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I Introduction

Traffic data are very important in transportation engineering for planning and designing
new facilities. The Traffic Monitoring System (TMS), developed by the Connecticut Department
of Transportation (ConnDOT), collects, processes and distributes trafﬁc data. One irnportant '
task of the TMS is to assign Average Annual Da1ly Trafﬁc (AADT) volumes to all links i in the
state highway system [l] ‘

| Theoretlcally, in order to determme AADTs of all llnks in the state highway system, the

number of vehicles passing each link should be counted for an entire year. This is not feasible in
' oracticebecause of the huge amount of ,highwa&r links in the state ‘hiéhwaty system. Inthe TMS,
trafﬁc volumes on certain links of the highway system are counted fora speciﬁed period of time,
~ and then are used to generate est1mated AADTs for all other links. . o
/ In most cases, one of the following two types of counting stations are used to collect
' trafﬁc volume data in the T™S: i

. Continuous Counting Stations.

e Short-term Coverage Counting Statlons

A total of thirty-seven (37) continuous counting stations are installed on highways
throughout the state of Connecticut. These conti’nuous counting stations are used to continuously
collect traffic volume data. AADTs calculated from the data‘COllectedr at these continuous
counting stations are considered to be of high reliability and those located on limited access
highways are used as control points in the 'cinalysis of expressway data. Data from these
continuous counting stations are also used to generate expansion factors. An expansion factor is
the averége ratio of AADT to daily volume for a given day of the week. Daily expansion factors .
are calculated for each month of the year.

» Short-term coverage counting stations constitute the majority of the counting stations in
the TMS. They are used to collect traffic volume data for short periods of time (24 hours or 48

hours). The daily traffic volumes calculated from data collected at the short-term coverage



counting stations are factored to AADTs using the expansion factors. These AADTs serve as the
basis for éssigning AADTs to uncounted links in the highway system.
For the freeways in Connecticut, sixteen (16) continuous counting stations afe installed
on the mainlines, and about 600 short-term covérage counting stations are installed on the ramps
each year. The short-term coverage counting statiqns are installed on freeways in a three-year -
_ ,cycie. Each year about one third of the freeways are{monij[ore'd in th‘e TMS. l o |
- In addition, a number of loop sites are monitoreld for several weeks each yeér fo
supplement iﬁainliné counfs from fhc; goxltinuous counting stations. Loop rmoni'tor'i,n’g- stét_ibns are
used instead of the normal short-term coverage counting S‘tZAltiOI’lS beCéLise it is difficult to use the i
standard traffic :‘cobunting rﬁéth’ods (foad tl}B"es‘)jAon thé freeway Tﬁainliﬁe@ o -
‘ For each monitored frecway, trafﬁcivOlumes are counted for all ramps but dnly fbf a few _
mainline lillks; AADTs for the unCOLxﬁted mainIine links need to be calculated. Material balance - .-
at each junction of the freeway is used in the c_alculatiéh of AADTSs for the u_ncAoimited mairﬂine
links. Materialrbaklaﬁc'e for traffic volume data mearis that traffic e‘r;té’;ing a frééway j}mét‘io‘nii»s?‘ T
vequal_tob‘rtravfﬁc leaving tf‘lev junction. For a freeway, a minril’num nu?hb,é% of 1inks mu;s.t'be. cbﬁntéd /
~ in order to be \able'to use ﬁlateriél balance ,tO'g':aléﬁlate the traffic leumés of fhe'mcounltéd ;Hriksf
'Arn‘y traffic counts beyohd the ihinimu_m number are used to check the abcuraéy and éonsisf¢ncy
of the data. . | ‘ | 7
The calculated AADT from the material balanpe should be equal to the computed AADT
“ from the traffic count at each link with redundant traffic ‘count.' FfeQﬁently this 1s not the Case
" due to sampling errors caﬁsed by the reliance on data from short-term coverage counting stations
or gross errors caused by faulty or poorly calibrated equipment. Approbriate adjustments of the
calculated AADTS are required to eliminate such discrepancies. | |
~ Currently, the generation of AADTs for freeways and the adj ustménts of these AADTs
are performed manually at ConnDOT. The Traffic Count Analysis System (TCAS) was

developed in this study. The TCAS can be used to (1) calculate AADTé from short-term



coverage counts and loop monitoring stations data, (2) generate mainline AADTs, and (3) adjust
these AADTs so that they satisfy material balance.

It is expected that the TCAS will significantly reduce the time and labor required for
processing the traffic volume data. The TCAS can also serve as an important new research tool |

for studying traffic pattern ,becéusc of its ability to quickly process traffic volume data.

(¥



I ConnDOT's Traffic Volume Data System

The following sections provide a brief review of the traffic volume data and the
procedure used to analyze traffic volume data [1]. The review is focused on freeway traffic
volume data, because the Traffic Count Analysis System (TCAS) developed in this project

- applies only to freeway traffic volume data.

21 T raffic Data

Traffic data are stored in a’variety of different tYpes of data files. Three types of data
: ﬁleé,:tlre traft'rc ceurlt data’ﬁles,- the expansion factor data files and the stationdlrocation data ’ﬁles,'r
are discussed here becausethey are the ones used in this preject. The traffic count data files
contain hourly trafﬁc eourlts and other related information. The expansion factor data files
contain the expansion factors. rThe station location data files contains information abodt the
locatrons where the traffic countmg statrons are 1nstalled and other related mformatron

In addltlon to the dlscussron of the data ﬁles freeway strip maps are also mtroduced in -
" the followmg sectlons. The freeway strlp maps are l_tsed to illustrate the conﬁguratlon of the - .

7 freeways.

2.1.1 Trraffic Count Data Files

Each year hourly traffic counts collected from afl eountillg stations are stored in a traffic
count data file. Table 2.1 (a) shows a section of the traffic count data files for year 19‘89. A full
listing of the content of each column 4in the traffic count data file is given in Table 2.1 (b).

The traffic count data file consists of records which are primarily hourly trafﬁc counts. In
addition, the counting station number, the date related informatiorr (month, day, year, day of the
~ week, code for holiday and special situation), and the direction code of the freeway are also

" provided in each record.
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2.1.2 Expansion Factor Data Files
An expansion factor data file is comprised of Monday through Friday expansion factors
for each factor group for each month. An example is shown in Table 2.2. The expansron factor
‘data file contains 72 records which can be divided into 12 sectrons each for one month. In each
section, there are six records each associated with each function 0roup _In each record, the first
number 1nd1cates the factor group, followed by five numbers which are the Monday throuoh

\Frrday expansion factors for that group.

