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•THE measurement of traffic flow on Georgia's highways provides basic data that are 
prerequisite to virtually all highway planning processes. The collection, processing 
and analysis of flow data constitute one of the major functions of the Division of High
way Planning, thus efficient and economical methods are essential. Because of the 
digital composition of traffic-flow data, the electronic computer has, of necessity, come 
to play an ever increasing role in the development of modern, large-scale traffic
counting and analysis programs. Georgia is currently experimenting with an expanded 
use of the computer to monitor and control a system of automatically collecting data 
accumulated at remote continuous-count station locations. 

The automatic traffic data telemetry system uses a centrally located computer con
nected by telephone equipment to an electrical read-out counter at each remote loca
tion. The remote locations are automatically polled according to a predetermined 
schedule. Through the execution of a stored computer program, data are collected, 
edited and recorded. After a year of testing, the system is proving superior to previ
ously used methods of collecting continuous-count data. 

In conjunction with the installation of the telemetry system, the entire traffic-count
ing program was redesigned according to current statistical techniques. These revi
sions were necessary in order to extract the desired advantage from a traffic-counting 
program oriented toward maximum utilization of the computer. 

INTRODUCTION 

The scope of Georgia's pre-1964 program of traffic counting and analysis was 
largely dictated by economic limitations that could be directly attributed to the fact that 
the program was essentially oriented toward manual data-processing procedures. Any 
increase in the magnitude of the program would of necessity have resulted in a pro
portionate increase in the office staff. 

The program included 28 continuous-count stations, 326 seasonal-control stations, 
embracing some 1493 count locations, and a program of coverage counting that included 
approximately 16,500 annual 24-hour weekday counts. The continuous-count segment 
of the program was already at least partially automated in that data produced by the 
stations were keypunched into data cards, thus allowing machine summary and analysis. 
Printed paper tapes containing hourly measurements of flow data were retrieved on 
routine weekly or biweekly service visitations. In spite of the rather high cost of such 
a procedure, some 13 percent of the count data was being lost due to equipment failures 
between service visits. Also, manual editing, coding and keypunch procedures proved 
to be slow and costly. 

The 1493 locations in the seasonal control program were counted for one 24-hour 
weekday period during each calendar quarler. The results were manually summarized 
and posted directly on county maps. Whereas the quantity of counting locations as
sured widespread flow measurement on the state's highway network, the amount of data 
obtained provided no more than a marginal sketch of seasonal behavior patterns and 
gave virtually no consideration to weekend traffic. 
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Traffic at coverage-count locations was counted for one 24-hour period annually. 
Although the count locations were generally repetitive from one year to the next, they 
were not in any way identified for continuing administrative purposes. The total 24-
hour counts were posted on the same maps containing seasonal-control data. The only 
routine occasion for adjusting coverage counts to estimates of annual average daily 
traffic (AADT) was for the rather broad purpose of preparing the annual state traffic 
flow map. The individual county maps on which basic seasonal-control and coverage 
data were posted were not easily reproducible; thus, the distribution of data to persons 
requiring its use was severely limited. 

Because of the voluminous amount of statistical data produced by a statewide traffic
counting program, it became apparent that an effective program could be developed only 
after a complete redesign of procedures, and by utilizing the most advanced computer 
applications and more sophisticated statistical techniques. Methods for using statis
tical techniques to objectively design traffic-counting programs had, by 1964, progressed 
to the point where the U. S. Bureau of Public Roads could draw from previous research 
to develop firm procedural outlines. At about the same time, the development of pro
cedures that would permit the automatic acquisition of continuous-count data was being 
considered. 

The basic technique employed by the State Highway Department of Georgia to obtain 
traffic-count data through a remote acquisition system was first subjected to field ex
periment in 1963. At that time a trial was conducted by Southern Bell Telephone and 
Telegraph Company for the Tennessee Department of Highways in which one remote 
vehicle detecting station was located in the Nashville area and dialed manually from 
the Department's headquarters office. The count data were received from the remote 
detector and punched into cards by an IBM keypunch machine. It was not until mid-1964, 
however, that Southern Bell's Data-Phone system of communication was interfaced 
with an IBM computer to permit a completely automated system for the acquisition of 
continuous-count data. 

AUTOMATIC ACQUISITION AND EDITING PROCEDURES 

The Highway Department embarked into the experimental field of remote acquisition 
of traffic data in June 1965. After having witnessed a demonstration held in Chicago, 
Illinois, in August 1964 by IBM in cooperation with Southern Bell and Streeter-Arnet 
Company, a fully automated system for the collection of traffic data seemed feasible. 

An IBM 1710 real-time system, necessary for interruptible computer programming, 
was installed in the Division of Highway Planning. The system consisted of a Model I 
1620 central processor, a 1622 card reader, two 1311 disk drives, a 1443 printer, a 
1711 data converter containing a real-time clock, and two 1712 terminal units (Fig. 1). 

Southern Bell installed an 801-C automatic dialing unit and a 401-J Data-Phone data 
set in the home office. At earji of the continuous traffic-counting locations selected 
for these tests, a 401-H Data-Phone data set was also installed. Connection between 
the data processing center and each of the remote locations was established by using 
wide area telephone service (WATS). 

The traffic counters were manufactured and installed by the Streeter-Arnet Com
pany. These counters, powered by a trickle-charged battery with a reserve power 
adequate for a minimum of 8 hours and a maximum of 36 hours of operation in the 
event of loss of AC power, have nondestructive read-out capability. Up to 10 counters, 
each of which recycle every 9999 impulses, may be installed at any remote traffic
counting location. 

Four test sites were selected randomly from 28 traffic-counting stations which were 
in operation at that time. Several prerequisites guided these selections. It was stip
ulated that each station be located at varying distances from the home office and in 
areas of diverse climatic conditions. It was preferred to have one of the 4 stations in 
an area where telephone service was supplied by a relatively small independent utility. 
In addition, one trial station was to be located at a site where volumes are accumulated 
directionally. 
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Figure 1. Automatic traffic data telemetry system hardware. 

Various types of traffic detectors were used. Two stations employed pneumatic 
road tubes, one station employed an overhead ultrasonic detector, and the fourth utilized 
a magnetic detector. At the time of this writing, however, one of the pneumatic tube 
detectors had been replaced by an induction loop and the only magnetic detector used 
in these tests had been replaced by a pneumatic tube. 

Each counting device was installed at the roadside in a weatherproof housing, which 
also contained each station's respective 401-H data set. 

General Method of Operation 

The computer program, which governs the telephone dialing of the traffic-counting 
stations and storage of incoming data, had been written am tested by IBM at an earlier 
date. However, due to desired program modification and additional debugging, this 
program was not operational until July 1965. Other program alterations made since 
that time by the Georgia Highway Department enable the polling program to monitor 
the entire telemetry system. 

A confederate program, which is automatically called into execution immediately 
after the 12 p. m. poll of traffic-counting stations, edits all traffic data collected the 
previous day and supplies any volumes which could not be obtained during the scheduled 
polls. As soon as the data are edited, it is added to a historic file from which any 
desired report relating to traffic volumes may be prepared. 

The performance of these two programs is dependent on external interruptions of 
routine processing. Therefore, the 1710 system must be in the automatic and inter
ruptible mode prior to the execution of the program. Any founctional component of On
line hardware being in an inter locked status during the poll of counting stations may 
result in a program malfunction. 
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Figure 2. Assignment of 1712-5 contact points to bits in core storage. 

Figure 3. Matrix codes assigned to para I le I bits received by 401-J 
Data Phone. 

Figure 4. Assignment of 1712-8 terminal points to bits in core storage. 

Each hundredth of an hour, an electrical impulse emitted by the 1711 data converter 
interrupts the main-line program currently being executed by the computer. This 
impulse compels a process branch to a predetermined location in core storage where 
instructions are stored to test programming interrupt indicators. If it is determined 
that the interrupt was produced by only the 0. 01 hour indicator, control is returned to 
the main-line program with a loss of only 400 microseconds of processing time. If 
the program deduces that a valid external interrupt signifying a poll has occurred, the 
interrupted program residing in the first 20,000 positions of core storage is transferred 
to the· monitor disk pack, and the polling program is read into core storage and the 
polling process commences. 

To execute the poll, the program reads into core storage, from the on-line disk 
drive, the telephone number of the first counting station. A call request must be 
entered before the 801-C automatic calling unit (ACU) can be instructed to dial a digit. 
This is done by executing programmed instructions which close two contacts in the 
1712- 5 terminal unit (Fig. 2). This completes a circuit to the ACU which responds with 
a dial tone. The ACU, when ready for a digit to be presented for dialing, will emit an 
electrical impulse which turns on another process-branch indicator. The program, by 
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referring to an encoding table stored in core, then closes those contacts on the 1712-5 
terminal unit necessary to command the ACU to dial the desired digit. These contacts and 
equivalent digits are shown in Figure 2. After each digit is presented to the 1712-5, 
another contact is closed to notify the ACU that the digit contacts have been set. 

The program must then await an impulse generated by the ACU requesting the next 
digit. In this manner, the entire telephone number of the counting station is sequentially 
presented to the 801-C dialing unit. A 7-digit telephone number plus a 3-digit area 
code can be dialed in approximately one second. 

