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PREFACE

Stop and go traffic signals using a yellow indication have

been in use as traffic control devices for more than 30

years, yet, there is still appreciable difference in practice
among states as well as the recommendations in standard texts
for selection of the length of the yellow interval. This indi-
cates the need for further research study to refine and

standardize the duration of the yellow interval,

This does not pretend to be an exhaustive study of the subject.
It is mainly concerned with examiniﬁg and checking some
items in the system used presently in Michigan for the

selection of a yellow interval length.

There are many factors affecting this selection of yellow
interval length and the drivers' use of it. Some of these
factors are listed|and discussed briefiy in this report,

One of the most controversial subjects, when calculating the
proposed length of yellow interval, seems tc be the perception-
reaction time of the driver. Therefore, this was one of the
more thoroughly investigated items of the field studies made

and discussed in this report.

It is hoped that this study will induce further research on
the subject and promote action toward the selection of a

national standard yellow interval length.




EXPLANATION OF TERMS

YELLOW INTERVAL: The word yellow is used throughout this

report to describe the color of the caution indication
because the National Manual on Uniform Traffic Control
Devices and the Michigan Manual of Uniform Traffic Control
Devices use the word "yellow" rather than the word "amber"

and yvellow is the description most recognized by the layman.

PERCEPTION-REACTION TIME: The word Perception-=Reaction Time,

sometimes abbreviated Percep-React Time as used in this

report, is to denote all the time from the start of a stimulus
(yellow light) to a visible sign of a driver response (brake
light)., It includes any detection delay, time for discernment,
time for recognition, deciding upon an action, and taking the
action to a point where it can be detected by the observer with

the test methods selected.

SPEED AND VELOCITY: These two words are used interchangeably in

this report. The intent is to lead the reader toward consider-
ation of the basic physics of the driving environment in

considering operational problems,
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SUMMARY AND CONCLUSIONS

There 1s great variatzon in the values used by dlfferent

states and d1fferent references in selectxon of signal

yellow 1nterva1 1ength

By a theoretlcal and 1ogical analytical approach inciude
ing con51deration of some human behav1or 1tems this

investigation sought to arrive at a reasonable compromise
of quantitative values, particularly regard1ng perceptlonu
reaction time, for use in calculatlng length of yellow for

stop and go S1gnals.

The data, taken by the lapsed time motion picture technique,
supports the conclusion, based on the 85th percentile figure,
that the AASHO recommendation of 1% seconds perception-
reaction time when a stop choice is made is very reasonable,
This would lead to a theoretically 1arge pexrcentage increase
for yellow interval lengths. HOWever other varlables in the
equations have sufflclent effect to not support this major
change over the one second suggested by the I. T E. Handbook(l)
and other states practzces S0 the present pollcy of 1.2 second
used by the State of Michigan seems a reasonable and justifiable

compromise.,

Extensive added research is needed especially in the field
of driver behavior and capabilities with regard to use of the

“yellow interval before the optimum compromise can be reached.,

" F.




BACKGROUND DISCUSSION

1 the pur-

As stated in the Traffic Engineering Handbook
pose of the yellow interval is two-fold: first, to advise
drivers that the green interval is about to end and to
permit them to come to a safe stop; and second, to allow
vehicles having entered the intersection legally to clear

the point of conflict prior to release of conflicting

pedestrians or vehicles,

Thus tﬁe optiﬁum duration of yellow interval would logically
be a function of many variables such as approach speed,
widthfbf intersection,'decelerating'characteristics of the
vehiclés,_and perception-decision-reaction needs and
capabiiities of the driver. A graphic portrayal of some of
these ﬁariables and their sequence_as the driver abproaéhes

a signél is shown in Figure 1. In this figure it is seen

that as the d#iver approaches frqm the right at some typical
approa¢h veloéity he reaches a point af ﬁhiéh the yellow
interval starts., If he is alert and sees it immediately, he
may use the minimum drivef perception, decision and reaction
time,.énd therefore haye'the most time available for decel-
erating. Howéver, if he ié-ﬂot alert and is visually deficient,
moré fime may:be ngéded.fo Perceive, decide, and react td_thé _
signai; This addifi6na1 time can carry on tp-a poiht where

the minimum distance for a comfortable deceleration is |

=5
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Figure 1: SIGNAL YELLOW PHASE LENGTH INFLUENCING FACTORS




available and evén then if a more severe rate of decelera- ;
tion is acceptablé_it can carry on to the point where the
minimum distance for the maximum tolerable rate of deceler-
ation is reached, If less than the maximum tolerable rate

of deceleration ié used at this point, the vehicle will carry
on into the intersection_of a new decision will be made to go
on through the infgrsection in which case the velocity would
probably be incfeased. 'Qf §ourse, most of the factors would
be increased for higher approach velocities.  In fact, there
is indication from car follow1ng studles(g) that the driver
has poorer dlstance Judglng ablllty at hlgher speeds, This
would 1ndlcate'need for greater time to compensate for judg-

ment errors.

Listed in Appendix I is what thé author:believes would be a
typical sequence of eveﬁts in driver perception and decision
making in connection with yellow interﬁal length-and an out-
1iné'of factors influencing the errors in those items which

are believed to be most likely to be misjudged by the driver,

Witﬁ:the mény variable influeﬁces} listed in Appendix I, it
is nbt surprising that there is considérable difference in
opinion and practice in the selectionfof-times for the yellow
interval, Appendix III shows the Micﬁigan Department of State

Highways present practice in selection of yellow interval

length and Figure 2 shows a comparison between this and the
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Traffic Engineering Handbqok{l) recommendations; typical

old values used by the Michigan Department of State High-
ways; and practice used in three selected states for a

typical 50' street.

