and data systems
could enhance the safety of hazardous materials activi-
ties with minimal economic impact.

Increased packaging performance criteria for specific
types and/or quantities have been addressed for the
DOT in past years by Sandia as well as industry groups.
Recent legislation appears to be reemphasizing pack-
aging integrity. In certain instances, industry has de-
veloped and utilized large bulk containers that exceed
the published standards for particular hazardous cate-
gories. The economics of rigid standards, similar to
those requirements for radioactive materials, have not
been extensively analyzed; however, it is clear that
any requirements  that  would decrease the  vol-
ume/shipment would adversely affect the economics of
transport.

The integration of sensors, either of the payload, the
package, or the vehicle itself, would appear to have

several benefits if the monitors or sensors are economi-
cally viable.

Federal, State, and local governments need data to
help them establish regulations, plan for emergency re-
sponse and accident reduction, and target enforcement
efforts. Data and information systems pertaining to
hazardous materials transportation are kept by many
federal agencies, regional federal offices, different de-
partments of state governments, and some local gov-
ernment offices. In 1986, the U.S. Congress, Office of
Technology Assessment, published a report entitled
“Transportation of Hazardous Materials.” That report
stated that the OTA found that while federal data-col-
lection activities were numerous, no current federal re-
source could provide shipment information with the
specificity desired by state and local jurisdictions.
That report also concluded that “on-line access to real-
time information on all hazardous materials shipments
is  nei ther  feasible  nor  cost  effect ive . . .” The
Transportation Research Board, in Special Report 239,
entitled “Hazardous Materials Shipment Information for
Emergency Response,” identified six categories of “in-
formation failures that appeared in their case studies:

Required sources of information, such as placards
and shipping papers, were missing or inaccurate;

Placards, shipping papers, or other information
sources were obscured, destroyed, or inaccessible
because of a crash or fire or threat of fire, explosion,
or toxic exposure;

Information sources were in compliance with regula-
tions and accessible, but they failed to efficiently
convey important information to responders;

Information was insufficient because the material or
shipment was exempt from some federal hazardous
materials regulation (because the quantities were too
small to require placarding, the material was not re-
garded as being in transport, or the material was not
designated as hazardous in regulations);

The vehicle operator was unprepared to provide in-
formation;

Responders failed to obtain or use available informa-
tion.”

Advances in computer data processing speeds, reduc-
tions in hardware costs, improved data management
software, and high-speed communication links may
permit some of these concerns to be met in a cost-ef-
fective manner. This task will address these and other
data issues.
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This and the other tasks address several hardware im-
provements that affect vehicle safety and reliability.
Hardware to assist in communications with emergency
responders, such as the TRANSIMS instrumentation
package, will also be addressed, as well as antenna
and microwave communications technologies.
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TASK SUMMARY

Many technologies have been proposed to improve commercial vehicle operations (CVO). These include
automatic vehicle identification, weigh-in-motion, automatic vehicle classification, and electronic
placarding/bill of lading. For commercial vehicle freight operations, the benefits include fewer required
stops, reduced paperwork burden for interstate operations, and improved safety performance.
Technologies are also being investigated to improve the process of truck inspections. However, one aspect
of truck inspections which has been neglected is the verification of corrected out-of-service conditions. In
order to estimate severity of the problem, States must perform covert operations to determine if out-of-
service truck operators are indeed correcting the out-of-service condition before resuming operations.

The purpose of this task is to identify technologies that could be applied to aid in these covert operations.
Technologies that will be assessed include electronic tags. security sensors, as well as surveillance systems
developed for previous DOE projects. The goal of this project will be to develop an inventory of
previously developed security systems which can be used to aid in the covert operations. Efforts will focus
on systems that can be developed using existing technologies.

Sandia has extensive experience with security and surveillance systems designed for fixed site security as
well as special operations. This expertise, and the capability to design custom, miniature sensors. makes
Sandia well qualified to perform this task.



.
.

STATEMENT OF WORK

The project will be broken into the following sub-tasks:

Phase I GATHER INFORMATION - Compile a list of previously developed security and
surveillance sensors that are applicable to the covert monitoring of trucks. Time - 3 man
months.

Phase II Negotiate technology demonstrations with FHWA.

ESTIMATED COSTS

YEAR MANPOWER
FY93 - Phase I $45K

EXPENSE
$5K

TOTAL
$50K

MILESTONES

Deliver Report outlining Phase I findings July 1, 1993

RISK

The risk in Phase I is negligible since it mainly involves gathering and analyzing information.

APPROVALS

FHWA
Mike Freitas ’ Date

Sandia
Steve Roehrig Date
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1. Executive Summary

1 .1 Introduction
Sandia National Laboratories was

4.
tasked by the

Keep an inspector present whenever there are
out-of-service vehicles.

Department of Transportation (DOT) Federal Highway
Administration (FHWA) to provide studies in various
areas of commercial vehicle safety systems. This is the
final report for Task 6 of Sandia’s Commercial Vehicle
Safety Systems Program, Technologies for Covert
inspections Monitoring. The stated purpose of this task
is to identify technologies that can be applied to aid in
covert operations for monitoring out-of-service com-
mercial vehicles. In addition, the initial task work
statement specifies that the goal of this study is to de-
velop an inventory of previously developed security
systems that can be used to aid in the covert opera-
tions.

5. Immobilize out-of-service drivers/vehicles until
they have passed a reinspection.

6. Use tag and beacon technology to alert inspec-
tors when there are out-of-service vehicles enter-
ing or approaching an inspection site.

7.

8.

9.

10.

1.3

Use detection devices to detect out-of-service
vehicles that leave without being reinspected.

Track the location of out-of-service vehicles if
they haven’t been reinspected.

Beyond the stated purpose and goal of this study, a
rudimentary systems analysis was also performed to
understand the needs for covert operations and to iden-
tify problems, symptoms, and potential solutions. An
analysis was performed to correlate the solution ap-
proaches and to introduce a concept for planning and
coordinating the implementation of short- and long-
term solutions.

1.2 Problems and Symptoms
The following four general problems were identified:

A. The tracking of out-of-service information is not
done at a national level. When a driver/truck en-
ters an inspection site, the inspector cannot ac-
cess historical out-of-service information.

B. Reinspection of all out-of-service violations is
not mandatory.

C. When a driver violates out-of-service orders and
leaves an out-of-service area, the driver cannot
be detected if an inspector is not present.

D. Enforcement methods and the severity of penal-
ties are not consistent from state to state.

The following ten potential solutions were identified:

1. Implement an information management system.

2. Use smart cards to manage information.

3. Require that all out-of-service violations be rein-
spected and enforce the reinspection.

Use on-board monitoring and information storage
to inform inspectors about out-of-service viola-
tions.

Standardize enforcement methods and penalties
for all states.

Technologies
An inventory of technologies is provided. The tech-
nologies are not limited to security technologies, but
include existing commercial technologies, emerging
technologies, and conceptual technologies. The follow-
ing technology areas were identified:

Truck immobilization using devices like the boot,
the club, and jacks.

Impoundment areas where out-of-service vehicles
can be held until violations are corrected.

Impoundment area instrumentation to detect and
record when vehicles leave.

License plate readers that automatically identify ve-
hicles.

Covert tags and beacons that can alert inspectors to
out-of-service vehicles.

Overt tags that can alert inspectors to out-of-service
vehicles.

Truck data logging computers for on-board monitor-
ing and information storage.

Truck sensors and measuring devices for on-board
monitoring.
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l Truck sensor communication networks for on-board
monitoring.

l Truck RF sensor links for temporarily connecting
sensors to vehicles.

l Advanced information management to provide timely
information to inspectors in all states.

l Smart-card driver-specific information and linking of
such information to data bases.

l Truck-to-roadside transceivers for data communica-
tion between trucks and inspectors.

l Palm-top terminals for automated entry of safety in-
formation.

l Satellite links for tracking truck locations and ac-
cessing truck data.

l Location sensors like global positioning system
(GPS) devices.

1.4 Considerations and
Recommendations
Before any solutions are selected, the scope of this
study should be expanded to include other CVO
(Commercial Vehicle Operations) and IVHS
(Intelligent Vehicle Highway System) issues. Also, a
more detailed evaluation and analysis should be per-
formed to look at tradeoffs, risks, cost/benefit ratios,
and political issues.