As soon as all digits of the telephone number have been presented to the ACU through 
the 1712 terminal unit, the polling program is returned to the on-line disk pack, the 
interrupted program is read back into core storage and main-line processing is resumed. 
The 401-H data set at the roadside counting station, upon answering the call, transmits 
a 2,025-cps tune ur lead signal to the calling unit. The lead signal generates a second 
interrupt of main-line processing by impulsing its respective process branch indicator 
within the 1711 which again causes the polling program to be interchanged with the 
main-line program. Simultaneously, the remote 401-H data set has signaled the traffic 
accumulator to read out the current volume. This volume is relayed over the telephone 
facilities by the 401-H data set in parallel by bit, but serially by digit in the form of 
multi-frequency tones. These tones are detected by the 401-J data set in the computer 
center and converted to contact closures in the 1712-8 terminal unit. The digit which 
these parallel bits represent depends on their conversion within a 4 by 3 matrix. To 
facilitate decoding, the contacts associated with the three channelled dimension (B chan
nels) of the matrix are wired directly to processing indicators, whereas the contacts 
associated with the four channelled dimension (A channels) are multiplexed and trans
mitted to a Digital Input Adapter in the 1711. This unit is designed to transmit digits 
in groups of four directly into four positions of core storage in 8-4-2-1 format, even 
though only one digit is significant in this case. The value of the transmitted digit can 
then be ascertained by programmed examination of the A channel digit in relation to 
the status of the processing indicators set by the B channel impulse. Four digits must 
be sequentially decoded to constitute a valid accumulated volume. The matrix and bit 
assignment of terminal points on the 1712-8 are shown in Figures 3 and 4. 

If any counting station does not respond with a valid 4-digit volume when polled, a 
coded message is immediately typed defining the nature of the failure. The types of 
possible irregularities which have been programmed for detection are shown in Fig-
ure 5. In addition to monitoring hardware failures, each volume is immediately checked 
to ascertain whether or not the volume accumulated since the last poll is within ex
pected tolerances. These tolerances, which are extracted from historical data, represent 
the square root of the average of the squares of a set of deviations about an arithmetic 
mean. These standard deviations have been calculated for every hour, day of week and 
month, before being stored on an on-line satellite disk drive (disk drive 1). The 
tolerance data for the current day are always stored with the associated telephone 
number for each counting station on disk drive 0. The 4-digit high and low tolerances 
for the current hour are replaced by the accumulated volume and time of reading after 
the tolerance tests have been made. These tolerance records are automatically updated 
at midnight of each day as the daily record of each counter is added to a historic file. 
This file is built on the same satellite disk drive on which the current monthly record 
of hourly tolerances has been stored. 

As each station is called, an internal indicator is set if a valid volume is not re
ceived. After all counting stations have been called, any station for which an indicator 
has been set is recalled. No station is called more than twice during the same poll. 
The total machine time required to poll each station is approximately 4. 5 sec. However, 
since 15 to 20 sec are required to make the connection with the counting station after 
the telephone call is placed, 20 to 25 sec are consumed in polling each station. 

After all stations have been polled, the latest accumulated volume for each station 
is compared with the accumulated volume received during the two previous polls. If 
no change is apparent, the "check box" message shown in Figure 5 is typed. This test 
aids in detecting damaged detecting units which have ceased to impulse their associated 
accumulator. 
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Figure 5. Description of telemetry messages. 
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Because the monitor disk on which the polling program and all current data are 
stored has limited storage capacity, each day's record of traffic volumes must be 
transferred to an auxiliary file. This is performed automatically after the completion 
of the 12 p. m. poll. At this time, the midnight program is brought into execution which 
edits the data collected the previous day. This edit entails the estimating of absent 
volumes, adjusting volumes for extra axles when necessary, and netting of each hour's 
accumulated total. 

Two techniques are being employed to estimate the accumulated hourly volume at 
any station from which no reading was possible. If a successful poll was accomplished 
at the hour immediately prior to and after the hour, or hours, with missing volumes, 
the difference between the two accumulated readings is prorated in proportion to the 
midpoints of the tolerance ranges for the hours being estimated. For instance, had it 
been impossible to contact a counting station at 6, 7, and 8 p. m., but a reading had been 
successfully taken of 1500 at 5 p. m. and 1900 at 9 p. m., the actual difference of 400 
counts would be prorated between 6, 7, 8, and 9 p. m. This would be done by accumulat
ing the midpoints of the tolerance range of volumes for each hour and computing the 
percentage that each accumulated midpoint volume is of the total of the midpoint vol
umes for the 4 hours. This percentage is then applied to the actual accumulated vol
ume of 400 to determine the estimated accumulated volumes to be recorded. This 
produces a realistic profile of hourly volumes for any given day and results in an un
adjusted 24-hour total volume. 
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Figure 7. Monthly occurrence of invalid digits . 

It is necessary, however, to take a slightly different approach if a valid reading of 
any given counter is not taken at midnight. In this case, the volume for this hour, plus 
any hours with missing volumes immediately preceding midnight, is estimated by using 
the associated tolerance midpoint itself for each hour within the open-end time interval. 
The entire operation, consisting of the polling of traffic-counting station and editing of 
collected data, is accomplished without any operator intervention. 

Evaluation of the Telemetry System 

After one year of exhaustive testing, it is apparent that the telemetry technique of 
traffic-data acquisition constitutes an improvement over any former method employed 
by the State Highway Department of Georgia. The gathering of traffic data by a central 
collector not only lends itself to a continually current appraisal of the status of all 
counting stations, but maintenance personnel can be dispatched to any counting station 
within 3 hours after the occurrence of a failure at any remotely located field installation. 

While the telemetry system is monitored by the stored program for 10 different 
types of irregularities (Fig. 5), only 3 have given any cause for concern. These have 
been: (a) failure of the remote 40l~H data set to answer the call; (b) reception of invalid 
digits by the 1712-8 terminal block; and (c) no response from the station after the call 
has been answered. By consulting Figures 6, 7 and 8, it can be seen that these troubles 
are steadily being eradicated. 
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Figure 6 shows the continuing improvement in the curtailing of "no answers." 
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Although it cannot be expected that a zero percentage of no answers will be achieved, 
it is within the realm of probability to confine these to less than 2 percent of all calls 
placed. The no answer situation results when an incorrect telephone connection is 
made at the switching station, when the circuits between the computer center and the 
remote data set become overloaded, or when the remote data set fails to answer within 
32 to 64 sec after being dialed. The latter cause is the least frequent of the three. 
Incorrect connections due to switching malfunctions in excess of 2 percent of all calls 
placed can usually be decreased by changing the telephone number of the problem 
traffic-counting station. 

Figure 7 shows the occurrence of invalid digit receptions from August 1965 through 
July 1966. The abundance of these digits was caused by the voltage that is relayed to 
the 1712-8 by the 401-J being above designed tolerances. Reduction of the voltage of 
this impulse has restricted the transmittal of 4-digit volumes with an invalid character 
to less than 1 percent. This remaining 1 percent is a result of electrical disturbances 
along the transmission facilities, or improper operation of computer hardware during 
the polling operation. 

Figure 8 shows the percentage of time during each month that less than 4 digits were 
received after a call was placed, even though the 401-H data set answered and re
turned a lead signal. This was caused either by the accumulator's failure to properly 
read out the volume, or by the 401-H data set's failure to transmit the volume. Although 
the occurrence of "no response" has been reduced to acceptable limits, improvements 
in the design of the field hardware should further diminish the no response problem 
(Fig. 9 ). 

The efficiency of the telemetry system, at this stage, compares very favorably with 
former methods of traffic-data collection. Although certain components of the system 
were experimental in nature, the hours having no volumes due to unsuccessful polls 
during August 1965 through July 1966 represent only 11 percent of the total (Fig. 10). 
On the other hand, prior operations suffered a loss of 13 percent due to equipment 
failures. It also should be noted that the 11 percent unobtained volumes were scattered, 
thus facilitating accurate and automatic estimations. 

Redesigned accumulators have recently been installed at stations 10, 22, and 24. 
Polling of these counting stations is now being successfully performed approximately 
93 percent of the time (Fig. 9). Due to the degree of success of current operations, 9 
additional counting stations are being added to the telemetry system. 

Accessory computer programs are being implemented to tabulate and update the 
hourly volumes collected from any counting station by the telemetry process (Fig. 11). 
The tabulation can be scanned by a traffic analyst to insure the acceptability of all data. 
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Figure 9. Monthly occurrence of no answers, invalid digits and no responses for all 
test stations. 

Based on the educated discretion of the analyst, any unacceptable recorded hourly vol
ume may subsequently be discounted and a substitute volume mechanically estimated 
by the computer, or as an alternative, a volume could be estimated by the analyst. This 
would require introducing an appropriately coded control card to the computer system. 