On this figure, State "C" is indicated as using three

different compositions of traffic in calculating the

desired length of yellow,

The categories are as follows:

Truck traffic designated K and defined as consisting

of traffic with more than 150 truck semi-trailer com-

‘binations or 500 total commercial vehicles per day

(75 to 250 each way).

‘Mixed traffic designated K; and defined as consisting

of traffic with 20 to 150 truck semi-irailer combina-

tions or 100 to 500 total commercial vehicles per day.

Passenger vehicle traffic, designated Kp and defined

traffic containing less than 20 truck semi-trailer com-

binations or 100 commercial vehicles per day.

O




VARIATIONS IN PRACTICE AND PROBLEM APPROACH

The reference sources seem to contain appreciable different
recommendations as to perception-reaction time. For example,

the I,T.E, Handbook(l) recommends the formula y=t+v + w+l
Z2a v

]

where y Proposed duration

t = Perception~Reaction Time

v Approach velocity
a2 = Rate of deceleration

Width of intersection

#
li

=2
i

‘Assumed length of vehicle

In this réference v is naﬁéd the "stopping time'" which is a
slight misnomer beziuse a careful study of the derivation of
the formula will show tﬁat it is actually the time it would
take a driver at constant velocity to cross the stopping
distance at that speed. The reference also uses one second
perception-reaction time but the AASHO Handbook(z) recommends
1 seconds perceptlon—reactlon tlme° Thls 1 seconds conforms
closely w1th the 85th percentlle value for perceptlon-reaction
time found from the field data. The basic problem faced by
the driver is of course not the choice of two time alternates,
it is the choice betwéen time to go through or distance to
stop. He may use part of the red time for stopping if the
stop alternate is chosen, Once the yellow exceeds that needed

to signal the driver to choose, it becomes a study in time

required to go through, From basic physics it can be seen

wl Qe




that it will always take more time to stop in a given dis-
tance than it will to go through but, as stated above, if
distance is adequate, the stopping time is always available

in the red,
CONFUSION DUE TO LONG YELLOW

One set of curves calculated from Rothery's(4)”data indi-
cated that there were more vehicles stopping‘with a three
second yellow than with the higher value, This may be
attributed to the fact that with the shorter yellow the
driver-has a Single decision of go or stop and has no other
considerations, such as, is there time left to go, is it ‘too
late to go, or will the driver ahead stop or go. Since there
are no reference objects or indicators to aid in these
decisions they may well introduce a large factor of confusion
into the use of unnecessarily long y@llows. Thg short all
red interval would be preferable because it still maintains

the short sharp decision of stop or go and yet allows for the

errors of observation, judgment, and urgency that occur in

all driver decisions and actiomns.

PRESENT PROBLEMS

Although considerable,investigationwhgs_been_dqne Qn'at
least parts of the above subjects over the years, the pres-

ent methods or values leave something to be desired in the

~11-




way'of'adequacy bf'juStifieation'aﬁd documentation and
flex1b111ty to take into account more of the varlables such

aS; effect of truck volume on needed yellow interval 1ength

It was the objective of this research to start toward an
improved compromise between accideﬁts; capecity, and driterm
vehicle'capaﬁilities, in the various environments, in the
selection of the length of yellow interxrval., It is antici-
pated that the latest Department of State Highways policy on
Yellow Clearance Intervals for Signalized Intersections,
uAppendix.III, will reduce rear-end type accidents at sig-
nelized intersections by use of a more realistic component
for perception decision and reaction time than was used in

earlier formulas,

The yellow interval is of course, only one'way of handling
'the more basic problem of he1p1ng the driver make a correct
rapld safe decision and actlon at the t1me that the r63381gn—
ment of rlght of—way at the 1ntersect10n 1s 1mm1nent

.However, 1t seems to be the most practlcal yet devlsed Some
of the desired, but as yet unknown, information on driver
needs, capabilities, and behavior in cennection with the basic
problem and the yellow interval length are listed in Appendix

II, Cbnéideringttﬁe.megnitu&e of the natieﬁal'problem of_

accidents at intersections, it seemed reasonable to seek some
improvement, if possible,in the yellow interval without the
extensive program that would be required to control and

investigate every detail of the items listed in Appendix II.

]2




The following plan of study was carried out to develop some
of the needed information to arrive at an improved yellow

interval length,
STUDY PLAN

The objective of the study program was to gather data to

-~ help evaluate the quantitative effect on_accidents; capacity,
and driver behavior of various length yellow indications
with varibus”apprbach speeds and traffic compositidns, and
possibly various approach profiles,

The GM_Research Laboratories through R. Rothery(4) performed

a séries,of.field tests ﬁlong similar objective lines, These
tests showed a considerable variance between_actual driver
practice and some of the earlier investigators results., Their
method of data acquisition involved an observer perception
reaction interval (the observer manually operated the camera
upon seeing the yellow indication start). 1In a study involving
fractions of a second, and for the purpose o£ studying driver
behavior, it appeared that an improvement could be made by

use of a motion picture_study_methqd,{ The_camgr?_would_be
started shortly before the yellow indications and_rﬁn just
bkeyond the beginning of the red indipationﬂ””WithFQistanqe
_calibrations in the picture as the.GM_Stggy‘used,wﬁhis method
would provide information to not_on1y check the GM data of

. the driver's probability of stopping from various distangeé

when the yellow starts, but would make it possible to get

[ P




‘needed data on perception-decision-reaction time which
would be indicated by the time lapse (number of frames)
between the start of the yellow indication dnd the start

of the brake-light indication on the pictures. The standard
movie film speed of 24 frames per second would give a finer
time interval fhan is available in most fixed time dial

signal controllers which of course is 1% of the signal cycle.