2.13 Statron Locatlon Data Flles

Stat1on locatlon data ﬁles are used to provide 1nformatron about the locat1ons where the
countmg stations are 1nstalled. A section of a station location data file is shown in Table 22, A
'typieal record in the station location data file contains four iterns::(l) the station number (seyen
dlgits) which is'assigned hy ConnDOT to each counting station,- () the route number which
indicates the route on which the 'statio_n— is installed, (3) the expansion factor group 'n‘umber,»and c

“a brief c_lescript_ion of the station location.! | o | | C

| 2.1.4 Freeway Strip Maps |

The strlp map of a freews;y inclicates the conﬁguratlon of the freeway. It helps in the
analyzing of trefﬁc volume data in the .TMS.‘ F igtrre 2.1 shows a section of the Strip map for I-
91. The strip map is comprised of branches and nodes. Branches represent the links (marnlrne
links and ramp lrnks) on the freeway, and nodes represent the junctions where the mainline links
- and the ramp link connect. Station nttmbers, town boundaries, and exit numbers are usually |

provided on the map.

2.2 Analyzing/Freeway Traffic Volume Data
In general, the analyzing of freeway traffic volume data consists of three parts: (1)

analyzing the data from the continuous counting stations where applicable, (2) analyzing the data



Table 2.2 A Section of an Expansion Factor Data File in the TMS - .

©11.12,1.12,1.12,1.12,0.97,
21.13,1.13,1.13,1.13,1.03,
31.11,1.11,1.11,1.11,0.97,
41.01,1.01,1.01,1.01,0.92,
51.57,1.57,1.57,1.57,1.14,
61.22,1.22,1.22,1.22,1.05/
11.11,1.11,1.11,1.11,0.94,
21.11,1.11,1.11,1.11,1.01,
31.08,1.08,1.08,1.08,0.94,
41.01,1.01,1.01,1.01,0.92,
©51.54,1.54,1.54,1.54,1.07,
61..19,1.19,1.19,1.19,1.01/
11.06,1.06,1.06,1.06,0.90, -
21.07,1.07,1.07,1.07,0.96, -
31.06,1.06,1.06,1.06,0.90,
40.99,0.99,0.99,0.99,0.91,
51.48,1.48,1.48,1.48,1.05,
61.15,1.15,1.15,1.15,0.96/
11.00,1.00,1.00,1.00,0.86,
21.01,1.01,1.01,1.01,0.91,
31.01,1.01,1.01,1.01,0.87,
40.94,0.94,0.94,0.94,0.87,
- 51.33,1.33,1.33,1.33,1.00,
- 61.07,1.07,1.07,1.07,0.89/
10.97,0.97,0.97,0.97,0.82,
20.94,0.94,0.94,0.94,0.86,
30.98,0.98,0.98,0.98,0.82,
40.92,0.92,0.92,0.92,0.83,
51.27,1.27,1.27,1.27,0.94,- .
61.04,1.04,1.04,1.04,0.80/ "

10.98,0.98,0.98,0.98,0.82,
20.96,0.96,0.96,0.96,0.86,
30.98,0.98,0.98,0.98,0.83,
40.93,0.93,0.93,0.93,0.85,
51.24,1.24,1.24,1.24,0.79,
61.03,1.03,1.03,1.03,0.85/
11.02,1.02,1.02,1.02,0.87,
21.00,1.00,1.00,1.00,0.90,
31.00,1.00,1.00,1.00,0.86,
40.93,0.93,0.93,0.93,0.84,
51.41,1.41,1.41,1.41,0.90,
61.08,1.08,1.08,1.08,0.93/
11.03,1.03,1.03,1.03,0.89,
20.97,0.97,0.97,0.97,0.91,
30.99,0.99,0.99,0.99,0.88,
40.91,0.91,0.91,0.91,0.85,
51.42,1.42,1.42,1.42,1.14,
61.08,1.08,1.08,1.08,0.93/




Table 2.3 A Section of a Station Location Data File in the TMS

0347002
0347003
0347004
0347005
0347006

0347007
0347008
0347009
0347010
0347011
0347012
0347013

. 0347014

0347015
0347016
0347017
0347018
0347019
0347020
0347021
0347022
0347023
0347024
0347025

0347026

0347027
0347028
-~ 0347029
© 0347030
0347031
0347032
0347042
0347043
0347044
0347045
0347050
0347101
0347102
0347103
0347104
0347105
0347106
0347107
0347700

I1-84
I1-84
1-84
1-84
1-84
I-84
1-84
I-84
I-84

I-84"

I-84
I1-84
1-84
I-84

I-84

I-84
I-84
I-84
1-84
I-84
1-84
I-84
I-81
ys7

et
"1-84

I-84
1-84
I-84
I-84
I-84
I-8%
I-84
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- OFF RAMP TO U.S. 6
' OFF RAMP TO U.S. 7
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OFF RAMP TO U.S. 6 & SAWMILL ROAD
OFF RAMP TO U.S. 6 & SAWMILL ROAD
ON RAMP FROM U.S. 6 & SAWMILL ROAD
ON RAMP FROM U.S. 6 & S.R. 824
OFF RAMP TO U.S. 6 & S.R. 824

' OFF RAMP TO OLD RIDGEBURY ROAD S. B.'

OFF RAMP TO U.S. 7 S.B.
ON RAMP FROM U.S. 7 N.B.

. OFF RAMP TO U.S. 6 S.R. 824

ON RAMP FROM OLD RIDGEBURY ROAD
OFF RAMP TO U.S. 7 S.B.

ON RAMP FROM U.S. 7 N.B. o
OFF RAMP TO U.S. 6 & 202 (EXIT 4)

. 'ON RAMP FROM U.S. 6 & 202 (EXIT 4) .
_OFF RAMP TO U.S. 6 & 202 (EXIT 4)

ON RAMP FROM U.S. 6 & 202 (EXIT 4)
ON RAMP FROM ROUTE 39

OFF RAMP TO S.R. 841 (DOWNS STREET)

OFF RAMF -TO. ROUTE 39

ON RAMP FROM ROUTE 39

OFF RAMP TO ROUTE 37

ON RAMP FROM ROUTE 37 . ,

ON RAMP FROM U.S. 7 S.B. & S.R. 805

ON RAMP FROM S.R. 80

OFF RAMP TO U.S. 7 N.B.
& S.R. 824
N.B

ON RAMP FROM U.S.