Technologies that show great promise are advanced in-
formation management systems, smart cards, elec-
tronic license plates, on-board monitoring and record-
ing devices, and satellite communications (for long-
range planning).
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2. Background

2.1 Purpose and Scope
This is the report for Task 6 of the Commercial Vehicle
Safety Systems Program, Technologies for Covert
Inspections Monitoring. The stated purpose of this task
is to identify technologies that can be applied to aid in
covert monitoring of out-of-service commercial vehi-
cles. Beyond the stated purpose, this study has also
concentrated on obtaining a basic understanding of the
needs for covert monitoring so that alternate solutions
can be suggested.

Addressing the problem of covert monitoring is not a
straightforward task. In order to make it as complete as
possible, the scope of the study is concerned with the
following issues:

l Monitoring operator vs. mechanical out-of-service vi-
olations;

l Monitoring from a fixed vs. mobile inspection site;
and

l How covert operations can be advanced from a short-
term detection approach to an integrated system that
eliminates root causes.

Ideally a detailed system analysis would be done prior
to identifying technologies for covert operations; how-
ever, a detailed system analysis is not within the scope
of this task. Nevertheless, in order to obtain important
insights, efforts have included rudimentary analysis of
system concepts for inspecting, monitoring, verifying
and enforcing commercial vehicle operations (CVO).

2.2 Methodology
In conducting this task, the following methodology was
employed:

Gather information. Information about covert opera-
tions was gathered from various sources, though
mostly through an interview process. Individuals from
several states were interviewed concerning how their
respective states were addressing the covert opera-
tions mandates. These interviews provided important
insights into how out-of-service problems are per-
ceived from different points of view. In addition, in-
formation has been gathered from publications, li-
brary searches, and vendors.

Formulate system concepts. The information col-
lected was analyzed and related to the needs for
covert operations. A distinction was made between
root causes and problem symptoms. Basic system
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concepts were formulated to use as a basis for the
technological approaches. It should be understood
that the system concepts formulated in this report are
not comprehensive and should be followed up with a
broader, more detailed system analysis.

Identify technologies. The task proposal statement
specifies,“ The goal of this project will be to develop
an inventory of previously developed security sys-
tems which can be used to aid in the covert opera-
tions.” Nevertheless, this study has not limited itself
to only security system technologies or to technolo-
gies developed for previous DOE projects. Instead,
this task has also attempted to consider existing or
emerging technologies available from other sources,
as well as explore developmental technology con-
cepts. Where appropriate, demonstrations of Sandia
or vendor technologies will be arranged.

Suggest Alternatives. Based upon short-range and
long-term considerations, various technological ap-
proaches are examined, and the best alternatives for
continued analysis are suggested.

2.3 The Need for Covert Operations
The federal government has identified noncompliance
by operators to out-of-service violations as a serious
safety problem. For this reason, all states are man-
dated by the federal government to perform covert op-
erations for the detection of operators that do not cor-
rect out-of-service violations prior to resuming opera-
tion of their vehicles.

In theory, each out-of-service violation should be rein-
spected before the vehicle can be returned to service;
however, this does not always happen for various rea-
sons, The two main reasons are:

l Not all states maintain 24-hour inspection work
shifts. During off-shift hours, an inspector is not
available to reinspect when an out-of-service viola-
tion is corrected; Also, when inspectors are not
around, an operator is more likely to leave without
correcting the out-of-service violation.

.  When a mobile inspection unit places an operator or
vehicle out-of-service, the inspector may subse-
quently leave and, therefore, not be available for
reinspection when the problem is corrected or to ver-
ify that the operator doesn’t leave before correcting
the problem.
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House and Senate committees both looked at the prob-
lem of out-of-service order violations. Both commit-
tees concluded that a permanent solution must be found.
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3. System Considerations

3.1 Current Operations and
Processes
3.1 .1 Current Inspection Operations
To understand where technology can be applied to im-
prove the monitoring of out-of-service operators and
vehicles, it is useful to understand how the inspection
process is currently performed. The following are the
typical steps that are followed in an inspection process
where there is an out-of-service violation:

1. As vehicles enter the fixed or mobile inspection
site, the inspector will select a vehicle for in-
spection. Usually vehicles with current CVSA
(Commercial Vehicle Safety Alliance) safety
stickers are not selected and allowed to continue
in transit. The inspection performed can be at
levels 1-3. The inspector initiates a Driver &
Vehicle Inspection form. (Figure 3-l is a copy
of the form.)

2. The inspector places the driver or vehicle out-of-
service for any identified out-of-service viola-
tions:

. The violations are indicated on the inspec-
tion form.

. The driver signs the form to signify receipt
of a copy, and a copy of the form is given to
the driver.

. An out-of-service sticker is placed on the
vehicle to mark it “out-of-service.”

3. The operator corrects the problems:

. Mechanical problems are repaired-the per-
son performing the repairs must sign the
driver’s copy of the inspection form to cer-
tify that all mechanical out-of-service viola-
tions have been satisfactorily repaired.

. Out-of-service drivers refrain from operating
a motor vehicle for the period indicated in
the out-of-service orders.

4. The out-of-service violations are reinspected.

4a. If an inspector is available, then a reinspec-
tion of the violations will be performed. If
satisfactory, the driver is released from the

out-of-service order, and the out-of-service
sticker is removed from the vehicle.

4b. If an inspector is not available when the
problems are corrected, then the driver is al-
lowed to remove the out-of-service sticker
from the vehicle and resume operation.

5. The operator submits the driver copy of the in-
spection form to the motor carrier.

6. The motor carrier official signs the inspection
form to certify that all of the violations have
been corrected and action has been taken to en-
sure compliance with the issuing state’s Motor
Carrier Safety Regulations.

7. The motor carrier official returns the completed
inspection form to the issuing state’s Motor
Transportation Division within 15 days.

8. The Motor Transportation Division enters data
from the inspection form into the federal
SAFETYNET  data base within 30 days.

3.1.2 Avoiding Detection
If a driver has decided to leave without correcting out-
of-service violations, the driver will probably try to
avoid being detected. The following are some of the
things the driver may try to do to avoid detection:

l The driver will probably leave when there aren’t any
inspectors around: the inspectors might have left at
the end of a work shift, moved to another mobile in-
spection location, or they might be busy doing other
duties where they would not notice the driver leav-
ing.

l If the driver is close to the border of another state,
the driver might decide that it is easier to drive to
the next state than to correct the out-of-service viola-
tions.

l After leaving without correcting out-of-service viola-
tions, the driver might avoid known inspection sta-
tions by taking back roads.

.  After leaving without correcting out-of-service viola-
tions, the driver might falsify his inspection docu-
mentation so that it shows that the violations have
been corrected.
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3.1.3 Detecting Operators Who Disregard
Out-of-Service Orders
Currently there are basically two methods of detecting
operators who disregard out-of-service orders:

1. Catch them in the act.
2. Perform an investigation using audit and review

procedures.

Catching Them in the Act
Currently the recommended method for detecting oper-
ators who leave without correcting out-of-service viola-
tions is to employ covert methods. The following are
some of the covert techniques that are recommended
by federal authorities:

Use binoculars to monitor the out-of-service drivers
and vehicles.

Observe and stop commercial vehicles operating on
the highway within 2 to 8 hours of closing an inspec-
tion site.

Use unmarked cars as spotter vehicles.

Use undercover (plainclothes) inspectors as spotters.

Use mobile units to reinspect vehicles and drivers.

Use air surveillance.

Use fax machines to relay inspection reports to
covert areas.

Use a camcorder with a high-power telephoto lens.

Covert operations are relatively new and states have
just begun to use them. In addition, covert methods
tend to be manpower-intensive. As a result, they aren’t
employed all the time. In their Safety Enforcement
Plans (SEPs), states must indicate their plans for
covert operations, including the amount of time they
will spend in covert operations. Because of cost con-
siderations, many states will only do the minimum re-
quired for covert operation.

