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Real-Time Freeway-to-Freeway Diversion: 

The San Antonio Experience 

CONRAD L. DUDEK.WILLIAM R. STOCKTON, AND DONALD R. HATCHER 

Studies to eveluate the effectiveness of a low-cost chengeable messaee sign 
motorist-information-diversion systam in San Antonio, Texas, are docu­
mented. The system was implemented as a demonstration program by the 
Texas State Department of Highweys end Public Transportation, working 
in cooperation with the San Antonio Corridor Management Team. Its 
purpose was to alleviate congestion and reduca accidents on Interstate 35 
in San Antonio near the central business district. This paper describes the 
system, its effectiveness, the problems encountered, and recommendations 
to avoid or overcome the problems. The information should be useful to 
others who may be implementing and evaluating a similar system. 

In 1977 the Texas State Department of Highways and 
Public Transportation (TSDHPT) , working in coopera­
tion with the San Antonio Corridor Management Team 
(CMT), initiated programs aimed at alleviating con­
gestion and reducing accidents on Interstate 35 in 
San Antonio near the central business district 
(CBD). The programs were the development, implemen­
tation, and demonstration of a low-cost motorist­
information-diversion system (MIDS) , which included 
the following phases: 

1. I-35 route change around the CBD, 
2. use of a low-cost changeable message sign 

(CMS) system for freeway diversion, and 
3. use of the CMS system for managing traffic 

during freeway maintenance. 

The Texas Transportation Institute (TT!) was 
contracted to evaluate the effectiveness of the 
above three programs as part of phase 2 of the 
Federal Highway Administration (FHWA) sponsored re-

Figure 1. Major highways in San Antonio metropolitan area. 

search entitled, Human Factors Requirements for 
Real-Time Motorist Information Displays. This pr,o­
vided an opportunity to not only evaluate the effec­
tiveness of the specific traffic-management ap­
proaches but also to study the institutional a.nd 
operational approaches used in San Antonio, anc;l to 
develop hardware, operational, and evaluation guJde­
lines for other cities in the United States that may 
implement and evaluate similar types of systems. 

Results of the I-35 route change and the use of 
the CMS system for managing traffic d.urin9 freeway 
maintenance are presented in other papers and re­
ports (l,2), This paper discusses the use of a low­
cost CMS system for freeway c;liversions of CBO-t>ound 
traffic. 

The major freeway routes in the San An~onio 
metropolitan area are shown in Figure l. I-35 is 
the primary facility in the Austin-Laredo corr id.or 
and is one of the oldest freeways in San Antonio. 
The four-lane section of I-35 that forms th~ north 
and west boundaries of the C.BO was coJnpleted in 
1957. Considerable congestion and relatively high 
accident rates are experienced on this partially 
elevated freeway section that has capacity re· 
straints, such as relatively severe alignment anc;l 
narrow right-of-way, particularly at the structuree 
(1). 

I-10 and I-37 are eight-lane freeways built in 
the late 1960s with highe.r design standards. As the 
southern and eastern boundaries, they form an alter­
nate route around the downtown area. This route is 
approximately 0.8 mile (1.3 km) longe~ than the 
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primary route [5,6 miles (9,0 km) versus 4.8 miles 
(7,7 km)]. During off-peak periods, travel time is 
lower on the alternate route. The annual average 
daily traffic (AADT) on I-35 in 1977 was approxi­
mately 79 230 in contrast to 58 140 on I-37, 

The effectiveness of the CMS diversion system was 
studied by assessing the change in traffic volumes 
on the freeway, interchange ramps, and the primary 
off-ramps that lead to the CBD. Effectiveness of 
the system as perceived by police patrols was evalu­
ated by studying the willingness of the police to 
use the CMSs during incidents over a period of two 
years, 

SUMMARY OF RESULTS 

Analysis of seven incident case studies for which 
all relevant data were available revealed that, on 
average, diversion rates when the CMSs were used 
were higher than normal but were about the same as 
the natural diversion that occurred due to incident 
congestion when the CMSs were not used. 

Two factors seemed to contribute to the less­
than-acceptable results: 

1, The diversion ramp was too close to the final 
destinations of divertable (CBD-bound) drivers. 
Thus, the amount of time saved by taking the diver­
sion route was probably not sufficient to encourage 
diversion. 

2, Drivers were using routes other than the 
diversion route when they saw messages on the CMSs. 
Diversion to these other routes was not evaluated as 
part of the point-diversion project. 

Therefore, the results do not indicate failure of 
the MIDS but the fact that the advice came too late 
under the circumstances. In addition, some drivers 
know better routes (from their viewpoints). 

LESSONS LEARNED 

The program in San Antonio was successful from 
several standpoints. First, it gave the San Antonio 
CMT, particularly members of the San Antonio Police 
Department (SAPD), experience with operating a CMS 
system. It will be invaluable in the future when 
more elaborate systems are designed and imple­
mented. Second, it illustrated how interagency 
teamwork can accomplish corridor-management objec­
tives. Third, it allowed the research team to ob­
serve institutional hardware and operational condi­
tions and limitations. These observations will 
assist other agencies that contemplate the installa­
tion of similar systems. 

Although the amount of traffic diversion attrib­
uted to the CMSs may not be overly impressive, sev­
eral lessons were learned from this low-cost MIDS 
demonstration project that will be beneficial to 
others. The problems encountered with the MIDS and 
recommendations for future systems are discussed 
later in the paper. 

OPERATIONAL DEVELOPMENT 

Development of the CMS operations plan evolved over 
a period of several months and included the follow­
ing activities: 

1, Identification of incident characteristics, 
2, Selection of sites for matrix signs, 
3, Determination of existing traffic patterns, 
4, Development of diversion strategies, 
s. Development of candidate messages, 
6. Development of operational control pro­

cedures, and 
7, Training of operating personnel. 
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Several meetings were held between TSDHPT, SAPD, and 
TTI in an attempt to develop a plan that was both 
acceptable to the operating and enforcement agencies 
and incorporated available inputs of recent CMS 
operational guidelines, 

Matrix Sign Sites 

TWO trailer-mounted computerized bulb-matrix CMSs 
(Figure 2) were used to present diversion informa­
tion to northbound I-35 drivers in San Antonio. The 
signs, available from previous TTI research studies, 
provided versatility in message length, display 
format, and rate of display. 

Messages were presented on a 4-ft 10-in (174.3-
cm) high and 15-ft 4-in (467-cm) wide display 
board. Each of the two 1 ines was composed of an 
array of 33-W incandescent light bulbs, 7 rows by 64 
columns, which formed a letter height of 18 in (46 
cm) with a maximum capability of 13 characters. The 
bulbs were protected from sun glare by a glare 
screen attached to the front panel of the display. 
Previous research by TTI (4) has shown 650 ft (198 
m) to be the 85th percentile legibility distance for 
these signs. 

The ability of displaying a message on a sign was 
provided to the operator through the use of a dig­
ital computer located on the front side of the 
trailer in an environmental cabinet (Figure 2). 
Messages to and from the computer were transmitted 
and received through a teletypewriter (TTY) (see 
Figure 3) . The coupler is located on the side of 
the TTY. The sign operator dialed the number of a 
telephone located in the CMS computer cabinet, 
placed the telephone ear and mouth pieces in the 
coupler, and then controlled the sign with the TTY, 
The process would then be repeated for the second 
sign. Automatic dial-up cards were used to reduce 
the time required to operate the signs. 