7 S.B.
ON RAMP FROM U.S. 6 W.B. (EXIT 8)

'OFF RAMP TO U.S. 6 E.B. (EXIT 8)

ON REMP FROM U.S. 6 E.B. (EXIT 8)
ON RAMP FROM U.S. 6 & S.R. 824
ON RAMP FROM OLD RIDGEBURY ROAD
OFF RAMP TO REST AREA -

ON RAMP-FROM REST AREA

OFF RAMP TO U.S. 6 & S.R. 824

ON RAMP FROM MIRY BROOK ROAD

OFF. RAMP TO WOOSTER HEIGHTS ROAD
ON RAMP FROM WOOSTER HEIGHTS ROAD
OFF RAMP TO SUGAR HOLLOW ROAD
OFF RAMP TO PARK AVENUE

ON RAMP FROM BACKUS AVENUE

OFF RAMP TO BACKUS AVENUE

NORTH OF OLD SUGAR HOLLOW ROAD

5 (FEDPRAL ROAD)
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from the short-term coverage counting stations and loop monitoring stations, and (3) generating

AADTs for uncounted mainline hnks

2.2.1 Processing Continuous Counting Station Data

- AADTs and expansion factors are obtained using the data from the continuous counting
stations. AADT. for the link where a continuous counting station is installed is calculated by
dividing the total number of vehicles passing the link in the entire year by 365, the number of
days in the year. | |

Expansron factors for a year are produced by first calculatrnc the ratio of the AADT and

' the daily traffic volume for each day in the year, and then averaging these ratios for each day of
the week in each month. For evample the Friday factors are obtained by first determinrng the
ratios of the AADT and the darly volurnes for-all the Fridays in each month of the year using the ’
' ~data from one continuous counting station. Then all the Friday factors in a given month are
averaged to give the Friday factor for that month/for that counting Station. Finally, forall , »
~ continuous counting stations in the same factor oroup, the Frrday factors for each month are ',_ o

' averaoed to give the Friday factor for that month E\:panswn factors for other days are

determmed in the same way.

2.2.2 Processing Short-term Coverage Counting Station Data and Loop Monitoring
Station Data | |

The processing of the data from the short-term coverage counting‘stations and the
processing of the data from the loop monitoringistations are the same. They can be divided into
two steps: (1) checking the raw field data for errors, (2) calculating the daily volumes and

factoring these daily volumes to AADTs.



2.2.3 Generating AADTs for Uncounted Mainline Links
The strip map of the freeway and the AADTSs calculated from the counted data are used to
calculate AADTS for the uncounted mainline links for a freeway. First, AADTs from the
counted data are put on the strip map of the freeway. Then AADTSs for the uncounted mainline
links are calculated by adding or subtracting these AADTSs in accordance with material betlance at
each node. l |
- For example, referring to Figure 2.2, seven (7) out of elet/en (11) links in a small freeway
network are counted. AADTSs for‘the counted links are shown as the nnmbers Witnin the -
_parentheses in the figure. The calculation of AADTSs for the uncounted links starts at Link 1
whieh’hé's a known AADT and rproceedsfr‘orln there. ‘According to m.ate-rial balance, A\A’DT for
~Link 3 is eqnnl to AADT for Link 1 plus AADT for Link 2 (12,000 -+ 1,000 - 13,000). _
'S:i.rnilarly, AADT for Link 5 is equal to AADT for Link 3 minus AADT for Link 4 (13,000 S
3,000 = 10 000) The AADTs for the uncounted mainline llnle are shown in Figure 2 (number
without parentheses). : 7
| When a llnk wlth redundant AADTS is enCountered,' ft)r example, Link 11 inyFi‘gure 2.2, o
'f ‘the ;counted AADT should'equal the chl'cnleted AADT. Sornetirnes 'they ‘do.'not 1natch. In this -~ -
case, link 11 has a counted AADT of 10 000 and a calculated AADT of 9,500. This d1screpancy
must be eliminated because it v1olates materral balance Currently, adjustments of these AADTs
are based on review of hrstorrcal data, historical relationships of the data, changes in local

dermographics and economics.
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[I1 Data Coaptation and Data Reconciliation

The Traffic Count Analysis System (TCAS) was developed based on data coaptation and
data reconciliation techniques. These two techniques are frequently used in processing flow rate :
data of a network. Data coaptation involves calculating flow rates for unmeasured links in :
aecordance with material bnlance. Data reconoiliatiOn invol{ves’adjnsting flow rates-for 511 hnks :
to satisfy material bolance [2,3]. | ;

The next sectrons provrde an 1ntroductron to data coaptation and data reconc1hatron as:

well as therr apphcatron to freeway trafﬁc volume data. The 1ntroductron starts with the

incidence matrix wh1ch is a tool used in this project to represent the freeway configuration. |

3.1 The Incidence Matrix

The 1ncrdence matrw is anumerlcal representatron of a network whrch is requrred when "
‘analy51s of a network 1nvolves complex computatrons It consists of a rectanoular array of
elements with values of 1,-1,0r 0. These numbers indicate the relatronshrp between nodes and o
branches in the network.

Table 3.1 is the incidence matrix corresponding to the network Shown in Figure 2.2. It
has five (5) rows and eleven (11) columns which correspond to the five (5) nocTes and eleven (11)
links in Figure 2.2. The element in each row and column indicates the relationship between the
corresponding node and branch. For example, the value of one (1) in the second row and third
colnmn in Table 3.1 indicates that Branch 3 and Node 2 in Figure 2.2 are connected and the
direction of flow on Branch 3 is towards Node 2. The value of negative one (-1) in the second
row and fourth column in Table 3.1 indicates that Branch 4 and Node 2 are connected and the
direction of flow on Branch 4 is from Node 2. The value of zero (0) in the second row and sixth

column in Table 3.1 indicates that Branch 6 and Node 2 are not connected.



Table 3.1 The Incidence Matrix (corresponding to Figure 2.2

1 ] -1 0 0 0 0 0 0 0 0
0 0 | -1 -1 0 0 0 0 0 0
0 0 0 0 I 1 -1 0 0 0 -0
0 0 0 0 0 0 1 -1 -1 0 0
0 0 0 0 0. 0 1 -1 -1

0 0

3.2. Data Coaptation and Data Reconciliation
In this paper the discussmn of data coaptation and data reconcrhation is limited to
directed network with’ only one ﬂow parameter An example of such'a network is a freeway in
which only- trafﬁc volumes are consrdered In this case, material balance at each node in the
network results in set of ilinear equations.- It-is assumed that th‘e measured ﬂow rate dat'a |
contains only random errors and that these random errors are normally distributed random |
variable’s with zero mean. Itis further assumed that each measured flow rate is independent, and

thus the covariance matrix of the erTorS isa diaconal matrix:

A specrﬁed number of measured ﬂow rates are requrred to carry out data coaptation for a- _

»network This number is the difference between the number of the branches and the number of o
the nodes in the network Any measured ﬂow rate data beyond this number are redundancres In
this dlscussmn, it is assurned that at least one redundancy is available in the measured flow rate
data. One redundancy is the minimun for performing the data reconciliation. Note that
redundancies are very important in data reconciliation. The accuracy and the reliability of the
- final results from data reconciliation depend to a great ex.tent on the number of redundant |
A» measurements; in general, the more redundancy is the greater the accuracy.
- 3.2.1 Data Coaptation

Data coaptation is used to calculate flow rates for the unmeasured links by solving the
simultaneous equations resulted from matérial balance at each node in the network. As pointed
out earlier, a specified number of measured flow rates must be available and only this specified

number of measured flow rates are required to carry out data coaptation. If redundancies exist in
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the measured flow rate data, a subset of the measured flow rates containing only the specified
number of flow rates must be selected before performing data coaptation.

