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reporting area lighting conditions, should any un
usual visibility condition develop, alarms will 
alert the dispatcher in the Communication Center and 
acceptable lighting levels can be achieved for the 
particular area. All example wou.La oe a heavy rain
storm in early evening that involved only one free
way. The transmitter-receiver unit for that roadway 
would signal low light conditions, and the dis
patcher would energize that freeway lighting. Re
ports from field traffic personnel, executives, and 
others also result in turn-ons during normal daytime 
hours (see Figure 9). 

The problem that is most noticed and causes the 
greatest public reactiun, that u! scatt,ned tuu1-om! 
and turn-offs of highway lighting, is now replaced 
with instantaneous system operation. Since the sys
tem is designed to energize or de-energize whole 
groups of lights at one time, there are never any 
individual lighting units continually burning and 
going unnoticed for days or weeks at a time. 

Finally, maintenance service time is reduced due 
to the ability to simply make a mobile radio call to 
the dispatcher fer the twrnin; en er off 
trol cabinet. This saves considerable time, since 
these control cabinets are located off the freeway 
on frontage roads or cross streets. Specifically, 
it is necessary to energize high-mast lighting in
stallations in order to service the luminaires. The 
time saved for the maintenance worker varies from as 
little as 10 min to 1 h round trip. As many as 
three other workers may be waiting during this peri
od. Since this operation mus_t be repeated after the 
repair is finished, an average of 1 h/worker is lost 
two to three times pei" week. It 
an annual savings of $6000/year 
due to this feature. 

is estimated that 
would be realized 

The installation 
highway lighting has 
many aforementioned 
however, for future 

of a radio control system for 
resulted in the solution to the 
problems. The possibilities, 
applications of this technique 
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transmitters and other electronic equipment opens 
the way for many practical applications. One of the 
features of the present system, monitoring of the 
circuit condition, could be expanded to monitor in
Qividually each of the 20 QQQ luminaires. i~ ~~ ~n
visioned that a daily printout of lamp outages would 
be available, which would eliminate the necessity of 
patrolling for outages. This would result in a more 
efficient lamp replacement program and reduce energy 
and the person power required in patrolling. Instal
lation of highway lighting systems requires substan
tial capital investment, which can only bring a 
return if the systems are properly operated and 
maintained. System monltur lny can de Leet problems 
early and reduce the size of repairs as well as con
serve energy (1)• 

OTHER USES 

Information of various types that can be sent to the 
transmitter-receiver unit can then be forwarded to 
the central control of the Communication Center for 

well as electrical parameters. Traffic information, 
such as detector loop output or detector information 
of any kind, could be sent over special frequen
cies. Economic comparisons of the various systems 
need to be made to ensure future low-cost, reliable 
information retrieval. 
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Abridgme11t 

Programmable Roadway Lighting System as an Integral 
Traffic Management Component 
A. Kl!TVIIITIS 

Analysis of vehicle traffic on public roads and streets in urban and rural areas 
indicates that traffic density and volume vary regularly within a 24-h cycle 
and that there is a close relation between traffic volume and accident rate. 
The gap between vehicle miles of travel (demand) and available road capac
ity (supply I is projected to increase s111adily in the future. Traffic planners 
are faced with the need to improve the present use of the road system with
out investing major sums of money. Among the objectives of such improve
ments is maximizing the impact of roadway lighting on traffic flow. I~ is 
recommended that roadway lighting systems include a switching flexibility 
that will enable traffic system operators to relate lighting levels to traffic 
characteristics. The operation of 1uch variable-level lighting systems is 
briefly described. 

An orderly and effective traffic flow depends on a 
number of factors, each of which in its own way in
fluences the totality of environmental character
istics in which the motorist is performing the 

driving task. In planning traffic management, 
therefore, it is important that these factors are 
clearly identified, weighed, and integrated into a 
unified scheme. It is obvious that, if one or more 
of the major contributors are ignored, success in 
such a system operation will be limited or, in some 
cases, inadequate. 

The analysis of vehicle traffic on public roads 
and streets indicates that in urban and rural areas 
traffic density and volume vary regularly within a 
24-h cycle. This variation establishes specific 
traffic-flow patterns, accentuating the morning and 
evening peaks as well as a slack period that nor
mally falls between midnight and the early morning 
hours (Figures 1 and 2). 