Some of the states are more proactive in their approach
to covert operations. For example, Oklahoma realizes
the importance of information management and is
working on an in-state data base system that they can
link to with a laptop computer over a phone line. This
system will allow them to access out-of-service infor-
mation about drivers and vehicles that enter their juris-
diction. The system is not complete at this time and
funding shortages have reduced the effort to a low pri-
ority.

As another example, Minnesota has a research and de-
velopment contract with a commercial company to de-
velop a license plate reader system. The system will
identify vehicles while stopped or in motion, then use
the identification to access out-of-service information
from a data base. At first, only Minnesota commercial
vehicles will be monitored and entered into their data
base.

Audits and Reviews
Audits and reviews can be used to detect drivers who
have violated out-of-service orders. However, the audit-
ing and reviewing of a driver or vehicle is not auto-
matic. An audit or review might be done on a random
basis or be initiated when violations of out-of-service
orders are suspected. In performing an audit, informa-
tion from various sources is gathered and compared to
determine if there has been any deception on the part
of the driver or motor carrier.

3.2 The Relationship Between
Detection and Enforcement
In order to be effective, both the detection and en-
forcement of violations is needed to deter a dishonest
operator from violating out-of-service orders. A concep-
tual relationship between the two is shown in Figure 3-
2. The concept is based upon a deterrence threshold,
probability of detection, and enforcement capability
with severity of penalty:

l Deterrence Threshold-This is the threshold that a
dishonest operator will have for honoring out-of-ser-
vice orders. Above the threshold, the operator will
consider it too risky to resume operations without
correcting out-of-service violations. Below the
threshold, the operator is likely to ignore the out-of-
service because the gains (in time or short-term
profit) outweigh the risk of being caught.

l Probability of Detection-This is the probability of
detecting an operator who has violated out-of-service
orders. The higher the probability of detection, the
more likely it is that the operator will be detected.

l Enforcement Capability with Severity o f
Penalty-This deals with the authority that a juris-
diction has for enforcing out-of-service orders and the
severity of the penalties that back up the enforce-
ment capability.

The basic point here is that neither detection nor en-
forcement should be addressed while the other is ne-
glected. Referring back to Figure 3-2:

.  In example A, both the probability of detection and
the enforcement capability with severity of penalty
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Threshold

are balanced. Both factors combine and synergize to 3.3 Root Causes vs. Problem
deter an operator from ignoring out-of-service orders. Symptoms

Figure 3-2. Deterring operators from ignoring out-of-service conditions.

l In example B, resources have been concentrated so
as to increase the probability of detection. Although
the probability of detection has been increased sig-
nificantly, the deterrence is ineffective because the
enforcement capability with severity of penalty is
minimal. In this case a violator will be detected, but
because the penalty is so little, the operator does not
fear it or is unconcerned by it.

l Example C is the opposite of example B. Here, re-
sources have been concentrated to increase the en-
forcement capability with severity of penalty.
Although the enforcement capability has been in-
creased significantly, the deterrence is ineffective
because the probability of detection is minimal. In
this case the violator fears the penalty but is uncon-
cerned because he knows he will not be caught.

This study has concentrated on increasing the probabil-
ity of detection. Enforcement capability and severity
of penalty are issues that are just as important and
need to be addressed with legislation.

In solving a problem it helps to understand and differ-
entiate between causes of the problem and symptoms
of the problem. For example, looking at a medical
analogy, consider the following situation:

l An epidemic has broken out.

l Infected individuals exhibit fever and headaches.

l It is determined that a type of bacteria carried by
mosquitoes is causing the epidemic.

In this situation, the symptoms are fever and
headaches. The causes are a type of bacteria and
mosquitoes. The following approaches to the problem
are possible:

. Treat the symptoms by prescribing aspirin to reduce
the fever and headache pain-treating the symptoms
will provide immediate temporary relief to the indi-
vidual, but will not eliminate the problem.
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l Remove the causes:

. Treat infected individuals with an antibiotic
to kill the bacteria; treating with an antibi-
otic will kill off the infecting bacteria and
eventually cure affected individuals. It will
not, however, prevent other individuals from
becoming infected.

.   E l i m i n a t e the mosquito popula-
tion-eliminating the mosquito population
might prove to be a difficult task, and it
would not have the immediate effect of cur-
ing infected individuals; however, the long-
range effect would be to remove the prob-
lem.

Which approach is the best to take? Any one of them
can be depending upon the point of view and objec-
tives. Instead of focusing on just one approach, some-
times it is reasonable to combine all of the approaches.
In the example situation, a reasonable course of action
would be to first prescribe aspirin to provide immediate
relief from symptoms; second, prescribe an antibiotic
to eliminate the infection; and third, work on a long
range goal of eliminating the mosquito population to
prevent others from becoming infected.

This same type of approach can be applied to covert
operations problems as follows.

3.4 Inspection Process Problems
This subsection looks at problems in the current inspec-
tion process that might encourage an operator to vio-
late out-of-service orders. By identifying problems and
recognizing their causes and symptoms, possible solu-
tion approaches can be suggested to eliminate the
problems and thus deter operators from neglecting fu-
ture out-of-service orders.

Problem A: Tracking of Out-of-Service
Violations
Cause:

. Inspectors do not have a good information
management system to provide “real-time”
information about the recent safety history of
an operator and vehicle.

Symptom:

. An operator or vehicle can be put out-of-ser-
vice and yet continue to operate without cor-
recting the out-of-service violations and
without detection. This is because the in-
spector does not have prior knowledge about
out-of-service conditions and, therefore,
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would not know to look for them, thus creat-
ing the opportunity for a driver to avoid de-
tection.

Solution Approach #l: Information Management
Systems

. Implement an information management sys-
tem using state-of-the-art technology and
techniques. This system would provide for
immediate “real-time” access to safety re-
lated information, including the status of
out-of-service violations. Inspectors could
access and update information from fixed or
mobile sites. The information could be
stored in a central or distributed data base
and be available to every state.

Benefits:
By entering an ID number like a vehicle li-
cense plate number or driver’s license num-
ber out-of-service safety information can be
easily accessed. The inspector would know
immediately if the driver had outstanding
out-of-service violations that hadn’t been
reinspected.

The system could eventually be automated
with emerging technologies like smart cards
and future technologies which provide vehi-
cle on-board safety monitoring and com-
muni-cations while in motion.

The system would provide information for
statistical studies to monitor effectiveness
and for implementing quality improvements.

Approach #2:  Smart Card Information System

. Use a smart card technology to store out-of-
service violation information about drivers
and vehicles.

. Each driver would be required to keep his
card with him at all times.

. Each inspector could read and update the in-
formation on the driver’s smart card. If the
card indicated that out-of-service violations
were outstanding, a reinspection could be
done, and penalties could be assessed if
needed.

Benefits:. The inspector would know immediately if
the driver had outstanding out-of-service vio-
lations that hadn’t been reinspected.
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. Smart cards could be used independently of
a central or distributed information man-
agement system.

. The system could eventually be automated
with future technologies which provide vehi-
cle on-board safety monitoring and commu-
nications while in motion.

Problem B: Reinspection Is Not Enforced
Cause:

. Reinspections of out-of-service violations
should be performed at the originating in-
spection site after corrections have been
made. When an inspector isn’t present, the
driver can leave after correcting the out-of-
service violations. After leaving, the driver
isn’t required to have another qualified in-
spector reinspect the violations at the next
available opportunity in transit. Instead, it is
left to the integrity of the driver and motor
carrier to make satisfactory repairs, com-
plete the inspection form, and mail it to the
issuing state.

Symptoms:

. After a driver leaves an inspection area
without reinspection, it is difficult to deter-
mine if and when adequate repairs were
made.

. Dishonest drivers can easily leave when in-
spectors aren’t present and falsify documen-
tation to avoid detection.

Solution Approach #3: Require and Enforce
Reinspection

. Require that all out-of-service violations be
reinspected at the earliest opportunity within
a specified period of time.

. With the implementation of solution ap-
proach #1 or #2, out-of-service reinspections
could be tracked. Only qualified inspectors
would be permitted to access and update
out-of-service information.

. Instigate appropriate enforcement policies
and penalties. Litigate all reinspection viola-
tions. (This may be the most difficult part of
the solution to instigate.)