The material balance equations at all nodes in the network are given by
Ay=0

'where, A is the lncidence matrix for the network; and y is the vector of the flow ratesl Vectory -
is 001nprised of the sneciﬁed number of -ﬂow rates (known), the flow rates for the links with
_redundancy (known but considered unknown here), and the ﬂow rates for the unmeasured links
(unknown) By solvmg these l1near 51multaneous equatlons a vector of the flow rates for the |

unmeasured links and the links with redundancy are obtained.

3.2.2 l)at'l Reconciliation
By combrnmo the ﬂow rates for the unmeasured llnks calculated from data coaptatlon ,-
‘and the ﬂow rates for the measured l1nks ﬂow rates for all hnks in the network are obt'uned
) _Note that at the links with redundancy, the measured flow rates are used in place of the ﬂow rates
from data coaptatron In most cases, flow rates at these lmks with 1edundancy do not satlsfy
“material balance; therefore, data reconciliation is required to find the proper adjustments to these
ﬂow rates such that the adjusted values of these flow rates satisfy material balance.
Least-square estimation is used in data reconciliation to provide the adjusted flow rates

which satisfy material balance and, at the same time, minimize the total overall adjustment that is

needed. The objective function, J, of the least-square estimation is given by
MinJ = (x-5)" Q7' (X-¥)
X

subject to the material balance constraints



Ax=0

where, y is the vector of the known flow rates, X is the vector of the adjusted flow rates, and, Q
is the covariance matrix of the flow rates.
| In this case, because it is assumed that the measured flow rates are independent of each
other, the covariance matrix, Q, becomes a diagonal matrix, and each diagonal element is the
variance of the flow rate, ,%, which is the square of the standard deviation,b G, of the flow rate.
The standard deviation of the flow rate is determined by the equipment used in collecting the
flow rate data.
Under the statrstrcal assumptron presented earher this least square estlmat1on of the flow
" rates is equivalent to the maximum likelihood and minimum variance unbiased estimation. The
solution to this problem is [4] »
% =9-QAT(AQAT) Ay
3.3 Appllcatlon to Freeway Trafﬁc Volume Data
The small freeway network shown in Floure 2. 7 is used as an example to 1llustrate the
application of data coaptation and data reconcthatlon to freeway trafﬁc volume data. Refer to - \
Figure ‘2.72, seven (7) links (1, 2, 4, 6, 8, 10, 11) are counted and the traffic volumes of these links
are shown as the numbers w1thrn parentheses in the figure. This data set contains one
redundancy which can be the trafﬁc volume of either Link 1, 2,10,0r 11.
Data coaptation must be applied first to obtain the traffic volumes for the uncounted
links. Using the traffic volume of Link 11 as redundancy, the material balance equations for all

nodes in Figure 2.2 can be written as
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2,000+1,000-y; =0
y3=3,000-ys=0
ys+5,000~-y, =0
¥y, —=7,000-y, =0
Y9 —3,500 -y, =0

“where Vi afe the traffic rvolﬁm‘e‘s for the uncounted liﬁks (3,5,7,9) and the link with redundancy
(11). The traffic volume for Link 71 1 is assumed to be unknown here in order to carry out data
c0ap‘.[ation. The values of y, can be obtained by soiving these éimultaneous equation‘s.’
The results from solving these equations aré shown in Column 3 in Table 3.2. Thesé » |
| results are the same as the estimated AADTs for the uncqunfed mainline links discussed-in
, Séction 2.2.3. The procedure used by CohnDOT to genefated the AADTS for the uncounted

‘mainline links is in essence data coaptation.

Table 3.2 Data Coaptation and Data Reconciliation Applicatibn Reéults

Li-rik _ Counted C'oapt.étiion Flow Rates for Recroncil*iatiohi
_ Number - Flow Rate . "Result =~ ~ All Links - Result
1 12,000 " 12,000 12,000
2 1,000 \ -~ 1,000 - - 1,008
3 13,000 13,000 13,008
4 >3,ooo 3,000 2,926
5 ' 10,000 10,000 . 10,082
6 5,000 . : 5,000 5,225
7 15,000 15,000 15,307 )
8 2,000 2,000 | 1,959
9 13,000 13,000 | - 13,348
10 3,500 - ‘ : 3;500 3,348

11 10,000 9,500 10,000 , 10,000
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Combining the traffic volumes calculated from data coaptation for the uncounted links
and the traffic volume counted for the counted links, the traffic volumes of all links are obtained
as shown in Column 4 in Table 3.2. Note that in this column the traffic volume of Link 11 is the
counted traffic volume not the traffic volume from data coaptation. These traffic volumee of all
links do not satrsfy materlal balance at Node 5 (refer to Flgure 2.2), because the counted traffic -
volume 1nstead of the traffic volume from data coaptation, for Link 11 are used. Therefore data '
reconcrhatlon is requlred to adjust these trafﬁc volume to satisfy mater1a1 balance

The objective function discussed in Section 3.2 2 can be Wrrtten in another form as-

PPN

~ & -y)

J= Z i i

2 -

i Gi -
where, §, are the knowi traffic volumes, &; are the adjusted traffic volumes, and o; is the

standard deviation of §;. For this example, this equation become

(R -12,0007 - (R, -1,0000 - (%, -3;500)° (&, —10,000)?
J=—-- ~+ 2 o — 4 -
T0.0x12,000)7 * (0.025x1,000)° " (0.025x3,500)° - (0.0x10,000)°

where the standard deviations, o;, are assumed to be 2.5% of the traffic volume ¥, for all links
except for Link 1 and Link 11, for which the standard deviations are assumed to be zero. A zero
standard deviation of a flow rate means that the flow rate is consider to be the actual ﬂow_ rate, |
and in turn, it should not be changed in data reeonciliation. |