Based on accident distribution data within a 24-h 
cycle, it appears that the degree of difficulty in 
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Figure 1. Fatal accidents by time of day in Ontario: 1979. 
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Figure 2. Hourly variations of traffic volume. 
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HOURS IN DAY 

performing the drivi.ng task coi ncides with the peaks 
in traffic volume, An exception is early morning 
(1:00-2:00 a,m,): Tbe high accident rate for this 
period perhaps can be attributed to alcohol, drugs, 
and fatigue. 

Perhaps the close relation between volume and ac
cident rate can be explained by the severe restric
tion of space for a motorist to operate a vehicle on 
an overcrowded road, In other words, on a crowded 
road the distance between vehicles is reduced and 
the motorist is obliged to operate his or her ve
hicle with considerably greater care and precision 
than in slack periods. 

In order to maximize the impact of lighting on 
traffic flow, the roadway illumination should be 
provided with a switching f-lexibility to enable the 
traffic system operator to relate llghting levels to 
traffic characteristics. In other words, the vari
ation in lighting sy_stem operation should be pro
grammed according to changing traffic conditions by 
interfacing it with a traffic surveillance system 
and subsequently integrating it into overall traffic 
management. 

PROJECTED GROWTH IN VEHICLE TRANSPORTATION 

According to recent studies, in spite of the in
creasing cost of gasoline, vehicle miles of travel 
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(VMT) in the 1980s will continue to grow at an an
nual rate of 3,5-4 percent, Depending on industrial 
and demographic activity, the annual increase in the 
number of registered vehicles will grow by approx
imately 4-5 percent. 

In the State of New York, projected VMT by 1990 
will increase by 37 percent (,!). Vehicle regis
tration in Ontario is increas ing at the rate of 4 
percent (1), Because of oil and gas developments, 
the Canadian provinces of Alberta, Saskatchewan, 
British Columbia, and possibly Newfoundland are ex
periencing major industrial growth, attracting mi
gration from other provinces and overseas. The in
crease in vehicle traffic in these areas is also 
expected to reach a higher-than-average rate. 

The higher cost of gasoline may suggest that, at 
least temporarily, VMT will decrease, However, im
proved engine efficiency and smaller vehicle size 
will encourage motorists to return to their old 
habits, The present 1979 model car (average) oper
ates at 14, 4- mile/gal efficiency, and by 1985 the 
efficiency is expected to reach 23.5 miles/gal (!.), 
In view of the projected stea.dy VMT growth, the con
sequences are clearly predictable, 

Many of the present roads on this continent are 
already used to their capacity, and funds for con
struction of new facilities are diminishing. The 
gap between VMT (demand) and available road capacity 
(supply) will be widening at an increased rate. 
Traffic planners are faced with a new challenge: to 
improve the use of the present road system without 
investing major sums of money, The principal ob
jective in achieving such i mprovements is to develop 
policies for implementation of more effective traf
fic management strategies (3). 

Improvements in the use of present facilities, 
however, can be further increased by incorporating 
into the management of traffic operations other im
portant factors that affect traffic flow. These 
factors are visual environment, forward visibility, 
conspicuity, illumination, noise control, pavement 
design, and vehicle and driver performance. 

ILLUMINATION AND TRAFFIC SYSTEM OPERATION 

As already stipulated, in order to maximize the im
pact of lighting on traffic flow, roadway illumi
nation control equipment should include a switching 
flexibility that enables traffic system operators to 
relate lighting levels to traffic characteristics. 
For example, when traffic speed and volume increase 
and headway is reduced, visual contact with im
mediate objects should be much more precise, thus, 
the quality of illumination should be compatible 
with the specific driver's needs. On the other 
hand, in the early-morning hours traffic flow is of
ten substantially reduced, so the driver's task be
comes considerably easieri therefore, the degree of 
precision of required visual information is not 
critical. 

The volume of traffic on urban expressways and 
freeways is normally the heaviest between 5 :00 and 
6: 00 p.m. (Figure 2); however, since the speed at 
that time is slower, it is not essential in that 
period to increase the illumination le.vel above the 
normal value. After 6:00 p.m., traffic density be
gins to. diminish and the speed picks up. With 
higher speed and still relatively heavy traffic vol
ume, the possibility of severe accidents increases; 
thus, visibility conditions should be improved (see 
Figures 2 and 3), 

From the data published by numerous previous re
searchers (.!), it appears that, by adjusting the 
visibility (illumination) conditions in relation to 
traffic volume, improvements in road capacity and 
motorist safety can be achieved. 
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Figure 3. Lighting levels related to accidents and traffic volume. 
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If one analyzes the traffic accident distribution 
within a 24-h cycle (Figure 1), it is evident that 
t!.~~~ .:::~ t wc pea~~ in the C'!..!!"'.r~ ,. Thie, firRt one co
incides with the early-evening rush hours, and the 
second occurs after midnight. The latter perhaps 
can be explained by driver fatigue, alcohol, and the 
rest cycle: ther efore , it is doubtful that a higher 
level of i11uminat i on would have a signif icant in
fluence on accident prevention at that period. 

