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THE IMPACTS OF
INSTALLING AND
OPERATING RED-LIGHT
CAMERAS ARE REPORTED
FOR THREE SIGNALIZED
INTERSECTIONS IN
SINGAPORE. RED-LIGHT
RUNNING VIOLATIONS

AND STOPPING
CHARACTERISTICS WERE
GATHERED BEFORE AND
SHORTLY AFTER CAMERA
INSTALLATION ALONG EACH
INDIVIDUAL APPROACH.
THE OPPOSING
APPROACHES, WHICH
WERE NOT INSTALLED
WITH RED-LIGHT CAMERAS,
ALSO WERE STUDIED.

INTRODUCTION

A driver approaching a signalized
interseerion ar the onset of amber must
decide whether to cross the tnterseetion or
to stop before the stop-line. The choice
can be quire definice if the driver is near
enough 1o the stop-line that procecding
straight through the inteesection is neces-
sary and possible or if the driver iy far
enough from the stop-line that braking is
necessary and possible. The decision can
be rather conflicting, however. if the dri-
ver is positioned in the optien zone,
where both choices are possible, or in the
dilemima zone, where it is neither possible
to proceed straight through ac constant
speed to clear the swop-line before red nor
possible 1o brake comfortably.

Red-light cameras (RLC) can play a

- significant part in encouraging drivers to

stop instead of violate the red light.! The
impacts of RLC installation on drivers
caught in the option or dileouna zone at
the onser of amber were evaluated by car-
rying out 2 before-and-after study on red-
running and stopping charactenistics ac
signalized intersections,

LITERATURE

Red-ruraing violations ar signalized
intersections have been studied by a num-
ber of rescarchers in recent years. Retting
et al. examined red-running violaton data
captured before. shordy after (three w0
tour manths later} and, in one study,
sometime after (one vear later) RLC
installation in Virginia and California,
USA.23 These studies involved camera
sites as well as nearby
nen-camera $ites 1o
derermine spillover
RLC effects. They also involved control
sites at a far distance from the camera sites,
which controlied for factors that might
affecr red-light violations, such as weather
and seasonal variability in travel pateerns,
No camera effect ar chese sites was
cxpecred. Compared to the control sires,

reductions In red-running vielations were
phserved ar both the camera and the
nearby non-camera sites. In studies con-
ducted by Rerting er al., red-light runners
tended to be younger, be less likely to wear
scat beles and have poor driving records.
Studics also have been conducted on
articudes toward and acceprance of RLC
programs. A postal survey of drivers in
Norway, Spain and the Netherlands
showed good acceprance of RLC as an
enforcement toel.© Public-opimion surveys
conducted in differenc parts ol the United
States indicared support for the use of RLC
as a supplement to police efiors o reduce
red-running violations, >+ The Jevel of
acceprance appeared o correlate with do-
ver attitudes toward red-running violatons
and public awareness of RLC programs.

EXPERIMENT DESIGN

RLC first was tnstalled in Singapore
over a five-vear period heginning in
August 1986, when the bulk of the
camera systems were installed. A before-
and-after study was designed to evaluace
the impacrs of installing RLC on red-
running violarions. The violations betore
camera installarion were compared 1o
those obtained after inswllation along
cach individual approack Installed
with RI.C (referred 1o as the camerz
approach), on a lane-by-lane basis. The
opposing approach, which was not
installed with RLC (referred to as the
non-camera approach), also was included
in the comparative study. Analysis of dri-
vers choosing to stop up w 2 seconds
{sec.) into the red was included.