The human factors design guide (1) emphasized the 
need to install CMSs far enough upstream from de­
cision points to allow the driver time to take 
appropriate action. Site selection in San Antonio 
was constrained somewhat by horizontal and vertical 
curvature and narrow right-of-way widths. The sites 
chosen for the two CMSs are shown in Figure 4. The 
first sign seen by the driver was approximately 2,2 
miles (3.5 km) from the diversion point. Sign 2 was 
approximately 1,0 mile (1,6 km) downstream from sign 
1. 

Diversion Strategies 

Following a review of the origin-destination (0-D) 
patterns, a committee that consisted of SAPD, 
TSDHPT, and TTI representatives mutually agreed to 
address only traffic bound for downtown. It was 
agreed that messages would be displayed only during 
incident conditions. Diversion messages would be 
displayed based on criteria of incident and end-of­
queue locations (relative to the diversion point) 
set forth by SAPD, Messages that warn drivers of 
incidents would be displayed when diversion was not 
warranted. Estimates by SAPD, based on previous 
experiences, indicated that 1che CMSs would probably 
be used for diversion about once every one to two 
months. 

A total of 120 messages (1) was initially devel­
oped by TTI, The large number of message combina­
tions was due primarily to the desire to display 
detailed incident-location information. 

Qperational Control Procedures 

Freeway 
freeway 

surveillance was accomplished by 
patrols, supplemented during peak 

police 
periods 
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with police helicopter patrols when weather per­
mi'tted. Incident information and requests for sign 
messages were radioed to a single police dispatcher 
who not only dispatched police vehicles to accident 
scenes throughout San Antonio but also controlled 
the CMSs. No additional funds were available to 
SAPD for their participation in the CMS demonstra­
tion project. They operated the system with exist­
ing police funding and personnel constraints. 

Recognizing the normally high demands placed on 
the dispatcher during an accident and the officers 

Figure 2. Lamp matrix changeable message signs. 

Figure 4. Location of changeable message signs. 
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Figure 3. Teletypewriter with acoustical coupler. 

l 
I 



4 

at an accident scene, it was necessary to develop a 
technique to streamline the effort involved in 
selecting and displaying messages. The approach 
developed was to assign a number to each message. 
Message matrices were developed for peak and off­
peak periods and for complete and partial freeway 
blockages. The matrices allowed patrol officers and 
dispatchers to select numbers for the appropriate 
messages based on the locations of the accident and 
the end of queue. 

A step-by-step dispatcher's procedure for operat­
ing the CMSs was also developed. The procedure 
listed 26 steps that were required to display a 
message on both signs and 26 steps to turn the signs 
off. 

The planned scenario of operations was as fol­
lows. When a freeway patrol officer noticed unusual 
congestion, he or she would drive to the scene of 
the incident. (The helicopter pilot would fly to 
view the scene.) The patrol officer would either 
have some idea as to the location of the back of the 
queue or would obtain this information from another 
patrol officer or the helicopter pilot. The patrol 
officer would then look at the appropriate matrix 
and request that the dispatcher display the message 
that coincides with the message number. 

By using the message chart the dispatcher would 
then identify the specific computer message number 
for each sign. He or she would dial sign 1 and 
display the appropriate message, and then dial sign 
2 and display the message. 

It is important to note that due to the software 
design and storage limitations of the CMS computers 
and the desire by TTI to use 120 messages, the mes­
sage numbers and the computer storage numbers for 
the messages were different. For example, if an 
accident occurred at Alamo that blocked one lane 
during the morning peak period and the queue ex­
tended to I-lOE, then message 32 would be dis­
played. The dispatcher would then look in the 
dispatcher's guide to find that in order to display 
message 32, a command must be sent to sign 1 to 
display message D-15 and to sign 2 to display mes­
sage D-6. As the queue increased or dissipated, 
other patrol off ice rs on their way to assist the 
officer now at the scene would notify the dispatcher 
of a new message number if required. 

TRAFFIC DIVERSION 

The primary objective of this phase of the research 
was to evaluate the effectiveness of the CMS system 
in diverting traffic to the diversion freeway route 
during incident conditions. A secondary objective 
was to develop a practical evaluation approach that 
can be implemented by city and state highway agen­
cies in evaluating similar CMS systems, considering 
normal personnel and funding restraints. 

Approach and I nitial Observations 

Collection of evaluation data posed several particu­
larly difficult problems. License plate 0-D surveys 
have been found to be a most accurate method of 
determining effectiveness of real-time displays. 
This type of study is particularly well-suited to 
predictable occurrences such as maintenance activi­
ties and special events (6, 7). However, the random 
nature of incidents precludes keeping a license 
plate data-collection crew on standby. Therefore, a 
network of traffic-volume counters was employed to 
obtain data that could be used in the evaluation. 

Analysis of data from previous TT! studies in 
Dallas (l) had indicated that for point diversion 
during special events, changes in ramp volume at the 
diversion point were directly related to total 
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diversion. It was hoped that similar results could 
be obtained in San Antonio from strategically locat­
ing counters on primary and diversion routes. It 
was initially envisioned that volumes on the diver­
sion freeway route would be expected to increase 
during intervals that the signs were on while vol­
umes on the primary route would decrease. 

Traffic counters were installed on I-35 at one 
freeway location upstream from the diversion point, 
on three interchange ramps along the diversion 
route, and on the Durango Boulevard and Commerce 
Street exit ramps that lead to the CBD to supplement 
the existing four permanent TSDHPT counters located 
on the primary and diversion freeway routes. The 
six new counters were modified to record volumes on 
punched tape at 5-min intervals. The TSDHPT perma­
nent counters provided hourly counts. 

Initial plans were to evaluate the volume data 
collected from all six of the new automatic count­
ers. It was expected that significantly high diver­
sion rates would be reflected by lower volumes on 
the Durango ramp with corresponding increases on the 
diversion route interchange ramps (I-35/I-lOE, 
I-lOE/I-37, and I-37/I-35) and the commerce ramp, 
Statistical analyses were to be performed on the 
data from each ramp to test whether there were dif­
ferences during each incident period compared with 
periods immediately preceding and following it. 
Evaluations of data collected during selected inci­
dent cases coupled with a thorough assessment of 
available data resulted in changes to these plans. 
In addition to the counter problems, volume changes 
on the Durango, I-lOE/I-37, I-37 /I-35, and commerce 
ramps were small in comparison to total ramp vol­
umes. Thus, it was difficult to determine whether 
the changes were due to the CMSs or to random varia­
tions in traffic demands. Also, the counting scheme 
employed did not provide a closed system whereby all 
input and output points were counted. With small 
changes in volumes on the ramps under study, it was 
difficult to trace origins with any certainty. For 
example, volume increases on the I-lOE/I-37 ramp 
could originate from northbound I-35, eastbound 
US-90, and eastbound I-10. The amount of traffic 
that originated from I-35 could not be determined. 

It was reasoned, however, that if there indeed 
was diversion due to the CMSs, the volumes on the 
I-35/I-lOE diversion ramp would be the most sensi­
tive to any changes and, coupled with the freeway 
counts made at I-35 at Theo Avenue, would at least 
provide some trends that indicated the effectiveness 
of the CMSs. Thus, efforts were then concentrated 
in analyzing the data from the diversion ramp and 
the freeway. 