In studying the state of the art it was plqnned_that_con—
current with the usual library source study (see attached
bibliography list), a canvas would be made of selected other
'étafeé for their ﬁraétiée and comments and to canvas the
ﬁichigan Department of State Highways Traffic & Safety Division
Sections and District Tfaffic Engineers for their comments
.regafding the problem, the proposed method of study, and the

result desired,
THEORETICAL ANALYSIS

As with many other researches, one way to visualize the
problem to be studied is to graphically portray the basic
ﬁhysiés (time, rate and distance) relationship in the use

of a yellow ihterﬁélg' Such an analysis is shown in Figure 3.
This gréph shows a comfortable rate of deéeieratioh (9'/ée02),
.éh:aCééptabié'rdte 6f.deceiefatiéhr(12°/ééc2) and an approxi-
mate ﬁaximum“écéeptable rate of deceleration (15'/sec?) as
indicated by Olson and Rothery's work(%)., Also plotted are
the clearance lines for different lengihs of yellow at

various approach speeds,
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Although it is presumed that the deceleration rate does not W

follow a smooth uniform curve due to the driver adjusting

his deceleration rate according to the time distance informa- pi

tion feed back, for the purpose of this paper, an average

constant deceleration rate will be used.

Also plotted on this curve is a band representing the distance
traversed during the 85th percentile perception-reaction time
according to the data later derived from this project. By

use of dividers, scale, templet, or other suitable means,

this band width along the abscissa can, of course, be studied

in relation to any line,

The relation of the straight lines (clearance lines) to the

deceleration curves does, of course, clearly depict the areas

where there would be a so-cglled dilemma zone. From a study

of these areas, in relation to the lines, the characteristics

of these zZones and their rates of change can be visualized,

Also, it is evident what speed range is theoretically served

adequately by a given length of yellow,

Since the Michigan practice is to calculate on the basis of
clearance of the rear of the vehicle to the centerline of
the cross street, theoretical analysis of the time planning
of a typical crossroad driver was plotted in figure 4, It

is assumed in this plot that the crossroad driver is moving

and plans to use his green as soon as possible, but that he

will never get so close that he cannot stop if he has misjudged

w16



-stopped driver and a startlng time to the edge: of the

the time of commencement of hisggreeh. From this curve

it apﬁéars_ﬁhat at low speed ahd_fér very wide inter=

sections, some correction should be considered for most

-existing formulas. There is, however, a compensating logic

in this situation, in that at low speeds the driver could

expect to see confllctlng traffic in time to stop. Also,

in general where speeds are 1ow, congestion exists and

the drlvers are stopped onethe crossroads,

There is, of course, a perceptlon-reactlon time for the i

through lane (conflict point), This is indicated by a few

sambles that were counted from the fllms of this study
and the results are showh on Figure 5. However, this is

only an indication because no significant guantitative

~conclusions can be drawn from such a small sample,



-gL-

Additiona)  Time Needad by Mainline Driver to Clear
Intersection Using Latest Formula (1/2 Street Width/Velocity).

3.0 1

2.0

Minimum Time Thot Moving
Crossroad Driver Should Allow
to Stop if Signal Did Not Turn
“1Green as Anticipoted.

(Based on Decelerafion Time

_~

wginiine 20
peed

_somPH.

3 .
: S
/ / /'——-’______ I NOTE: : )
—— ~Additionol Time Volues Are Consérvative -Bacewse
/__,.-——-"'—_._.—-——-—""" Crossroad Driver Should Stop Before Edge of
/,/%"/d Thru Lare,  No Decision Time is Allowed
; % For The (;rossrood Driver,
1 L ] ] 1 l i
i T T T 1 T A
20 40 60 80 100 120 140

Total X-Street Width in Feet From Stop Point on Main Rd. to Clearance Point.

Figure 4. Clsarance Time Considerations For Moinline Drivers When Moving X-Rd. Driver Anticipates A Green Signel Imdication.

Using 20%sec? Decolerciion Rewe)



67

RN AR et lematd LAEE aminin® L P S ARt [ Y

PR [ED— A D)

FILM DATA DISTRIBUTIONS FOR TIME FROM START
OF CROSSROAD GREEN.

Number of Samples

OOVANNN
NN

NAVANNNN
7Y
A I IAP4

\

NN

° KRR

0:[ 032 OTS 0!4 06 0T |08 09 I 1.2 13 1.4 1.6 I.?l i8 1.9 2.1 2.I22.t3 2}4 ZtS 257 2?8 2?9
0.25 075 1.25 175 2.25 275
0 C.5 I 1.5 _ 20 2.5 3.0
Start of Crossroad Green (Seconds)
Time to start of X-Rd. Time for X-Rd. Traffic to reach
Traoffic. (Seconds) edge of pavement. (Seconds)

Figure 5.- CROSSROAD TRAFFIC ACTIONS



Q¢

INCHES

IN

w
=
Ll
.
!
<
o

Constanf Visudl Angle.if 8" Lens Assumed
Smndord at 30 M.P.H. Approach Speed.

//
| <

/ R ™

"

) _ )

ilz"l.en's e YIZ "Lens L N~ Constant Visual
_ >6/ /o Stop From Angle if 8" Lens
} 8" Lens A ] Here at 50 M.P.H.¥ ;
10 '

=] :
L d | - 250' From Stop
>/Q/- 90% Stop From . Point. '
s /,é = P/- Here at 40 M.P.H. ¥ _

: e 8 Lens-i e : : C

% '\-- 90% Step From

Here af 30 M.P.H. ¥
L] :
I 1]

260

A \

380'
400' 500

300
DISTANCE FROM STOP POINT AT START OF YELLOW
Stop Point

% - From Report "DRIVER RESPONSE TO AMBER
PHASE OF TRAFFIC SIGNALS" (Ref 4)

Figure 6 - Signal Indication Verioble to Give Constant Stiiﬁulus.