BEFORE-AND-AFTER INTERSECTIONS

Three intersections operating with a
3F-sec. amber signal (a standard pracrice
in Stngapore) were selected for the
before-and-after study. The Clementi
and Woodlands intersections are 1 inter-
sections; the AMK intersection is a four-
way (X) intersection. The major road for
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all studied siees Is a owo-way arterial com-
prising three fanes in cach direction,

The approach facing opposing right
curns (left wras in U.S. concext] was
installed with RLC at the median of the
Clementi intersection while the approach
comprising a storage pocker for right turns
was installed with RLC ac the roadside
curb of the Woodlands intersection. These
two sites were wired with RLC mainly due
to high incidences of red-running viola-
tons; the AMK ineersection was chosen
mainly duc to high incidences of serious
injuries and faral accidencs. In addition,
the AMK intersection is highly congested
with traffic and pedestrian acriviries and i
is situated in a locality with a high RLC
PENCCIATION TAte (defined as the propor-
tion of inrersections instalied with RI.C
within a given locality).

DATA COLLECTION USING AN
AUTOMATIC LOGGING SYSTEM

A speaial purpose M660-type data
logger, working in conjunction with
inductance loop sensors, was conceprual-
ized and developed tor field data collec-
ton.* The M660 was deploved to gather
the before-and-after {one ro three
months larery RLC data, which included
traffic volumes, speeds and the timings
and starus of each signal phase.” Loop
sensors were installed to detect vehicles
on a lane-by-lane basis. All straight-
through lanes of the camera approach
were wired with sensors: the lanes of the
non-camera approach were not, Two sen-
sors were installed for each chosen lang—-
one before and onc after che stop-line.
The sensor placed before the stop-ine
acted as a detection point to moniror the
movements of crossing and first-stopping
vehicles with respect 1o signal timings.
The sensor placed after the stop-line pro-
vided further details or crossing vehicles,
including red-runners. The two sensors
near the stop-line counterchecked the
mavement patternt and eliminated spuri-
ous signals from one sensor alone,

ANALYSIS OF RED-RUNNING
VIOLATIONS

A red-running event was defined as an
occurrence in which the front of a cross-

ing vehicle passed the painted srop-line of

a signalized intersection any time after the
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Table 1. Red-runing violations at betore-and-after intersections.

B _}Er_uﬂp_ily__rg_&;rupning violotions [violatian rates)

i Curb lane Middle lane Medlun Iune i
| Approach | Period? | Weekduy—[ Weekend * Weekday ! Weekend
Before | G40 F 70§18 bt
£ VSR 130 {5800 | (2600 | (673)
g ' L After ] 44D 15.: 380 29.0
E RLC 0 il430 324 | (142 dae !
T | Belore 07 | 375 | Li2d | s4s
Bl Noo- RLC | 344) | (10190 | (5.50) | .2
canera Alrer 137.6 8.5 2173 1045
RLC (1678 SRR NG []41 {12.07)
Before 335 08.6 390 160 3.0
£ RLC (9770 | (342) | 6791 | 078 | (238
= Camera . o " B
» Afrer 10.4) 494 24.0 0.0
E RLC i | (3,33 (3533
: . e 1T T
= Non- RLC
= caera Alrer B : I
RLC o o o B s -
Refore N 3300 | 3820 | 4 2441
. | RLC {32.73) | {383
- (..'d['l'l(_'ﬂl S /T T - — —
2  Afier EDX) 158.0
: N 1 RIC I N NCEV R AERES
E ) _Ii Be‘mc ’ o
Z JERCE RLC B B B IR LY
camera Aber 7i6
RLC o T o B (277

lane 15 327 vehicles. The romal volume

2.13 x 106 vehicles per lane per cvle.

onset of the red signal. The average daily
ted-running violations for weekdays and
weekends were gathered for the before-
RLC and after-RLC periods, with ident-
cal durations of one continuous week of
field data, unless otherwise stared (see
footnotes in Table 1). Table 1 shows viela-
tion rates {enclosed in parentheses),
which were normalized with respect to
lane volumes and signal cveles, The nor-

a Vadues given are the average daily numbers of red-running violicons i vehicles per day, except when
enclosed in parentheses {these are normalized on the basis of vehicles per bine per apele (< 1176)),

# The number of red-running vehicles for five weekdays (Monday w Friday} ulong rhe curb lane is
322 vehicles. Thus, the average daily red-running viokdions equal

