
90 

fice of University Research, UMTA . The views ex­
pressed are ours and reflect neither the opinions 
nor policies ot UM'l'A. 

REFERENCES 

l. R. Gakenheimer and M.D. Meyer. Urban Transpor­
tation Planning in Transition: The Sources and 
ProRpects of TSM. Journal of the American 
Planning Association, Jan. 1979. 

2. Urban Mass Transportation Administration; 
Federal Highway Administration. Transportation 
Improvement Program. Federal Register, Sept. 
17, 1975, 

3. H.J. Simkowitz. A Comparative Analysis of Re­
sults from Three Recent Non-Separated Concur­
rent-Flow High Occupancy Freeway Lane Proj­
ects: Boston, Santa Monica, and Miami. Trans­
portation Systems Center, U.S. Department of 
Transportation, Cambridge, MA, Rept. UMTA-MA-
06-0049-78-2, June 1978. 

4. J.W, Billheimer, R.J. Bullemer, and C. 
Fratessa. The Santa Monica Freeway Diamond 
Lanes, Volume I: Summary. Transportat i on Sys­
tems Center, u.s. Department of Transportation, 
Cambridge, MA, Rept. UMTA-MA-06-0049-77-12, 
Sept. 1977. 

5. H. Simkowitz. Southeast Expressway High Oc­
cupancy Vehicle Lane Evaluation Report. Trans­
portation Systems Center, U.S. Department of 
Transportation, Cambridge, MA, Rept. UMTA-MA-
06-0049-78-4, May 1978. 

6. J.M. Brophy and H.W. Voccola. Washington, 
D.C.'s Parking Enforcement Program. Parking, 
Oct. 1979. 

7. M.D. Meyer, J. Sheldon-Dean, and Y. Svorai. 
Enforcement as a Consideration in TSM 
Planning: A Review of Current Practice. Cen­
ter for Transportation Studies, Massachusetts 
Institute of Technology, Cambridge, Rept, 
79-15. Nov. 1979. 

Transportation Research Record 816 

8. M.D. Meyer and J, Sheldon-Dean. The Role of 
Enforcement Agencies in Transportation 
rlanning 1 The Boston Case. r.PntPr for Trans­
portation Studies, Massachusetts Institute of 
Technology, Cambridge, June 1980. 

9. H.J. Simkowitz. A Comparative Analysis of Re­
sults from Three Recent Non-Separated Concur­
rent-Flow High Occupancy Freeway Lane Proj­
ects: Boston, Santa Monica, and Miami. TRB, 
Transportation Research Record 663, 1976, pp. 
17-25. 

10. D. Brand, J. Attanucci, H. Morris, and C. 
Kalauskas. Southeast Expressway Reserved Lane 
for Buses and Carpools. TRB, Transportation 
Research Record 663, 19'/8, pp. 29-40. 

11. Rules and Regulations for Driving in the Dia­
mond Lane on the Southeast Expressway. Depart­
ment of Public Works, Commonwealth of Massa­
chusetts, Boston, Oct. 1977. 

12. E. Lloyd. Case Studies--Boston, Massa-
chusetts. !!l. Transportation System Management, 
TRB, Special Rept. 172, 1977, p. 135. 

13. Alan M. Voorhees and Associates, Inc. Plan for 
an Auto-Restricted Zone in Downtown Boston. 
Traffic and Parking Commission, City of Boston, 
Boston, 1976. 

14. Wilbur Smith and Associates. An Access 
Oriented Parking Strategy for the Boston Metro­
politan Area. Boston Redevelopment Authority, 
Boston, July 1974. 

15. W. Herald. Auto-Restricted Zones--Technical 
Appendix: Boston. U.S. Department of Trans­
portation, Rept. UMTA-VA-06-0042-78-5, Dec. 
1977. 

16. Transit and Traffic Improvement Program--Final 
Demonstration Grant Application. Boston Re­
development Authority, Boston, March 1978. 

Publication of this paper sponsored by Committee on Traffic Law Enforce­
ment. 