Assumed Std. at -




From congideration_of_the two curves of Figure 3, it is evi-
dent, depéhding on tﬁe_location_of "start Qf ygllow" l;ne,
that the highef_épéed driver must first decide if he is
going to stop and_thgﬁ has a_little more t;me to decide to
go through, but, of coﬁrse, after he has passed the highest
acceptable deceleration curve he has no choice except to go

through.,

"Next, as the-approach speed is reduced, we see where the
curvés:cfdss that there is a point of equal choice and the
approaching driver at that spéed would have equal time to
make thé dec'isiOn_.l" This, of course, is cont'ra.ry to human
nature, whidh‘in'generai demads more time to appraise other
factors and make a choice when the alternatives are nearer

to equal,

As the approach speed is lowered further, it is évident that
the driver first makes a choice to go through and, if not, he
has a little longer to decide to:stgb but he has po choice

at that point except to stop or_viqlate.

Considering these pheﬁbmenon, it is evident that the rélative
location and shape 6f3these curves and their upper crossing
point relative to human characteristics, capabilities, and
_behavior patternswbecomg_pﬁ mgjor_;mportange in design_of

the optimum length of yellow interval,
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'The present study 1s neither staffed nor equipped to make
driver behavior studies in this area and consequently all
concluS1ons on these factors are pure conJecture or

extracted from other researchers works ,
THEORETICAL VISUAL CONSIDERATION

It seems 1ogica1 that it would be ideal to present the
driver .with a uniform visual stimulation at all signalized
‘locations. Since the approach speeds are different at
~different locations and all the factors such as grade of
:approach affect the distance to the point where the visual
stimulus should be equal, it .would‘ theoretically be ideal
to have the diameter, area, and intensity of light variable
enough so the driver would always receive the same intensity
of colored light subtending the same visual angle at the
poiht where perceptionereaction time should begin. Figure 6
shows a plot of a signal 1ndicat10n variable that would
.theoretically give equal V1sua1 angle at various distances.
It is, of course, impractical to prOV1de a continuously
wvariable signal indication, and therefore, it is presumed the
-present standard sizes have been chosen to give coverage

within reasonable linits.

From a study of the drivers visual input needs and a considm
eration of needed increased stopping distances at higher

speed, it is also logical to deduce that there is a length
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of required yellow at which an oversize signal should auto-
matically be provided as part of the visual input system,

~This should be a subject for future investigation,

In darkness, when reference objects are less clear and
-, " ‘plentiful, the subtéended visual angle would logically become
J of'gréater“impoftdncéISinCé it is a major clue for distance
juding and indirectly in velocity judging, It was origi-
héliy.prOPOSéd to run some night studies but discussion with

ﬁéfious'drivérs indicated that failure to notice or stop for

signals at night was seldom a problem even though they had

~missed signals in the daytime, and therefore, it was decided

not to run night studies at this time.,

FIELD STUDY PLAN AND PROCEDURE =~ - = ?

In order to quantify the value for driver perception-reaction

- time under realistic conditions, and with unaware drivers,

it was decided to use a motion picture technique similar to

:Olson(4)_and Greenghields(s)“andfFQrbes(a). _However, to

refine the time measure, 15 frame per second photos were
taken rather than the two frames or less per second used by
the other researchers, This, we felt, was more consistent

with the size of time.ipterval_to_be:measured_(% to_l% seconds) .

It was interesting to note that at this film speed we could

‘detect thé_start'an&”fuil;éh of the yellow.

With the intent of trying out the test method, and at the

same time gathering useful information, a trunkline location
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wés bhosen éf:which'a chanéé inlyéllbw“intérvai'léngfh'ﬁas
anticipated in the near future. One leg of the intersection
was calibrated as shown in Figure 7 and perception-reaction
data was taken, Although it was originally planned to take
a larger sample, an analysis of the data showed it to corre=
- late sufficiently well with Gazis'aylarger.sample that it
was believed not necessary to take a larger sample at this
time. .Other researchers had found that there was 1little
change in perception~reaction time with change in yellow
length, so the after-phase was abandoned for the present.

' The movies were taken from an merial. 1ift truck such as used
for utility servicé wofk; From a pfevious'field inspection,
it was decided to calibrate the inteféection leg as shown in

Figure 7 50" from the centerline of the crossroad plus nine

" intervals at 25° plus a 44°' speed trap and take photos in the
late afternoon (high volume period). An approximéte 6" by 2!

white spray paint mark was used. One edge was marked on the

curb'ahd'the other waé'marked iﬁ fhe gﬁttéf. Several wéeks

elapsed between calibrating the intersection leg and taking
the pictures, so an appreciable problem developed with dirt
washing onto the marks from frequent rains. This was partic-

ularlj”true:bf the lines in the gutter.

During the cycles that the films were being taken a classified
vehicle, count by cycle was also recorded by observers on the

ground. The éycle identification was coordinated by a flag
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signal from the camera operator. The date, time, reel number,
and number of cycles taken were recorded on the film by an

info%mation sheet held in.froht 6f fhé camera at the start of

each reel. Photos of 74 cycles were taken from 3:00 to
4:30 P.M, on a weekday afternoon. The operator timed the
start of the camera by the signal cycle length. That is, he

- would start the camera just:before the anticipated start of

yellbw and run it until one or two seconds after the start

of red., A typical field data sheet is shown in Figure 8,

and an aerial view and data camera view of the intersection

calibrated leg is shown in Figures 9 and 10,
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DATA TAXEOFF SHEET

cs #

Location Date of Film Take Reel # _ CS Loc.
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FILM DATA TAKEOFF

The data takeoff system was similar to the other researchers

(Forbess) except that the grid was laid out by use of threads
held by gummed tape and aligned by laying on;o a projected
picture. Measurements for the most part were referenced by
use of the lower edge of the rear bumper as recommended by
Forbes.6 In Some cases, it was necessary, particularly in
counting frames in the speed trap close to the start of yeiw
low, to use other points on the vehiclé for that measurement
only. For distance from the centerline of intersection at
start of yellow, it was necessary to estimate and interpolate
or exterpolate between the 25' lines or beyond the calibrated
area. An accuracy closer than + 5' cannot be expected in |

some 0f these estimates,

From a few trial checks, it was decided that it was not pfac—
tical with the location estimating and small counts between
calibrations to try to measure deceleration rates by count-
ing frames. It was believed that the configuration of the
changing velocity curve was ndt important to the objective

of the study, and average deceleration rates could be calcu=-
lated if neéessary from more accurate and réadily available

measurements.