¢ The number of red-running vehicies Fnr hw w crkdﬂs (Moaday o briday) atong the curb

the curb fane is 41.676 vehicles. The toal number of signal cycles fur five weeldays (Monday
to Friday) is 3,631 cycles. Thus. the red-violatan rates equal 322/41,676 x 3.631) or

¢ The duration of dara callection for the before-RLC perlod is the same as for che afrer-RI1C
period. Data were collected for one continuous week. excepc for the non-camier approach ar
the Clementl intersection (five daysi and the Woodlands intersection {four weekdays) and
the camera approach ar the AMK intersecrion {owo days).

2215 or 64.4 vehicles per day,

reekdays {N‘[(‘mnlay T FriL!zi}’} a1|0ng

malization of violations w vehicles per
Jane per cycle was necessary to provide a
more meaningful comparison among, the
vartous approaches. Normalization also
can take into account differences in viola-
von opporunites presented ro drivers st
intersection cntrances. On the supply
side, cach cvcle and each individual lane
in the Intersection approach provide an
opportunity and a passage for violations
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Tohle 2. Statistical tests on red-runni

violations at before-and-after intersections.

Test statistics® (computed by test of proportion}

Site Approach Cublone | Miiddle fane Median fane
Clementi © Camera 2,754 437 —3.40
intersection Nor-Camers 3.29 G.67 4.55
Woadlands Camera 212 288 | 67|
interseccion Non-camera ) — _ —1.53
AMK Camers o — -10.87 -7.30
intersection Now-canen — i ’ -8.51

- Mop
o LESESEanistic = -- - =
— 'IL 1_
v = pl \,'r | * 7

W]']L‘l'[_'

f

, s the vropottion of daily red-viofation numbers along cach individual lane with respect o
! I3 } £

their lane volume per dav in the after-R1.L periods

pis the proportion of daily red-vinlation numbers alony each individual lane with respect w

their lane volume pee dav in the before-RLL period;
p is the pooled estimate of the propordons; and
a; and 71, are the lane volume per day in che afeer-RLC and befare-R1.CC periuds, sespectively.

Test stutistics (2 = 1.96) eiven in bold are statistivally significant ar a 93-percent conlidence
g ¥ 51

level. Negative values indicate a teducrion in the alte-RLC period.

Figure 1. Pictorial view of the Clementi intersection with RLC installed.

to occur, Traffic volume in itself consti-
tutes the demand side. affecting the likeli-
hood of vehicles appreaching the
intersection entrance during the critical
phase-change period.

The average number of red-running
violations across a respective approach per
day was used as a performance index: The
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red signal at the AMK intersection was
violated more frequenty compared to the
other two intersectons. The fewest red-
running violatons occurred at the Wood-
lands inrerscction. This result can be
expected because the AMK intersection is
locared along a heavily trafticked arrcrial
in 2 bustling township where activiies

conrinue through the day and nighc,

A substantial drop in the number of
violations can be observed along
approaches installed with RLC: there
were both increases and deercases along,
non-camera approaches. [he pattern was
repeated when the violations were
expressed tn terms of vielation rates. The
average reduction in violation rates along
camnera approaches was abowe 40 percent
and ranged from as low as 4 percent to as
high as 63 percent along the median lane
ol the AMK intersection during week-
days and weekends, respectively.

