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I. Background 
 
The Virginia Department of Transportation (VDOT) operates several traffic management 
centers, including one in the Northern Virginia District. The Northern Virginia District of 
VDOT encompasses the counties of Arlington, Fairfax, Prince William and Loudoun. 
 
The VDOT Northern Virginia Smart Traffic Center (NOVA STC) provides a number of 
operational services in the region including: 
 

• System management 
• Incident management 
• HOV reversible lane management 
• Safety service patrols 
• Computerized signal system management 
• Traveler information 

 
The NOVA STC has a wealth of ITS field devices including changeable message signs, 
highway advisory radio, truck rollover warning, HOV lane gate control, imbedded loop 
sensors, 511 and CCTV cameras. The CCTV subsystem is comprised of over 125 
cameras located along I-95, I-395, I-495, I-66 and the Dulles Toll Road.  
 
Like many freeway traffic management systems around the country, the NOVA STC 
system was implemented in phases over a period of years. As a result, some field 
components had reached their maximum life cycle, including a portion of the CCTV 
subsystem.  
 
VDOT retained the services of a team of private sector experts (TrafficLand and Digital 
Traffic Systems) to review CCTV imagery quality and determine the issues affecting 
system performance and solutions to improve the quality of the video imagery. This 
report details the results of that effort. 
 
 
 



II. Assessment of CCTV Subsystem 
 
The goal of the Project was to develop and implement a CCTV Quality Improvement 
Program for the Northern Virginia Smart Traffic Center. The objective was to assess the 
quality of all CCTV field devices and to identify a subset of field devices experiencing 
diminishing image quality and recurring operational problems. Once the analysis was 
conducted, VDOT and the Project Team would work together to identify options for 
improving the quality of the worst performing field devices. The result of the work will 
be an improvement in performance for this critical ITS subsystem. 
 

Baseline CCTV Field Device Inventory 
 
VDOT provided the Project Team with information on the CCTV field devices from the 
Northern Virginia ITS Asset Inventory (Table 1).  
 
In July 2004, the Project Team performed an evaluation of CCTV imagery coming into 
the VDOT Northern Virginia Smart Traffic Center. This evaluation identified a number 
of issues impacting the CCTV subsystem. These problems included: 
 

• Poor image quality 
• Lack of pan, tilt, zoom (PTZ) control 
• Improper PTZ control functions 
• Lack of video signal from field devices 
• Improper lense function 
• Video interference during PTZ control functions 

 
Table 2 illustrates the quality issues discovered during the baseline CCTV evaluation. 
 

 



Table 1: Baseline CCTV Asset Inventory Information 
 

 
 



Table 1: Baseline CCTV Asset Inventory Information (continued) 
 
 
 



Table 2: Initial Video Quality Assessment 
(as of July 21/22, 2005) 

 

 
 



Table 2: Initial Video Quality Assessment (continued) 
(as of July 21/22, 2005) 

 



In addition, TrafficLand staff performed an evaluation of the CCTV control equipment 
located inside the Northern Virginia Smart Traffic Center. This included an evaluation of 
the VICON Matrix Switch and the video handling and communications hardware in the 
center. 
 

Matrix Switch Assessment 
 
The Vicon Matrix Switch located at the NOVA STC is currently configured for a 
maximum of 160 “Camera” Inputs by a maximum of 128 Selectable “Monitor” Outputs 
(160 X 128). This means that any of the 160 cameras can be displayed on any of the 128 
Monitor Outputs.  
 
The system consists of multiple Vicon Matrix 66 Card Cages, each card cage contains up 
to 8 video switcher cards that accept 32 camera inputs each, for a total capacity of 256 
camera inputs and 16 monitor outputs. In the NOVA STC system, 8 card cages are 
stacked to support 128 monitor outputs and the 160 camera inputs are looped through 
each of the bays and terminated at the last.  
  
The current Vicon Central Processor Unit (CPU) was modified previously to 
accommodate for all the pan tilt zoom cameras “PTZ” that were transmitting over the 600 
baud coaxial cable.  Recently the coaxial cable system was upgraded to a fiber optic 
network.  This fiber optic network should allow the PTZ cameras to operate at a much 
higher baud rate and alleviate any need to modify a new CPU. 
 
Due to the advanced age of the current VICON matrix, the lack of manufacturer support, 
and the difficulty in finding spares for the unit, VDOT asked the Project Team to evaluate 
several options for addressing the Matrix Switch portion of the CCTV subsystem. 
 
Option #1 - Purchase (1) additional Vicon V1300 CPU as backup. 
Option #2 - Purchase a new Vicon V1500 CPU w/Automatic built in Redundancy. 
Option #3 - Upgrade Matrix from 160 camera inputs to 256 camera inputs.  
Option #4 – Remove and replace the Vicon Matrix with a new Matrix. 
 