Since a current file of edited traffic volumes is always maintained on a directly ac
cessible disk pack, retrieval of these data for any purpose of utilization can be effort
lessly and speedily accomplished 

GENERAL METHODOLOGY FOR REDESIGNING 
THE RURAL COUNTING PROGRAM 

Georgia's program of traffic counting through the year 1963 was probably a fairly 
typical result of the expansion of methodology that began with the establishment of the 
state highway planning surveys during the latter 1930's. The prime motivation for 
redesigning the 1963 traffic-counting program must be attributed to the decision to 
adopt the previously described automatic traffic data telemetry system. However, any 
effort to obtain a program of maximum efficiency could not ignore the necessity for 
concurrently developing a total counting and analysis program that was as refined as 

20'!1. 
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Figure 10. The total percent of no answers, invalid digits, and no responses from August 1, 1965 
through July 31, 1966. 
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Figure 11. Sample printout of telemetric traffic volumes. 

the existing state of the art permitted. To have effected an advanced system of data 
acquisition while retaining relatively archaic portions of the existing program would 
have been at least incongruous, if not a total negation of any advantage that a data tele
metry system might have offered 

Two considerations have emerged in the past decade that have vastly altered the 
concept of what constitutes a desirable program for obtaining and analyzing traffic
count data. The first is the greatly expanded availability and utilization of the electronic 
computer for highway-planning activities. The second is the development of techniques 
for applying statistical methodology to the design and objective evaluation of large-scale 
traffic-counting programs. 

Grouping of Road Sections by Pattern Similarity 

Traffic-flow measurement is used in one or more of its various forms to satisfy 
requirements related to the planning, programming, traffic control, design, maintenance 
and general administration of the highway program. To provide this required informa
tion, the traffic-counting program should ideally provide the following: 

1. Values representing AADT for all system road sections; 
2. Data related to trends and characteristics of design hour volumes; 
3. Volume growth trend data; and 
4. Composition of traffic volume by vehicle type. 

With the exception of composition data, this information could very well be obtained 
by operating a traffic-recording device continually, over a period of years, on each 
road section for which the data are required. Because of the obvious financial and 
physical impracticality of such a procedure, historical practice has been to obtain a 
short-term sample count that could be used as the basis for estimating AADT for each 
system road section. A limited number of strategically located points could then be 
operated as continuous-count stations capable of producing design hour and growth 
trend data as well as providing the factors necessary to adjust the short-term samples 
into estimates of AADT. 

The problem of determining an objective method of identifying or associating the 
location of short-term sample-count stations with the various seasonal patterns meas
ured at continuous-count station locations has been the object of a great deal of research 
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and discussion over the past few years. In pre-1964 practice, Georgia's procedure 
for accomplishing this association must be described as primarily an intuitive one with 
the major criterion being geographic proximity. Because of the sheer size of the 
seasonal-control counting program, a station leg was almost never very far removed 
from any given coverage-count location. This meant that the majority of the coverage 
counts were adjusted to AADT by comparison to data produced by a control-station leg 
that was counted for a 24-hour weekday period 4 times per year. Earlier studies had 
shown that this procedure resulted in a standard error of approximately± 15 percent, 
a value considered unacceptably high, particularly in terms of the cost of operating 
such an extensive seasonal-control counting program. 

The redesign of Georgia's traffic-counting procedures has generally followed the 
outline provided by the U.S. Bureau of Public Roads "Guide for Traffic Volume Count
ing Manual." The "Guide" advances a procedural outline that is based on the concept 
that patterns of monthly variation tend to persist over a significant number of contig-
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~'""vn JAN. FEB. MAR APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. NO 

GROUP I 

I I. 22 I.I g 1.07 1. 02 . 97 .94 .90 .93 I. OB 1. 14 I . I I 1. 13 

4 1. :!o 1.26 1.1 5 I OB 1.09 .99 , 93 .93 .99 1.04 I. 07 1 .. 1!5 

8 125 I. II 1.02 L OI I 08 .9B ,95 . 92 1. 0 1 . 95 ..II 1.00 

12 t. 16 .J/ JI j/ LOB .87 ,95 .85 1. 05 1.07 . 99 1, 0 1 

22 1.29 1. 24 1.1'1' l 06 1. 07 .9e .90 . 86 . 96 1.00 I 0 1 109 

24 1. 19 1. 15 1. 08 1. 03 I 07 .99 .91 .97 1. 06 . 97 . 98 . 9T 

25 1. 21 I 18 1.09 I 06 1. 13 .93 B9 .91 1. 1 0 I 14 1. 12 1.08 

26 I, 13 I. II 1.02 I 00 1.09 .96 93 ,95 1. 04 1. 03 1. 14 1. 10 

28 JI I 09 1.04 1.09 1.03 .89 SB .92 11 Jj J.I JJ 
29 1. 16 I, 19 I. II 1.06 1.00 .95 Jj .99 I 04 1,03 1. 05 1,05 

32 120 I, 16 I. I I I 01 1.04 .93 .93 .90 1.01 I 05 1.03 . 99 

35 I. II 1, 10 1. 05 1. 01 1. 0 I 11 .93 .B9 , 9T . 97 1. 00 1.04 

39 y ll y y y . BO ,83 . 81 y y y 1. 00 

GROUP l .20 1.16 I.OB 1.04 1.05 .93 . 90 .9 1 1.03 1.04 l05 1.05 
u••N 

GROUP II 
2 I 17 1, 14 I.OT 1.06 1.03 1.00 1,03 ·"' . 91 .98 1.00 .99 

3 t , 17 1. 18 1.00 .9T- 1.04 .1/ 1.04 .93 .91 1.02 I 05 I.OT 

21 }/ !I y }/ y 11 }/ y I. II !I 1.1 y 
23 lJ 1.20 1. 14 1.09 1.08 1. 04 . 94 ,89 1. 01 1.04 1.07 1.18 

30 1. 19 1. 12 LIZ 1. 02 1. 02 JI y . T8 1.08 1. 18 1.20 J/ 
'3 1.20 1. 11 1, 14 I, 14 1.oe 1. 10 1.05 , 98 I.OD 1.07 1.04 1.08 

Zrtl.'if 1.18 1.15 1.09 1.06 1.05 105 1.02 ,90 1.01 1.06 1.07 108 

GROUP m 
7 1.0 1.24 I 07 1.06 1. 14 .B9 .84 .ae 1.09 l/ j/ l/ 

31 1.42 1.34 124 1.09 1.07 . 96 . 85 .83 1.00 lJ ll ll 
34 134 132 1.25 I. II 1.09 .90 .79 .78 . 99 Jj 1. 23 l.H 

37 ~ 31 1.25 I 14 1. 01 I. 05 ,9 1 .82 .ea 1,09 1.23 1.23 1.27 

38 JI JI 1.25 1.06 I. OB 1.02 .89 .u 1.1 4 1.27 1.27 1.35 

·~& 1.38 1.29 1.19 1.07 1.09 .94 . 84 .86 I.Oii 1.25 1.24 1.33 

GROUP m 
10 1. 16 I .99 .95 .92 I 1. 12 .99 . B9 1 .93 1.24 1. 24 1, 17 1.05 

36 109 .92 .93 .86 I. 14 .92 .88 .87 1, 17 1. 18 1. 17 l08 

</.~'l'l.l' 1.13 .96 .94 .89 1. 13 .96 .89 .90 1.21 1.20 1.17 107 

lJVALUES FOUND UNACCEPTABLE FOR VARIOUS REASONS. 

Y$TA110N 39 PLACED IN GROUP l AFTER EXAMINATION OF PREVIOUS RECORDS. 
DATA MADE UNUSABLE IN 1963 DUE TO CONSTRUCTION AAD/OR OPENINO OF 
PORTIONS OF I· 20 IN ADJACENT STATE . 

.!/STATION 21 PLACED IN GROUP II AFTER EXAMINATION OF PREVIOUS DATA . 
1983 DATA UNUSABLE DUE TO CONSTRUCTION. 

Figure 12. Continuous-count station groupings, 1963. 
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STANOARO DEVIATION OF MONTHLY FACTORS FROM THEIR RESPECTIVE MEANS 
STANDARD ERROR OF THE MEAN t •F" TEST RESULTS 