Benefits:. Drivers will know that they can’t neglect
correcting out-of-service violations without

being detected; therefore, they will most
likely correct the violations rather than try to
defeat the system.

. The drivers are responsible and accountable
for obtaining reinspections rather than the
inspectors.

Approach #4:  Keep an Inspector with All Out-of-
Service Vehicles

. Keep all fixed and mobile out-of-service
sites staffed with inspectors during periods
when there are out-of-service drivers and ve-
hicles. That way inspectors are always pre-
sent to reinspect out-of-service violations
and to visually detect drivers who leave
without being reinspected. As an example,
California is a state that staffs their fixed in-
spection sites for 24 hours a day, and they
have little trouble with drivers violating out-
of-service orders.

Benefit:. Drivers would be reluctant to try leaving
without correcting out-of-service violations
because they will very likely be detected by
an on-duty inspector.

Approach #5: Immobolize Out-of-Service
Vehicles

. Immobilize out-of-service vehicles so they
can’t be moved.

. During off-duty hours, have an inspector “on
call” for reinspection purposes. At the end of
a driver out-of-service period the inspector
can release the vehicle and driver. After out-
of-service repairs are made, the driver can
call in the inspector for reinspection and to
release the vehicle.

Benefits:. The driver can’t leave until a reinspection of
out-of-service violations has been made.

Approach #6: Alert Inspectors to Out-of-Service
Vehicles

. Use available technologies to alert an in-
spector whenever an out-of-service vehicle
has arrived at or is approaching the inspec-
tion site. The technology would signal that
the vehicle has outstanding out-of-service
violations that need to be reinspected. Types
of technologies that would apply are elec-
tronic tags and beacons.
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Solution Approach #7: Detection Technology
Benefits:. Inspectors would know to reinspect out-of-

service drivers and vehicles when they ar-
rive at their inspection site.

l The probability of detecting drivers who vio-
late out-of-service orders would be in-
creased.

Problem C: Drivers that Violate Out-of-
Service Orders Aren’t Detected
Causes:

. Drivers can leave when there aren’t any in-
spectors around: the inspectors might have
left at the end of a work shift, might have
moved to another mobile inspection loca-
tion, or might be busy with other duties
where they would not notice the driver leav-
ing.

. After leaving without correcting out-of-ser-
vice violations, the driver might avoid
known inspection stations by taking back-
roads.

. After leaving without correcting out-of-ser-
vice violations, the driver might falsify his
inspection documentation so that it shows
that the violations have been corrected. This
item is probably best addressed by solution
approach #3.

. Every vehicle is not inspected upon entering
a jurisdiction. With the current inspection
process, a level 1 inspection can take as
much as 45 minutes. If every vehicle is in-
spected at a fixed or mobile inspection site,
an unacceptable backup of vehicles would
occur, producing significant transit delays of
cargo.

Symptoms:

. Drivers know that they have a good chance
of not being detected down the road after
they leave an inspection site without cor-
recting their out-of-service violations.

. Drivers know that their chances of avoiding
inspection are better during busy times. They
might time their arrival at inspection sta-
tions during a busy time or lunch break.
They might use CB communications to keep
informed of good times to enter an inspec-
tion site.

. Use various detection devices to alert an in-
spector when an out-of-service vehicle has
left or to accurately identify and record the
event.

. An appropriate enforcement process and
penalties would need to be in place for de-
tection to be effective. This should be con-
sistent from state to state.

Benefits:. Relieves inspectors of having to visually
monitor out-of-service vehicles to detect
when they leave.

. Inspectors do not need to be present because
events have been recorded and can be as-
sessed later.

. Out-of-service drivers can be accurately de-
tected and identified when they leave early.

Concerns:. The technology cannot provide information
about the repair of mechanical items. The
driver might have indeed corrected the me-
chanical violations before leaving, in which
case a reinspection would be needed. It is
not clear how to guarantee the reinspection
without implementing at least part of solu-
tion approach #3.

Solution Approach #8:  Track Location of Out-of-
Service Vehicles

. Incorporate location tracking technology to
track out-of-service vehicles. This approach
would probably have to make use of GPS
(Global Positioning System) technology.

. Only vehicles that need reinspection would
be tracked. Vehicles that passed reinspec-
tion would not be tracked.

Benefits:. Drivers who take backroads to avoid an in-
spection station could still be identified and
located. A mobile unit could then be sent to
intercept and inspect the vehicle.

Solution Approach #9: On-board safety monitor
system

. Develop and implement an on-board vehicle
safety monitoring system.
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. Interface the monitoring system to safety in-
spection information management systems.

. Evolve the system to communicate safety
information from the vehicle while in mo-
tion.

Benefits:. Inspection problems could be identified
much faster.

. The inspection throughput could be in-
creased; that is, more vehicles could be
checked and inspected.

. The probability of detecting violators of out-
of-service orders would be increased.

Problem D: Not All States Have Consistent
Enforcement Authority and Penalties
Causes:

. If the driver is close to the border of another
state, the driver might decide that it is eas-
ier to drive to the next state than to correct
the out-of-service violations.

Each state has its own motor carrier safety
regulations, imposed penalties, and authority
for enforcement which vary from state to
state. Most direct enforcement is done by
the states themselves. It was not within the
scope of this task to perform an all-inclusive
compilation of all of the states regulations,
penalties and enforcement methods; al-
though, in interviewing some of the states, it
was discovered that some of the states are
not giving their inspectors the authority to
enforce their regulations. For example, at
least one of the states doesn’t give their in-
spectors the authority to issue citations. In
that state, citations can only be issued by
state troopers, and the state troopers aren’t
always readily available to do so.

In addition, enforcement can be difficult be-
cause once a driver has left a state, that
state cannot issue a citation to or enforce
violations for that driver. At that point, the
only recourse is to get the federal govern-
ment involved to perform an investigation.

Symptoms:

. If a dishonest driver knows that a state can-
not enforce their regulations, or if the driver
knows that the penalties are minimal, the
driver may be willing to take the risk of

leaving without correcting out-of-service vio-
lations.

Solution Approach #10: Standardize penalties
and enforcement methods

. Require that all states conform to standard
penalties and enforcement methods. This is
not a technological solution but rather legis-
lation is needed to support and implement.

Benefits:. Drivers will not feel that they can avoid stiff
penalties by escaping to the next state.

3.5 Solution Relationships
Although problems and solutions have been identified,
it isn’t obvious which solutions should be pursued. Does
it make sense to implement each solution, or are some
better than others? The diagram in Figure 3-3 was cre-
ated to help illustrate how the various solution ap-
proaches relate to each other. To interpret the diagram,
any solution approach that is encircled by another ap-
proach generally does not add any value if the outer
approach is implemented. An inside-out explanation of
the diagram follows.

3.5.1 Require and Enforce
Reinspections-Approach #3
This solution approach places the responsibility on the
driver for obtaining reinspections of out-of-service vio-
lations either at the original inspection site or within a
short period of time after leaving the site. This ap-
proach doesn’t guarantee that the driver won’t try leav-
ing without making corrections; nor does it address the
out-of-service driver very well. This isn’t a technologi-
cal approach; to work well, it will require good follow-
up enforcement with severe penalties for violation.
This approach is best for ensuring that mechanical re-
pairs are made. If used with approach #7, then better
coverage for detecting out-of-service drivers will be ob-
tained.

3.5.2 Detection Technology-Approach
#7
This solution approach involves using various detection
technologies to detect or record when an out-of-service
vehicle has left. This approach if implemented doesn’t
provide information about the repair of mechanical
problems; nor is any of the information readily avail-
able to other inspectors down the road. It is most effec-
tive at detecting when out-of-service drivers have left
too early. If used with approach #3, then better cover-
age for detecting mechanical out-of-service order viola-
tions will be obtained.
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3.5.3 Alert Inspectors to Out-of-Service
Vehicles-Approach #6
This solution approach utilizes technologies that could
alert an inspector that a vehicle with outstanding out-
of-service violations had entered or was approaching
the inspection site. In implementing this solution, an
electronic device on the vehicle would contain infor-
mation about out-of-service problems that had not yet
been reinspected. And the device might utilize a bea-
con or radio link that could alert the inspector about
the out-of-service condition. This information could be
accessed when the vehicle is stopped at a fixed or mo-
bile site, or possibly over a radio link while the vehicle
is in motion approaching the inspection site.