New Jersey Turnpike Automatic Traffic Surveillance 
and Control System Performance Observation 
PAUL M. WECKESSER AND JERRY KRAFT 

The New Jersey Turnpike Authority's Automatic Traffic Surveillance and Con­
trol system be~amo fully operational in January 1976. The system has proven 
to be an effectivo tool for managing traffic flow on the New Jersey Turnpik 's 
most heavily traveled section. Motorists are provided with a diversion capabil­
ity to the least·congested roadway by means of changeable message signs. The 
paper describes the unique roadway configuration covered by the system as 
well as the traffic parameters that dictate sign changes. Traffic flow affected by 
tho system during 1ho aftornoon and evening peak hours of' two high·volumo 
traffic day$ was evaluated. Automatic sign changes, the magnitude of traffic 
parometers that cau1ed the sign changes, and the number of vehicles diverted 
during these two days are described in this paper. 

The New Jersey Turnpike Authority's Automatic 
Traffic Surveillance and Control (ATSC) system was 
installed and made operational in January 1976. 
This system was originally conceived and developed 
prior to and during the widening of the northern 36 
miles of the New Jersey Turnpike in the latter part 

of the 1960s. Its purpose is to completely automate 
traffic control on the 12-lane section of the New 
Jersey Turnpike that extends 36 miles from central 
New Jersey to the George Washington Bridge ap­
proaches. The ATSC system provides traffic sur­
veillance and control based on traffic data received 
from the field. The traffic parameters obtained 
from the computer are occupancy, average running 
speed, volume, unused capacity, and vehicle class i­
f ication. These parameters are collected by means 
of 850 loop detectors imbedded in the pavement of 
all roadway components of the 36-mile network. 

The traffic data collected are transmitted via 
buried cable to two front-end processors that 
process and compress the raw data and, in turn, 
transmit the refined data to a main computer for 
further analysis and action, if necessary. This 
main operating computer is a Digital F.quipment 
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Corporation PDP 11-40. The traffic control is 
implemented by this main computer through use of 
traffic control strategies and accompanying algo­
rithms programmed therein that react to the data 
collected and, by remote control, operate various 
changeable message directional signs, variable 
message speed limit signs, and hazard warning signs 
installed at key locations throughout the 36-mile 
section. 

The purpose of this paper is to examine the 
performance of the ATSC system during peak-period 
travel times. A comprehensive description of the 
system can be found elsewhere OJ . The ATSC system 
has saved motorists from delays by means of diver­
sion. The diversion capability is due to the unique 
design of the roadway in the most northerly 36 miles. 

The two parameters obtained directly from the 
field that dictate sign changes are occupancy, used 
for the purpose of incident detection, and unused 
capacity, used for balancing traffic on two parallel 
roadways. The occupancy parameter is defined as 
that portion of time, in percent, that vehicles 
occupy a loop detector during 1 min. For example, 
if vehicles occupy the loop detector for 6 s during 
a 1-min interval, the occupancy is 10 percent. The 
unused capacity parameter is a measurement that 
takes into consideration existing hourly equivalent 
volume based on 1-min measurements and the capacity 
of the roadway. Unused capacity is defined as the 
capacity of the roadway minus the hourly equivalent 
volume. Normally the capacity of the roadway is set 
at 1800 equivalent vehicles/ h per lane. However, in 
some locations a roadway-capacity adjustment is made 
to achieve proper sign changes. For example, in the 
area near interchange 14, where considerable merging 
and diverging maneuvers take place, the capacity of 
the roadway is set at 1500 vehicles/h per lane . The 
hourly equivalent volume is the volume per minute 
multiplied by 60. Vehicle classifications are done 
by means of the measurement of vehicles over a loop 
trap configuration. A vehicle length threshold of 
23 ft was found to give excellent results. Pas­
senger car equivalency of 2. 5 for each commercial 
vehicle was found to be most effective, based on 
observations of sign changes triggered after using 
passenger car equivalency between 1.8 and 2.8 

The advantage of using the occupancy parameter 
for monitoring quality of flow is that this parame­
ter can be measured directly in the field, by using 
pulse lengths transmitted directly from the detec­
tors. The percentage of occupancy, based on 1-min 
measurement, is equal to 

Q= IOO[(T1 + ... Tn)/60] (!) 

where 

Q percentage occupancy during a specific min-
ute, 

T1 first pulse length(s) during the specific 
minute, and 

Tn last pulse length(s) during the specific 
minute. 