JAN. FEB. MAR. APR. MAY JUNE JULY AU.G. SEPT. OCT. NOV. DEC. 
GROUP I -Factor 1.20 1.16 1.08 1.04 1,05 .93 .90 .9 1 1.03 1.04 1.05 1.05 

~~~ • . 0612 • . 0559 • .0497 • . 0318 • .054! • . 0!!70 • . 0358 • .0517 • .0455 • . 0638 • 0577 • .o5ee 

St~,~~ .. ~rror • . 0184 • . 0168 •.0150 ' .0096 • . 0131 •. 0165 •. 0103 •.0143 • . 0137 • . 0192 •.0183 •.0170 

GROUP I SAMPLE I 
MOGn Factor 1.20 1.1 8 1.09 1. 04 1.06 .94 .90 .92 1.05 1.08 1.08 1.09 

~o:l:ri: • . 0610 • .O!l43 • .04 83 • .0265 • . 0613 • ,0 400 • .0"2 • .0533 • .0412 • .0112'1 •.0551 • . 0518 

Slandord Error 
o l u ••• • .0249 • . 0 242 •.021& • .0118 • .o = • .0163 • .0 148 • .0218 • ,0168 • .021 5 •. 0225 •.0211 

GROUP 1 SAMPLE Z 
Mean Factor 1.21 1.14 1,08 1.04 1.05 .95 .92 .91 1.00 .99 . 91 1.02 

R':v~:;,~ • . 068( • . 0557 • .0550 • .0338 •.0276 t,0430 • .0253 • .0369 • .01197 • .0381 • .0308 • .0471 

Sto!',do.~~ Error •. 030' • . 0227 • . 0224 • .0138 • .0113 • .0192 •.0103 •.0151 •.0178 • .0170 • .0138 • .0213 

Value of'F"' 1.245 1.05 1.296 1.63 ... 95 1.156 1.12 2 .0 88 1.076 1.917 3. 20 1.11 5 

Limit al .05 5.19 6 . 26 8 . 26 6 .26 5 .05 6 . 26 5.19 5 .05 6.26 6 . 26 6.2e 6 . 26 141..,.1 

GROUP II 
Mean Factor 1. 18 1.15 1.09 1.06 1.05 1.05 1.02 .90 1.01 1. 06 1.07 1.08 

Sid. Deviation • .0152 • .0387 • .0600 • .064 4 • .02 43 • .0505 •.O"O • .0754 • . 0742 • .0757 • .0803 • .0719 

GROUP m 
Mean Factor 1.38 "~:J 1. 19 

1.07 1.09 . 94 . 84 .e:J 1.06 1.25 1. 24 1.n 

Std. Deviation • .059 • .o • .0815 • • 0381 • . 05'9 • .0543 • • 0371 • . 06 • .0647 t.0283 • . 0234 • .0529 

GROUP llr 
MOGn Factor l.l:J ·::J .94 

. 89 1. 13 . 96 . 89 .90 
' · 21 

1.20 1.17 1.07 

Std. 01wrottan •.05 '.O •.0141 • .0 424 • .0141 • .0500 • .0100 • .0424 • . 0!500 • . 0!!6 ~ . oo • :02.24 

ALL STATIONS COMBINED 

Mean Factor 1.22 1, 16 1. 10 1.0·4 1. 07 .95 . 91 . 90 1.05 1. 08 1. 10 1.1 0 

Sid D1vlot6on • .0934 • . 096 •.0855 • .0617 t .0437 • .0643 • .0672 • .0074 • ,0753 •.0918 • .0902 •.1127 

Figure 13. Standard deviation, standard error of the mean and F test results on grouped data. 

uous road sections and are annually repetitive over relatively long periods of time. 
This concept is supported by studies of data produced by many continuous-count sta
tions in various states which have revealed sufficient similarities of measured patterns 
to permit organizing the continuous-count stations, and consequently the road sections 
on which they are located, into groups such that the monthly variation pattern exhibited 
by individual stations comprising the group does not differ from the group mean varia
tion pattern by more than approximately ± 0. 10. The seasonal pattern or configuration 
thus measured is sometimes ascribed to the general concepts of Gestalt Psychology. 
The bases used for comparing and grouping patterns of monthly variation are ratios 
obtained by dividing AADT by the average weekday volume computed for each month. 

Figure 12 shows the results of the grouping of 26 rural continuous-count stations 
operated in Georgia during 1963. Individual ratios or factors, as described previously, 
are shown for each station by month along with the arithmetic average or mean by group 
for each month. 

To investigate the dispersion of individual factors about the mean, the standard de
viation for each month, by group and for all groups, was computed. Since Group I was 
formed by 13 of the stations, or half the total number under study, the group was ran
domly divided into two samples for the purpose of determining the effect of reducing 
the total number of stations in this group. The standard deviation for each sample was 
computed along with the standard error of the mean. The statistical F test of signif
icance was used to compare the two samples. This permitted the conclusion that the 
samples probably did come from the same population and that the total number of sta
tions in Group I could be reduced without seriously affecting factor data produced for 
the group. Because of the smaller number of stations in Groups, II, III, and IV, no con
sideration was given to reduction of stations in these areas. The results of the de
scribed examination of grouped data are shown in Figure 13. It is interesting to note, 
relative to the concept of group stability, that only 4 of the 26 stations transferred from 
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one group to another during the period from 1963 through 1965, and each of these 
transfers could be attributed to the fact that an Interstate or high type primary facility 
had been opened to traffic either parallel or contiguous to the station location. In each 
instance of the opening of a parallel route, a continuous-count station located on the 
new route produced data that identified with the previous behavior group. 

The approach to the problem of allocating rqad sections to seasonal variance groups 
was based on the concept of similar patterns of variation persisting over significantly 
long sections of highway. Granted this, it became possible to associate a considerable 
number of intermediate road sections between continuous-count station locations by 
extending the measured pattern on the basis of continuity from and between the several 
known points. Data produced by the seasonal-control counting program offered the 
best availabh~ basis for group assignment of the more difficult sections. Additionally, 
these data provided substantiating evidence on those sections assigned by pattern ex
tension from continuous-count stations. 

In order to ascertain the identification of each control- station leg with the group 
means produced by the major behavior patterns, computer programs were developed 
to utilize a method of least squares to determine the group of best fit. Briefly, this 
involved comparing the factors produced by seasonal-control counts to each set of group 
mean monthly factors. The difference observed in the compared values were squared 
and summed by group. The resulting summation producing the lowest value was inter
preted to be the group of best fit. 

The actual mechanics of grouping road sections became relatively simple once all 
seasonal-control stations were analyzed and identified with the major behavior pat
terns. Continuous-count and seasonal-control station locations were noted on a map 
showing all rural state and Federal-aid system roads. The pattern group with which 
each location had been associated was symbolically noted and the pattern scheme ex
tended to include the maximum number of contiguous road sections belonging to the 
same pattern group. With the vast amount of seasonal-control data available, this 
procedure permitted, with some degree of objectivity, the grouping of approximately 
85 percent of all rural road sections having an AADT volume in excess of 500 vehicles 
per day. 

The Continuous- Count Program 

The approach to the overall redesign of Georgia's traffic-counting program examined 
continuous-count stations first because of their inherent importance as the producers 
of data around which other counting activities are designed, and because of the urgency 
introduced by the impending adoption of the traffic-data telemetry system. A very 
broad delineation of the needs for continuous-count data is as follows: 

1. The production of factor data necessary for converting short-term count observa
tions into reasonable estimates of AADT; 

2. The determination of composite or statewide long-range travel trends; 
3. The determination of the relation of design hour and other high-hour volumes to 

AADT; and 
4. To facilitate detailed corridor analysis preceding the development of design traf

fic assignments. 

With respect to item one, it is generally conceded that a minimum of 4 station loca
tions are required on road sections for which an independent set of mean monthly fac
tors is to be obtained. Thus, all rural road sections were stratified into three general 
classifications for the purpose of quantifying continuous-count needs in terms of AADT 
estimating requirements. These are termed: (a) Category I, rural road sections, 
AADT = 500 vpd (Interstate excepted); (b) Category IT, rural road sections, AADT = 
500 vpd; and (c) Category m, rural Interstate road sections. 

The 1963 continuous-count program consisted entirely of station locations that could 
be ascribed to Category I. The grouping of data produced by these stations revealed 
four distinctly definable seasonal behavior patterns. In order to minimize bias that 
potentially could be injected into the AADT estimating procedure and to assure that 
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points selected would be representative of the entire statistical population to be sampled, 
it was decided to adhere as closely as possible to the concept of randomness in choosing 
future continuous-count locations for Category 1 Such a procedure was possible in this 
category because the majority of eligible road sections had been assigned to one of the 
four behavior patterns (populations). From the standpoint of statistical theory, the loca
tions could be considered randomly selected if the choosing process allowed every road 
section within the population an equal chance of being selected. The actual process of 
selecting Category I stations required that the purely random concept be modified to a 
degree because of the telemetry system's requirement for the presence of electric and 
telephone service at each of the station locations. Another consideration was the desire 
to have as much assurance as possible that station locations finally selected would, in 
fact, produce the pattern of factor data that had been expected. This involved an ex
amination of the history of each road section's grouping for a period of 4 years (1961-
64). Sections showing a significant tendency to transfer from one group to another 
were eliminated from the base from which future locations were drawn. It is thought 
that this procedure provided the most satisfactory method of locating the 16 Category I 
stations in terms of minimizing bias as well as conceding necessary considerations to 
practicality. 

Past studies have indicated that it is impossible, within practical limits, to design 
a program for low-volume rural roads (Category II) that will produce estimates of 
AADT that are as accurate as those for high-volume roads. However, the same level 