In contrast to the Dallas diversion studies (1) 
where congestion did not occur between the CMSs and 
the diversion ramp, queue buildup upstream from the 
diversion ramp due to incident bottlenecks and peak­
period demand-capacity characteristics had to be 
considered. 

The queue buildup had to be considered to ac­
curately measure the diversion rate on the I-35/I­
lOE diversion ramp. It was important that motorists 
who read the CMSs and took the diversion route were 
accounted for even though they were trapped in the 
backup and their arrival to the diversion ramp was 
delayed. Therefore, the analysis period for each 
incident must begin prior to the time when there was 
a significant reduction in volumes upstream from the 
diversion ramp compared with normal days that indi­
cated traffic backup from the incident. The analy­
sis period extends to the time when congestion 
clears and the freeway volumes on the incident day 
return to normal. 

Experience (£,~,~) has shown that there is a sig­
nificant number of drivers who leave the freeway 
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Figure 5. Five-min volumes for diversion analysis. 
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(divert) upstream from their intended off-ramps 
whenever unusual congestion occurs, even though they 
do not know the cause of the problem. This type of 
diversion is often referred to as natural diversion 
and in many cases can be quite high. Therefore, the 
amount of natural diversion had to be considered in 
order to more accurately evaluate the true effects 
of the CMSs. The amount of natural diversion during 
incidents must be subtracted from the diversion that 
occurs when the CMSs were used to determine the 
added effects of the CMSs. 

The available data were studied to obtain volumes 
for the following situations: 

l. For the incident when the CMSs were used 
(signed incidents), 

2. For an incident that occurred at approxi­
mately the same time of day and for which the CMSs 
were not used (unsigned incidents), and 

3. Normal volumes for a comparable period that 
consisted of the average of two or three similar 
days (same day of week) within two or three weeks of 
the incident day. 

A potential case-study incident was identified when 
volumes were available for all three situations. 
certain criteria had to be met before the data from 
a signed incident day could be used in the analy­
sis. These were as follows: 

l. The incident must occur at or downstream from 
the diversion point, 

- . _, - SIGNED 

···,···UNSIGNED 

-- -NORMAL 

5 

:.·· 

7:30 8:00 8:30 

TIME 

2. The CMS must be activated, and 
3. Information concerning incident time and lo­

cation and the type and time of message must be 
available. 

To develop a data base for the amount of natural 
diversion for each case-study incident, attempts 
were made to find a day when the CMSs were not used 
during an incident that occurred at approximately 
the same time of day, weekday, and within two or 
three weeks from the case-study incident. As would 
be expected, there was some difficulty in finding 
such data for all case-study incidents. However, as 
a minimum, data were found for incidents that oc­
curred during the same year and month and reasonably 
close to the same time of day. In most cases, data 
for unsigned incidents were available on the same 
we.ekday as the case study incidents. 

A normal traffic-volume data base was developed 
for each case-study incident by averaging data from 
two or three days obtained from the same time pe­
riod, weekday, month, and year as the case-study 
incident. Care was exercised to ensure that nonin­
c ident days were selected. 

The analysis process used in this project to 
evaluate the diversion influenced by the CMSs is 
illustrated in Figure 5. Freeway volumes ( in 5-min 
increments), obtained from the automatic traffic 
counters located on I-35 at Theo (just upstream from 
the I-35/I-lOE diversion ramp) and on the diversion 
ramp, are plotted for one of the case-study inci­
dents. 
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Figure 6. Summary of accidents and other incidents. 
Case Study 
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r-lon-/\ccident 
Incidents• 

1-35 Northbound 

Non-Accident 
Cases for 

Which CMS Used 
7 

Non-Diversion 
Messages 
Displayed 

4 
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uffl cient for 

Analysis 
3 

Data Complete 
for Detailed 

Analysis 
2 

Divers ion 
tlessages 
Displayed 

3 

Data 
Suffi cient fo r 

Analysis 
l 

Data Complete 
for Detailed 

Analysis 
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*Spilled load, hi~h water, stalled vehicle, etc . Total number of such incidents are not 
available. 

**In some cases two accidents occurred. 

An examination of the freeway volumes in Figure 5 
shows that at time to the volumes are approxi­
mately the same for all three situations. After the 
incident at time t1, traffic was stored due to the 
demands that exceeded the incident bottleneck ca­
pacity. As the queue propagated upstream and passed 
through the I-35/I-lOE interchange and then over the 
freeway detectors at Theo, the volumes significantly 
decreased. The drop in volumes represents the queue 
buildup on the freeway. When this occurred, drivers 
destined for the I-35/I-lOE diversion ramp (both 
those who normally use the ramp and those who in­
tended to use it because of the congestion and CMS 
messages) were delayed in both time and space. When 
the incident vehicles were removed from the freeway 
the capacity increased and the buildup dissipated. 
This is illustrated by the volume increase at the 
freeway counter station. Once the queue dissipated 
from the interchange area, the volumes returned to 
those normally expected for the particular time of 
day. The vol'.umes for all three situations are ap­
proximately/ equal at time t 2• In order to account 
for traffic volume by using the I-35/I-10 diversion 
ramp for all three situations, the analysis included 
the time period from to to t2, 

Because traffic demands are likely to be dif­
ferent for each of three situations due to normal 

traffic variations, a direct comparison of volume 
changes on the diversion ramp for each of three 
situations is inappropriate. To account for normal 
traffic variations, volumes on the I-35/I-lOE ramp 
were converted to percentages of the I-35 freeway 
demand volumes for further analysis. A basic as­
sumption underlying this approach is that the per­
centage of I-35 drivers who would normally use the 
I-35/I-lOE ramp between times t 0 and t 2 is the 
same each nonincident day. Increases in traffic 
percentages on the diversion ramp would be attrib­
uted to the incident and the CMSs. 

Results 

Figure 6 is a summary of the accidents and other 
incidents, CMS use, and resulting case-study inci­
dents that were available for study. Details of CMS 
use are discussed in a later section. 

As shown in Figure 6, 538 accidents occurred on 
northbound I-35 in the study area during the two­
year study period; 422 accidents occurred at or 
downstream of the diversion point. The CMSs were 
used during 15 of these accidents. Diversion mes­
sages were displayed eight times and warning mes­
sages during seven incidents. Further analysis 
revealed that the necessary data for more detailed 
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Table 1. Results of case-study incidents. 

Northbound 1-35 Drivers 
Incident Using Diversion Ramp 

Message Analysis 
Test of 
Signifi­
cance8 No. Date Time Location Type Period Condition Percent 

8/17/78 8 :45 a.m . 1-35 at 1-35/1-1 OE Diversion 8:50-9:50 a.m . Normal 19 
interchange Unsigned incident 

Signed incident 
22 
32 

a 
a,b 

2 10/10/78 6 :45 a.m. 1-1 OW at Colorado DiveJSion 7:30-9:30 a.m. Normal 24 
8:00 a.m. 1-35 at 1-35/1-10 Diversion 7:30-9:30 a.m. Unsigned incident 27 a 

a,b interchange Signed incident 29 
3 9/29/78 5:25 p.m. 1-35 at Commerce Diversion 5:25-7:00 p.m. Normal 25 

Unsigned incident 24 
Signed incident 25 

4 10/21/78 2:25 a.m. 1-35 at Alamo Diversion 2:20-3:30 p.m. Normal 22 
Unsigned incident 22 
Signed incident 22 

s 10/2/78 8 :00 a.m. 1-35 at Alamo Warning 7:50-8:50 a.m. Normal 24 
Unsigned incident 29 
Signed incident 30 

6 I 0/25/78 7:35 a.m. 1-35 at Durango Warning 7:30-8:30 a.m. Normal 27 
Unsigned incident 
Signed incident 

32 
29 

a,c 
a 

7 l 1/2/78 7:35 a.m. 1-35 at Stockyards Warning 7:25-8:30 a.m. Normal 28 
Unsigned incident 
Signed incident 

All incidents combined Normal 
Unsigned incident 
Signed incident 

All incidents excluding no. I Normal 
Unsigned incident 
Signed incident 

31 
28 

25 
27 
28 
25 
27 
27 

a,c 

a 
a,b 

n 
a 

8
a = significantly greater than normal conditions, b = significantly greater than unsigned incident conditioJJ.s, and c = significantly greater than signed incident con­
ditions. 

analysis were available for only four case-study 
incidents . Diversion messages were used during 
three of these cases and a warning message during 
the remaining one case. 