The ATSC system also provides average running 
speed per minute at each loop detector site. The 
average running speed is used only for monitoring 
the motorist's compliance in certain sections where 
the speed limit is reduced. Figure 1 indicates the 
relationship between percentage occupancy and aver­
age running speed. This information was obtained 
from various ATSC system computer printouts that 
showed percentage occupancy and average running 
speed for the same period. Figure 1 also contains 
level-of-service indicators. Table 1 shows level­
of-service A-F as it related to occupancy and aver-
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age running speed. The relation between the average 
running speed and the level of service was taken 
from a Transportation Research Board circular (l_, 
Table 2.1, p. 168). 

The congestion-producing incident is detected by 
means of a mathematical formula that takes into 
consideration the percentage occupancy at an up­
stream and downstream loop detector. This mathe­
matical formula is composed of the following: 

Occupancy upstream - occupancy downstream> 10 percent 

100 percent[(occupancy upstream - occupancy downstream) 

.c occupancy upstream] > SO percent 

(2a) 

(2b) 

Equation 2b ensures that the ATSC system would 
not consider an incident when the roadway is heavily 
congested. For example, if the upstream detector 
indicates an occupancy of 53 percent and the down­
stream detector indicates an occupancy of 30 per­
cent, Equation 2b is not satisfied. However, when 
the two conditions are satisfied, an incident alarm 
will sound off. Then, the computer will make appro­
priate sign changes that result in the diversion of 
traffic from the incident area. Traffic diversion 
will also occur when the unused capacity on the 
three-lane roadway section is less than 500 equiva­
lent vehicles, provided that the parallel roadway is 
capable of accommodating the diverted traffic. The 
computer can determine the effect of the diverted 
traffic prior to the actual sign change. The pro­
jection is done by using historical traffic data 
that are stored in the computer. An example of 
actual sign changes triggered as a result of occu­
pancy and unused capacity is described in the last 
part of this paper. 

ROADWAY SECTION 

For the purpose of explaining the action taken by 
the ATSC system, a brief explanation of the area is 
given. As previously indicated, the ATSC system 
covers 36 miles between the area near interchange 9 
(milepost 82) and its northern terminus at US-46 
(milepost 118). The area between mileposts 82 and 
106 is known as the dual-dual roadway. This section 
is composed of two separate three-lane parallel 
roadways that are separated by a median barrier. 
Under normal conditions, all trucks and buses that 
enter the dual-dual roadway must use the outer road­
way. Passenger cars, on the other hand, can use 
either the outer or the inner roadways. The area 
between mileposts 106 and 118 is composed of two 
separate roadways, which are known as the easterly 
and westerly roadways. All vehicles are allowed to 
use either roadway. The easterly roadway primarily 
services traffic to and from the Lincoln Tunnel 
(interchanges 16E and 17) and the westerly roadway 
primarily services through traffic on Interstate 95 
to and from the George Washington Bridge (inter­
change 18W) • Figure 2 shows the area of the New 
Jersey Turnpike covered by the ATSC system. Tables 
2 and 3 show the 28 locations where the changeable 
message signs are located at points where traffic 
can be diverted to a desired roadway on both the 
northbound and the southbound directions, respec­
tively. 

EXAMPLES OF TRAFFIC DIVERSION 

The following section describes an actual traffic 
diversion executed during two peak travel days. A 
search of the records indicates that the effective­
ness of the ATSC system's performance can best be 
described by examining the following two days: Wed­
nesday, November 23, 1977, the Wednesday preceding 
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Figure 1. Average running speed versus percentage occupancy by level of service. 
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Table 1. Level of service descriptions. 