For the sake of data identification, it was found very desir-
able to have a film observer that was familiar with make and

style of all late model vehicles.
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A sample of the:film data takeoff form is_gbownfin_Figure 11,

ANALYSIS AND COMPARISON OF DATA

A)

B)

Speed and Volume

Figure 12 15 a plot of the arrival volume per cycle on
the motion picture_study location callbrated_approach.
At times a traffic backup occurred and the observer

counted or estimated the number of vehicles in the

queue that were caught by the red indication. These
are plotted near the lower edge of the graph and give
a clue to the capacity of the lanes under the p?evall—

,1ng conditions at thls 1ntersection.

'The vehicle approach speed tally (Figure 13) ‘indicates

the wide variety”df speeds that need to be .accommodated
by the signal yellow length. Since the practice in set-
ting Speed:zgnes is to assume that the 85th perceﬁtile
speed représents the public's belief in what is a safe
and prudeht speéd,-and our cumulative distribﬁfion;'
curve of'perception—reaction time'breaks-ét that area,
we propose to use the 85th percentlle as a su1tab1e de=

sign speed 1n calculating yellow interval 1ength

Perception—Reaction Time

Figure 14 shows a: distrlbution of first-inwline driver's
percept;onnreaction tlmes as measured by.counting 15

frames-per-second pictures from the start of yellow to
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NUMBER OF OCCURRENCES

 the mean were to be chosen as a design value, These

the start of brake light ind;eéiiqﬁ,; Aié§ sh6wﬁ is the
distribution of 87 samplés takéhiin thé?ééﬁi$(?) study.
By the analysis shown in Appeﬁdix IV,_Wé cppc1ude that
they are statistical}y_simiiar-énough éé}fhey cén be
combined and a mean and standard deviafibn calculated

for use in selecting a mean perception-reaction time if

latter values are shown by the heavy broken lines on the

combined frequency distribution shown in Figure 14,

LOCATION (M-53 at |16 Mile Rd.)
{North Bound Only - Wed. 6-7-67 3-5P.M)

b Median ' .
o D - " LEGEND

40 j
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Figure 14. Frequency Distribution of Perception-Reaction Time

Calculated From Film Data.
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C)

The shape of the frequency distribution led to the con-
clusion that some type of gamma distribution curve would
more nearly fit the actual conditions. Such a study
(MDSH Computer Program #16059) was run on the data from
the film study and the curve shown on Figure 15 resulted,
From this curve it is obvious that to use the mean
(1°14i)_°f the Gazis(7) or Michigan sample for design would
not covérlthe major part of the samples behavior, Going
on the.assuﬁption that the 85th percentile used in speed
zone desigﬁ.and from the shape of fhe curve at the 85th
percentile point, the curve starts to break rapidly at
this point, it was concluded that the 85th percehtile
value of 1.48+ from the gamma distribution would be the
best representation of the driver's performance fér de-

sign purposes,

Driver Decision Vs. Vehicle Position Characteristics

This area of consideration has_been listed by other names,
such as Acceptance-ReJection, StoppingéNot Sﬁopping,
Go~No=Go, and.Probabiiity of Stopping, bgt_they:g?é, of
course,. all bésically concerned with the acfual d;;ver
decision at various approach speeds and:variéus'digtances
from the signal with a given length of-yéllow, nEigure 17
shows a plot of two recent researcher53 fiﬁﬁings (A, May (%)
and this study) in regard to Distance ét Sfért of Yellow;
Approach Speed; and Driver Decision, A presentation of

the points and limits of spread of points near a visually
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fitted Spllt 11ne between Stopplng and Not StOpping vehiw
cles is also shown in Flgure 17. . It ‘is in the p051tion

of the Split.line and the 1;mits.of_$preadfthat the author
belieéeé fhe'critical inferﬁation regarding optimum length

of vyellow may be contained,

Figure 18 also shows the actual perception-reaction times

. "found from the films plotted onto the Distance Velocity

o . 9
Acceptance Rejection data of the May Report( )(a controlied

 pre—éelected driver study) for the five'second yellow at

~;ian urban 1ntersect10n. From this plot, it-is evident

‘. that the one second perceptionwreaction time assumed by

eea deceleration rate of 15'/sec2 would not be realistic | E
for actual engineering practice in calgulating the length

~of yellow interval.

(8)

‘Similar plots could be made from the work of Webster,
-the controlled British study, and Ga21§ a random driver
_study, by values calculated from the1r taken data; how-
ever, for the purpose of thls progect it was not con=-

sidered necessary at thls.tzme.
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D) Deceleration Rates'

A cumulative dist:ibﬁtibn_of deceleration rates for the

motion picture stﬁdy:céldulated from the distance at start

of yellow and the.méasuréd perception=reaction time is

shown in Figure 19, .If is evident from the mean and 85th
~percentile that the 15'/sec2 now used as an acceptable average
fqr calculation of yeilow length is considerably higher

tﬁan actually exists with free choice by the driver. The
substitution of the 85th percentile value in the ITE
.Handbook(l) formula would, of cou%se, modify fhe results
tb.more nearly fﬁll in line with the present modifications

used in Michigan in selecting yellow interval length,

TRAFFIC CONFLICT TECHNIQUE APPLICATION

(10)