The CMSs were also used during seven nonaccident 
incidents (e.g., spilled load, high water, stalled 
vehicles, etc.). The data sets were complete for 
three of these cases. Therefore, data sufficient 
for detailed analysis of diversion rates were avail­
able for only seven case-study incidents--four ac­
cident cases and three nonaccident cases. 

Results of the seven case-study incidents are 
summarized in Table 1. Included in the table is the 
percentage of northbound I-35 drivers (counted at 
Theo) that used the diversion ramp (a) during normal 
conditions, (b) during an incident when the CMSs 
were not used (unsigned incident), and (c) during 
the incident when the CMSs were used (signed inci­
dent) . Also shown are the results of the z-test of 
proportions analyses (10), which tested differences 
between each of the three situations. 

The results reveal that for five of the seven 
cases (numbers 1, 2, 5, 6, and 7), the percentage of 
traffic that used the diversion ramp during the 
unsigned incidents (natural diversion) was signifi­
cantly higher (p < 0.05) than normal (on days when 
incidents did not occur) • In four of these cases 
(numbers l, 2, 5, and 6), the diversion rate during 
the signed incident was also significantly higher 
(p < O. O 5) than normal. Of the five incident 
cases in which either the unsigned or signed inci­
dents yielded greater diversion rates than what 
would normally be expected, only two of the cases 
had significantly higher diversion rates for the 
signed incident than the unsigned i nc ident, in two 
other cases the unsigned incident yielded higher 
diversion rates than the signed incident. In the 
remaining case the diversion rates were the same for 
both the signed and unsigned - incidents. 

Combining the data for all seven incidents, the 
results revealed that, on average, 25 percent of the 

northbound I-35 traffic used the diversion ramp 
during the normal periods whereas 27 percent and 28 
percent of the traffic used the ramp during the 
unsigned and signed incidents. Statistical analyses 
indicated that the diversion during the unsigned 
incidents was significantly higher (p < 0.05) than 
normal and the diversion during the signed incidents 
was significantly higher than both the normal pe­
riods and the unsigned incidents. 

An examination of Table l shows that in only one 
of the case-study incidents did the amount of the 
percentage increase in diversion appear to be high 
numerically. During incident case l, when the CMSs 
were operating, 32 percent of the traffic used the 
diversion ramp. This was significantly higher than 
both the 22 percent diversion during the unsigned 
incident and 19 percent during the normal period. 
The incident, however, was different from the 
others. The accident occurred on the median lane 
just upstream from the diversion ramp. Blockage of 
the lane at that point may have indirectly caused 
several drivers in the right lane to be trapped 
because of the lane drop and forced onto the diver­
s ion ramp. This may have resulted in the relatively 
high percentage of traffic that used the ramp in 
comparison to the unsigned and normal periods. 

An analysis of the six incident cases excluding 
number l revealed diversion percentages of 25 per­
cent, 27 percent, and 27 percent for the normal, 
unsigned, and signed incidents, respectively. The 2 
percent increase in diversion during the signed and 
unsigned incidents was significantly higher than 
normal (p < 0.05). However, as the data show, 
there was no difference in the diversion rate be­
tween the signed and unsigned incidents. Therefore, 
on average, use of the CMSs during the incidents did 
not result in greater use of the diversion route 
than the amount of natural diversion that occurred 
without the signs. In addition, although the 2 
percent increase is statistically significant, it is 
insignificant from a freeway operations standpoint. 
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Tobie :z. Ceie-study incidents summarized by time period. 

Northbound 1-35 Drivers 
Using Diversion Ramp 

focident Test of Sig-
Number Period Condition Percent nificance8 

1,2,5,6,7 Peak Normal 25 
Unsigned incident 28 a 
Signed incident 29 a,b 

:i,S,6,7b Peak Normal 26 
Unsigned incident 29 • 
Signed incident 29 K 

3,4 Off-peak Normal 24 
Unsigned incident 23 
Signed incident 24 

1a i: Ji,nificanll )' a,11a ter than normal conditions and b = significantly greater than un­
,l~ncd lncidtU,t c.ondttions. 

bf;,ccludes incident , . 

The data were further analyzed to determine 
whether diversion rates were affected by the period 
of day when the incidents occurred, Table 2 is a 
summary of the case-study incidents grouped by peak 
and off~peak periods. 

The results reveal that diversion rates were 
significantly higher during the unsigned and signed 
peak-period incidents in comparison to what would 
normally be expected. However, no differences were 
found in the diversion rates during the off-peak 
periods. 

A review of Table 2 also reveals that when in­
cident case 1 is excluded trom the peak-period in­
cident analysis, the diversion during the signed 
incidents was higher than normal but was no dif­
ferent than the natural diversion that takes place 
during unsigned incidents. 

Discussion of Results 

Analysis of the effectiveness of the CMSs was based 
solely on a freeway-to-freeway point-diversiori con­
cept. Funds were not available and no attempts were 
made to evaluate traffic diversion to other arterial 
routes induced by the CMS messages. During conver­
sations with a few local drivers who commute to work 
on northbound I-35, the drivers stated that when 
accident messages were displayed on the CMSs they 
oftentimes left the freeway via one of the off-ramps 
upstream from the I-35/I-lOE interchange (diversion 
ramp) and took another route to work. These alter­
nate routes were more convenient than the diversion 
route recommended by the CMSs. Diversion to other 
arterial routes was also frequently noticed by free­
way patrol officers. Thus, there was more diversion 
wHhin the system than the data indicated. These 
observations suggest that, in contrast to diversion 
of special-event traffic when drivers are willing to 
use the recommended alternate route (7,11), point 
diversion during accidents in an urban a~ea'"may be a 
misnomer, 

Special-event traffic generally is destined to 
the same place and, in many cases, to the same park­
ing facility. In contrast, the destinations of com­
muters going to the CBD are scattered throughout the 
downtown area. Thus, the route recommended by the 
cMSs may be the most logical one but may not neces­
sarily be the most convenient one for many drivers. 
They may elect to choose their own routes based on 
the time of day, location of the accident, the de­
gree of freeway congestion, etc., or they may decide 
to remain on the freeway for one reason or another, 
which includes simply a reluctance to use another 
route. 