Level 
of Average Running 
Service Traffic Flow Description Speed (mph) Occupancy (%) 

A Free flow > 50 0-12 
B Free flow > 50 0-12 
c Stable flow 48-50 12-14 
D Approaching unstable flow 40-48 14-16 
E' Unstable flow, capacity 30-40 16-20 
F Forced flow < 30 > 20 

~ . . - - . ' . - - - .. . - c apacity occ urs wnen ave rage running speeu Ls t.:4u<:11 ~u .:iu 111p11 <111u vc:n. c: 1uai:,c: v ..... .... -

pancy is equal to 20 percent. 

the Thanksgiving holiday, and Friday, June 23, 
1978. These two days were selected because they 
represent days on which sign changes took place to a 
large extent due to heavy traffic flow. On Wed­
nesday, November 23, 1977, most of the traffic 
consisted of long-distance holiday travelers. Traf­
fic on the second day consisted primarily of travel­
ers to summer resorts located in New Jersey. On 
both days commuter traffic was also a significant 
factor. The total traffic on the New Jersey Turn­
pike during November 23, 1977, was 438 485 and on 
June 23, 1978, it was 450 623. This traffic volume 
can be compared with the 1977 average annual daily 
traffic (AADT) of 311 ·408 vehicles and the 1978 AADT 
of 330 473 vehicles. On November 23, 1977, sign 
changes were due to congestion that resulted from 
accidents and heavy traffic flow. On the other 
hand, on June 23, 1978, sign changes were due to 
congestion that resulted from heavy traffic flow 
only. For the purpose of simplifying the descrip­
tion of the ATSC system's performance, the following 
roadway designations are used: 

SNO--outer roadway, northbound; 
NSO--outer roadway, southbound; 
SNI--inner roadway, northbound: 
NSI--inner roadway, southbound; 
SNE--easterly roadway, northbound: 

NSE--easterly roadway, southbound: 
SNW--westerly roadway, northbound: and 
NSW--westerly roadway, southbound. 

The first letter of the designation signifies the 
direction from which traffic is coming; the second 
letter signifies the direction of traffic flow, and 
the third letter describes the roadway. These road­
way des igna t i ons are also used by operat i ng per­
sonnel, wh ich include s State Po lice, emerg e ncy vehi­
cle operators, and the New Jersey Turnpike Authority 
n~~-~~~~~- ~~~~nr•e A;an~~~hor~ . ..... r .... &.w .......... ~4 .... -- .. -- ...... ---c- ------ - · 

November 23 , 19 77 

The following is a description of sign changes and 
traffic characteristics for vehicular flow on the 
New Jersey Turnpike that took place on Nuveml>e.r 23, 
1977, between 3:25 and 6:00 p.m., the time when all 
signs returned to normal. 

At 3 : 25 p.m., an accident occurred at milepost 
110 SNW. This location is about 1 mile north of 
interchange 15W. The accident resulted in blockage 
of the left and center lanes. An occupancy reading 
of 24 percent was detected at a loop detector lo­
cated just south of the accident. On the other 
hand, the downstream detector north of the accident 
indicated a reading of 5 percent. Since the con­
gestion criteria for an incident detection was met, 
an alarm was sounded to indicate to the operator 
that an incident had just occurred. 

At this point, the changeable message signs 
located at the SNO and SNI roadways about 1 mile 
north of interchange 14 displayed the message ALL 
TRAFFIC to direct traffic to the SNE roadway . The 
message to the SNW roadway from the SNO and SNI 
roadways displayed the message EXIT 15W ONLY. These 
message displays were mandatory rather than advi­
sory. In addition, the computer displayed a 35 mph 
speed limit message at milepost 109 SNW and 45 mph 
at milepost 107 SNW. The computer also activated 
the speed warning signs at these locations to read 
REDUCE SPEED AHEAD--CONGESTION. On the verification 
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Figure 2. Area on New Jersey Turnpike covered by ATSC system, mileposts 82-118. 