" The purpose of assuming "two zero standard deviations for the links at the beginning and
the end of the network here is to sirnulate the actual situation in the TMS. In the TMS, the
processing of the freeway traffic volume data usually starts and ends at the control points where
the AADTs are considered of very high reliability. The traffic volumes for these control points

should not be changed in the adjustment process.
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Minimization of this equation subject to the constraints

gives the optimal estimates, %1, of the adjusted traffic volumes shown in Column 5 in Table 3.2,
These values of %"; are calculated using the TCAS. They satisfy material balance at each node in
o the network, and meanwhile, minimize the total adJustments to the trafﬁc Volumes This result

can be con51dered to be the best estimates of the actual trafﬁc volumes (unknown) g olven the -

avallable 1nformat10n.
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IV Implementation of the Traffic Count Analysis System

The Traffic Count Analysis System (TCAS) is a software paekage comprising of a
computer program and data files. It can be used to process input data to obtain AADTS, to
perform data coaptation and data reconciliation of these AADTS, and to present the final results
from these analysis. In the followingp sections, the organization of the program and the data files

(input and output) of the TCAS are discussed.

4.1 Oroamzatlon of the Prooram
The TCAS program 1ncludes a number of subroutines written in the FORTRAN
computer programming language. It can be roughly dlvrded into four categories: input, data
eoaptation, data reconciliatron, and output. o | | | o
" The input section starts with reading the catculation control parameters discussed iy
- Section 4 2.1. Then the TCAS reads and processes the 1nput data. The processrng of i 1nput data:'
1nvolves four steps (1) form the 1ncrdence matrrx (2) calculate the dally trafﬁc volumes (3) |
factor these darly trafﬁc volumes into AADTs and 4 read AADTs for the continuous. countln0 o
statrons and those ramp countmo stations for which hourly trafﬁc count data are not avallable
from the traffic count data file. o
In the data coaptation and the data reconciliation sections,rrdata coaptation and da,tav .
reconciliation are performed on the AADTSs from the input data processing. Details of the data
- coaptation and reconciliation procedures were ‘discussed in Section 3.72'.
In the output Section, the ﬁnal results of the TCAS is presented. -Two output data files are

used to store the final results.

4.2 Input Data
The input data of the TCAS include the calculation control parameters and four types of

input data files which are: (1) traffic count data files, (2) expansion factor data files, (3) station
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location data files, and (4) additional data files. The calculation control parameters define the
range of the study and the diagonal covariance matrix of the traffic flow rates. A traffic count
data file contains the hourly trafﬁe count data and other pertinent information. An expansion
factor data file stores the expansion factors. A station location data file provides the information

- on the location of the counting stations. An additional data ﬁle gives the AADTs for certain
links on the freeway.

The trafﬁc count data ﬁles and the expansion_ factor data files of ConnDOT's mainframe )
Computer (discussed rn Sections 2.1.1 and 2.1.2) are dire‘ctly used'as the traffic c’ount data »ﬁl‘esﬁ
‘and the expansron factor data ﬁles for the TCAS.- Examples of these two types of data files were -

| glven in those two sectrons ‘In the followmo sectrons the calculation control parameters the |

station Iocation data files and the additional data files for the TCAS are discussed.

i’4.2.1 >Ca1curlation Control Parameters
~In the TCAS, the calculatlon control parameters can be read in by either the 1nteract1ve o

ﬂ- mode through the mput devrce (monitor and keyboard) or the non- 1nteract1ve mode throuch a

: data file, named the calculatron control parameter data ﬁle The calculation control parameters .

are discussed here throuoh an example of the calculation control parameter data file (Table 4.1).

Table 4.1 The Calculation Control Parameter Data File

'1994', '91', 'N', 1489055, 0337071, 1, 0.0025, 1
'1991"
1489055, 0.00

The parameters in Table 4.1 can be divided into three sections. The first section is the
control section which contains the study year, the route, the route direction, the starting station
number, the ending station number, the number of the years for which AADTSs are desired to be

calculated, the coefficient for the covariance matrix, and the number of the links that have



specified coefficient for the covariance matrix. These parameters are provided in the first record
in Table 4.1. |
The second section is a list of the years for which AADTs are desired to be calculated.
AADTs for these years can be used for studying trends of traffic flow rates. The number of years
listed in this section must be equal to the number of years specified in the ﬁrst_section. This list
of the years are prov1ded in the second record in Table 4. 1
The third section prov1des the coefficient for the covariance matrix for certain links on
the study freeway. It inc*ludes the station number and the specified coefficient for each of the |
links. This section may containjmore than one record. “The number of the records in this section
' rn'ust ’oe equal to the number of the links specified in the first section. An example of thisseotion

is shown in the third record in Table 4. 1.

4.2.2 Statioh Location Data Files

A statlon locatron data ﬁle is developed for each freeway to provrde mformatlon requlred
for generating the incidence matrw and for calculatlno dally traffic volumes 'md AADTs. It |
~ contains a subset of the ConnDOT's mainframe statlon location data file and some other -

,i informatton. The discussion here ad.dresrses“typ‘ical records in a stvation location data ﬁle; Other
records related to some special cases are discussed in Appendix A.

Typical recnords in a station location data file include the records for short-term coverage
counting stations, continuous 'counttng stations and loop monitoring stations. A typical record
contains seven items: (1) the link humbera (2) the station nunﬁber, (3) the route number, (4')A the -
ekpansion factor group numb.er, (5) the route direction code, (6) the traffic flow direction code,
and (7) a brief description of the station. The link number (first item) is the number that is
assigned sequentially to each links on the freeway. The other items are the sarrle as those in the
 record of the ConnDOT's mainframe station location data file discussed in Section 2.1.3. Table

" 4.2 gives examples of typical records in a station location data file.



Table 4.2 Typical Records in a Station Location Data File

78 0337080 I-91 4 S.B. OFF RAMP TO CONN. 9

76 0337081 I-%1 4 S.B. OFF RAMP TO CONN. 9 N.B.