With the implementation of this solution, solutions #3
and #7 are not needed.

3.5.4 Keep an Inspector with All Out-of-
Service Vehicles-Approach #4
This solution approach is not a technical solution. It is
roughly equivalent to approaches #5 and #7. It requires
that an inspector be present at out-of-service areas dur-
ing off-hours whenever there are out-of-service vehicles
and drivers. The inspector is present to ensure that ve-
hicles don’t leave without proper corrections and to
reinspect as needed.

This solution would require an increase in manpower
and associated manpower costs. With its implementa-
tion, solution approaches #3, #6, and #7 are not
needed. Also, because they are roughly equivalent, ap-
proaches #5 and #8 are not needed.

3.5.5 Immobilize Out-of-Service
Vehicles-Approach #5
This solution approach is roughly equivalent to ap-
proaches #4 and #7. It requires technology to immobi-
lize out-of-service vehicles until corrections have been
verified by an inspector. This solution also requires that
an inspector be on call for reinspection during off-
hours, though the inspector does not need to be present.
With its implementation, solution approaches #3, #6
and #7 are not needed; nor are approaches #4 or #8.

3.5.6 Location Tracking of Out-of-Service
Vehicles-Approach #8
This solution approach is roughly equivalent to ap-
proaches #4 and #5. It requires technology to track the
location of out-of-service vehicles after they have left
an inspection site. Tracking of vehicles or drivers that
had passed a reinspection would not be done. With its
implementation, solution approaches #3, #6, and #7 are
not needed; nor are approaches #4 or #5.
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3.57 Information Management
System-Approach #1
This approach requires implementation of a central or
distributed information management system for track-
ing out-of-service violations. This system would be
available to all states and inspectors. The information
would need to be kept current by inspectors.

This approach would not replace approaches #2 and #9
but, rather, could work in conjunction with them. With
its implementation, solution approaches #3, #4, #5, #6,
#7, and #8 would not be needed.

3.5.8 Smart Card Information
System-Approach #2
This approach requires smart card technology for man-
aging out-of-service information. The drivers must be
required to carry a smart card with them at all times,
and the inspectors are required to access and update
the out-of-service information on them.

This approach would not replace approaches #l and #9
but, rather, could work in conjunction with them. With
its implementation, solution approaches #3, #4, #5, #6,
#7, and #8 would not be needed.

3.5.9 On-Board Vehicle Safety Monitoring
System-Approach #9
This approach is probably a long range development ef-
fort. It would require technology for monitoring on-
board vehicle safety parameters while a vehicle is in
motion. The on-board information could be accessed at
an inspection site or while the vehicle is moving.

This approach would not replace approached #l and #2
but, rather, could work in conjunction with them. With
its implementation, solution approaches #3, #4, #5, #6,
#7, and #8 would not be needed.

3.510 Standardize Penalties &
Enforcement Methods-Approach #10
This approach is purely nontechnical and must be sup-
ported by legislation. It is not an approach that in-
creases the probability of detection, but is mentioned
here because it influences the total effectiveness of
covert operations. As such, it is a standalone approach
that is separate from approaches 1 through 9.

3.5.11 Problem/Solution Matrix
As can be seen, the relationship between solutions and
problems is not straightforward. There is some overlap
in how the information can be interpreted. Another way
of looking at the information is presented in the matrix
provided in Table 3-l. Note that the shaded areas
represent potential overlap. For example, solution #1
has an effect upon problems a, b, and c.
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Solution Relations

Solution Approaches

#1 Information management system
#2 Smart card information system
#3 Require & enforce reinspection
#4 Keep an inspector with all out-of-service vehicles
#5 Immobilize out-of-service vehicles
#6 Alert inspectors to out-of-service vehicles
#7 Detection Technology
#8 Track location of out-of-service vehicles
#9 On-board vehicle safety monitor system
#10 Standardize penalties and enforcement methods

Figure 3-3. Solution relationships.
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Table 3-1. Problem/Solution Matrix Tabfe

B: c : D:
Inconsistent

 Enforcement
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Not Detected

2: Smart Card

10. Standardize
Penalties &
Enforcement
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4. Technologies

4.1 Introduction
The list that begins in subsection 4.3 describes tech-
nology that may be applied specifically to covert oper-
ations and in general to the DOT Intelligent Vehicle
Highway Systems (IVHS) program. This list provides
the following information for each technology area: 1)
the intended application; 2) advantages and disadvan-
tages of the technology; and 3) sources and costs,
where known, of off-the-shelf hardware.

4.2 Approach
In this part of the report, we have concentrated mostly
on the identification of specific technologies and how
they may support covert operations as well as the gen-
eral IVHS concept. For each technology, we explain
the concept and provide key information on available
commercial products or systems. It should be under-
stood that an exhaustive search of all available sources
of a technology could not be made. When possible,
the known sources of a technology are given; however,
an omission of any potential sources was not intention-
ally made. Any reference to a product vendor is pro-
vided for informational purposes only-it should not be
interpreted as a Sandia recommendation to use that
particular vendor or product.

Advantages, disadvantages, and rough cost figures are
included where appropriate. The consideration of this
kind of information should help lead to the formation of
specific alternative short- and long-term solutions.

4.3 Truck Immobilization
4.3.1 Immobilization Devices
The Boot
This could be a larger version of the wheel/tire locking
boot used in New York City on illegally parked cars. It
is designed so that the wheel cannot be removed and
replaced by the spare. Its vulnerability to cutting de-
vices is unknown.

The Club
A locking bar that is put on the truck steering wheel, or
a chain from the steering wheel to the clutch.

Advantage
These devices are readily available and are easier to
install and remove than the boot.

Disadvantage
More vulnerable to cutting than the boot, although the
cutting torch damage and danger to the cab interior
may be a deterrent.

The Jack
This is a Sandia concept for jacking up the wheels of a
tractor or trailer. This heavy duty mechanical jack
would be on rollers, and would be locked in the jacked
position by the inspector. It could have a weight sensor
(load cell) inside that would report via RF to the sta-
tion office if the jack was removed. A timed version
could be used for out-of-service drivers. It would re-
tract after a preset time and allow the driver/truck to
proceed. A permanent version could be installed to re-
tract into the ground.

Advantages
Very positive deterrent.

Disadvantages
Expensive to buy, heavy and unwieldy to store, move,
install, and retrieve. May not be viable for mobile use.
Dangerous if left out in the truck parking area, unless
installed below ground level. Honest drivers may re-
sent not being trusted.

Sources
This is a conceptual design that may require develop-
mental effort.

4.3.2 Impoundment Areas
Concept
Fenced and sensored parking areas to hold out-of-ser-
vice trucks.

Advantages
Easily and permanently sensored to help monitor truck
movement.

Disadvantages
May require a round-the-clock gatekeeper to let the
trucks out. Doesn’t address the mobile inspection situa-
tion.
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4.4 Truck Movement Sensing
Concept
A rubber pressure pad placed under the wheel of any
tractor or trailer, depending on which is out of service.
It would have a radio link to the port of entry (POE) or
weigh/inspection station (WIS) office data logging
computer or the satellite link. Time of departure and
the associated truck ID would be recorded and a flag
raised if an unauthorized out-of-service truck left, or an
out-of-service driver left before his rest time was com-
pleted.

Advantages
Reasonably inexpensive, easily handled and stored.
Not a safety hazard. Could be used in the mobile envi-
ronment.

To be effective, more infrastructure, including informa-
tion tracking and law enforcement, must be in place.
Theft of the device in the mobile situation could be a
concern.

Sources
This is a conceptual device that may require develop-
mental effort.

4.5 Impoundment Area lnstrumen-
tation (Gate, Chokepoint Truck
Sensors)
Concept
Use video cameras and gate or chockpoint truck tire
sensors to automatically read the license numbers of
trucks entering and leaving the impound area. The
numbers and departure/entry times would be logged ei-
ther locally or at the central data facility (license plate
readers are described below).