The purpose of the four options is to help the NOVA STC understand the current and 
future costs associated with expanding the Vicon Matrix, versus replacing the matrix with 
a newer fully supportable system. The electronics industry is always a changing 
environment and in many cases older equipment is declared obsolete with no regard for 
supportability or for compatibility issues. 
 
 
 
 
 



 
Option #1 Purchase (1) additional Vicon V1300 CPU as backup. 
 
The V1300 CPU has been discontinued by Vicon but Trafficland, at the request of the 
NOVA STC, was able to locate a used unit. The used V1300 needs to be sent to a factory 
authorized service center for reconditioning and or repairs. This unit should then replace 
the current operating unit which will be sent back for reconditioning. 
 
In order for either unit to work properly after reconditioning, all of the PTZs and/or 
receivers/drivers currently running on a 600 baud rate will need to be modified to 4800 
prior to installation of the CPU.  
 
In addition, there will be no automated hot swapping of the V1300 CPUs and a technician 
will be required to manually remove, replace and update the programming should a CPU 
fail.  
 
This approach is just a temporary fix and does not address the discontinued CPU issue 
and supportability of this mission-critical equipment. There are also no guarantees that an 
off the shelf CPU will work properly with the current Lockheed Martin Control Room 
Software or for how long.  Generally used/reconditioned equipment is sold as is or with a 
minimal warranty period.  In this case, ninety (90) days is the expected warranty period. 
 
The cost associated with this option is approximately $1,000 - $2,000. 
 
 
Option #2 Purchase a new Vicon V1500 CPU w/Automatic built in Redundancy. 
 
This option removes and replaces the old Vicon V1300 CPU with a redundant “Factory 
New” Vicon V1500 CPU. The V1500 is a two-piece system consisting of a CPU which 
stores all system configuration information and CDU “Communication Distribution Unit” 
that communicates to all of the non-network products such as matrix card cages, 
keyboards and cameras. 
 
The system will consist of twoV1500 CPU’s attached to a network hub operating 
simultaneously and one CDU cage configured with a redundant network card, power 
supply, serial card, and video card. The CDU will also contain one non-redundant time 
date title card.  
 
This option addresses the discontinued CPU issue, but there still maybe some issues with 
an off the shelf product working properly with the current Lockheed Martin Control 
Room Software.  
 
The cost associated with this option is approximately $25,000 - $30,000. 
 



 
Option #3 Upgrade Matrix from 160 camera inputs to 256 camera inputs  
 
This option shows the costs associated with expanding the current matrix card cages from 
160 camera inputs to 256 camera inputs. Under this option, VDOT would need to be very 
certain up front that their camera input needs would not exceed 256. In that event, the 
257th camera added to the system will require a doubling of  the current number of matrix 
card cages. This will also require the addition of more racks, resulting in significant 
increased costs. 
 
The cost associated with this option is approximately $35,000 - $40,000. 

 
 
Option #4  Purchase and Install New Matrix Switch 
 
This Option is offered as a value-added alternative to the previous Options. Based upon 
the comparative cost to expand the existing matrix (Options 2 or 3 above), as well as lack 
of supportability of the older system versus a new two (2) year factory warranty, we have 
conducted an assessment of the market and would recommend the removal and 
replacement of the Vicon Matrix with a new Matrix Switch. 
 
This option shows the costs associated with replacing the current Vicon Matrix with a 
new Synectics Matrix. The Matrix will be a one-chassis unit configured for 256 camera 
inputs by 128 monitor outputs (Looping) and will fit in one equipment rack. The system 
will control the existing Vicon PTZ cameras (Plus numerous others) and readily integrate 
with the Lockheed Martin Control Room Software. 
  
The cost associated with this option is approximately $150,000 - $200,000. 

 

Telecommunications Equipment Assessment 
 
Like other subsystems in the NOVA STC architecture, the telecommunications system 
has evolved over time. The last major overhaul converted the field communications 
system on I-395 inside the Capital Beltway from coaxial cable to fiber optic cable. 
 
As part of the NOVA STC Video Quality Improvement Program, the Project Team made 
observations of the telecommunications aspects of the CCTV subsystem. These 
observations took place over numerous periods during the project and may shed light on 
some of the continuing CCTV communication and control issues that were observed both 
prior to and after the replacement of the 25 CCTV field devices. 
 
During the initial video quality assessment (see Table 2), the Project Team identified a 
variety of camera communication and control problems throughout the entire CCTV 
subsystem. These issues included: 
 



• No focus control 
• No iris control 
• No PTZ control 
• Focus control also controlling iris function 
• Focus and zoom control also controlling iris function 
• No video control at all 

 
Since the VQIP project focused on the replacement of 25 cameras that were not sending 
video imagery back to the NOVA STC, these communication and control problems 
remain for much of the rest of the CCTV system. 
 