By proportioning ihe daily red-
violation numbers along cach individual
lane with respecr o lane volume per day,
one can employ rhe et of praportion t©
assess the statistical significance of red vie-
lations before and after REC inscallation.
As shown in Table 2, the west results Indi-
cate that the reduction in red-running
violations in rthe afrer-RLC pertod was
statistically significant at a 95-percent
(test statistic = 1.96) confidence level.
The median [ane along the camera
approach of rthe Woodlands intersection
was not statistcally significanc at a 93-
percent confidence level, but the violaton
rate did increase noticeably (49 percent;
during weekends. This unusual observa-
tion should nor be wken o mean thac
RLC was ineffective; there was a substan-
rial reduction {abour 31 percent) during
weekdavs. Because of the relatively low
nuntbers of violations and volumes aiong
this median lane, the violation rates
obtained muy have been rather usstable
and may have inflared with a nominal
increase 1n violaton numbers,

On average, violatlon rates along the
middle lanes were substannally higher
than along the other fanes betore RLC
installacion. Afrer RI.C implementation,
violation rares still were higher, but o a
much lesser extent. Weekend violadon
rates consistently were much higher than
those of weekdays—about twofold on
average for all approaches except the
median lane ac che AMEK intersecrion. The
differences ranged from a low of 1.17
times ac the middle lane of the AMK
intersection to a high of 2.93 times at the
middie lane of the Clement intersecuon.
The ratios of weekend to weekday viola-
rion rares generally were lower for the
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non-camera appreach Janes. Along the
curb and median lanes of the camera
approach at the Clement! intersection, the
violation rates for weekdays were reduced
by 33 percent and 45 percent, respecrively.
By dividing the percentage reduction in
violation rates for weekdays by the week-
end rates for the curb lane, a value of 0.73
tumes was obtained {z lower reduction
during weekdays). However, values of
1.19 and 1.12 times were obrained for the
middle and median lanes of the Clemend
LLLersection, respectively,

The before-and-after results along the
non-camera approach at the Clementi
intersection had a reverse violation crend.
In facr, the violation rates, as normalized
to vehicles per lape per covcle, increased by
an average of about 70 percent for week-
days and 60 percent for weekends in the
afrer-RLC data. One possible explanation
may be divers” awareness of RLC opera-
tion being constrained to capture viola-
tions along the camera approach and not
the whole intersection. This knowledge
could be further rationalized by the fact
that the orienradon of the RLU housing
installed along the median pointed along
the camera approach, as shown in Figure
1. Violadon rates in all lanes of the non-
camera approach were much higher than
in the corresponding lanes of the camera
approach ar the Clementi intersection.
Facing a potential conflict with impend-
ing opposing right-turning vehicles, the
straight-through vehicles along the cam-
era approach at the Clementi intersecaion
would choose to stop rather than to vie-
fate the red signal,

ANALYSIS OF RED-STOPPING
CHARACTERISTICS

Stopping up to 2 sec. into the red was
selected as an upper bownd o gather sta-
tistics of those drivers who chose to stop
instead of cross the intersection.'? Both
crossing and stopping are viable alterna-
tives in the option zone; therefore, the
majority of drivers may have found it dif-
ficult to decide berween stopping and
crossing actions. This 2-sec. upper
bound also would cater to a wide range
of speeds, driver reacton times and
deceleration characreristics.

The average daily number of drivers
choosing to stop during weekdays and
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Table 3. Red stopping at before-and-after intersections.”

Average daily red stopping {red-stopping rofes}®
Curb lane Middle Yane Median lone
Approach | Period® | Weekdoy?| Weekend® | Weekdoy | Weekend | Weekday | Weekend

Befare 6.2 2.5 8.2 50 45 23
8 Comers | |RLC 020 | 022 | 0.19) | 030 | 019 | 029
E After . 478 135 53.8 215 426 1741
E RLC (1.33) © (2.83) J80 - {5.08) .52 4.07)
£ Before | 153 | 30 | 233 | 65 | 157 | 35
§ Non- RLC (1.18) (0.82) (1.14) (1.10) {(1.24) (t.1nm

camera Aler 16.7 1.5 10.3 4.3 7.3 1.4

RLC (L8 | (0320 | (0481 | 083 | 0561 ) 10.26)

Before 2.2 1.0 2.4 0.0 1.2 0.0
g Camers RLC 019 | 029 | 0100 | 000 | 013 | 000
g Afrer 5.0 6.5 7.6 5.5 20 13
£ RIC | 069 | (99 | @3n | @rer | 018) | 059
"'é Befare _ . - . 1.8 _
= Non- RIC 028
_?3 camera After ' 28

RIC | s won |

Before 510 1 240 267 | 261
_ . RLC B B 500 | 240 | 356 | (399)
L2 Afrer 3.0 62.0 9.3 q.2
g RLC o - 369 | 7an | 2as | ron
o Before ' 20.8 195
8 Non RLC — - B | w4 | nan
= camnera Alrer i _ o o 0.8 w_—G I]_m—

RILC 10,200 .59

* Note: Refer roTable | for footnotes.