74 0337082 I-91 4 S.B. ON RAMP FROM CONN. 9

153 0469053 I-91 0 N.B. IN CONTINUOUS COUNT STATION 53
167 0469053 I-91 0 S.B. OUT CONTINUOUS COUNT STATION 53
168 0487190 I-91 4 S.B. ON RAMP FROM U.S. 5 (EXIT 46)

123 0631022 I-91 1 S.B. OUT BETWEEN EXIT 33 AND EXIT 34
111 0631022 I-91 1 N.B. IN BETWEEN EXIT 33 ADN EXIT 34

0631122 I-91 1 (HOV LANE) BETWEEN EXIT 33 AND EXIT 34

- 423 Additional,Data Files _

The addltional data file fora freeway i:sused to explici_lly i)rovide AADTs for' certain'v B
 links, including mainline links on which the continuous counting stations are installed and ramp
l1nks for which the hourly traffic Volume data are not evallable from the trafﬁc count data file.
rrTable 4 3 shows the addmonal data file- forI 91 northbound for year 1994 F or each record 1n :

- 7Table’ 4.3, the first item is the link number, the second 1tem is the station number, and last 1tem 1s

the AADT value associated with the link. S - -

Table 4.3 An Additional Data File

10 0820000 8300
24 1007030 9500
45 1489055 30500
56 0797064 3200
86 1598102 3400
106 0638104 1700
134 1648102 1500
153 0469953 41000

o
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4.3 Output Data Files

In the TCAS, two output data files are developed to present the final results for each

direction of a freeway. One file contains the primary results of the TCAS which are the

estimated AADTS for all hnks in the study range The other prov1des the lists of AADTs for

ramp llnks in the study range for the study year and spec1ﬁed preceding year(s). The latter ﬁle is

produced only when the list of the preceding years is provided in the calculatron control

parameters. Table 4.4 and Table 4.5 are examples of these two types of output data files.

Table 4.4 An Example of the Results of the TCAS

DAILY COUNT

ROUTE 91

STATE OF CONNECTICUT

DEPARTMENT OF TRANSPORTATION
BUREAU OF POLICY AND PLANNING
PLANNING INVENTORY AND DATA '

S, AADTS AND RECONCILIATION RESULTS

_ DIRECTION

r LINK STATION
NUMBER NUMBER’

045 1489055
046 1487052
047 -
048 1487053
049
050 0797055
051
052 0797058
053
054 0797059
055 .
056 0797064
057 :
058 0000999
059 -
060 0797068
061
062 0827075
063
064 0827076
065 0821021
066 0337071
067

END OF FILE

. DAILY
VOLUME

30500
5915

N

5414

2882

10947

15130

3200

9692

1139

3244

1330
40462

3379

YEAR 1994

. RECON. . .
AADT - ~ RESULT o
30500 © 30500

5500 5500
25000

5035 5000
30000

2680 2700
27300

10180 10200
17100

14070 14200
31300

3200 3200
28100

8839 8900 -
37000

1070 1100
- 38100

3049 3000
35100

1250 1300
38507 36400
3176 3200
33200




Table 4.5 An Example of the Lists of AADTs

STATE OF CONNECTICUT
DEPARTMENT OF TRANSPORTATION
BUREAU OF POLICY AND PLANNING

PLANNING INVENTORY AND DATA

LIST OF AADTS FOR DESIRED CYCLES

ROUTE 91 - DIRECTION N CURRENT YEAR 1994
LINK 'STATION 1994~-AADT 1991-AADT’
046 - 1487052 - 5500 4941
048 1487053 5035 4161
: 050 0797055 2680 2631
- : 052 - 0797058 .. 10180 - 9134
' 054 0797059 14070 12195 B
056 0797064 3200 3010
060 0797068 1070, 1031
062 . 0827075 - 3049 2986
064 0827076 1250 1286
065 0821021 38507 - 35131
066 0337071 - = 3176 3277

END OF FILE

. in _Table 4;.45 thefc are ﬁ\}e columns vbélow‘the title s;'ection.. These Qolﬁmﬁé co‘nfa{nrth.e: .
link nufnbers", the station riumberrs,-the:daily traffic volumes, AADTS factored from the daily
traffic volumes, and the reconciliation results for the links in- th;e study range.

Table 4.5 shows AADTS for the links in the study range for the preceding year given in
the calculation pbntrol parameters, in this case, year 1991 only. The four columﬁs in Table 4.4
are the link nurﬁbers, thé station nﬁmbers, AADTs for the study year (1994) and AADT for the

preceding year (1991).

12
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Y  Results

This chapter presents the results from the application of the TCAS to freeways using data
collected for Route 20 (Windsor Lock, Connecticut) westbound in 1994. The configuration of
Route 20 1s shown Aby a strip map in Figure 5.1. There are nine (9) nodes and nineteen (19) links
‘in each direction of this freeway. Twelve (12) of the nineteen (19) links in eachdirection were
measured in 1994. o k | 7l -7 .

The ‘results of the TCASV for Route 20 we’sthound in 1994 are shown in Table 5.1. The
link numbers of all links on Route 20 westbound are glven in the ﬁrst column in the table The
second column provrdes the statton number correspondmo to each link on whicha countrng

station is installed. The datly traffic volume and the AADT (f'tctored from the daily traffic

volume) for each counting station are prov1ded in the th1rd and fourth columns. The last column S

contalns the reconcrhatron results (adjusted AADTs) for each link. These adjusted AADTs s
- satrsfy matertal balance at all nodes on this freeway and mlnrmrze the total a_cljustments of the .
'factored"' AADTs";(com}mn 4in Table 5.l). ,They_are the best és't'imates.of the actual AADTs ‘7 o
under the information avaﬂable ‘ - e | | o

In Table 5.1, the reconcrhatlon results (Column 5) are rounded in accordance w1th the
protocol used by ConnDOT (discussed in Appendix C). Except for this rounding, the -
reconciliation results (in Column 5) for Stations, 0397702 and 1657701, are the same as the 7_ ,
original AADTs (in Column 4) for these two counting stations.' In this example,lthese two
* counting stations are considered contro_l points: 7 )

AADTs calculated from the traffic count data collected in 1994, l993 and 1990 on Route
20 westbound in Windsor Lock are listed in Table 5.2. These AADTS can be used to study the
trends of traffic volume data. Trends of the historical traffic \toltlme data are of great values in
the adjustments of the AADTs and in the detection of the gross errors. Gross errors caused by

equipment failures or poor calibrated equipment sometimes exist in traffic count data. They
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should be identified and deleted from the traffic count data before the TCAS is used, because

these gross errors would significantly degrade the overall results from the TCAS.