‘After Messrs, Harris and Perkins expanded and standardized
the method of measuring traffic conflicts by field qbservé;
:tion; it appeared that some useful correlation-migﬁt be ob-
fained by use of their systen. However,'fhere were SO many
&ariables influencing the resu}ts.énd volumes varied so
greatly that it was diffiéult to find already available data

that showed any:téndency toward correlation of results with

length of_yeilow interval,

If some greater extremes of length of yellow can be found at
representative intersections at a future date, this type of
field study should logically be taken to check for any mea=

surable tendencies,
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COMMERCIAL TRAFFIC CONSIDERATIONS

The District Traffic Engineers indicated in discussion th#t
they hgd observed flagrant violation of the beginning of the
_red by trucks. Also, as indicated in Figure 2, at least one
state provides a slightly longer yellow for locations carry-
ing_larger volumes of longer trucks and other commercial ve-

hicles, Since this limited reseafch_necessitated speading

time on only the most pertinent items, a small check was made
to see if trucks were actually involved in accidents out of

proportion to their percentage in the traffic streams. A

.study of two locations, one low speed and one suburban, where

collision diagrams indicated a larger percentage involvement

than percentage commercial showed that there were a few acci- ?

dents where the fact that the vehicle was a truck might have

influenced the occurrence of an accident., However, this was

not consistent along the same route even for a few nearby

signalized intersections along the same route. Also, the

type of accident, as indicated by the ccollision report state-
ments, seemed to be of the vision pbstruction, confusion, or

. mechanical defect type rather than a commercial vehicle running

i . the red. light,

On this basis, it was decided to defer further study of the

truck influence on needed yellow length at this time.
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OBSERVATIONS AT AN INTERSECTION WITH A SHORT YELLOW ON THE
CROSSROAD - US 12 (MICHIGAN AVENUE) AT MILLER ROAD IN WAYNE
COUNTY - : _ _ - . _ e
The studj at this locatibn.was'limitéd foIVistal.apﬁraisal
because it was felt by.the.sfudy eﬁgineer that there was too
great a personal hazard to the motion picture technician to
operate in the vicinity of the hiéh‘tehsidh lines which ex-
isted on both Sideé'of bbth 1egé'6f the“cfossrbad. Also,“
the traffic volumes were sﬁfficieﬂtly low on the crossroad
so'that'a”Véhicle was in position to uSe‘thé Yellbw indiea~—
tion dﬁly about every 15 cycles of the Sighal."Thué; it
would have required an unreasonable time and film footage to

get a statistically sound volume of data,

At this location at the time of observation, there was a 60
SGQQHd cycle with a 70m30_split and a 2.4 Sécond_yellqw_on

the Ccrossroad,

Thé.moét notewbrthy'6bservatibh at this location was that the
short yellow caused crossroad vehicles to sometimes violate
after the main line vehicles at the head of the line had
started, This, of course, caused a panic stop for the main
line vehicle at a time when following vehicles least expected
it. It is obvious by basic physics, considering following
driver perception-reaction time, that sometimes there would
be a rear end colligion back in the line., The fact that the
major part of the rear end type accidents were one pair of

vehicles rather than multiple accidents would tend to bear

. . -




out the hypothesis that this phenomenon was a factor in the

excessive rear end accident experience at this location.

A subsequent observation at this location by the same observer
after lengthening the crossroad yellow to 4.2 seconds revealed
at least three incidents in one-half hour in which the delay

in start of the main line traffic prevented the above-described

"false start"'phenomenon; 

DISCUSSION WITH OTHER OBSERVERS

‘Discussions with experienced drivers and observers was used

as time would permit. There were two things that had general

agreement, The first, and often mentioned spontaneously, was

the need for a distance reference aid. In fact, several De=-

partment employees who_were regular commuters from_oup of

town_indiqated that they had dgveloped their_qwn distance
referencg aid. That is, if_they were_nea?er_thgn‘a certain

sign or post at the start of yeliow at the_usual_prevailing

speed, they could expect to get through the signal before it
turned red., If not, they would prepare to stop. Most_bf

those interviewed indicated the need for more advance informa.

tion than the yellow alone, but they were not sure just what.

The many attempts to develop devices, such as the count down

signal, bears out the universal feeling of need, but not
necessarily the solution. It is the author's firm belief
- that a distance reference or judging aid should be the direc-

= tion to pursue in seeking an improvement for the driver. As
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mentioned previously, the basic decision that the driver must
make is time to go through or distance to stop. It is not a
question of time alone because if the decision is made to stop,

part of the red time can be used for stopplng.

The second major item that was gleaned from discussion was
that drivers, even strangers in an area, seldom miss a sign#l
at night. On this basis, considering the scarcity of avail-
able time and manpower, it was decided not to try to quantify
the problem, if any, caused by difference in distance judging
ability of the driver at night and in the daytime, Apparently,
the reduétion in ampient light gives the signal sufficient

. added visibility to make up for any loss in visible reference

aids.

A theoretical analysis by someone well versed and experienced
in driver capabilities, in distance judging and decisionémaking,
as the choices approach equal and increase in number and com-

plexity,might find an explanation for and be able to quantify

some more of the variables in driver use of the yellow interval,

ThlS 1s an area of research Wthh the author believes would

merit some time by a univers1ty study team.

It would also seem reasonable to.calculate and incorporate
minor revisioné‘to the policy to take care of approach grade
and large percentages of commercial traffic. Quantifying and
deﬁeloping warrants for these factors would be difficult and
of questionable value since correction for downgrade on one

side would add error for upgrade vehicles, It would seem
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that this correction, if used, should be included in an all

red interval. However, from recent studies, it appears that
dll red intervals tend to encour age left turn violations with

conSequent increase in head—on,left-turn type accidents,
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THE DELAYED YELLOW AT A DIVIDED CROSSROAD -

The accompanying Figure 20 shows the time vs. width of median
reiationéhip presehfed f6 the main line driver using a
dei#&ed.yeilow set by latest Michigan practice., There is
some possibility that a minimum length of green on the far
signal should be provided so the driver can readily identify
that it is that type of installation, This is the type of
item that would require ironclad consistency in practice to

aid the driver in identifying and using the facility.