THE DUAL - DUAL ROADWAY 

INT.14 lNT. 15E 

• CHANGEABLE MESSAGE SIGNS 

Table 2. location of entry points where northbound traffic can be diverted. 

Location of Entry Milepost Diversion Capability 

Dual-Dual Roadway 

Mainline split 
Interchange 9 
Interchange I 0 
Interchange 11 
Service area I ON 
Interchange 12 
Interchange 13 
Service area 11 N 
Interchange 14 

82 
83 
88 
91 
93 
96 

100 
102 
105 

Easterly and Westerly Roadway 

Main line, southern I 06 
mixing bowl 

Interchange I SE" I 07 
Interchange l 5Wb I 09 
Interchange 16Wb 112 

Interchange 173 112 

Main line, northern 11 7 
mixing bowl 

8 Located on easterly roadway. 

Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
All traffic to outer roadway, no diversion 

capability 

Easterly or westerly roadway 

Easterly or westerly roadway 
Westerly or easterly roadway 
Westerly roadway (normal message) or east­

erly road via NJ-3 eastbound to inter­
change 17 

Easterly roadway (normal message) or west­
erly roadway via NJ-3 westbound to inter­
change 16W 

1-80 westbound or US-46 westbound, I-95 
eastbound or US-46 eastbound 

bLocated on westerly roadway. 

of an accident, the word ACCIDENT was added to the 
speed warning sign. 

Dur ing the period between 3:25 and 3:50 p.m., 
1450 vehicles that normally would have used the 
westerly roadway were d ive rted to the easterly 
roadway, away from the accident area. Although 
traffic on the easterly roadway became quite heavy 
due to the addit i onal traffic, it was easier to 
remove the vehicles that were involved in the 
accident more expeditiously. At 3:50 p.m. the 
computer changed the signs on the SNO and SNI 
roadways, and displayed a normal message. Note that 
al l three lanes on the SNW roadway a ·t the accident 
location were available at 3 :46 p.m. At 3 :50 p.m., 
the speed limit sign located at milepost 1 07 SNE 
d isplayed 45 mph a nd the speed limit sign at mile-
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._1_80 Northern 
-1-95 Mixing 

Bowl 

Table 3. location of entry points where southbound traffic can be diverted. 

Location of Entry Milepost Diversion Capability 

Easterly and Westerly Roadway 

Mainline from I-80 117 
and U-46, northern 
mixing bowl 

Mainline from I-95, 117 
northern mixing bowl 
bowl 

Service area 13 116 
Interchange l 6W8 112 

Dual-Dual Roadway 

Mainline, southern 106 
mixing bowl 

Mainline, southern I 06 
mixing bowl 

Interchange 14 105 
Interchange 13 I 00 
Interchange 12 96 
Service area 1 OS 93 
Interchange 11 91 
Interchange I 0 88 
Interchange l 6Eb 112 

a Located on westerly roadway. 

Easterly or westerly roadway 

Easterly or westerly roadway 

Easterly or westerly road way 
Westerly roadway (normal message) or east­

erly roadway via NJ-3 eastbound to Inter­
change 16E 

Outer or inner roadway from easterly road­
way 

Outer or inner roadway from westerly road-
way 

Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Easterly road way (normal message) or west­

erly roadway via NJ-3 westbound inter­
change 16W 

bLocated on easterly roadway. 

post 109 SNE displayed 30 mph. The location of 
milepost 109 SNE is about 3 miles south of inter­
change l6E. 

At 4:00 p.m., the computer displayed a message to 
divert all northbound traffic at interchange l5E to 
the westerly roadway. During the 15-min display of 
this message, about 250 vehicles were diverted from 
interchange 15E to the westerly roadway, thus the 
load on the easterly roadway was eased. At 4: 30 
p.m., the occupancy on the SNW roadway was 24 per­
cent, and on the SNE roadway the occupancy was 16 
percent. During the period between 4:30 and 5:35 
p.m. several sign changes took place, which lasted 
no more than 10 min at a time. These sign changes 
resulted in a diversion of 1300 vehicles. At 4:30 
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p.m., the speed limit on the SNE roadway was back to 
55 mph1 at 5: 05 p.m., the speed limit at milepost 
lU 'I l::iNW was returned to 55 mvh1 ciml cil 6 : 00 p.m. the 
speed limit sign at milepost 109 SNW was back to 55 
mph. In addition, all changeable message signs were 
back to normal at 6:00 p.m. 