In addition, the Project Team identified a number of potential issues affecting CCTV 
communication and control. These issues include: 
 

• Multiple RS 422 – RS232 – RS422 conversions of the camera control signal 
between STC workstations and the field cameras themselves. 

 
• Inconsistent wiring of data cables from Vicon Data Units to RS422 – RS 232 

converters. 
 

• Reducing the baud rate in the field from 4800 baud to 600 baud to accommodate 
daisy chain design of field comm. architecture 

 
• Improperly wired jumper cables in CCTV field cabinets between local control 

cables and fiber optic patch panel. 
 
At this point it is hard to determine the effect of the issues identified above. VDOT 
should conduct a thorough analysis of the existing communication equipment and wiring 
to determine if these issues are contributing to diminished CCTV system performance. 
 



III. CCTV Field Device Improvement 
 
In Phase II of the Work, TrafficLand worked with VDOT staff to determine the CCTV 
field devices in greatest need of improvement based on the initial survey results. The 
cameras that were not sending video back to the Smart Traffic Center were selected as 
the highest priority. This initial group included 25 CCTV field devices.  
 
Table 3 identifies the cameras selected for remediation under this project. 
 
 

Table 3: Cameras Selected for Quality Improvement Program 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VDOT conducted a thorough analysis of various camera manufacturers and products. 
VDOT evaluated Pelco, COHU and Vicon cameras. VDOT selected the COHU 3925-
3100-PEND dome camera for use in this project. 



Post-Installation Quality Assessment 
 
After all improvements and/or CCTV field device replacements were completed, the 
Project Team conducted a post installation quality assessment to determine the level of 
quality improvement on the CCTV subsystem and to develop a benchmark for future 
maintenance of the system (Figure 4). 
 
The field device remediation phase demonstrated a number of difficulties in working with 
an aging CCTV system. Some of the issues encountered in the field include: 
 

• Interior of camera poles blocked with debris 
• Incompatible bolt patterns between old and new camera mounts 
• Difficulty in removing old video cable 
• Difficulty in pulling new video cable through CCTV poles 

 
As Table 4 shows, once installation of new cameras was accomplished, a second set of 
issues arose.  
 

• Cameras that had no video before had no video after installation of new camera 
• The need to program cameras to interface with different encoders in the field 
• Intermittent video being transmitted from field to operations center 
• Difficulty controlling camera speed from operations center 

 



Table 4: Initial Post-Installation Analysis 
 

ID CABINET ID 
CAMERA 
ADDRESS RTE DIR STATUS 

POST INSTALATION 
ISSUES 

COMPLETION 
DATE 

CCTV1080 N/A 123 DTR EB COMPLETED 
STC HAS VIDEO BUT NO 

CONTROL; ENCODER 
ISSUE 

12/15/04 

CCTV160 C397E 60 I-66 EB COMPLETED INTERMITTENT VIDEO 11/02/04 

CCTV270 C79 37 I-66 WB COMPLETED QUALITY GOOD 12/07/04 

CCTV280 C74 36 I-66 WB COMPLETED QUALITY GOOD 12/07/04 

CCTV470 B115 102 I-95 NB COMPLETED QUALITY GOOD 12/07/04 

CCTV520 C190 1 I-395 NB COMPLETED 
STC HAS VIDEO BUT NO 

CONTROL 
12/14/04 

CCTV590 C164 8 I-395 NB COMPLETED  QUALITY GOOD 12/08/04 

CCTV600 C160 9 I-395 NB COMPLETED QUALITY GOOD 11/16/04 

CCTV610 C157 10 I-395 NB COMPLETED QUALITY GOOD 12/08/04 

CCTV620 C150 11 I-395 NB COMPLETED QUALITY GOOD 11/17/04 

CCTV630 C147 12 I-395 NB COMPLETED QUALITY GOOD 12/14/04 

CCTV640 C145 13 I-395 NB COMPLETED QUALITY GOOD 12/09/04 

CCTV650 C139 14 I-395 NB COMPLETED POLE BLOCKED 12/09/04  



CCTV660 C137 15 I-395 NB COMPLETED QUALITY GOOD 12/09/04 

CCTV670 C132 16 I-395 NB COMPLETED QUALITY GOOD 12/14/04 

CCTV680 C128 17 I-395 NB COMPLETED QUALITY GOOD 12/14/04 

CCTV690 C122 18 I-395 NB COMPLETED QUALITY GOOD 11/18/04 

CCTV700 C117 19 I-395 NB COMPLETED 
ADJUST INSTALLATION 

ANGLE 12/07/04 

CCTV710 C107 24 I-395 NB COMPLETED 
CAMERA REPORTS 
ADJUST BALANCE 

12/07/04 

CCTV720 C96A 26 I-395 NB COMPLETED QUALITY GOOD 11/18/04 

CCTV730 C99 25 I-395 SB 
COMPLETED 

 
QUALITY GOOD 11/16/04 

CCTV740 C94 22 US-27 SB COMPLETED QUALITY GOOD 11/16/04 

CCTV750 C113 21 I-395 SB COMPLETED 
CAMERA REPORTS 

TEMP AND PRESSURE 
12/17/04 

CCTV760 C115 20 I-395 SB COMPLETED QUALITY GOOD 12/09/04 

CCTV930 C90 23 I-395 SB COMPLETED 
STC HAS VIDEO BUT NO 

CONTROL;  
ENCODER ISSUE 

12/14/04 

 
 