Further research has been suggested on the sequence and dwell
of driver eye movements in the use of the delayed yellow.

The object would be to design to cause less confusion to the
driver by the far side green. This confusion is believed to
cause near side violations. Such research would be difficult,
if not impossible, by present known methods, and is certainly

beyond the scope of this study.
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GENERAL DISCUSSION

In considering the effects of longer or shorter.yellows on
the driver, it becomes evidentrthat'as the yellow shortens,

a greater responsibility is pléced on the crossroad driver,
Where there is no yellow, it is obvious that the crossroad
drivef.at the beginning of his green must take full responsi-
biliti for the safety in the intersection since it is riﬁic—
ulous to think that there would be no vehicles entering after
" the red. The consequences of his failure are obvious. At
the cher extreme with véry long yellows, theoretically,
'there;is no excuse for a main line driver to be in the inter-
section after the reﬁ,wahd, therefore, the crossroad driver
theorétically has no responsibility reggrding free use of

the sﬁart of his green., What is a reasonable compromise
betweén these extremes is, of course, difficult to measure
and may actually be dictated by the wording of thg_law'bf

the capabilities and habits of the human.being;

From dlscuSS1on with people who have driven in areas with
short yellows, it is obvious that the driver is forced to

be alert and make a quick decision. This may be d951rable

on a short term basis, put would certainly add to the -tension.
fatigqé over an extended peribd of driving and one-Wbuld
expecfrthe'errors=bf Jjudgment tpﬁbe greatér. On the other
hand, with excessively iong_yeilows, thére appears to be

more sloppy or careless decision_makingfahd a tendency to
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"use" the excess over that required to make a simple decision

of go or not-go. The last mentioned items appear to be a
likely cause for experience, indicating that a short all red

interval is preferable to an excessively long yellow,

There is one item, at least, that can be said for the long
vellow, and that is, that it helps to clear left turns. Often
with the increasing capacity problems, one of the big problem
factors is left turn backups. While it is true that the all
red would serve the same function, it has the great disadvan-
tage that'fhélleft turn driver does not know when it ends.
With the yellow, the left turning driver knows when he is no

longer safe or legal in the intersection,

In regard to the earlier,mentiongd_stress,_decision Judgment
factors of the human, it is reasonable to presume that some-
where in the space science field, there is applicable infor-
mation concerning_human_capabilities_in_phese:areas. One
logical further_research_would_be‘to.seek_qut or develop

this information.
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SUGGESTED FURTHER RESEARCH

There are, of coufSé, many details that it would be desirable
to quantify in developing the optimum length of yellow inter-
val; however, it is the author's belief that the following
are the.areas of gréatest need for research té establish
standards and.aid the driver in the use of the yellow interval:
1, A study into desirability of placing more or less
_ responsibility,on.the crossroad (stopped) driver,
2. More extensive investigation into the split and
mix areas between gé and not-go drivers for various
approach conditions at the start of yellow for
isolated signals and for signals in and.out of
progression in a system,*
3. Distance and time judging capabilities of the
| driver under dynamic conditions.
4, Tolerable and desirable minimum limits of visual
stimulus from the signal.
5. Eye iedding techniques to aid the signal visibility.
6. Developmeﬁt'df distance judging aids.
7. Development of time judging aids.
8. Need for and type of time modifications for different
volumes of truck and other commercial traffic.
9. Use of yellow and all-red intervals by left turning
vehicles.
*The development of a probability model for the split and
mixed areas should be undertaken. This model, whose develop-

ment will require some further field investigations, would
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provide two very basic building blocks for the selection of
an optimum yellow interval given an isolated intersection or

adoption of a national standard.

First, with proper documentation, the practic1ng engineer

could use this model to make quantitative Judgment on the
operation of a yellow 1nterva1 from a much smaller sample

than is possible without such a model.

Second, it would allow the future researcher who is planning
a major study in which he intends to observe traffic behavior

to intelligently select the size of the sample. Since accur-

ate obsefvations will be expensive, this will be an important

decision,

"Both of the building blocks should lead to considerable finan-
" c¢ial return, if applied., Hopefully, a non-parametric model

- specifically designed for testing this problem would not be

difficult to construct or understand,
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. APPENDIX I

Sequence of events in driver perception and decision making

in connection with Yellow Inferval Length

1)
2)
*3) -
*4) -
*5)

#6)

7)

8)
*9)
10)
11)

* Items

Factors

Detect presence of signal

Detect color of signal

‘Estimate time of change to yellow:

Estimate -time remaining on yellow.

Estimate braking distance at driven speed

-Estimate time to clear intersection far enough

so starting or moving vehicle on other legs will
not contact - B e

Estimate discomfort if stop is made
Estimate effects of action on others
Decide on action

Take action

Reappraise all factors
most likely to be in error by driver,

influencing errors in connection with "items most

likely to be in error by driver' listed above.

Item (3)

Item (4)

Estimate time of change to yellow

a) Short or long term conditioning of driver to
non-expressway driving and signal operation

b) Driver familiarity with the specific location
c) Visibility distance of signal

Estimate time remaining on yellow

a) Conditioning - same as (3a)

b) Familiarity - same as (3b)
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Item (5)_

Item (6)

.b)

c)

When yellow was detected or how long since
previous scrutiny of the signal

Estimate braking distance at driven Speed

a)'

b)

_c)

d)

e)
)

Conditioning - same as (3a)

Familiarity - same as (3b)

Type and Condition of surface

Knowledge of vehicle characteristics
Human capability for distance estimating

Availability of estimating aids and cues

Estimate time to clear intersection

c)
d)

e)

Conditioning - same as (3a)

Familiarity - same as (3b)
Initial Velocity
Knowledge of vehicle accélerating ability

Actions of or presence of inhibiting traffiec
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APPENDIX II

Some desired research information on driver needs, capabil-

ities and behavior in connection with yellow signal intérval

length and basic problem study,

1.