Table 5.1 Results of the TCAS for Route 20 Westbound

LINK STATION DAILY ADJUSTED
NUMBER ‘NUMBER VOLUME AADT RESULT
001 . 0397702 13515 12704 12700
002 - 0397019 3117 2929 3000 -
003 B C- © 9700 ¢ -
1004 " 1657015 6060 5696 - 5500 -
005 15200
006 1657013 703 660 600
007 o : o 14600
008 1657011 2922 2746 . 2700
009 : : . 17300
010 " 1657009 1835 1724  ° 1800
011 - 15500
012 1657007 7163 6733 6300
013 , _ 21800
014 1657021 1339 . 1258 1300 °
015 : A 20500
016 = 1657020 3196 3004 2900
017 1657701 24878 23385 23400
018 1647169 11331 10651 10300

019 1647171 - 14447 13580 - 13100

B~

“Table 5.2 Lists of the AADTs for Route 20

LINK STATION AADT AADT | AADT

NUMBER NUMBER (1994) (1993) (1990)
001 0397702 12704 - 10830 11397
002 0397019 2929 3212 3327
004 1657015 5696 4373 4894
006 1657013 660 699 1057
008 1657011 2746 2519 3799
010 1657009 . 1724 1709 2071
012 1657007 6733 7222 7333
014 1657021 1258 1147 ~a
016 1657020 3004 3213 | -
017 1657701 23385 20690 19846
018 1647169 10651 - -
019 1647171 13580 - -

=Data for the link are not available in the year



VI Summary and Conclusions

The TCAS was developed to analyze traffic count data for fi'eeways using the FORTRAN
computer programming language. It can be used to (1) calculate AADTs for freeway ramps and
certain mainline links using the collected traffic count data, (2) estimate AADTS for uncounted
mainline links, aind (3) adjust tliese AADTs so that they are ba’lanced. at all freeway junctions.

Datzt coaptation and data reconciliation techniques are used in the develo’pmentof the
TCAS. These two techniques have been used successfully in the processino of network flow rate
_data. Data coaptatlon is used to calculate AADTSs for the uncounted links based on AADTS for
the counted links. Data reconc1liation is used to determlne the smallest overall adjustments of
' the AADTs such that the adjusted AADTs all satisfy materlal balance.

o Incidence matrices are used to represent the configuration of freeways in the TCAS..

- Normally, node numbers, link numbers, and the flow directions for all links on a netwotk are
’frequired to define the ir‘icidence-matrix of a network. In the TCAS, only a pért of th‘isr d_até set‘is
"_needed to form. the incidence matrix for a freeway when three simple constraints are placed on

’—"the; assignmentr of link nur'nbers. The data needed inClude the link nilmbers end tlie trafﬁc ﬂow

directions for all links. This information is stored in the station location data file for each

‘freeway in the TCAS. The advdntage of using this‘simpliﬁed system-'for foiming the incidence

matrix is that the time and effort required to prepare data for the incidence matrix are

significantly reduced. |
" The station location data file for each freeway in the state of Connecticut, including 1-84,

1-91 and I-95, was built based on the station location data file in the. TMS. The.overall system

was tested using data in the traffic count data files and the expansion factor data files for the

years 1989 to 1995. The station location data file for a freeway can be used for consecutive years
if no changes occur to the freeway. If changes occur to the freeway. the station location data file
must be changed accordingly. A subprogram was developed in the TCAS to modify the station

location data file.



The TCAS was designed to use to the greatest possible extent possible existing traffic
volume data from the TMS. The traffic count data files and the expansion factor data files in the
TMS are directly used as input data files to the TCAS-. Fora freeway, after the station location
data file is built, the only data file that might be required to be built is the additional data file.
The additional data file contains records for only those links for which traffic counts are not
avarlable in the traffic count data file. Generally, the additional data file is very small and is easyi
to bu1ld if needed 7

The TCAS was apphed to all freeways in Connecttcut For each freeway, the results -
from the analysis, AADTs for all links, are similar to the results for Route 20 grven in the
4 ‘precedmo chapter All these results sat1sfy matertal balance, and at the same t1me minimize the -
total overall adjustment.

The results of the TCAS are comparable to those from the procedure currently used in the
TMS. The TCAS is also very easy to used; therefore itis a very useful tool in the analysis of

freewav traffic count data. Itis e‘(pected that the TCAS will greatly reduce the time and effort

, _requrred to process traffic counts for freeways in the TMS ,
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Appendix A More about Station Location Data File

As pointed out earlier, the station location data file for a freeway is required to form the
incidence matrix and to calculate daily traffic volumes and AADTs. Three records in the station
10cation data file fora freeway have been discussed in Section 4.2. 1. These records are

:a55001ated with a short- term coverage countmg station, a continuous countlno station and a loop V
monitoring station. ThlS appendm discusses some specral records i in the station location data file

which are designed to handle special situations exrstlng in the TMS.

Al Records'for'Pseudo-Stations .

In the TCAS, a record in the station location data file is used to indicate a counting

station, as well as a link on which the counting station is installed. To form the incidence matrix - -

fora freeway, all ramp links must be included in the station location data file for the freeway In
o other words for each ramp hnk fora freeway, there must be a record assocrated with 1t in the _ :
~ station locatron data file for the freeway

In the TMS no countmo stations are desronated to a handful of ramps An example 15
shown in Figure A.1 (a). No counting station is assigned to the off-ramp from 191 northbound
to I-91 northbound HOV lane. This means that there is no record associated with a counting
 station located at this ramp in theConnDOT's station l_ocation data file. In this case, a record
must be addeid to the station location data file for the freeway to indicate the rami) in the TCAS.
This record is associated with a non-existing_countiné_rsta’tion. which 1s referre‘d astoa pseudo-
station. | |

The record for the example shown in Figure A.1 (a) isgiven in Record (1) in Table A.1.
This record has the same six items as the record for a short-term coverage counting station.
While running the TCAS, this record is used to form the incidence matrix of the freeway. Note

that AADT for this ramp must be provided in the additional data file for the freeway.



1-91 North 1-91 North

Station 0797065 )

From [-691 East

Station 0638104

[-91 HOV

(@)

Station 0797066

| | ' From Rte. 66 West
Station 0337088 Rte. 9 North
(1-91)
(Station 0337178
(Rte. 9)

RONS

[-91 South

@
" Figure A.1 Special Situation in the TMS/H o

Table A.1 Special Records in a Station Location Data File

. ON RAMP FROM CONN.
. ON RAMP FROM ROUTE
. ON RAMP FROM CONN.

74 0337083 I-91 4 B
B
B
B. ON (OFF RAMP TO I-S1 N.B.)
B
B
B

N
72 0337088 1-91 4 3
74 0337177 9N4 S.
74 0337178  SN4 N.
S
S
S

O W Y
0
o
-

78 0337179 . 9s4 . OFF RAMP TO CONN. 9 ,

72 0337181 9s4 . ON RAMP FROM ROUTE 9 S.B. -cecererecerore -+ (5)

76 0337182 9N4 . OFF RAMP TO CONN. 9 N.B. ' )

120 0638104 I-91 4 S.B. ON RAMP FROM I-91 HOV rc--vvrverecr e (1)

106 0638104 I-91 4 N.B. OFF RAMP TO I-91 HOV.