Final Quality Assessment 
 
After reviewing the immediate post-installation issues with VDOT staff, the Project 
Team redeployed into the field to address the remaining quality issues. After this second 
round of field work, the Project Team conducted a final quality assessment of the 
cameras included in the Video Quality Improvement Project. The results of that final 
quality assessment are illustrated in Table 5.  
 
Upon completion of the final quality assessment, a few nagging issues remained. These 
primarily focused on camera control speed and the possibility of a defective camera at 
Camera 1080 on the Dulles Toll Road. 
 
Initially, the new cameras were set at the maximum speed of Level 15. That speed was 
ultimately lowered to Level 5 through field testing and control from the NOVA STC 
control room. NOVA STC operators indicated that the control speed for the new cameras 
was different depending on whether the camera was being controlled from the integration 
software or directly from the camera system control keyboard. At the time this report was 
written, the consensus among those involved in the project was that the issue was likely 
the result of inconsistent communication protocols inherent in the field architecture such 
as differing communication baud rates and a multitude of control signal switching points. 
 
These issues would best be addressed by a separate work effort focused on the CCTV 
system hardware in the operations center and the communication architecture between 
that hardware and the CCTV field devices. 
 



 
Table 5: Final Video Quality Assessment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

IV. System Maintenance Issues 
 
As new CCTV field devices are deployed under this program, it is essential to address the 
issue of system maintenance to ensure proper operation of the new devices. 
 

Equipment Warranty and Warranty Service 
 
The COHU cameras used in this remediation program are available with either a two (2) 
or three (3) year factory warranty. VDOT elected to go with the three (3) year warranty. 
 
Warranty service is provided through the COHU regional sales representative, who is 
responsible for accepting any defective or malfunctioning equipment and relaying that to 
COHU for repair or replacement. 
 
One excellent strategy is to purchase additional cameras as spares. If a field device 
experiences problems, that device can be immediately swapped out for one of the spares. 
This allows the field technician to determine if in fact the camera was the problem, or if 
the problem was caused by another component of the system. If the camera is found to be 
the problem, the DOT experiences minimal downtown for that camera location.  
 
The problem camera unit is then sent back to the manufacturer for repair or replacement. 
By policy, COHU replaces any defective camera unit with a new unit. 
 

Good Maintenance Practices 
 
The COHU cameras installed under this project are essentially maintenance-free. One 
good practice, however, is to periodically clean the glass domes and apply an anti-rain 
product such as Rain-X ™. This will keep the rain from accumulating on the dome and 
improve visibility. 
 
As the COHU cameras require nothing in the way of specialized maintenance, these units 
can easily be maintained by DOT staff. 
 
 



 

V. Summary 
 
The VDOT Northern Virginia Video Quality Improvement Program was commissioned 
as an effort to troubleshoot an aging CCTV subsystem and provide lessons-learned to 
other DOTs on the issues that they might encounter under a similar effort with their 
systems. 
 
The assessment and remediation program identified a variety of issues – some addressed 
under this program, some reserved for future VDOT study. 
 
Some of the lessons learned include: 
 

• Clearly define the work scope and areas of responsibility 
o Who is responsible for issues that may arise outside of the defined scope 

of work, i.e. issues with the field comm. network? 
o What defines the “end” of the remediation activity? 
o How is quality improvement defined or measured? 
o Who does final acceptance testing? 
o Who is responsible for addressing any problems within the equipment 

warranty period? 
 

• Set-up weekly technical progress meetings to discuss unexpected issues that arise 
during field work. 

o Regular communication can help avoid misunderstandings regarding 
expectations. 

 
• Determine how old field devices will be returned to the agency and taken out of 

inventory. 
o Most DOTs have inventory control systems and the old CCTV field 

devices need to be catalogued as they come in from the field and taken out 
of inventory. 

o How and when does this hand-over of equipment happen?  
 

• Identify any special equipment needs, such as a 45’ bucket truck, to reach higher 
camera installations. 

o During certain periods of the year, larger bucket trucks are harder to lease, 
for example, after a major hurricane on the eastern seaboard. 

 
 
 
 