Advantages
Compared to the use of immobilization devices, there
is no effort required for installation to and removal from
a vehicle, and the data is automatically logged.

Disadvantages
Requires a fenced impound area; hose switches must
be periodically replaced; IR beam breakers are expen-
sive. Some kind of logic may be needed to separate
trucks from people who may trigger the system, but
beam breakers can be put high enough that people,
cars, and vans are not a problem.

4.6 License Plate Readers
Concept
Fixed
This is basically a video camera and a self-contained
illuminator mounted in a weather-proof enclosure that
reads license plates. It uses the retroreflective proper-
ties of the beaded surface to generate high quality im-
ages that are automatically located relative to the tail-
lights and other safety reflectors. The license plate is
then read by an optical character reader and converted
to a number code for inclusion in the local computer
log or use in accessing information from a data base.
In an impound area, the camera and lights can be set
up to turn on only when the portal hose or IR beam is
activated, or, if there is a lot of traffic, it may be oper-
ated continuously.

The state of Minnesota is considering using the license
plate reader in the verification of out-of-service repairs.
They would place it at the truck scales to identify
those vehicles that had recently been put out of service
by state inspectors.

Mobile
The sensor head of the mobile version would be
mounted behind the top of the windshield, and could be
used just to make a record of trucks stopped, or could
be used in conjunction with an out-of-service data base
to inform the trooper that the truck ahead should be
stopped.

In an automated system where the truck has a radio
data transceiver, the ID code obtained from the license
plate reader could be used to automatically call up the
identified truck system and access its on-board infor-
mation, including out-of-service history.

Advantages
In a fixed installation, the system may obviate the
need for gate guards.

In a mobile situation, it saves the trooper the time of
reading in the license plate number to his computer
system.

Disadvantages
Will be best for information about tractor mechanical
out-of-service violations, but not necessarily about
driver or trailer out-of-service violations.

Sources
Perceptics Corporation
725 Pellissippi Parkway,
Knoxville, Tennessee 37932-3350
Tel: (615) 966-9200 Fax: (615) 966-9330
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Mobile or fixed site units: about $30K-$33K  each

4.7 Covert Tags and Beacons
Concept
The inspector would put a tag with a unique radar or
optical signature on the rear of the truck, and tell the
operator not to remove it until after the out-of-service
condition was repaired. In one version, a radio
transceiver tag having a magnetic or adhesive pad
might be covertly placed on the truck in an inconspic-
uous place by an aide while the inspector diverted the
driver’s attention.

In one concept reported to be practical, a credit-card-
sized, battery-powered active tag can be magnetically
attached to the truck in a large number of places while
unseen by the driver. The number of possible locations
is large enough that the driver, even knowing that he
has been tagged, would have difficulty finding it. He
would not be able to find it with a “bug” sniffer be-
cause it only emits a homing signal when it “hears” its
proper identification.

Other concepts might involve temporary chemical
sprays that could be seen or smelled either directly or
through special sensors at the weigh stations. They
would be inexpensive to apply and would naturally
evaporate or wash off with time.

Advantages
Easier and faster to detect out-of-service vehicles on
the road and at weigh stations.

Disadvantages
May not be possible to keep the drivers from removing
the tags and beacons. The situation should be the
same as removing the red tags now stuck to the side of
the out-of-service vehicle, except that the lost hard-
ware is much more expensive. Honest drivers may re-
sent being tagged and may become less cooperative.

Sources have not been identified. These devices and
tag techniques may require developmental effort.

Considerations
If the license plate (a required unique tag) is not
enough to provide law enforcement then another tag
(not required and hard to make covert) will probably
not improve the situation in a cost-effective manner.
Also, the truckers are often streetwise and, through
their informal CB alliance, will quickly find out about
such tricks being used. This will do nothing for getting
cooperation from the drivers.

4.8 Overt Tags
Concept
As opposed to covert tags, overt tags or “electronic li-
cense plates,” as they are known in the trade, would be
permanently attached to the vehicle and required by
law to remain attached, just as are regular license
plates. These actually contain a low power transceiver
and will store and transmit coded data. They report-
edly are going into service this year on railroad cars as
part of another DOT program. The inspector would
record on this tag the information about the out-of-
service condition, and then the highway patrol, or the
next weigh station, would read it out to see if the
condition was still present. If the truck had been
repaired, then the repair facility (if licensed) would so
update the tag information. The overt tag would be
much like the smart card, but be permanently attached
to the tractor and trailer.

Another version of an overt tag would be a temporary
one that was very rugged and could be locked onto the
front or rear bumper, frame, etc. Since it would not be
mandatory on all vehicles and only put on for out-of-
service violations, it would be much easier to imple-
ment early in the program.

Advantages
This would accomplish much of the DOT purpose of
detecting and reinspecting. Separate tags could help
monitor tractor vs. trailer out-of-service violations.

Disadvantages
It would not take care of out-of-service drivers, but this
might be done indirectly through a time/location calcu-
lation since the tag was last updated.

Sources
Amtech of Santa Fe, NM: Jerry Landt, 505/473-1482
(they are moving to Albuquerque, at 505/856-8000)

4.9 Truck Data-Logging Computers
Concept
Use on-board computers to monitor and log truck and
driver conditions as described in the IVHS program
plan. Some systems use a 286/386  platform running
MS-DOS and the Microsoft C programming language.
Program-ming modules are provided to facilitate par-
ticular system designs.

Advantages
Provides the foundation for an on-board, real-time
truck/driver monitoring and data transmission system.
For example, RF modems are designed to plug directly
into an RS-232 serial computer port. Such systems are
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already in use by the larger trucking companies be-
cause they allow them to optimize truck/driver perfor-
mance and routes. The data can also vindicate the
driver and company in accident lawsuits.

Disadvantages
Expensive, may have to be mandated by law before the
independents truckers are willing to make the invest-
ment.

Sources
Margaret L. Schwartz
Director of Marketing
Argo Instruments, Inc.
212 Fort Collier Road
Winchester, Virginia 22603
Tel: 703-665-0200  Fax: 703-662-2127

Computer cost alone may be less than $2K, but instal-
lation of the system, including sensors in a truck, has
not been determined.

4.10 Truck Sensors
Concept
Use sensors to measure steering history, engine rpm,
axle rpm, tire pressure, tire temperature, distance
driven, time, GPS location, brake activation travel,
axle weights, fuel flow, engine air flow, wind velocity,
and engine noise. Note that many of these measure-
ments are of no particular use to the DOT as safety
items, but many are very important to the fleet operator
to assess operational costs and efficiency, and should
be included in the IVHS package concept.

Advantages
Provides valuable information for both truck companies
and the DOT. May actually reduce preventive mainte-
nance, allows more complete use of brake material and
eliminates tear-down brake inspections. System may
be able to detect excessive wear in some other parts by
measuring activation play. It might measure engine
and gear wear by monitoring acoustic noise (currently
being done on jet and turboprop engines).

Disadvantages
Additional reliability and maintenance problems.

Sources
These are devices and techniques that may require de-
velopmental effort.

4.11 Truck Sensor Networks
Concept
Although some truck computer systems (such as the
Argo FMS 1332) are designed to connect directly to
tachometers, temperature gauges, status contacts, and
analog voltages, there is a growing effort to use the
concept of Control Arbitration Networks in future cars
and trucks. Dearborn Group, Inc., is a consulting and
test equipment company that specializes in CAN, SAE
51850, IS0 9141, and CCD Networks. These networks
use only a few wires (using arbitration and priority ba-
sis) to prevent message collision. The network is in-
stalled in the vehicle in a loop that can be cut at any
point without loss of function. The system is designed
to not only allow information to be gathered from many
sensors, but to be shared by several controllers, such as
the anti-skid system, the engine controller, the truck ef-
ficiency manager, and the IVHS safety and out-of-ser-
vice reporting system.

Advantages
Commercially available for designing into an on-board
monitoring system.

Sources
The Dearborn Group has presented multiplexing semi-
nars to more than fifty companies, including Ford
Electronics, Cummins Electronics, TRW Automotive,
Chrysler, GM Truck & Bus, General Motors, and Ford
Truck.