Driver response to real-time information in San 
Antonio appeared to be similar to that experienced 
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in Dallas (6), LOS Angeles (BJ, and Minneapolis 
(12). Rathe; than diverting via-one major ramp when 
they were notified of an incident or when they en­
countered unusual congestion, drivers who diverted 
tended to use exit ramps that lead to routes most 
convenient to them. In retrospect, analyzing the 
San Antonio CMS installatlon as an incident-manage­
ment system rather than a point-diversion system 
would have most likely resulted in a more complete 
description of traffic diversion. The limited scope 
of the study focused attention on the freeway-to­
freeway diversion. The results strongly indicate 
that agencies evaluating similar systems should 
monitor all off-ramps that are likely to be used, 
Agencies should not be misled and restricted in 
their evaluation approach because of terminolOgy; 
they should develop an evaluation approach that will 
assess the full impact of the CMS system if they can 
afford to do so. 

PERCEIVED EFFECTIVENESS OF CMS SYSTEM 

Background 

During the first year of operation, two problems 
arose that had an impact on the CMS evaluation stud­
ies, First, there were numerous problems with the 
automatic counters, which limited the amount of 
useful data for estimating the amount of freeway-to­
freeway diversion attributable to the CMSs. Second, 
the police patrol officers and the police dispatch­
ers who operated the CMSs encounterl'ld difficulty in 
using the operational control procedures (i.e., 
selection of sign messages based on the location of 
accident and length of backup) developed by TTI, 
TSDHPT, and SAPD. As a result of discussions with 
SAPD, the 120 messages in the original CMS library 
were reduced to 7. 

The potential of a small sample size due to 
counter malfunctions prompted the research team and 
the San Antonio CMT to seek alternative measures of 
effectiveness. It was the feeling of police admin­
istrators and some patrol officers that the CMSs 
were effective in improving safety in the accident 
area where the officers and involved motorists were 
located. They believed that by keeping drivers 
informed of freeway conditions, the CMSs help to 
relieve driver frustration and anxiety, As a re­
sult, drivers are less hostile when passing an of­
ficer directing traffic. It was their opinion that 
regardless of whether or not the CMSs divert a con­
siderable amount of traffic, these intangible ef­
fects are realized. 

Administrators from SAPD stated that field patrol 
off ice rs would use the CMSs if they felt the signs 
were helpful in controlling traffic on the freeway, 
Although the intangible benefits of less driver 
frustration and anxiety cannot be measured directly, 
it was speculated that perceived benefits can bP. 
assessed by measuring police use of the CMSs. In­
creased use during the second year would indicate 
positive feelings about the system by the police 
officers, As previously mentioned, operation of the 
system was simplified by TTI at the beginning of the 
second year of operation by reducing the number of 
messages and improving the operation control pro­
cedure. 

The objective of this portion of the research was 
to measure the perceived benefits of the CMSs by 
evaluating CMS use during the first and second years 
of operation. 

Approach 

The approach used to assess the perceived effective­
ness of the CMS system was to compare the use of the 
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Figure 7. Use of changeable message 
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CMSs during accidents and the attitudes of the 
police freeway patrols and dispatchers between the 
first and second year of operation. Accident rec­
ords and CMS use information, discussed in detail 
later in the paper, were compiled during the two 
years. In addition, interviews were conducted with 
police patrol officers and dispatchers at the end of 
each year of operation. 

Results 

The table below lists the number of accidents and 
times the CMSs were used during each of the two 
study years: 

First Second 
Item Year Year 
No. of accidents 290 248 
Frequency of sign use 26 6 
Avg no. of accidents per month 24.2 20.7 
Avg sign use per month 2.2 0 . 5 
Accidents for which signs 9.0 2,4 

were used (%) 

The data are also plotted in Figure 7 in terms of 
percentages by month during the two study years. 

The results show that there was a significant 
reduction in the use of the CMSs during the second 
year of the study. The signs were used only 6 times 
(0.5 times/month) during the second year in compari­
son to 26 times (2.2 times/month) during the first 
year of operation. Considering the use per ace i­
dent, the table shows that during the second year 
the signs were used for 2.4 percent of the accidents 
in comparison to 9. 0 percent of the accidents the 
first year. 

The results were disappointing considering the 
fact that the initial library of CMS messages was 
reduced from 120 to 7 to simplify operations follow­
ing interviews with police patrol officers and dis­
patchers after the first year of operation. How­
ever, frequency of sign use during the second year 
(0.5 times/month) was not out of line with earlier 

1979 

MONTH 

A M J 

1980 

estimates. SAPD administrators predicted prior to 
the CMS pilot program that, based on their experi­
ences with the types of accidents on I-35, the signs 
would most likely be used an average of once every 
one or two months. The disappointment, therefore, 
stems from the indications of greater interest and 
desire to use the signs during the first year (even 
though the rate during the second year was in line 
with earlier SAPD predictions) and indications of 
reduced interest during the second year. 

Interviews with SAPD administrators indicated the 
following reasons for reduced use: 

1. Difficulties with existing hardware system, 
2. Turnover and reassignment of SAPD personnel, 
3, Shift rotations, and 
4. Reduced direct contact between SAPD admin­

istrators and the dispatchers and patrol officers. 

The CMS hardware system was primarily designed 
for research and is not ideally suited for opera­
tions by nontechnical personnel. This potential 
problem was recognized initially by TTI, TSDHPT, and 
SAPD, but it was hoped that some of the difficulties 
could be resolved. 

Normal turnover and reassignments resulted in a 
situation where some police officers were not famil­
iar with the objectives, design, and operation of 
the CMSs. In retrospect, the research project 
should have been funded to periodically furnish 
training to the newer officers. 

The dispatchers and CMS operators were on rotat­
ing shifts. use of the CMSs was highest during the 
morning peak periods. The dispatchers who became 
somewhat familiar with operating the CMSs would 
switch shifts and not return to the morning shift 
until two months later. The complexity of the hard­
ware resulted in the operators being more reluctant 
to use the signs when they returned. CMS operating 
procedures were forgotten during the long periods 
away from operating the signs. Dispatchers switch­
ing from night to morning shifts seemed to forget 
the operating procedures because of the extended 
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period between the training school and actual 
hands-on operations. 

Probably the factor that had the greatest impact 
on the reduced use of the CMSs during the second 
year resulted indirectly from the energy situation. 
As was the case with other agencies, the City of San 
Antonio was hit by higher fuel costs. As a conser­
vation measure, the city manager issued a directive 
in early June 1979 stating that official vehicles 
were no longer allowed to be driven to and from 
home. Radio communication between police adminis­
trators and supervisors with dispatchers and freeway 
patrol officers during the first year who requested 
the use of the CMSs was a positive indication and 
assurance of the importance of the system. The 
absence of radio communications between administra­
tors, supervisors, and patrol officers was an influ­
encing factor in the reduced use of the CMSs during 
the second year, according to SAPD officials, 

CMS HARDWARE AND OPERATION PROBLEMS 
AND RECOMMENDATIONS 

Operator's Control Console 

The remote-control console used in San Antonio was a 
TTY. Al though TTI researchers had no problems with 
the TTY while operating three trailer-mounted CMSs 
in Dallas (6), some police dispatchers seemed to be 
apprehensive about the equipment, The problem was 
compounded by the need to punch a "D" on the key­
board followed by a number. Some of the dispatchers 
lacked the confidence that the number they punched 
would display the desired message, even though they 
had a message number chart available. 

There were also many occasions of dispatcher 
apprehension about whether the message requested was 
actually displayed. Al though the message "D-number" 
was printed by the TTY pr inter when a message was 
displayed, the message content was not. This added 
to operational uncertainties. 