Table 4. Statistical tests on red stopping at before-and-ufter intersections.”

Test statistics {computed by test of proportion)

Site Approach Curb lase Middle lone Median lane
Clementi Camera 5.13¢ 5.46 5.08

. intersection Nor-cameta 3,37 -1.29 -1.18

| Woodlands Camera 1.86 2.24 0.78

" intersection Non-camera — = .96

¢ AMK Camera — 1.04 —2.67

" intersection Non-camera — — -2.61

* Note: Refer o Table 2 for footnores.

weekends is shown in Table 3. Red-stop-
ping rates {enclosed in parentheses} as
normalized to a per lane volume per cycle
basts also were computed. The stacistical
test results, based on the test of propor-
rion to assess the statistical significance of
red stopping before and after RLC instal-
lation, are shown in Table 4.

Red-stopping rates along all camera
approaches except the AMK imersection
were reladvely low prior o RLC instafla-
tion. The higher rates at the AMK intersec-
don, especially along the median lane, were
a direct consequence of drivers’ inability to
clear the intersection due e heavy wafhc
more than a result of any other facrors.
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In the after-RLC period, stopping
rates increased during weekdays by an
average of 7.4 times and 2.7 times along
the camera approaches at the Clementi
and Woodlands intersections, respec-
avely, The resules were significant at a
95-percent confidence level ac the
Clementi intersection bur not ar the
Woodlands intersection. The increase
was even higher during weckends—by
13.1 and 6.8 times (the latter for the curb
lane only} for the respective intersections
examined. However, the change in stap-
ping ratc was not distinctly apparent ac
the AMEK intersection; rthat is, a reduc-
non was observed along the median lane
bur an increase was observed along the
middle lance during weekends.

In further comparison. by taking the
average rate of both lanes compured for
all days, the stopping rates in the after-
RLC period were slightly higher than in
the before-RLC period (3.81 x 10 @
compared to 3.74 x 10-0}. For non-cam-
era approaches, red-stopping rates in the
after-RLC period generally were reduced
at the Clementi intersection but
increased ac the Woodlands and AMK
intersections. These results were nor sig-
nificanc at a 95-percent confidence level
exceprar the AMK intersection.

[n a lane-by-lane comparison, the
impact of RLC on stopping actions was
not conclusive. For the stopping-rate ratio
of weekends over weekdays, a value grearer
than unity was obtained along camera
approaches in the after-RLC period. This
difference was not always the case for the
before-RI.C period, while there was no
vehicle stopping along cither the middle
or .the median lanes at the Woodlands
intersection di:ring weekends. On the
other hand, the caleulated ratio gencrally
was less than unity along the non-camera
approach of the Clemend intersecrion.
Collectively speaking, RILC encouraged
drivers ro stop more readily during weck-
ends afong camera approaches.

CONCLUSIONS

Violation rates were reduced signifi-
candv—by an average of abour 40 per-

cent—across camera approaches afrer
RLC inscalfation but thev were rather
inconclusive for opposing non-camera
approaches. Violation rates during week-

32

ends generally were higher; however, it is
tnceriain whether RLC s more effective
during weekdays or weekends. Alchough
not sutistically significant at a 95-percent
conlidence level, the findings indicace that
red-stopping rates increased along camera
approaches in the after-RLC situadion.
Drivers were more ready to stop during
weekends along the camera approaches.
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