During the period between 3:25 and 6:00 p.m., all 
speed limit adjustments, as well as diversionary 
sign displays, were done automatically by the com­
puter. However, these sign changes were carefully 
monitored by traffic engineers and Operations Center 
personnel. An examination of the ATSC computer 
printout information indicated that the level of 
service attained on both the SNW and SNE roadways at 
6:30 p.m. could not have been attained prior to 8:00 
p.m. without the availability of the ATSC system. 

June 23 , 1978 

Another example of traffic diversion occurred on 
Friday, June 23, 1978. The diversion on this date 
occurred primarily on the southbound roadways. 
Traffic from the NSW and NSE roadways traveled 
through the southern mixing bowl to the NSO and NSI 
roadways. The normal signing directs all buses and 
trucks and all vehicles destined to interchange 14 
from the NSW and NSE roadways to use the NSO road­
way. On the other hand, passenger cars from the NSW 
and NSE roadways can use either the NSI or NSO road­
ways. 

On Friday, June 23, 1978, due to traffic volume, 
sign changes were made to direct the southbound 
traffic from the NSW and NSE roadways and from 
interchange 14 southbound. At 3:30 p.m. all NSE 
roadway traffic was diverted to the NSI roadway. 
The reason for this change was based on unused 
capacity figures. The unused capacity on the NSO 
roadway was o. The NSI roadway had an unused ca­
pacity of 2260 equivalent vehicles. During this 
period the occupancy in the area between the 
southern mixing bowl southbound and interchange 13 
on the NSI roadway was 9 percent. The occupancy at 
the same location on the NSO roadway was 12 percent. 

At 5 : 00 p.m. the changeable message signs from 
t.he N5E roadway were ba(..:k Lo nu.c:rnal. All !~SW 

traffic was directed to the NSI roadway. During 
this period the unused capacity on the NSO roadway 
was 0 and the unused capacity on the NSI roadway was 
1580 vehicles. The ' occupancy during this period was 
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10 percent on the NSI roadway between the southern 
mixing bowl and interchange 13 and 12 percent in the 
same location on the NSO roadway. At 5:10 p.m. all 
traffic from the NSE roadway was directed to the NSI 
roadway. Between 5:20 and 5:30 p.m. all traffic 
from the NSE roadway was directed to the NSO road­
way. From 5:30 to 5:40 p.m. all traffic from the 
NSE roadway was diverted again to the NSI roadway 
and traffic from interchange 14 was diverted to the 
NSO roadway . At 5: 30 p.m. the unused capacity in 
the area between the southern mixing bowl and inter­
change 13 was 900 on the NSI roadway and 1400 at the 
same location on the NSO roadway. At 5:40 p.m. all 
changeable message signs and all speed limit signs 
were returned to normal. An examination of the ATSC 
system computer printouts indicated that about 50 
min of delay time were saved by motorists who were 
traveling southbound from the easterly and westerly 
roadways. 

CONCLUSIONS 

The New Jersey Turnpike Authority's ATSC system has 
proved to be an effective tool for traffic manage­
ment. Comparison of operational experience before 
and after the installation of the ATSC system indi­
cates an improvement in traffic flow on the New 
Jersey Turnpike, especially during times of peak 
travel demand. Without the system, proper accommo­
dation would have been difficult for the 15 percent 
growth in traffic on the northern 36 miles of the 
New Jersey Turnpike that occurred between 1976 and 
1979. The system has provided motorists with an 
effectively used roadway network and authority 
personnel with a valuable tool for providing optimum 
service to the traveling motorist in terms of rapid 
incident detection, rapid response time, · and allevi­
ation of congestion. 
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