The amount of operator action to display a sign 
message after a sign was contacted was excessive. 
As many as seven buttons on the keyboard had to be 
depressed merely to display one message and to have 
the D-number and computer clock time printed. 

The number of CMSs that can be efficiently con­
trolled with a TTY is also important to consider. 
TTI personnel had no problems operating three CMSs 
in the Dallas system. However, it is doubtful 
whether one technically trained individual could 
effectively and efficiently operate more than three 
signs in an urban area by using a TTY as a control 
console, even though he or she could devote full 
attention to sign control. Traffic conditions 
change too rapidly. 

Thus, the following points are recommended. A 
TTY remote-control console can probably be effec­
tively used in an urban area CMS system to control 
up to three CMSs by a technically oriented individ­
ual, provided he or she can devote full attention to 
operating the signs that need to be activated. A 
push-button console should be used when the system 
is operated by local or state police or nontechnical 
personnel, or the 
The push buttons 
message that will 
depressed. 

system has more than three CMSs. 
should contain the specific CMS 
be displayed when the buttons are 

Positive visual-message verification should be 
provided. A message-display board should be avail­
able when either the signs are operated by nontech­
nical personnel or when there is a large number of 
signs to control. The message-display board must 
allow the operator to quickly identify the exact 
message content and the freeway locations where 
messages are displayed. Simultaneous display of the 
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information is desirable. Technically oriented 
operators could get by with a cathode-ray tube (CRT) 
display, provided the number of signs is small. 

Operator Considerations 

Reports (5,8) have cited factors such as operator 
boredom as critical in the effective operation of 
CMS systems. Although incidents are random and 
there may be long intervals when the signs are not 
needed, the preparedness and alertness of the op­
erator must not signi"ficantly diminish. Operator 
overload, rather than boredom, was a problem in San 
Antonio. 

The CMS system operator in San Antonio time­
shared responsibility with dispatching police and 
other emergency vehicles to locations throughout the 
city. Needless to say, during peak periods when the 
need for the CMSs was the greatest, the dispatcher 
was very busy responding to incidents. Overload in 
these critical situations required that the operator 
prioritize his or her tasks. Operation of the CMSs 
was of lower priority. 

One major problem that arose in San Antonio was 
that because of the infrequent use of the signs by 
specific dispatchers due to shift rotations (signs 
are most frequently needed during peak periods) and 
other factors, the operators' self-confidence in the 
ability to operate the signs dwindled over time. 
This, in part, was a contributing factor to the 
decline in the use of the signs during the second 
year of operation. No provisions were made in the 
research project to retrain the operators. 

Thus, the following points are recommended. The 
operator should be able to devote full attention to 
CMS operation during the peak-traffic periods when 
incidents are most likely to occur. During off-peak 
periods other related tasks are advisable, but the 
operator must be in a position to devote full atten­
tion to the signs when an incident occurs. 

The operator should have a strong working knowl­
edge of the freeway and streets in the corridor 
influenced by the CMSs. This knowledge will permit 
him or her to more efficiently and effectively 
select the appropriate information options for 
display. 

The operator must be well-trained and confident 
about his or her ability to operate the system. 
Recognizing that sign use in smaller metropolitan or 
rural areas may be infrequent, provisions should be 
made to retrain the operators and to practice sign 
operation under simulated conditions. The CMS con­
trol console and associated hardware and software 
should be designed to allow operators to go through 
the actual motions of operating the system and 
seeing the messages appear on the confirmation panel 
without the messages actually being displayed on the 
signs in the field. These simulations should be 
conducted with a supervisor at least every six 
months. The operators should be encouraged to prac­
tice the simulated operations on their own at more 
frequent intervals. 

Sys t em Ope ra t ion 

The decision was made by local highway and police 
agencies that the San Antonio CMS system would be 
operated by SAPD. SAPD administrators and super­
visors were enthusiastic supporters and lent con­
siderable encouragement for this arrangement. Many 
institutional, personnel, and funding constraints 
limited the capability of the local police to staff 
the system to the levels needed to maintain an ef­
fective system during the two-year study. However, 
SAPD believes that the police should have opera­
tional responsibility. 
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Thus, the following point is recommended. Some 
local police departments are in a position to assume 
responsibility for operating MIDSs in urban areas. 
When the system is to be operated by local or state 
highway agencies, the police should be involved with 
the planning and design of the system and must be an 
involved partner when the system is operated. 

Telecommunications 

As previously discussed, the operator's console 
(TTY) in San Antonio communicated with each sign by 
way of a telephone dial-up system. This required 
that a sign be called before a message could be 
displayed, changed, or removed. Although the amount 
of time required would not be excessive and the 
efficiency of operation would not be seriously af­
fected for a two-sign system with an experienced 
operator, problems could arise with larger urban 
area systems or when operators are not proficient in 
the use of the CMS system. Experiences with the 
telephone dial-up system in San Antonio indicated 
that it was quite inadequate for the occasional user 
who had a multitude of other simultaneous responsi­
bilities. 

Thus, the following point is recommended. It 
appears that the telephone dial-up system may be 
adequate for a small number of isolated CMSs in 
urban areas or for small CMS systems in rural 
areas. However, most urban systems should employ 
other telecommunications techniques to minimize the 
time required to change messages on the signs. 

Surveillance 

Surveillance is required for incident detection and 
an assessment of the operating conditions in the 
corridor. Detection of incidents, especially during 
peak periods, posed very little problem in this 
study. The thoroughness with which SAPD covered the 
freeway system with ground and air units reduced 
incident detection time to the lowest time possible 
without extensive freeway instrumentation. For max­
imwn effectiveness, incidents should be detected 
rapidly enough to allow the initiation of diversion 
before the exits to alternate routes are blocked by 
the queue from the incident. 

Accurate identification of the incident location 
is also er itical. Selection of messages is highly 
dependent on the location of the incident. The more 
specific the description of the incident in the CMS 
messages, the more critical the identification of 
the incident location becomes. For example, 
ACCIDENT AT DURANGO requires a much more accurate 
location determination than does ACCIDENT NORTH OF 
US-90. 

A second important function of surveillance is to 
provide information about conditions in the cor­
ridor. In San Antonio, the dispatcher-sign operator 
had to rely on those officers in the field to de­
scribe the conditions on the freeway. The patrol 
officers were in most cases so busy with investigat­
ing the incident and moving traffic that they were 
not able to provide this information to the oper­
ator. Thus, the operator was required to blindly 
operate the CMS without having the assurance and 
confidence that the messages displayed were the 
correct ones for the existing conditions. Eventu­
ally, some of the operators decided not to use the 
signs. 

Thus, the following points are recommended. Use 
of police patrols is a good way to identify the 
occurrence and location of freeway incidents in 
small metropolitan areas. It is not adequate to 
provide detailed information that concerns the traf­
fic conditions on the freeway so that the operator 
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can make appropriate decisions about the messages. 
Electronic detector surveillance complemented by 
closed-circuit television are necessary parts of a 
CMS system in urban areas. 