By tak i ng into account the patter ns of traffic 
volume and acc i dent distr ibution, light i ng levels 
can be varied as shown in Figure 3. 

As already indicated, it is desirable to design a 
lighting system that permits changes in the lighting 
level. Where traffic management systems are used, 
data collected by sensors monitoring traffic volume, 
speed, pavement conditi ons , and air pollution are 
""'°D~ .,""' ,." '"' ... .. ", t-hP Ar._r~AR r~te to the mai n traffic 
routes by adjusting the traffic signal cycle. This 
information is also used in conveying messages 
(variable-message signs) to drivers about dif
ficulties ahead, 

If the lighting system operation functions as a 
part of traffic management, some of the sensor s and 
the electronic eguipment used for traffic mon i toring 
may be used to initiate appropriate signals for 
lighting system control. However, at the present 
time experience in operating variable~level lighting 
systems is very limited, and thus more research data 
are needed before the operating pol i cies c an be 
firmed up. 

P.ROGRAMMABLE LIGHTING SYSTEMS 

Since the traffic volume on many major routes on 
this continent fluctuates to a ratio of 10:l, it is 
desirable to have a lighting system that reflects 
the driver's changing visibility needs. Because the 
traffic volume (and accidents) during rush hours 
r epresents a large portion of t he total traffic 
c ount in a 2 4- h cycle, it is r easonable to think 
that the illumination level at these periods should 
be adjusted upward above the reference level (normal 
operation) <il and that during the slack periods the 
level may be reduced to below the normal value. 

In order to investigate the feasibility of such a 
lighting system, the Ontario Ministry of Trans-
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portation and Communications authori zed a study (_:i) 

that resulted in a survey of electronic control 
egui pment and ba l last des ign t ha t covered mainly 
ope rat ion of mercu r y vapor and high- pressure sodium 
lamps . From t his s tudy , it was l earned tha t the 
outdoor lighting industry is in a position to pro
vide reliable lighting system equipment for oper
a tion related t o tr af f i c needs and adaptable for in
terfacing with traffic s urve illance equi pment . 

In addition to the fact t hat t h is s ystem can be 
programmed to operate i n relation to traff i c re
qui r ement s, i t a l so provi des the possibility f or 
s ignificant energy s avi ng . Under normal condi tions 
t he liqht i ng system design is based on the "main~ 
t ained- level" pr inc iple , I n o t her words , a t t he end 
of the economic lamp life, the level of illuminance 
prov ided by the system should not be less than the 
main tai ned value. Fo~ this reason, the designe r is 
obliged to i nitia lly overdesign the system by 35-40 
percent to compensate for the di r t fac tor a nd lamp
light loss f ac t or. A sys t em c apable of con t rol l i ng 
the l amp o utput can t he refore be ope ra t ed at the 
maintained l eve l at t he i nitia l s tage , which would 
result in approximately 20 percen~ average annu;sl 
saving in energy consumption. 

CONCLUSIONS 

If one anal y.:es the tuffic volume within a 24-h 
cyc l e with r espect t o acc i dent occur rence, i t i s 
evident t hat t he i nc rease i n acc ide nts i n t he 
6 : 00-6 :00 p .m. period is related t o overcrowd i ng o f 
t he coads . The high acc i dent r ate i n the early 
mor ni ng hours (midni gb t-2 :00 a .m.) c an pe rha ps be 
attributed to alcohol, drugs, and fatigue. 

On a crowded road, the space for operating a ve
hicle is often drastically reduced, which necessi
tates more precise visual information to guide the 
vehicle safely. 

By relating the charac teristics of the vi sual en
vironment to the drivi ng difficulty, a more ef
fective use of visual energy (supplied oy vehicle 
headlights and fixed-source information) can be 
achieved. Since the quality of the visual environ
ment and the conspicuity within the traffic corridor 
are mainly controlled by fixed-source illumination, 
the lighting level should be programmed and its con
trols interfaced with overall traffic system 
operation. 
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