of accuracy is not ordinarily required on these road sections. In Georgia, it was de
cided to explore the area-control method of producing AADT estimates on Category II 
road sections. This method implies that because of similarities in economic activity, 
climatic conditions, population densities and other related factors the monthly distribu
tion of traffic flow would be reasonably constant throughout the designated area. 

Since historical continuous-count data were very limited on low-volume roads, the 
initial step has been to divide the state into three areas generally described as Moun
tains and Upper Piedmont, Lower Piedmont, and Coastal Plain. Utilizing a probability 
procedure similar to that used in Category I, one continuous-count station was located 
in each area. Additionally, three seasonal-control stations operated for a 7-day period 
in each month were established on low-volume road sections in each of the three areas. 
Such an arrangement will provide monthly data from four points in each area that can 
be grouped to produce a set of group mean monthly factors. This procedure, estab
lished January 1, 1966, will be subject to extensive analysis once sufficient lead data 
are accumulated. 

The selection of Category III was not subjected to any probability procedure. A 
general administrative criterion was established that the scope of the program should 
be such as to provide at least one continuous-counting point on each major segment of 
the Interstate System in Georgia. This dictated approximately 9 Category III continu
ous-count stations. Where possible these locations are being established to allow cor
relation with historical data produced by locations on the former Interstate travel-way 
and to facilitate evaluation of Interstate design traffic assignment and forecasting tech
niques. For purposes of AADT estimating, it is expected that these road sections will 
identify with the patterns established in Category l However, a separate categorizing 
of Interstate sections may ultimately permit a refinement of estimating procedures for 
this category. 

Continuous-count data accumulated by the telemetry system are, asdescribedearlier, 
edited and filed on disk packs. These data are immediately accessible, through pro
gramming, for any analysis that may be desired. There are, however, certain analyses 
that are performed routinely to satisfy data needs of the Department as well as to fill 
the U.S. Bureau of Public Roads' requirements. Figure 14 shows an example of the 
monthly summary of hourly data obtained at a continuous-count location. Volumes are 
summed for the entire month and for each day of the month individually. The average 
weekday, Saturday, Sunday and day of the month count is computed and listed. At di
rectionally counted stations, a summary is made for each direction separately and for 
both directions combined. Using manual retrieval, coding, keypunch and card input 
procedures, approximately two weeks were required to produce these summaries for 
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SUTE HIGHWAY OEPARTMEHT OF GEORGIA 
DIVISION OF HIGHWAY PLANNING 

IN COOPERATION WITH 
U.S. DEPARTMENT OF COJl•ME:RCE 

BUREAU OF PU6LIC ROADS 
MONTHLY CDNTUWDUS TRAFFIC ltECORDElt DATA 

JANUARY, 1 ... 

STATION 

LOCATION - us-ao, 6.2 Ml. .... Of STATESBORO 

N~-DIRECTIONAL 

DAY . . • . . C O U N T F D R H D U R p •• I D D E H D I H G 
OF DAILY 

MO Nk lAll 2•• ... 4A• 5AM ... ,.. ••• ... LOAM lU.M 1ZM ... ... "" 4PM 5PM •PM 7PH 8PM 9PM lOPM UPM 12PM COUNT 

• 65 •7 .. 28 27 31 46 83 112 155 150 140 ISO l57 107 193 190 192 195 149 109 BO •2 58 261t8 
7 .. .. 21 21 25 20 27 101 IZO 149 221 221" 212 106 213 216 238 ZZ6 215 171 102 07 97 •• 3071 
l 56 42 20 26 22 .. .. 30 96 153 206 203 216 249 342 ... 413 371 293 260 156 114 91 82 3934 
2 .. ., 26 24 40 sz !DI l64 l7! 117 109 173 175 ... 102 IOO 109 220 197 153 as .. 61 65 2995 

' • •• ,., jij .. ;;; .. ~i 'Ti i.5-; i.2i ... l7i :.'~ n~ .ue :?H "" !3! .. !l ~!! , . ~IJ!io? 

6 4 37 33 36 22 42 39 63 ISO l73 253 163 113 145 191 185 169 241 23' 193 119 92 90 75 55 2984 
7 5 52 4i ,. 26 " 37 06 100 144 17• 100 188 152 170 200 104 209 220 172 112 7' 65 64 39 2853 
0 6 53 36 19 31 22 45 67 50 169 159 161 158 159 159 181 212 218 264 257 202 112 113 98 " 3036 
9 7 02 46 40 25 37 13 47 90 ISi ... 19' ... 225 2Z6 206 214 210 zos 207 152 94 83 83 79 3088 

10 I .. 39 .. 11 .. 24 17 .. 62 110 155 173 106 156 184 zzo 249 264 251 146 104 106 81 69 2759 
11 2 40 zo 2l .. 41 46 T5 159 157 160 183 l .. 169 uo 160 197 212 234 185 ISi 75 62 IOI 55 2841 
12 • .. •• 27 32 32 47 68 157 140 161 IS4 IS8 143 IS2 150 186 200 206 211 ISO •• 04 88 73 21101 
13 4 57 ., II 28 47 .. .. 144 145 183 161 189 107 107 109 192 216 219 105 137 80 79 65 40 289~ 

14 5 40 34 3l 27 32 40 78 164 143 166 102 173 187 IS9 162 177 201 256 191 98 71 72 71 66 2821 
IS 6 37 •• 26 26 28 43 .. 155 ISi 175 186 169 112 105 224 202 270 314 245 171 95 95 94 77 3345 
16 7 .. 29 34 16 27 18 52 114 136 164 203 IS8 194 170 207 218 205 167 149 108 64 •I 61 62 2671 
l7 l 50 27 19 Z3 17 11 11 28 36 79 134 156 139 133 225 Z.3 293 257 237 167 113 113 63 •9 2623 
11 2 73 33 21 23 42 SI 01 158 149 131 159 145 175 131 200 173 212 198 180 125 96 68 76 55 2769 

" • 50 40 40 42 29 40 79 140 157 169 149 IS4 161 142 171 168 207 234 168 125 103 05 65 " 2789 
20 4 59 49 29 .. 45 49 69 140 165 168 155 175 147 201 179 216 200 225 175 126 84 05 64 40 28H 
21 5 42 30 .. 44 52 42 89 152 153 170 192 186 157 166 156 !94 194 233 193 116 94 74 61 51 2894 
22 6 32 29 27 28 17 36 70 156 115 159 Ill 183 170 214 191 261 276 201 251 218 114 118 100 71 3316 
23 7 75 37 42 20 .. 30 69 121 137 190 226 194 191 220 195 zoo 232 213 190 160 IOI 61 103 .. 310 
24 l 70 .. 16 u l6 u Z3 46 50 107 1'5 152 143 139 211 270 !12 319 258 188 153 116 87 67 29S&o 
25 2 52 27 22 32 57 39 79 103 167 211 157 169 107 141 160 192 205 223 226 142 89 60 95 60 296J 
26 3 46 36 25 36 .. 40 70 137 161 180 147 164 183 161 160 189 221 237 223 204 97 127 109 64 3031 
27 4 .. 33 33 32 40 49 05 136 170 157 170 213 159 154 169 171 217 "" 203 156 116 72 90 56 2991 
20 5 .. 42 41 ., 44 71 81 159 162 172 181 " ' 185 186 196 200 21S 253 216 124 98 93 89 50 3124 
29 6 56 40 31 .. 37 37 55 169 170 189 171 in 161 190 201 242 271 284 259 220 139 IS3 88 91 3"81 
30 7 .. .. 47 34 26 30 47 103 158 190 199 209 207 215 208 225 2<6 172 174 15' 102 78 75 71 3060 
31 1 54 46 31 17 20 14 17 ,. 45 92 170 179 152 153 249 299 357 '22 269 182 145 133 68 68 3116 

AVERAGE - WEEKDAY 2912 NUHSER OF DiliVS IN MONTH - 31 TOT AL COUNT fOR HO~:TH - 92827 
SATURDAY 3007 

SUNDAY 3078 
on OF MONTH 2994 

Figure 14. Example of monthly computer summary of data obtained ct c continuous-count station. 

STATE HIGHWAY OEPAIOHENT OF GEORGU 
DIVISION Of HIGHWAY PLANNING 

JN COOPERATJON WITH 
U.S. DEPARTHENT OF COHHERCE 

BUREAU OF PU8LTC ROADS 
ANNUAL RECAPITULATION 

OF 
CONTINUOUS TR/iFF IC RECORDER DATA 

FOR 
1%5 

STATTON 008 

LOCATION - US-RO, 6.2 Hl . NW. Of STATES8£1RO 

NON-DIRECTI ONAL 

~M:TH HONTHlY AVERAGE AVERAGE AVERAfiE AVll11.flrot AVG. DAY OF HD. AVG, DAV OF MO. AWl..o Olli II~ 'I U,Mi 
TfJ1'.U WEEKDAY SATURDAY SUNDAY DAY OF Tn TO TO 

Hll .. TH Avr •• WEEKDAY AVG. DAY OF YI-AR 11vr.. lffEKfJAY 
ICOL . 11 lCOL.2) ICOL.31 IC:Ol.4l IC:Ol.51 I C:Ol.t.J ICOL.11 ICl'll,hl 1cnL ... 1 

tCOL.6/COL.31 1C\JL.O/A,D.T.I (lt.,Q,T,/CPL.3 I 

JANUAll'r 92827 2972 3007 30711 2:992 1.007 .RO?. lolf..R 

FEBRUARY 8blT5 30&9 llftO :U07 30115 1.oos .999 1.131 

MARCH 99500 320'i 32:67 3188 ]2:11 1.002 ,925 \,OA4 

APRIL 101716 3332 343!. 3394 1.019 .918 l .04~ 

"" 104597 3321 3401 3564 lo014 .970 

JUNE 112-Hl 3983 4155 3757 1.034 1.082 .9~b 

JULY 127896 4010 "'501 4293 4121 1.028 lol87 ,H66 

AUGUST 125354 3929 4223 4039 1.028 l.163 

SEPTEMM"R !04582 3447 3808 3377 3ltA9 1.012 i.nn5 1.001 

OCTOBER !10121 3514 3651 3613 35411 1.010 t.022 .9!Ut 

NOVEMBER 100100 3259 3655 33'10 1.u14 .962 1,054 

DECEMBER 103118 3396 3115 3077 3319 .977 .956 1.022 

OAl &.Y .AYf-AA~( '011 lliill 3571 3598 3"72 1.013 
THE YEAR 

Figure 15. Annual computer summery of continuous-count data. 
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1965 HIGH HOUR DATA 
CONTINUOUS COUNT STATION NO. 008 

LOCA TI DN-US-80, 6.2 MI. NW. OF STATESBORO 

A.D.T. 347' 

DATE OF OCCURRENCE 
DAY HIGH 

ORDINAL OF MO. DAY YR. HR. HOUR DIRECTIONAL K 
HIGH HOUR WK VOLUME DISTRIBUTION FACTOR 

!ST 7 07 31 65 11 509 69 14.7 
2ND l 06 06 65 18 501 69 14.4 
3RD 1 11 28 65 17 470 56 13. 5 
4TH l 11 28 65 18 450 59 13.0 
5TH 7 07 31 65 10 447 63 12.9 
6TH 4 11 24 65 16 442 63 12.7 
7TH l 11 28 65 16 442 51 12.7 
8TH 1 01 03 65 16 435 55 12.5 
9TH 6 10 29 65 18 431 67 12.4 

lOTH 6 10 01 65 17 423 65 12.2 
15TH 1 11 28 65 19 412 71 11.9 
20TH 1 06 27 65 16 400 59 ll.5 
25TH l 04 18 65 19 395 64 ll.4 

30TH 6 10 01 b5 19 385 67 ll.l 

35TH l 08 22 65 10 382 60 11.0 
40TH l 08 15 65 17 375 50 10.8 
45TH 6 09 10 65 20 370 63 10.7 
50TH 6 10 15 65 17 366 60 10.5 
75TH 7 08 14 65 12 352 63 10.l 

lOOTH 6 08 27 65 18 339 59 9.8 
125TH 1 02 28 65 18 329 58 9.5 
150TH 6 10 15 65 16 323 55 9.3 
175TH 6 08 06 65 16 318 54 9.2 
200TH 6 08 20 65 18 312 61 9.0 

Figure 16. Annual computer summary of high-hour data. 

STATE HIGHWAY DEPARTHENT OF GEORGIA 
DIVISION OF HIGHWAY PLANNING 

IN COOPER AT JON W l TH 
U.S. EIEPARTHENT OF COHHERCE 

BUREAU OF PUBLl C ROADS 
SEASONAL CONTROL COUNTS 

SAMPLE NO. 06, 1966 

STATION 037-0204-3 

LOCATION 1-75-1, N. OF INTERC. WITH FAS-1950 N. OF CFCJL 

DAY C O U N T F 0 R H 0 U R P E R I O O E N 0 I N G 
OF DAILY 

HO WK !AH 2AH 3AH ••• 5AH 6AH 7AH 8AH 9AH lOAH llAH 12H lPH 2PH 3PH ... 5PH 6PH 7PH 8PH '9PH lOPH llPH 12PH COUNT 

NORTHBOUND 

13 2 70 67 54 ,. Sl 77 130 167 28< 379 426 457 416 439 499 400 375 303 245 180 167 148 118 96 5598 
14 3 89 94 .. 72 99 113 136 202 276 352 400 433 415 482 420 418 387 499 260 189 166 140 llO 126 5959 
15 4 112 87 76 68 81 121 137 22S 263 378 415 478 461 458 469 487 46S 355 307 217 lb3 141 145 125 6234 
16 5 86 104 85 75 68 109 149 239 373 406 4" 526 474 505 534 427 486 423 305 241 172 173 153 l19 6720 
17 • 127 103 109 87 96 106 178 221 378 471 531 427 4 .. S02 616 594 577 509 392 391 309 277 265 216 7930 
18 1 213 181 168 160 us 198 224 322 445 541 497 663 575 b04 508 470 3b9 384 272 263 204 220 167 145 7908 .. l 98 106 •• 80 94 78 138 184 248 416 531 524 472 5ll 541 541 517 459 334 274 204 174 152 l17 6881 