Discussion 

Glen c. Carlson 

Most, if not all, administrators of freeway traffic­
management programs feel that motorist information 
services are an important system element. A design 
team that develops a MIDS must make a wide range of 
decisions on the type of hardware to be used, loca­
tion of the field installations, surveillance tech­
niques, telecommunications equipment, control equip­
ment, and operational policies and strategies. 
Primary considerations in making these decisions 
include the following: 

1. System effectiveness--Effectiveness in terms 
of reducing the number of secondary collisions that 
follow incidents, encouraging motorists to use al­
ternate routes when appropriate, and reducing driver 
tension and anxiety. Accomplishing these objectives 
would obviously reduce fuel consumption and air 
pollutant emissions. 

2. Reliability--The ability of the hardware to 
function properly without placing an inordinate 
burden on staff and financial resources. 

3. Operations--Policies and strategies must be 
developed to permit efficient system operation with­
out creating excessive demand on the operator's time. 

4. cost--cost items include capital, operating, 
and maintenance costs relative to benefits derived. 

Dudek, Stockton, and Hatcher did not provide 
information on system costs or maintenance exper i­
ence for the San Antonio system, presumably because 
the CMS hardware consisted of trailer-mounted uni ts 
available from previous studies. However, the study 
results relative to system effectiveness and opera­
tions experience were very interesting and should 
prove to be useful to other agencies. The primary 
evaluation item was the diversion of freeway traffic 
to an alternate freeway route, and a secondary eval­
uation i tern was the amount of MIDS use by the op­
erating agency. They also presented recommendations 
on CMS hardware, system operations techniques, and 
evaluation efforts for future systems. 

DIVERSION STUDIES 

To evaluate the effectiveness of the MIDS in divert­
ing traffic to the alternate freeway route, data 
from seven case-study incidents were studied. 
Analysis of the results indicated that use of the 
CMSs during incidents did not result in greater use 
of the diversion route than the amount of natural 
diversion that occurred without the signs. The 
authors conclude that this does not indicate failure 
of the MIDS but that the message came too late and 
some drivers apparently knew better alternate 
routes. This conclusion seems to be valid because 
informal discussions with local drivers and feedback 
from freeway patrol officers indicated that diver­
sion to arterial street alternate routes may have 
been considerable. 

The problems that the researchers had with the 
div~rsion studies illustrate the difficulties that 
can be encountered in evaluating diversion systems. 
A recommendation is made that agencies evaluating 
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similar systems should monitor all exit ramps that 
are likely to be used. This is a good recommend a­
t ion because a systemwide evaluation is desirable i 
however, since case studies are usually used to 
evaluate diversion systems, there are several poten­
tial problems that may arise, which include the fol­
lowing: 

l. Incidents occur at unpredictable intervals 
and it may be necessary to extend the study over a 
lengthy time period to obtain an adequate sample. 

2. To provide systemwide data collection over an 
extended time period, it is desirable to have the 
freeway and ramps heavily instrumented with perma­
nent detectors. This type of instrumentation is 
often not available. 

3. Even if permanent detectors are available, 
they will be subject to failure, and the exit-ramp 
detectors will probably have a lower maintenance 
priority than other detectors more critical to sys­
tem operation. 

4. If portable counting equipment is used it 
will have to be left in the field for lengthy pe­
riods of time and will require a great deal of staff 
time for collecting data, making adjustments, and 
recharging batteries. 

5. Regardless of the type of detection used, it 
may be difficult to predict how far upstream the 
diversions start. For example, motorists learning 
of an incident via commercial radio stations or 
citizen band (CB) radio may stay off the freeway 
altogether. 

PERCEIVED EFFECTIVENESS 

The second evaluation i tern described was the effec­
tiveness of the system as perceived by police free­
way patrols and dispatchers. This was studied by 
collecting data on the willingness of the police to 
use the CMSs by comparing the first and second years 
of operation. Study results showed that there was a 
significant reduction in the use of the CMSs during 
the second year. The authors concluded that the 
reduced use was not caused by a perceived ineffec­
tiveness of the system but rather was attributable 
primarily to a loss of radio communication between 
SAPD administrators and dispatchers. 

A review of the data in Figure 7, which uses a 
slightly different perspective, seems to support the 
authors' conclusion. If system operators perceived 
that the CMSs were not effective, it probably would 
not take them an entire year to reach that percep­
tion. Yet the data in Figure 7 show that the CMSs 
were used fairly consistently over the first 14 
months of operation. During the first seven months, 
for example, they were used during 9.1 percent of 
the accidents while during the next seven-month 
period they were used during 7.9 percent of the 
accidents. Over the final 10 months of the two-year 
study period, however, the CMSs were used during 
only 1. 4 percent of the ace idents. This seems to 
support the authors' conclusion that factors other 
than the perceived effectiveness of the system led 
to the reduced use. 

CMS HARDWARE AND OPERATIONS RECOMMENDATIONS 

The recommendations regarding the operator's control 
console, operator considerations, and system opera­
tion are well-grounded based on the study findings 
in San Antonio. Many of these findings have been 
affirmed by the experiences of other agencies, 
several of which are referenced in the paper. There 
seems to be general agreement that systems may be 
operated successfully by either police or transpor­
tation (highway) agencies and that the key factor is 
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to develop teamwork between agencies. The success 
or failure of a system can depend on this teamwork 
because if CMSs are not operated efficiently they 
will lose credibility and effectiveness. 

The recommendations regarding telecommunications 
are also valid based on the study results and ex­
periences of other agencies. In most cases, the 
type of telecommunications techniques used will 
probably be determined by the data-transmission 
requirements of other traffic-management system 
elements such as surveillance and ramp control. 

Regarding the discussion on surveillance, the 
authors made a very significant recommendation on 
the techniques used for incident detection and CMS 
operation. They reach the conclusion that "elec­
tronic detector surveillance complemented by closed­
circuit television are necessary parts of a CMS sys­
tem in urban areas." This type of surveillance is 
indeed necessary if CMSs are to be operated at max­
imum efficiency in large urban areas. Exceptions 
where this sophisticated electronic surveillance may 
not be needed include agencies that use monitoring 
via helicopter or a fleet of emergency service ve­
hicles. 

SUMMARY 

overall, this paper did an excellent job of describ­
ing the San Antonio MIDS evaluation, providing a 
frank discussion of the problems encountered and the 
adjustments made to compensate for them. The 
authors have made recommendations on system design, 
operations, and evaluation that should prove very 
useful to other agencies. 

A final thought that warrants brief discussion 
regarding this research effort is the establishment 
of quantifiable goals for CMS systems. The authors 
did not approach the evaluation task with a set of 
quantifiable goals to be used in determining system 
effectiveness. There is often no valid basis to 
establish such goals for a CMS system, and this 
appears to have been the case with the San Antonio 
project. Setting arbitrary goals can lead to false 
expectations for a project and can also lead to 
misinterpretation of the study results if they are 
not met. 

E.R. Case 

Despite the fact that Dudek, Stockton, and Hatcher 
have concluded that the results of the diversion 
project described in their paper are less than ac­
ceptable, many important lessons were learned that 
will be invaluable to those involved in the planning 
and design of similar systems in the future. Prob­
ably the most important of these is that it is es­
sential to use a systems approach in developing such 
systems. Incident management certainly does imply a 
much wider scope than simple single-point diversion, 
and this should be reflected in both system design 
and evaluation. 