58 0797065 I-91 1 N.B. ON RAMP FROM I-691 E.B. +--rc-vrrervercecr: (2)
S8 0797066 I-91 4 N.B. ON RAMP FROM CONN. 66 W.B. ::ccc-rvrvercn- (3)

62 0797067 I-91 4 S.B. OFF RAMP TO BALDWIN AVENUE




A.2 Records for 'Y' Situation
For certain types of ramps in the TMS, there are no counting stations designated to these

ramps, but there are counting stations designated to the links directly connected to these ramps.
This is referred to as a 'Y' situation. An example of this situation is shown in Figure A.1 (b).
Traffic from I-691 eastbound and Route 66 westbound merge at the ramp of I-91. Counting
stations are installed on the links of I-691 and Route 66, but not on the ramp of I-91 North.

Inthe TCASV, for this situation, the records for the counting stationsrassigned to the lrnks
connected to the ramp are used to mdrcate the ramp. For example records for the above example
- are orven in Records (2) and (.)) in Table A.1. These two records have the same hnk number
' Wthh is the link number of the ramp. While running the TCAS the incidence matrix is ~formed
based on either of the records AADTS for the ramp are obtalned by addmo the AADTs for the |

two Imks connected to the ramp

A.3 Record for Counting Stations Designated for other Freetvays _

7 At the interchange of two t‘reeways ftvtfo countiné stations are usually' installed on the _—
ramp shared by the freeways one for each of the freeways An e‘<ample of this 51tuatron is ;
shown in Froure A 1 (c). Atthe mterchanOe of Route 9 and 1-91, the off-ramp from I-91 South is V
also the on-ramp to Route 9 North. On thls ramp, two counting stations, 0337088'(1-91) and
0337181 (Route 9), were installed in 1994.

In this case, it is sometimes helpful to use the data collected from both counting stations
while analyzing the traffic count data for one freeway. To use the data from the counting station
designated for the other freeway, a new record is required to be added to the station location data
file for the freeway. For example, the new record added to the st:ation location data file for I-91
for the above mentioned example is given in Record (4) in Table A.1. In addition to the six |
items for a short-term coverage counting station, this new record contains a new item which is

" the route direction code for Route 9. This new item is required to calculated the AADT for this



counting station. This new record has the same link number at the record for the counting station

located at the same ramp (shown in Record (5)).

While running the TCAS, AADTs from both counting stations are calculated and then the

following prompts are displayed:

*****;****;*i;* MUL;’I‘IPLE STATIONS‘ ****‘*****?\'********

ADT at station 337088 on route I-%1 is 4293 in 1994
'ADT at station 337181 on route 9 is ~ 4462 in 1994

How do you want to use them?
1 - Average '
2 - Use the first one
3 ~-Use the last one
4 - Specify

My choice is (1->4):

~ The user of the TCAS must chose how to use thesé calculated AADTs. The AADT for the ramp
can be either (1) an averaged value of the calculated AADTS,.(2) the AADT_ from the first

'éounting'Station,"(B) the AADT from the last counting stdtion, or (4) a specific AADT value: -

(93]
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Appendix B Forming the Incidence Matrix

In the TCAS, the incidence matrix of the freeway section in the study is formed us'rng the
link numbers and the traffic flow directions for all ramp links and the beginning mainline link in
the study range. Link numbers and trafﬁc ﬂow d1rect1ons for other mainline links, as well as
node numbers are not requrred to form the incidence matrix, because they can be determrned by '
the given 1nforrnat10n if the link numbers are ass1gned in a specified manner. The next sections -
discuss the criteria of the assrgnmen_t of link numbers and the procedure for forming the |

incidence matrix in the TCAS.

B.1 Crltena for Assxgmno Lmk Numbers
In the TCAS, a hnk number is assrgned to eacb link on a freeway in accordance with the
followrno criteria: |
1. Link numbers are asswned to only the malnhne llnks and the ramp l1nks dlrectly

hE connecf[ed to the mamlrne.,

- Link numbers are astsigned_seqUentially for each direction of the freeway. »

o

(OS]

All ramp links are assigned even numbers.

B.2 Procedure for Forming the Incidence Matrix

| From the discussion in Section 3.2, node numbers, 1ink numbers and link directions for a
" network are normally required to derermrne the incidence matrix of the network. For a freeway,
only the link numbers and the link directions for a11 ramp links and the beginning mainline link -
are required to form the incidence matrix for the freeway section. Other information can be
determined by these data. .

» The node number for each node can be determined by the link number for the link

connected to the node. The mainline link number can be determined by the link number for the

links adjacent to it. The traffic flow direction of a mainline link is the same as the first mainline



link. For example, refer to Figure 2.2, each node number is equal to half the link number of the
link connected to the node. Each mainline link number is equal to the link number of the link
behind it minus one, and each mainline link traffic flow direction is the same as the mainline link
trafﬁc flow direction of the beginning mainline link.

In the TCAS, the link nufnbers and the traffic flow directions are included in the stati0n>
locatiqn déta file. The link number is giVen in the first item of each record in the station loéatién_ ’
data file. The link traffic flow direction is indicated by the traffic flow direction code iﬁ?the} /
record. Records for the mainline counting statioﬁns“(Conﬁnuous' Counting Station and Lo‘op

Monitoring Station) can be used as the beginning point for forming the incidence matrix.



Appendix III Rounding the Results of the TCAS

In the TCAS, the final estimated AADTs_are rounded in accordance with the protocol
used by ConnDOT for rounding AADTSs. The purpose of coding the protocol in the TMS into
the TCAS is to make the final estimated AADTs from the TCAS consistent with the AADTs

from ConnDOT. | .

"The protoeol used in theTMS—to round the final AADTSs are as follows:
. If AADT i 1s less than 100, it is rounded to the nearest 10
o If AADT is oreater than 99 and less than 1000, it is rounded to the nearest 5 0. :

- o If AADT is greater than 999, it is rounded to the nearest 100.

Mathematrcal formulas for the protocol were derlved in order to code the protocol mto '

- the TCAS Denotrng the given AADT by A and the rounded AADT by B, the protocol can be' ) ‘

expressed mathematrcally using the followrng formulas

I A< 100 B=int(Ags'0)x-10.O
If 00< A <1000 B=int(é~;02—50) x 50.0
A+50.0

If A 21000 'B=int(————) :100.0
, 100.0
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