AVERAGE lilEEKDAY 6488 AVERAGE DAY 6747 SAMPLE TOTAL - 47230 

SOUTHBOUND 

13 105 131 93 102 104 us 173 271 421 S03 62< 609 418 473 462 506 419 405 317 223 173 131 130 102 7015 
14 .. 97 78 6S .. 63 122 209 302 412 432 449 378 399 425 386 359 353 327 214 175 l19 91 113 5716 
15 87 89 74 11 72 88 94 207 259 337 443 316 372 331 337 387 330 298 258 174 141 lOi 131 lOS 5114 
16 103 117 .. 66 87 85 141 202 300 342 402 351 303 343 360 366 344 327 289 208 173 149 140 93 5375 
17 82 74 86 86 S9 82 123 201 234 427 433 421 391 3" 452 495 457 406 323 343 258 253 207 178 6459 
18 180 150 144 145 156 164 217 282 •o4 583 648 606 S06 S30 575 568 562 457 362 369 234 188 160 143 8333 
19 122 80 107 121 9• 145 195 334 459 603 766 724 663 660 b98 725 619 599 529 375 281 245 182 136 9"64 

AVERAGE WEEKDAY 5936 AVERAGE DAV 6782 .SMtf' lE lOUL. ... 47476 

NON-DIRECTIONAi. 

13 2 17S 196 147 156 155 192 303 438 701 882 1055 1066 834 912 961 906 794 708 562 403 340 279 248 '98 12613 
14 11; 191 159 137 163 176 258 411 578 764 832 882 793 "l 845 804 746 852 587 403 341 25' ZOl ~39 11675 
15 199 176 lSO 145 153 209 231 '32 522 HS 858 794 833 789 806 87' 79S 653 565 391 30. 248 276 230 113't8 
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Figure 17. Computer summary of a 7-day seasonal-control station sample. 
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all stations. It is expected that approximately 1. 5 hours will be required using the 
telemetry-disk input system. 

Each month, as monthly summary reports are prepared, a summary card is auto
matically punched for each station. These summary cards are then used at the end of 
the year to produce an annual recapitulation of the station's data. Figure 15 shows 
this annual summary. 

Programs have also been developed to extract selected high-hour data from the 
year's continuous-count records. The volumes, along with data related to time of oc
currence, directional distribution (where available), and ratio of high-hour volume to 
AADT (K), are shown by Figure 16. 

The Seasonal-Control Counting Program 

The reasons for operating seasonal-control counting stations within the framework 
of the overall program may be stated as follows: (a) as a substitute for continuous
count stations to produce factor and trend data (Category II is an example); (b) to estab
lish patterns of seasonal variation on those road sections not yet assigned to pattern 
groups; and (c) to study seasonal patterns in areas thought to be subject to change due 
to the opening of new facilities or other reasons. 

The method of operating rural seasonal-control stations is to obtain a 7-day sample 
during each month with an hourly recording device. The initial scope of the program 
was dictated by equipment inventories and existing organizational capability which 
permitted the operation of 146 stations, 5 of which are counted directionally. During 
1966, the initial year of operation, 9 locations were assigned to reason (a), 127 to reason 
(b), and lOto reason (c). It is expected that all rural road sections will be grouped 
within a period of 2 to 3 years, after which a very great reduction in the effort devoted 
to seasonal-control counting activities can be effected. 

Routine analysis of seasonal-control data will be very similar to that for continuous
count data. Programs have been developed to prepare a hard copy of each month's 
sample data (Fig. 17 ), as well as a summary data card that can be used for routine 
annual summarizing similar to that for continuous-count data. 

There are several considerations under study that will permit further automation of 
the seasonal-control counting program, including the installation of induction loops in 
lieu of pneumatic road tubes for vehicle detection. These detecting devices would be 
used in conjunction with portable, punch tape hourly recorders that could be moved 
between locations as scheduling dictated. It is believed that available on-line equip
ment, with certain design modifications, would allow data to be introduced directly into 
computer core storage from the punched paper tape produced by the recorder thus 
eliminating existing coding, keypunch and manual editing procedures. 

The Coverage-Count Program 

The coverage-count program involves obtaining necessary short-term counts to 
produce annual estimates of AADT on all road sections for which these data are re
quired. The design goal for the program was that it shouid produce such estimates, 
along with vehicle-mile summations, for all rural Federal-aid Interstate, Primary and 
Secondary, as well as state and major county road system sections. Special traffic 
survey maps were prepared that divided each county's defined road system into iden
tified road sections (Fig. 18). A representative counting point was established for each 
section and the section's length determined. 

Each of the coverage-count stations is operated annually for a weekday period of 
24 hours either with an accumulative or hourly recorder. The sample count obtained, 
after having been compared to data from previous years to determine acceptability, is 
coded along with location identification, date obtained, peak-hour volume when available, 
section length and highway system. Also coded is the category and group designation 
for each road section. The coded data are keypunched and processed by the coverage
count computer program. An example of the program's printer listing is shown by 
Figure 19. 
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Figure 18. Rural traffic survey map, Banks County, Georgia. 
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Figure 19. Computer listing of rural coverage counts and estimates of ADT . 

To accomplish this listing, the following operational steps are noted: 

1. County names are stored for on-line disk reference. The appropriate name is 
selected according to a numeric code in the data card and printed at the top of each 
page. 

2. Data fields 1 through 8 are listed directly from the data card. Data for directional 
coverage stations are listed for each direction individually and a total or "0" line is 
produced by the program. 

3. A value will appear in data field 9 when the sample count is obtained with an 
hourly recording device. This value is the ratio, expressed as a percent, computed 
by dividing the peak hour by the 24-hour total. 

4. A value will appear in data field 10 (directional distribution) when directional 
hourly data are obtained, and a ratio is computed by dividing the total peak-hour vol
ume into the volume moving in the direction of dominant flow. 

5. Data field 11 lists the group mean adjustment factors used to convert that par
ticular sample count into an estimate of AADT. All factor data for a year are filed on 
disk storage. The appropriate factors are referenced by noting the month and day of 
the week on which the sample is obtained, along with the category and group with which 
the subject road section is associated. 

6. Data field 12 shows the computed estimate of AADT (field 8 x field 11). 
7. Data field 13 is the road section length in miles and is listed directly from the 

data card. 
8. Data field 14 shows the computed estimate of average daily vehicle-miles for the 

subject road section (field 12 x field 13). Data fields 13 and 14 are summed by system 
by county. 

9. Data fields 15 through 20 list directly from the data cards a summary of signif
icant factors related to the most current vehicle classification observation. 
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In Figure 19, 1966 sample data are used to produce 1966 estimates of AADT. The 
factor data used, however, are extracted from summaries of 1965 continuous-count 
data. Therefore, the estimates of AADT produced during the same year that sample 
data are obtained must be considered preliminary. Final 1966 estimates can be ob
tained after all 1966 continuous-count and seasonal-control data records are sum
marized to produce current road-section groupings and an updated disk file of adjust
ment factors. There will probably be a small number of road sections that will change 
groups from one year to the next. Adjustments for this can easily be made by modifying 
one digit in the coverage count data card for the affected section. Once disk and card 
files are updated, approximately 45 sec per average 75-station county is required for 
processing final estimates. 

Because previous studies have shown pattern groupings and resulting group mean 
factors to be reasonably stable from year to year, the immediate availability of pre
liminary estimates of AADT should compensate for any error in the estimates that 
might result from using factor data and road-section groupings from the previous year. 
In any event, estimates can be easily finalized immediately after the end of the calendar 
year. The same disk file of factors used to finalize estimates of AADT for the previ
ous year can then be used to produce preliminary estimates of AADT in the current 
year. 

The weekday factors that appear in data field 11 are the group mean ratios of the 
average weekday for a given month to the average specific weekday, Monday through 
Friday, for the same month. The inclusion of these factors in the estimating procedure, 
in effect, first adjusts the sample count to an estimate of average monthly weekday 
traffic which, in turn, is adjusted by the group mean monthly factor to an estimate of 
AADT. A number of statistical tests have indicated that the use of group mean week
day factors provides a logical refinement to the estimating procedure. This is illus
trated by the fact that the standard deviation of estimating errors was reduced from 

.±11.7 percent without weekday factors to ±8.2 percent with weekday factors. 

CONCLUSIONS 

The employment of documented computer programs in the collection and editing of 
continuous traffic-count data permits full control of standardized statistical procedures 
with a minimum of supervision. Since these data are edited and added to a historic 
file as they are collected, traffic reports necessary for continuing highway-planning 
activities can be readily compiled as the necessity arises. 

Any estimation of hourly volumes that may be required due to an inability to poll a 
particular continuous-count station is more accurate than an estimation customarily 