The paper has raised a number of important issues 
that are of critical interest to those contemplating 
the implementation of traffic-management systems 
that depend on the predictability of driver response 
to traffic-information systems such as CMSs. Al­
though many of these have been addressed since this 
project was conceived in 1977, there are still a 
number of areas where more research and development 
are required. One is a human factors issue that 
relates to determining what could be called the 
motorists "marginal propensity to divert" under var-

JI 

II 
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ious conditions. Another relates to the use of 
traffic simulations to predict system performance, 
A variety of simulation models are available (13), 
which are increasingly being used for system design 
(and even real-time control). Data collection re­
mains a problem, however. 

In my view there are some important lessons to be 
learned from this project with respect to natural 
diversion. Natural diversion is a driver behavior 
pattern that has developed over a period of time in 
response to a variety of incident conditions. rt 
can only really be measured accurately by an exten­
sive survey that uses questionnaires and yet it is 
essential information for the development of a free­
way corridor traffic-management system. Natural 
diversion patterns may well have to be modified to 
implement an optimal freeway corridor diversion 
strategy. 

In the present case, the results indicate a 
relatively high degree of natural diversion that 
appears to be very responsive to the onset of con­
gestion. It seems that a significant number of CBD­
bound drivers were already receiving sufficient and 
timely traffic information--from whatever source--to 
enable them to make a decision to divert. This 
would certainly tend to reduce the effectiveness of 
the CMS messages, as was observed. No mention was 
made in the paper of commercial-radio traffic re­
ports, but perhaps they played a role here. 

The results obtained clearly support the authors' 
contention that single-point diversion is a myth in 
this particular case and indeed is probably gen­
erally so except in certain highly contained situa­
tions. But this does not necessarily mean that sys­
tems performance can only be evaluated by monitoring 
all possible diversion ramps. If the goal of diver­
sion (or incident management) is to alleviate con­
gestion and reduce accidents, then these could be 
used directly as system measures of effectiveness, 
regardless of where the diversion occurs. For 
example, the maximum length of the mainline queue 
due to an incident and · the time it takes to dissi­
pate are certainly val id measures of the degree of 
freeway congestion and are not too difficult to 
obtain. Also, the reduction in secondary accidents 
is a direct measure of overall system effectiveness. 

Only 7 of the original 120 messages were used in 
the second year to simplify operations. No mention 
is made of which ones were chosen or the basis on 
which the choice was made. I am wondering, in view 
of the authors' extensive background in this area, 
if there were any human factors considerations in­
volved that related to the perceived effectiveness 
of the messages? 

Many of the problems experienced by the authors 
would not be experienced today where the trend is to 
implement CMS systems as an integrated part of a 
freeway corridor traffic-management system that may 
employ other strategies in addition to diversion. 
Such systems include extensive electronic detector 
surveillance as well as closed-circuit television 
(CCTV). Many employ automatic CMS message selection 
based on traffic information supplied by the elec­
tronic surveillance system to implement optimal 
incident-management diversion strategies. Neverthe­
less, there will still be frequent occasions where 
CMSs must be controlled manually, and the guidelines 
provided in the paper will be useful in defining 
acceptable operator work load levels. 

In 1979, the Ontario Ministry of Transportation 
and Communications installed a CMS on the Queen 
Elizabeth Way (QEW) west of Toronto (14), with the 
dual purpose of evaluating its effecti;;;;ess in con­
trolling traffic and obtaining experience in the 
installation, operations, and maintenance of this 
type of sign. The CMS system is integrated into the 
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QEW Freeway Surveillance and Control System (FSCS) 
(15) and is manually controlled from the traffic 
control center about 3.7 miles (6 km) to the east. 

Although the CMS is installed just upstream of a 
major interchange, the performance evaluation was 
limited to mainline control because the local polit­
ical situation precluded any attempt to divert free­
way traffic onto neighboring arteries (mainly resi­
dential). The results are therefore not entirely 
relevant to the subject of this paper, but they 
still may be of interest to those contemplating the 
use of CMSs for traffic control. 

The QEW CMS is a magnetic disc matrix type with 2 
lines of 22 characters each. It extends across all 
three lanes and replaces an existing static sign 
just upstream of a major interchange. Each of the 
character modules is 18 in (46 cm) high and is 
comprised of a 5x7 matrix of 2-in (5-cm) diameter 
fluorescent yellow discs. It is front lighted for 
visibility at night. 

About 35 preprogrammed messages are available, 
although only about 7 are used routinely on a daily 
basis. Other messages can be typed in for special 
situations. The sign is available for use 24-h/day 
and is controlled through the QEW FSCS during the 
morning peak and by the Ontario Provincial Police at 
other times. CCTV is available to monitor the CMS 
messages and the resulting driver behavior. 

The sign was evaluated under a variety of inci­
dent conditions. Typical of these is a study of the 
effectiveness of the CMS based on a lane-blocking 
incident located some 1.9 miles (3 km) downstream of 
the sign. A series of messages were used that ad­
vised that the lane was blocked and the resulting 
traffic changes were moni tared by the FSCS detector 
station located 0.62 mile (1 km) downstream of the 
sign. The volume dropped more than 30 percent in 
the 10-min period during which the lane-closure 
message was shown. In other tests, it was observed 
that up to 50 percent of drivers followed the ad­
visory messages on the sign. 

Next year the Ministry plans to install a similar 
CMS at a major freeway-to-freeway diversion point on 
the QEW. The lessons learned in this paper will be 
of great value in the planning, design, and evalua­
tion of this system. 

Authors' Closure.: 

We are appreciative of the thorough review and 
critique by Carlson and case. Their comments, based 
on vast hands-on personal experiences, add sign if i­
cantly not only to the paper but also to freeway 
incident-management technology. 

The establishment of goals for a CMS or other 
type of incident-management system is important. 
However, operating agencies are handicapped because 
of the difficulty in (a) predicting effects and (b) 
measuring effects. 

It is difficult for operating agencies to quan­
tify CMS system goals in terms of the percentage of 
anticipated reductions in accidents (both primary 
and secondary) and congestion and increases in 
diversion because there is a lack of available pub­
lished data that can be used as a basis for estimat­
ing potential effects. Published field evaluations 
of CMS systems are very sparse and a data base suf­
ficient for the agencies to use for their estimates 
is not available. 

Two goals that most likely would be embraced by 
agencies are to alleviate congestion and reduce sec­
ondary ace idents. Unfortunately, these are d iff i-

}] 
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cult to measure in a real-world setting for CMSs 
used for ace idents. Congestion is often determined 
by measuring the length and duration of traffic 
queues that result from the incidents. Although the 
data would not be difficult to obtain for these to 
be valid measurements, all incidents must have the 
same characteristics in terms of location, type, 
degree, and duration. The wide variety in incident 
characteristics prevents the operating agencies from 
relying on congestion measurements as a basis for 
determining the effects of the CMSs. This is why we 
decided to use the amount of diversion during the 
specific study period as discussed in the paper. In 
addition, the number of known secondary accidents on 
a section of highway is normally too small to obtain 
statistically significant results. 

The original set of 120 messages was reduced to 7 
in the second year to simplify operations. Ideally, 
drivers should be told where the incident is. In 
San Antonio, incident location was initially re­
ferred to existing major street crossings, which 
accounted for most of the messages. After the first 
year, the I-35/I-lOE interchange was used for ref­
erencing the incidents. Although the accident loca­
tions were not specific, we believe that the degree 
of response to the messages in terms of diversion 
was not adversely affected. The word ACCIDENT on a 
CMS has a profound effect on the driver's decision 
to divert. It is even more profound when MAJOR 
ACCIDENT is displayed. 
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