The Dearborn Group, Inc.
29655 Eastfield Dr.
Farmington Hills, Michigan 48334
Phone: (313) 932-1850, Fax: (313) 932-2169

4.12 Truck RF Sensor Links
Concept
Sandia is developing a Universal Authenticated Item
Monitoring System (AIMS) that consists of an RF re-
ceiver, a Remote Programming Unit (RPU), and a va-
riety of Authenticated Sensor Transmitter (ASTX)
packs. The purpose of this equipment is to monitor, in
a secure and unattended mode, output from a number
of secured sensors. The normal, unmodified and non-
authenticating sensor/receiver is available off the shelf.
It could obviously be used for the temporary installa-
tion of a number of truck safety and compliance sen-
sors, connecting them through an active beacon or tag
to a weigh station, a satellite link, or the highway pa-
trol. Since they are battery-operated and must share
the radio spectrum (900 MHz) they would be best
suited to only temporary use on just the out-of-service
trucks.
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Advantages
Rapid installation.

Disadvantages
Frequency band must be used. Many units in an area
may cause interference. The initial cost may be high.
Maintenance will be required.

Sources
Sentrol, Inc.
Portland, OR

Inovonics, Inc.
Boulder, CO

Approximate cost of hardware:

ASTX                 $150
RF receiver       $300
RPU $2000

4.13 Advanced Information
Management Systems
Concept
Use of advanced data management software, linked via
Local Area Network or telephone modem to a central-
ized data system, could effectively be used to decrease
abuse of the regulatory, monitoring, and enforcement
systems at the state and local levels. One example of
this could be to link existing ports of entry and mobile
inspection teams with a centralized file manager such
as the DOE/DOT TRANSNET system, which would
permit state and local inspection and enforcement per-
sonnel to “track” various information like safety and
hazardous materials shipment data. Likewise, informa-
tion regarding the carrier, payload, package, vehicle,
and driver could be entered into a real-time data man-
agement package. Access to the data would be by
LAN from fixed locations or by modem from remote
locations.

If linked to on-board electronic tags, the vehicle could
be monitored by either a fixed or mobile antenna sys-
tem without disrupting operations unless a noncompli-
ance event has occurred. The data system would be
used to alert inspectors or enforcement personnel of
potential problems thus permitting more effective use
of personnel time. The data system could also be used
to “sort” incidents by carrier, driver, maintenance loca-
tion, etc.

The intent of this effort would be to

devise an improved data entry user interface that
uses hypermedia or intelligent data management
techniques;

create an effective tool to ensure compliance with
safety and enforcement requirements; and

reduce the processing time required for personnel to
enter data.

The software and hardware suggested here are com-
mercially available and proven. Hardware would be
modem- or LAN-equipped personal computers for the
fixed site operators and portable modem-equipped PCs
for the mobile units tied to a central file manager. This
file manager would be either a PC or a workstation,
depending on the amount of data and access require-
ments of the system. Software would be commercially
available, with existing system elements that have
been developed by Sandia and private contractor per-
sonnel.

Advantages
The system suggested could be designed to permit
state and local officials to easily and quickly access
pertinent CVO data regarding out-of-service conditions,
payload, and other information. If uniformly adopted by
all jurisdictions, this system could be used by safety
inspectors, law enforcement personnel, and emergency
responders.

Disadvantages
To effectively implement a useful data management
system, cooperation and participation of most, if not
all, jurisdictions would be required. While the system
designers can use hypermedia and intelligent data sys-
tems to reduce the likelihood of data entry error, errors
could occur that could result in the wrongful stopping
or detaining of a vehicle. Most data entry errors will
be caught by subsequent reviewers or by the software
itself; however, deliberate misentry would be difficult
to prevent. A repeated pattern of such abuse, however,
can be itself tracked and used to discipline abusers.

Sources
There are many commercial sources of modem- and
LAN-equipped personal computer hardware. Much of
the software is commercially available, with existing
system elements that can be provided by Sandia and
private contractor personnel.
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Hardware: Existing PCs, if available, could be modi-
fied for less than $1000 per installation. Purchase of an
entire setup would be less than $5000 per fixed or mo-
bile installation, and less than $10,000 for the file
server. Additional capacities could increase this cost
slightly. Software cost would be less than $500 per in-
stallation. Development costs are highly dependent
upon a detailed user requirements specification; how-
ever, with what is currently known, a reasonable de-
velopment cost is estimated to be approximately
$50,000, expended over a 6-month period. Operating
and maintenance costs of such a system would be be-
tween $25,000 and $100,000 per year, depending on
whether the system could be effectively integrated into
existing platforms/services such as the TRANSNBT
system. There appear to be no technical barriers to in-
tegration of these functions.

4.14 Smart Cards
Concept
In lieu of a truck computer and radio data links, the
emerging smart-card technology may offer a partial so-
lution for checking to see if trucks have been recently
inspected and what problems were found. After the ini-
tial safety inspection, the out-of-service problems, as
well as more minor conditions, would be entered on the
truck’s smart card, which is normally included in the
trip file. Both highway patrolmen as well as the next
inspection station have the equipment and authoriza-
tion to read this card. If any safety discrepancies are
logged on to this card, the truck is reinspected and the
smart card updated accordingly.

Advantages
A relatively low-cost upgrade from the current practice,
and much more reliable than the current out-of-service
stickers, or the proposed covert tags and beacons. The
driver must produce his smart card to get past the next
check point.

Disadvantages
The smart card does not, by itself, take care of the out-
of-service driver in need of rest, unless he shows up at
the next checkpoint too early. It may be difficult to
monitor tractor and trailer out-of-service violations if
they are separated from the driver.

Sources
Smart cards are an emerging technology with many
vendors either producing or beginning to produce them.
Progress in smart cards is advancing quickly and
should be monitored closely. A national Smart
Card/Tag working group has been established. The
chair of the group is

Carol Schweiger
EG&G Dynatrend
(6 17) 272-0300

Equipment costs can vary. Some of the costs to be
concerned with are

Individual cards $8-$30
Readers/Writers $l00-$200
Initializers/Personalizers $275-$30,000

Also, additional costs will be incurred for printing onto
the cards themselves; for example, company logos,
picture IDS, etc.

4.15 Truck-to-Roadside
Transceivers (Modems)
Concept
The radio-frequency modems concept started as a way
to link computers with each other and with peripherals
quickly and without running wires or cables. It was
used to connect to noisy printers in the next room.
However, by increasing the transmitter power, they
were soon used for computer communications between
buildings and to nearby vehicles. They have been ap-
plied to remotely controlled airplanes and for commu-
nications between railroad cars in a train. They should
work equally well for communications between the
trucks approaching or parked in a POE or
weigh/inspection station and the facility office/dispatch
center. They could transmit all of the truck safety sta-
tus information and send back approval to allow the
truck to bypass the stop, or to wake up the driver in the
parking area after he has completed his rest period.

Advantages
This is a mature technology that works well.

Disadvantages
An inquiry preamble must be sent to the trucks that
tells which particular truck is expected to reply, other-
wise, all trucks within a 2-mile radius would try to re-
spond simultaneously. Truck identification could be
done through the license plate reader.

Sources
Motorola R-Net series radio modems
1200 to 9600 BPS
2- or 4-watt output power
400 to 470 MHz

Motorola Radius Division
Mt. Pleasant, Iowa
I-800-356-9058, ext.105
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$990 ea. for modem. Volume and company discounts
are available.

4.16 Truck-to-Patrol-Vehicle
Transceivers (Modems)
Concept
Same as above, only a longer range and specific de-
signs might be needed.

4.17 Palm-Top Terminals
Concept
These may actually be palm-top computers with either
minimum keyboards or stylus/pencil entry systems such
as that of the Apple/Newton unit due out this summer
(‘93). The Texas Transportation Institute at Texas
A&M, College Station TX was reportedly working on a
pressure-sensitive writing screen device for use by
ticket-writing traffic police. A similar device could be
used by the truck drivers and inspectors in place of the
current log book and inspection form. An RF modem
link might transfer this data into the truck’s computer,
the driver’s smart card, and the officer’s duty log. The
information might be passed on either through the
truck’s satellite link or through the local or state police
dispatcher link. Rental car companies are already us-
ing this concept to expedite car rental returns.