supplied by traffic coders, since programmed computer estimates can be based on vast 
amounts of stored historical traffic data. In addition, these estimates of hourly vol
umes will be less in total number and concentration due to the ability to promptly detect 
any malfunctioning counting station. This scattering of estimates has resulted in un
affected 24-hour total volumes 98. 3 percent of the time. Also, the 1. 7 percent of af
fected 24-hour volume totals are more accurate than 24-hour totals containing manually 
estimated hourly volumes. 

The continuous-count program, integrated with remote capabilities of data acquisi
tion, can be expanded, when necessary, with nominal increases in cost and essentially 
no increase in the labor force. By taking advantage of the flexibility of a stored com
puter program, any given counting station can be polled as often as the location may 
dictate to assimilate varying time intervals of traffic accumulations. Routine reports 
compiled from these data can be produced in a greatly reduced number of man-hours, 
because manual calculations of volume estimates, coding of printed traffic recorder 
tapes, and keypunching of coded data are eliminated. 

The revised seasonal-control count program is initially being conducted on an ex
tensive scale until such time that all road sections within the state are classified into 
groups of similar traffic variances. After this classification has been established, the 
extent of the program can be reduced without sacrificing any of its benefits. 

Since seasonal counts are compiled at each location for 7 days during each month of 
the year, it is impractical to attempt to conduct this type of traffic count at all locations 
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where traffic is not being measured by the continuous-count program. Therefore, after 
necessary factors essential for estimating' AADT have been extracted from continuous 
and seasonal counts, the seasonal-counting program can, for the most part, be super
seded by annual 24-hour counts obtained in the coverage-count program. These counts, 
which are systematically collected throughout the state each year, are sufficient for 
estimating statewide AADT volumes by mechanical application of factors calculated 
from the continuous-count program. The coverage-count locations and their resulting 
vital traffic statistics can, through the implementation of computer programming, be 
computed promptly and tabulated in a form desirable for reproduction and distribution. 

The telemetry system, in conjunction with revisions in the seasonal-control counting 
and coverage-counting programs, has permitted a considerable expansion of the traf
fic-counting and analysis program v1ithin the fra..~ei.1lork of the existing organization. 
Without major revisions in the total traffic-counting program, maximum effectiveness 
of an advanced system of traffic data acquisition could not have been achieved. 
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Discussion 

PATRICK J. ATHOL, Illinois Expressway Surveillance Project-This paper is an ex
cellent report on the traffic-counting program undertaken by the Georgia Highway 
Department. Their approach toward automation has proved its success in improved 
accuracy and greater economy, and it is a credit to the Highway Department and the 
cooperating manufacturers who undertook the work. 

The question for discussion is the applicability of this system to other states. From 
a technological viewpoint, the demands of a traffic-count program in terms of data 
transmission and computer control are relatively straightforward. In the Georgia 
scheme, there were two important decisions, the computer configuration and the inter
connect mode, which were dictated by local conditions. The computer development 
appeared governed by the fact that the planning department already had its own machine 
and the development of the interconnect system was influenced by the regular WATS 
line service already used by the Highway Department. 

The computer system developed from the original IBM 1401 to an IBM 1620, and 
then to the control and data-collection system designated as the IBM 1710. The 1710 
system used depended heavily on disk storage for both programs and data; this greatly 
expanded the utility of the system over the basic 1620 system. These additional items 
were necessary to expand the system capability for real~time control and data collection. 

Tile WATS line is a rate schedule rather than a specific data-transmission specifi
cation, The Georgia system uses a conventional telephone system to dial individual 
counting stations. Each station has a number which is effectively the same as any 
house phone number. The count data transmission has no priority in this system and 
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if sufficient highway personnel keep telephone lines busy, then they prevent the count 
data system from working. If an automatic call is placed for traffic data at a time 
when the telephone company's exchanges are busy, then the phone call is switched with
in the telephone system to various links. The circuitous routing through various ex
changes may result in electrical noise problems which impair the accuracy of the data 
transmitted. Built-in automatic error checking ensures the rejection of erroneous 
data, but this does not prevent the loss of data in its then present form. 

Developments in the small computer field have been so rapid and numerous that 
existing systems are quickly superseded by new equipment with better performance at 
reduced cost. Some of the greatest advances have been in the area of small real-time 
control computers. The agency considering an economical traffic acquisition system 
should consider a specialized computer for this use. A separate computer in a real
time system assures guaranteed priorities to the task undertaken and cannot be pushed 
off-line for administrative emergencies which so often preempt data-processing com
puter time. At a rental rate of from 1 to 2 times a senior engineer's monthly salary, 
a very complete and adequate range of computer systems is available. Rental pricing 
on control computers is based on full-time operations and does not involve additional 
shift times to provide continuous year-round operations. 

In comparing the speed of performance of the computer and the telephone systems, 
it is quite noticeable how one deals with microseconds with a computer while the tele
phone system is functioning in terms of seconds. The reason for this apparent system 
discrepancy is one of economics. The polling of various count stations using a WATS 
line is the most economical method of gaining data; but one could operate at much 
faster rates, and with less interface equipment, if there were direct connections be
tween the field detectors and the digital computer. With a direct hookup with each 
detector, one could gather the traffic detector signals at very high speeds and keep 
tally of the detector signals within the computer itself; this technique eliminates the 
needed equipment for dialing and storing data at the count station and in the central 
office. Within the framework of present highway operations and concepts, the cost of 
earmarked communication links initially appears prohibitive. If, however, in the design 
of tne count system, adequate coordination with a total statewide communication system 
is provided, then the direct communications system to the computer may be economically 
feasible. 

The challenge to any group undertaking the future design of a system for traffic 
counting will be greatly enhanced if the group can look forward to the total developing 
electronic needs of the highway department. Planning for a comprehensive approach 
to many of these communication and automation needs will enhance the long-term utility 
of most individual systems undertaken. 

W. C. TAYLOR, Traffic Research Engineer, Ohio Department of Highways-The authors 
have done a fine job of descr~bing the techniques used fo r automatic acquisition and 
analysis of traffic data in Georgia. Their conclusion that this technique represents a 
major· step forward in providing highway planning data is incontestable. However, in 
reviewing this paper several questions regarding the implementation of the technique 
arise. Answers to these questions may be available from the information which the 
authors possess, but which did not find its way into the report. The purpose in raising 
these questions is to elicit answers so that the technique might be more easily adopted 
in other locations. 

Specifically, two points are presented in the introduction as justification for embark
ing on a program of automatic data acquisition and analysis. The first point was the 
economic limitation of expanding the manual-count method. This is pr obably a valid 
point, but no cost data for either the present system or the proposed system are 
presented. It would be helpful if estimates of the annual cost of both systems for 
several different information levels were presented. 
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Secondly, it was noted t hat some 13 percent of the count data was being lost due to 
equipm nt failures in the manual data- processing method. Yet, after one year, the 
data los s on the four a utomatic counter s used in the test was still 11 percent (Fig. 11 
of the paper). In fact, during March 1966, this figure reached as high as 30 percent 
(Fig. 9 of the paper). In reading the paper, I suspect that the reasons for this high 
data loss were determined and corrected. 

Prerequisites for locating the test sites included varying distances from the office, 
diverse climate conditions, and different telephone systems. A valuable addition to 
the paper would be a discussion of the effect of these variables, and the reasons for 
the detector changes indicated. We are told that the only magnetic detector used was 
replaced, and that one of the pneumatic tubes was r emoved in favor of an induction 
loop, but the reasons for these changes are not presented. 

The point which disturbs me the most is the use of the expected tolerances as a 
check of data validity. The text reads that the tolerance presents the square root of 
the average of the square of a set of deviations about an arithmetical mean. If I under