Any benefit from acceptable eye leading methods

toward the yellow lens? ‘Is size of lens adequate

for distance at higher speeds? Would rapid flash-

ing light be better or worse for eye leading or

attention getting?

'Any shape difference needed from other lenses to

help the color blind?
How frequently does an urban and rural driver

monitor the signal head for indication?

"What effect does frequency and uniformity of yellow

interval have on actions before or during yellow
interval?

Would rapid flashing light give time reference aid

to the driver?

Importance of uniform time and intensity of eye
stimulus by yellbw interval.

How good is driver at estimating braking distances?
What aid does he use in estimating braking distances?
Depth perception error as speed increases and distance
increases,

Stop point reference zids,

Street width estimating reference aids.

Effects of clear vision and distractions on estimating.
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Possible distance and time estimating aids,
Variance in peoplé's i&é;.bf discomfort.

Is driver's choice a straight line deceleration?
How many cars are following too close at various
points in the sequence?

Possible reference ailds on back of leading vehicle

-and quantitative effect of each.

How does driver tension change with reduction in

-cues and input information?

Magnitude and freguency of driver errors as cues

 such as signal size, distance, reference aids, etc.,

10.

are changed.

What driver action (stop or go) is easiest and
gquickest?

Which action (stop or go) does driver choose when
all other things are equal?

Does pre-warning make a difference in choice of

- action?

.—58 —




CAPPENDIX XIIX = -
MICHIGAN DEPARTMENT OF STATE HIGHWAYS

i
L
B

YELLOW CLEARANCE INTERVALS
for January 1, 1967
SIGNALIZED INTERSECTIONS

Based on Approach Speeds and Street Widths

ok ) Electrical Devices Unit, Traffic Division

.-
Approach - Time to Time to Stop or Clear to Center of Intersection
Speed - Stop (1.2Y) (W=width of St. in ft.) (T in Sec.)
) (MPH) (SEC.) W30 ] Wed0 | Wes0 | W=60 | W=70 [ W=80 | W=30
*: 25 2,66 | . 3.61 3.75 3.80 | 4.02 [4.16 | 4.29 | 4.43
30 2.96 3.76 | 3.87 | 3.98 | 4.10] |4.21 | 4.32 | 4.44
35 3.2 - - | 3.93 | 4.03 4,13 4.22 4,32 4.42 4.52
40 | ss6 | 4.6 | 4.24 | 4.33 | 4.41 |4.50 | 4.58 | 4.66
. 45 | 3.85 | 4038 | a.46 | 453 | 461 |4.68 |4.76 | 4.83
oo se 4.15 463 |.4.70 | 4,76 | 4.83 |4.90 |[4.97 | s.04
55 4.45 4.88 | 4.95 | 5.01 | 5.07 |5.13 |5.19 | 5.26
60 4.72 5.12 | s.17 | 5.23 | s.29 |s.35 |s.40 | 5.46

The above charted values are based on the third edition of the Traffic Engineering -
Handbook article on '"Yellow Intervals", pages 407,408, with the exception of two
concepts as follows: ' '

1. Instead of using the minimum time to stop defined as Y and equal to
t+V/2a, a more comfortable stopping rate was used (in the interest
of rear-end-type accidents) by applylng a factor of 1.2 to Y or
using 1.2Y for time to stop. :

2. Instead of computing the time to tlear the complete intersection at
a constant approach speed, the above chart is computed to clear. the
center of the intersection, which changes the book value of (W+L)/v
to (W/2+L)/v. :

3. The 85th percentlle speed, or if this is not avallable the posted
speed limit, shall be used with the chart,

The formula for time to stop or clear center of intersection becomes T=1.2(t+V/2a)+
(W/2+L)/v where t=I=roaction time in seconds, W=width in ft. of street be1ng crossed,
L=length of vehicle=20 ft., V and v—veloc1ty in ft/sec and*aadeceleratlon in
ft/sec/sec.

. ®WIn Han&book a= 15'/sec2
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MICHIGAN DEPARTMENT OF STATE HIGH‘.\T,HS-;, ,
“YELLOW CLEARANCE INTERVALS
for ,
SIGNALIZED INTERSECTIONS

W = width of street being crossed. (ft.)
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APPENDIX IV

Statistical Comparison of Gazis(7) and Michigan Samples of Perception-

Reaction Time. -

Gazis  Gazis - MDSH MDSH

Study Study Accumulated Study Study Accumuliated
Interval Freq, Cumulative % of Sample -cFreq, 'Cumulative % of Sample
.6=.8 7 7. g 1 1 : f 4.7
08=1,0 24 31 35.6 1 2 9.5
1.0-1.2 21 52 . 50.7 s 6 28,5
1.,2-1.4 20 72 82,7 7 13 61.9
1.4-1.6 11 83  95.4 -2 15 71.4
1.6-1.8 3 86  98.8 2 17 80,9
1.8=2,0 0 - 86 . 98.8 1 18' : 85,7
2.,0-2,.2 0 86 98.8 3 21 100
1 0

2.2-2.4 87 100 21 100
For the purpose of this study it was desirable to combine these two
studies if-they could be‘considered as observations from-the same
population, A general test of thlS type is: the Kolmogorov-Smlrnov
Test of Goodness of Flt of Empirical Distributions, Ref.. Annal of

Mathematical - Statlstics (1948) 19 280-281

This test is based on the maxlmal dlfference between the Emperical
Distribution function. This difference is 31 occurring after 1.0
seconds., It_is not significant at the .05 level, the significant
vaiue being .330. . . L - R

Combining the samples was considered justified.
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