Advantages
Easy to use by drivers, inspectors, and police who don’t
have good typing skills.

Different inspection/out-of-service forms can be dis-
played to the user.

Disadvantages
It may not always be easy to read or retrieve data.

Sources
Hewlett Packard
Apple Computer - Newton
(See recent cover article in Popular Science, Sept.
1992 issue)

4.18 Satellite Links
Concept
Trucks (and safety patrol vehicles) can have 2-way
data communications with state and federal data bases
and transportation offices. The GPS provides truck lo-
cation while the on-board sensors give truck status in-
cluding out-of-service conditions. The larger trucking
fleets already use the GPS/satellite  portion of this con-

cept to track shipments for customers and to help con-
trol costs.

Advantages
Truck locations are known at all times, so if an out-of-
service truck or driver is moving, a state patrol vehicle
could be dispatched to stop him, he could be detained
at the next state line, or the information could be put
into his file for when his license is up for renewal.
Since truck position information is already vital to the
fleet operators, the only additional task is to add out-of-
service condition sensors and connect them to the
same satellite data link.

Disadvantages
None, except a concern might be funding the cost of
out-of-service sensor installation.

Sources
Inmarsat (International Marine Satellite Corporation)

Based in England, Inmarsat is an international consor-
tium, with investments by major companies. It provides
world coverage (except poles), and has 4 earth zones,
40 earth stations, and 11 satellites. The satellites are
geosynchronous (high stationary orbit). Inmarsat com-
munications services are being explored by Sandia for
special projects. Transmitters include a built-in GPS
receiver. Communications can be a 2-way link with
both links and GPS sharing a common L-band antenna.
The data link to fixed ground stations is in the C-band
and uses time-division multiplexing, 10,000 slots in 24
hr,

Comsat has a ground station in the Washington, DC
area and owns a 20% interest in Inmarsat. A Comsat
contact is Bill Melvin at a new number, (202) 863
6807. The old Clarksburg, MD number is (301) 428-
4000).

Qual-Comm is a Ku-band  Comsat system that is work-
ing only in the continental US. It has a servo tracking
antenna mounted on top of the truck under a plastic
dome about a foot in diameter.

Qual-Comm is used by the DOE SST fleet, as well as
J. W. Hunt and C. R. England (large truck fleets). It is
not known if the Qual-comm transceiver heads have
GPS built in, since a different band is used.

GeoStar Corp. obtained FCC licensing to do satellite
communications, but went broke. AMS Corp. was
formed and acquired the license, but has no satellites.
AMS is leasing channels from Inmarsat until they get
going.
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4.19 Location Sensors
4.19.1 GPS
Concept
The global positioning system is a government-spon-
sored constellation of many low-earth-orbiting satel-
lites. GPS receivers on the ground or in aircraft can
measure and compare the time of arrival of signals
from 3 or 4 GPS satellites to determine latitude and
longitude (also elevation if needed). The normal
(civilian) encoded data is accurate to within approxi-
mately 100 meters, sufficient for the purposes of the
IVHS. The military code provides accuracies of about
10 meters, but is not yet available for non-military ap-
plications.

Advantages
It is expected that this system would have a very high
benefit-to-cost ratio, but this should be looked at more
closely.

Disadvantages
There are almost no other alternative technologies (see
route sensors below).

Sources
Motorola and others.

4.19.2 Route Sensing
Concept
Route sensing was based on a concept of starting from
a known point and using accelerometers, steering
wheel position and odometer data to correlate with
map data to determine what route had been taken and
current position. It tends to have accumulated errors
and updates have to be entered by hand. For future
designs, this concept is being replaced with the GPS
technology above.
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5. Considerations and Recommendations

5.1 Broadening the Scope
The scope of this study has been restricted to covert
operations, which are only a small part of commercial
vehicle operations (CVO). It is within these constraints
that these results and recommendations are given. With
this understanding, these results and recommendations
should be considered preliminary, and they should
eventually be reevaluated within the broader context of
CVO safety enhancements, CVO system architectures,
and ultimately IVHS architectures.

5.2 A Foundation for Further Work
This study provides a solid foundation for understanding
problems and identifying potential solutions for covert
operations. Initial concepts for developing an imple-
mentation plan are presented; however, more detailed
work will be necessary to converge on an ultimate im-
plementation plan that adequately addresses both short-
and long-term needs.

Several problems and solution approaches are identi-
fied in this report; however, an obvious solution for
addressing all situations and concerns is not apparent.
This report has not adequately addressed every area
needed to fully understand all the problems and to se-
lect the best solution alternatives. More analysis is
needed in the following areas:

l Technology tradeoffs;

l Cost/benefit;

l Risk-technical and nontechnical;

l Political issues;

l Mapping technologies to solutions; and

l Coordination of efforts with other areas of CVO and
IVHS.

5 . 3  Technologies
Concerning some of the technologies that are pre-
sented, the following considerations and recommenda-
tions are given.

5.3.1 Detection Devices
The initial analysis shows that detection devices on
their own do not seem to be a foolproof or cost-effec-
tive solution to covert operations. Detection devices
might provide some short-term relief for detecting vio-
lators of out-of-service orders; however, when consider-

ing the huge task and cost of implementing them on a
national level and the fact that they would be obsolete
when other solutions are implemented, it might be bet-
ter to proceed with other solutions to begin with.

5.3.2 Advanced Information Management
Systems
The management of safety information is an obvious
deficiency in the inspection process. It is an area that
will probably play a role in any solution approach that
is selected; therefore, it should probably be addressed
sooner rather than later. With the current advances in
computer, information management, and user interface
technologies, information management is an area that
can be addressed in the short term.

Establishment of the data management system that is
suggested could be demonstrated on an existing area,
such as the state of New Mexico. Capabilities of the
system could be effectively integrated with and shared
with other similar initiatives to permit functional and
cost leveraging to occur; such initiatives include the
current Sandia Pooled Funds Study project and various
initiatives dealing with the North America Trade
Agreement.

5.3.3 Smart Cards
Smart cards are emerging as a new technology for
many transportation applications. Some of the applica-
tions that are making use of smart cards include

. Electronic toll collection,

l Transit fare collection, and

.  Automation of commercial truck fueling transactions.

It seems that smart cards will become more widely
used and an integral part of the transportation infras-
tructure. Considering this, smart cards are a good can-
didate for use in helping to manage and transfer CVO
safety information. If implemented correctly, smart
cards could be used as a standalone system or in con-
junction with a central information data base.

5.3.4 Tags and Beacons
Tags and beacons seem reasonable in some uses but
not in others. One concern is that because they are not
normally required to be on vehicles, and there would
seem to be no way to keep them from being destroyed
or removed, recovery may be both costly and uncertain.
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On the other hand, it seems that electronic license currently exist, and because it will take time for the
plates will eventually become standard on all vehicles necessary infrastructure to be put in place.
because they could have wide IVHS utility ranging
from simple information storage to automated traffic 5.3.6 Satellite Communications
management. For out-of-service violation monitoring,
they would be useful in keeping tractor information It would seem that this approach is too expensive and

separate from trailer information (because tractors and may overly crowd communications channels, but, in

trailers have separate license plates and can be sepa- fact, potential benefits are driving technology to find

rated from each other after an out-of-service violation ways of solving these problems. While this technology

has been assessed). doesn’t look attractive in the short-term, long-range ad-
vancements in the area will make it more appealing. It

5.3.5 On-Board Truck and Driver
Recording
This is the direction in which industry is headed al-
ready, so the addition of some additional safety sensors
and monitors seems reasonable. The wide spread use of
on-board monitoring and information transfer could sig-
nificantly increase the efficiency and effectiveness of
all commercial vehicle operations. However, this will
probably be a long-term development and implementa-
tion effort because safety sensors and monitors do not

may be wise to plan up-front how this technology-can
be used as CVO applications are phased into service.

5.4 Nontechnical Solutions
Representatives from various states have indicated that
in their experience, when inspectors are present, viola-
tion of out-of-service orders is a minimal problem. At
least in the short term, until more permanent solutions
can be implemented, it might be worthwhile to con-
sider increasing inspectors to handle 24-hour staffing of
inspection sites.
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