stand the wording of the text properly, the tolerance limits are set at ± 1 a. If you 
assume a standardized normal distribution, these limits include only about 70 percent 
of the data points. On the other hand, an equipment malfunction, if not complete, might 
not be detected. The tolerance limits are wide enough to permit a 16 percent deviation 
from the mean value without detecting a malfunction. The use of only one set of limits 
leads to this dilemma. 

The point I am raising here refers to the conclusion that this technique provides in
creased accuracy over the manual-processing method. In the manual-processing 
method the authors indicated a known loss of 13 percent of the data, while the automated 
system checks found only an 11 percent loss of data. I would contend that these figures 
refer only to total losses, not to erroneous inputs. I have a suspicion, admittedly un
confirmed, that manual data-processing techniques would identify more erroneous 
inputs than can be found by the tolerance limit method of analysis. 

JACK C. MARCELLIS, Assistant Traffic Engineer, City of Chat tanooga, Tennessee-If 
a traffic-counting program is going to provide the r equired iiifor mation at the appro
priate time to the many highway department agencies, the data for the continuous-count, 
seasonal-control and coverage-count programs must be collected, processed and ana
lyzed in an efficient and economical manner. The question is then asked: Does the 
current State Highway Department of Georgia traffic-counting program accomplish 
these two criteria in a better manner than did the previous program? 

In the area of data collection for the former continuous-count program, it was ob
served that 13 percent of the data was being lost due to equipment failure between 
weekly or biweekly maintenance visits. During the 12-month study period of the telem
etry system, volumes due to unsuccessful polls represe nted only 11 percent of the 
total, and after recent modifications at the counting station, successful polling of traffic 
volm:p.es had increased to 93 percent. These unobtained volumes were randomly scat
tered throughout the counting duration instead of being grouped for large periods of 
time as in the manually collected system. These occurrences led to easier and more 
accurate estunation of the missing traffic volumes. 

Two weeks wer e required to produce monthly summaries for all continuous-count 
stations us ing manual coding, keypunch and card input pr ocedures. It was estimated 
by the authors that only 1. 5 hours will be needed to perform the same task using the 
telemetry disk input system. 

It is obvious that the telemetry system collects, processes and analyzes continuous
count traffic data in a more efficient manner than did the old manual methods. Still 
unanswered are the following questions: Is the telemetry system more economical than 
the previous method? Does the saving in data collection and processing personnel 
offset the capital and operation costs of a computer and telephone equipment? 
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Both the seasonal control and coverage-counting programs used pneumatic road 
tubes and hourly or accumulative recording devices for collecting traffic data, manual 
coding, keypunch and. editing, and for processing traffic data and computer programs 
for obtaining summaries and AADT estimates. These two phases of the traffic-counting 
program require more traffic data on a station-day counting basis than does the con
tinuous-count portion. Because of this, can one or more of the manual steps be elim
inated and in turn improve greatly the efficiency of the total program? 

Further automation of the seasonal-control counting program is currently under 
consideration. The authors have indicated that existing on-line equipment might be 
modified to allow traffic-count data to be introduced directly into the computer core 
storage from the punch paper tape produced by the hourly traffic counter, thus elim
inating existing coding, keypunch and manual-editing procedures. Could something 
similar to this be used with the coverage-count data? 

This author does not pretend to know the answers to these questions, but only asks 
them to stir the intellect of the highway engineering profession. If more efficient and 
economical methods are developed to collect, process and analyze the -continuous-count, 
seasonal-control and coverage-count programs, the more complete and accurate the 
traffic data will be and the quicker then data will be ready for use by the various high
way department agencies. 

The authors are to be complimented on their substantial contribution in improving 
the traffic-counting program in Georgia. It is hoped that the authors and others like 
them will be motivated to continue the work of automating the various traffic-counting 
procedures. 

EMORY C. PARRISH, Closure-Both Marcellis and Taylor have made reference to the 
cost for installing and operating the telemetry system. Prior to the time that the de
cision was made to go ahead with the proposed telemetry system, a rather comprehen
sive summary of operating cost was prepared for the procedures then being used. These 
costs were compared to the anticipated costs for operating the automated system that 
we have described. These anticipated costs were of necessity only estimates, since it 
is impossible to determine costs for a system that has never been operated. Any of 
you who are familiar with the Highway Planning Survey's relationship to the U.S. Bureau 
of Public Roads and to the overall Highway Department Administration are certainly 
aware that we could not have begun such a project without a reasonably comprehensive 
cost analysis. 

While I do not have these exact figures before me, I can tell you that they did indicate 
the telemetry system would operate for about the same as existing procedures when 
28 stations were "on line." We expect to ultimately expand the continuous-count pro
gram to about 80 stations at which time we anticipate a savings of some $14,000 
annually. 

Because we have been-and are-operating under a mixed system, no attempt has 
thus far been made to evaluate exactly the validity of this earlier cost comparison, but 
our experience to this point has uncovered no major unexpected costs. I might add 
that we have not placed a dollar figure on the value of continuous-count data that were 
lost due to equipment malfunction for days or weeks under the old system. 

For information, the average costs for equipment and installation in the field for a 
nondirectional station are approximately$ 600 and for a directional station, approximately 
$1100. At each station the leased telephone equipment costs approximately $21 per 
month. The rental on telephone equipment in the Atlanta office is $ 570 per month 
which includes $500 for a WATS line that is used only 1/20th of the time for telemetry. 
The IBM equipment that adapts our computer to a telemetry system rents for about 
$1000 per month. 

Mr. Taylor referred to the comparison of lost counts by the two systems as con
tained in the written report. The counts lost under the manual system were reported 
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as 13 percent of the total and 11 percent using the telemetry system. Although · the 
percentage of unsuccessful polls by the telemetry system was approximately 11 percent 
of all polling attempts, it should be noted that during this time the experimental Telac 
device and telephone data sets were constantly undergoing minor design changes. These 
modifications were not possible until the hardware had been field tested and the unsat
isfactory components isolated. 

At the present time, operating with very limited replacement parts, the telemetry 
system as a whole is suffering a loss of only 7 percent of hourly volumes. Using as a 
guide two of our newest stations which utilize the latest versions of field equipment, 
we are confident that it will be possible to retrieve hourly volumes a minimum of 95 
percent of the time. This results in the necessity for supplying electronically only 
5 percent of the volumes. Four percent of this can be accurately recovered by pro
rating the traffic volume accumulated during the unsuccessful polling period using the 
midpoints of the traffic ranges for each respective hour during this period. This 
leaves only approximately 1 percent of hourly volumes having to be supplied by using 
the midpoints of the ranges. 

Mr. Taylor voices a great deal of concern about the use of tolerance ranges to ex
amine the validity of count data. To us, the use of standard deviation seems a logical 
tool to determine the probable variability of hourly volumes. We have retained a 
method of introducing human judgment into the final acceptance or rejection of a given 
count volume. He perhaps has a valid point about the tolerances failing to detect a 
partial failure of equipment-for example, a detector or counter that was very slightly 
under- or over-counting. However, our experience with the system, so far, has been 
that the failures experienced were total; i.e., they just quit working. Numerous manual 
counts have revealed no tendency toward these "not complete" equipment malfunctions 
that concern Mr. Taylor. 

Mr. Marcellis has challenged us in Georgia and, I think, many of you to devise pro
cedures that would perhaps eliminate some of the manual procedures that are now a 
part of collecting and processing seasonal-control and average-count data. As I men
tioned previously, we have some tentative ideas concerning the seasonal-control pro
gram. However, their implementation will be delayed pending replacement of existing 
·equipment. Our budget prevents this before existing inventories are expended. 

The Georgia Highway Department has on order an IBM 360 System Computer that 
will have an optional scanner feature. This may permit the automated reading and 
processing of coverage-count field notes without manual intervention. Thought in this 
area is pretty much speculative at this point. 

I would also like to mention, in closing, that we have extended many of the concepts 
advanced in this paper to a traffic-volume counting program for our 53 urban areas in 
Georgia. This, we think, is going to provide data in an area where we in Georgia have 
been significantly weak. 




