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Abstract: The pedestrian timing at signalized intersections is studied aiming at the problems of the

inconsistency of the vehicular and pedestrian timing requirements and the insufficiency of pedestrian clearance.
Based on the formulae of WALK and flashing DON'T WALK (FDW) in the highway capacity manual
(HCM), the relationship between pedestrian signal indications and vehicular signal indications is discussed using

the theory of traffic flow. Then, methods of pedestrian timing for different cases are established, particularly the

methods of the pedestrian green adjustment. Ways of pedestrian crossing are analyzed for roadways with

different forms and widths of the median island. The sampling values of calculation parameters are studied, and

the recommended formulae of pedestrian timing for different conditions are presented.
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Conventional practice generally allows pedestrians
to cross a street during the vehicular indications at a
signalized intersection. This requires that pedestrians
must also be considered by the signal timing and that
pedestrians should be assured of sufficient time to ac-
commodate safe crossings. Vehicular and pedestrian
timing requirements are often quite inconsistent. Con-
sider the intersection of a wide major arterial and a
small minor collector is illustrated in Fig. 1. Vehicle
demand on the major arterial is more intense than on
the minor collector, and the green split for vehicles
generally results in the arterial receiving a long green
and the collector a relatively short green. Unfortunate-
ly, this is exactly the opposite of what pedestrians re-
quire. Pedestrians, however, cross the wider major arte-
rial during the short minor collector vehicular phase,
and the narrower collector during the long major arteri-
al vehicular phase'' ™. In summary, pedestrians require
a longer green during the shorter vehicular green, and a
shorter green during the longer vehicular green. Other-
wise, the unreasonable time distribution ratio is a ubig-
uitous problem of pedestrian timing in Chinese cities.
The pedestrian phase is mostly a green indication; how-
ever, the pedestrian clearance interval is only about 3
s. The law on road traffic safety of China presents the
pedestrian right of way as follows: Pedestrians are per-
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mitted to cross the crosswalk during the green indica-
tion; a pedestrian shall not start to cross the roadway,
but any pedestrian who has entered the crosswalk shall
continue to complete their crossing, or stop at the me-
dian line and wait"'. Pedestrians entering the crosswalk
at the end of the green cannot cross the roadway safely
and are locked in vehicular lanes due to insufficient
clearance time. This causes serious safety problems and
blocks vehicular operation.
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Fig.1 Vehicle and pedestrian signal requirements. (a) Ve-

hicular requirements; (b) Pedestrian requirements

In practice, the objective is to base signal timing
on vehicular requirements, and less attention is paid to
pedestrian requirements. Aiming at the existing prob-
lems and insufficient pedestrian clearance, pedestrian
signal timing at signalized intersections is studied using
the traffic flow theory. Then, the adaptive method and
suggestions for pedestrian timing in China are presen-
ted.

1 Pedestrian Timing

1.1 Pedestrian phase components
The rounded pedestrian phase is composed of
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WALK indication, flashing DON'T WALK ( FDW)
indication and DON’T WALK ( DW) indications.
WALK indication means that pedestrians may begin to
cross the roadway in the direction of the indication.
Flashing DON’'T WALK indication means that a pe-
destrian shall not start to cross the roadway in the di-
rection of the indication, but that any pedestrian who
has partly completed their crossing shall continue to a
sidewalk, or to a safety island, so FDW is also named
as pedestrian clearance. Steady DON’T WALK indica-
tion means that any pedestrian shall not cross. Some
jurisdictions use a flashing WALK instead of a con-
stant WALK indication where right-turning vehicles
will conflict with crossing pedestrians''!. Pedestrians
are permitted to cross the crosswalk during the WALK
and FDW indication. That is to say pedestrian phase
crossing time is composed of WALK and FDW, for
short pedestrian phase time. The pedestrian phase time
must be sufficient to accommodate safe crossings for
pedestrians with an assumed speed. So, parameters in-
cluding WALK and FDW must be determined proper-
ly, and this is the main task of this paper.
1.2 WALK

WALK should be sufficient for all pedestrians
waiting in one cycle to leave the curb and enter an in-
tersection. According to pedestrian traveling character-
istics, WALK is determined as the sum of two compo-
nents, including the reaction time and the time for

people to enter the crosswalk:

WALK = + N, (1)
S, W

where WALK is the pedestrian green time (s); ¢ is
the pedestrian reaction time (s); N, is the number of
pedestrians crossing a single crosswalk during an in-
terval (p); S, is the pedestrian flow rate, namely the
number of pedestrians crossing per second in unit
width (p/(m -
width (m).

In Eq. (1), #] and S, are two key parameters. The

s)); W. is the effective crosswalk

value of S, is uncertain in China at present, and there
are only some theoretical studies'®'. Surveys indicate
that S varies with trip intention and intersection prop-
erties etc”'. It is recommended that #* =3.2 s and S,
=1.23 p/(m - s) in the highway capacity manual'®,
and the following minimum green-time requirements
for pedestrian are suggested:

N,

3.2+0.81 —*

WE

WALK = N
3.2+40.81 . ~=3.2+0.27N, W.<3.0m

3.0
(2)
It is the minimum WALK provided by this equation.

W;>3.0m

However, N, is unknown before the cycle length is de-

.78 indicate that under

termined. Foreign practices
normal conditions, the WALK interval should be at
least 4 to 7 s in length so that pedestrians will have
adequate opportunity to leave the curb before the
clearance interval is shown, and that pedestrian queues
requiring more than 7 s to discharge occur very rarely
and will usually be found only in certain sections such
as around a school. When the minimum WALK inter-
val calculated is short under low volume conditions,
the adopted value under 5 s is inadvisable and cannot
be shorter than 4 s, however, the importance of the in-
attentiveness factor should also be weighted in this de-
cision. It is common that pedestrian volume is large in
China, and the WALK needed is longer.
1.3 Flashing DON’'T WALK
The FDW is to clear pedestrians and accommo-
date safety crossings for pedestrians just starting to
cross the street at the end of the WALK indication.
The FDW can be determined by
L,
FDW = 5, (3)
where FDW is the flashing DON'T WALK interval
(s); L, is crossing distance (m); S5 is the 15th-per-

centile walking speed of pedestrians (m/s).

Generally speaking, L. takes the length of the
crosswalk as the default, and it is the distance from
the near curb or shoulder to the farthest conflict point,
strictly speaking. When determining the distance, con-
sideration should be given to the pedestrian’s normal
walking path. Research indicates'’ that far-side right
turn lanes and parking lanes should be included in the
crossing distance.

In selecting a walking speed, consideration must
be given to the type of pedestrians, volume of pedes-
trians, intersection location and geometrics, and over-
all signal operation. The 15th-percentile pedestrian
speed is generally used as the walking speed in this
computation. The commonly accepted value of S’ is
1.2 m/s recommended by the Institute of Transporta-

tion Engineers (ITE)''. This value should be used
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unless site-specific conditions suggest otherwise. In
some specific conditions such as a large proportion of
school-age children, handicapped and elderly pedestri-
ans (65 years of age and older) in the walking popu-
lation, a lower value is accepted. For example, if a sig-
nificant number of elderly pedestrians routinely cross
at an intersection, a walking speed of 1. 0 m/s is rec-

ommended.

2 Relationship between Pedestrian Signal In-
dications and Vehicular Signal Indications

The pedestrian phase time g, is the sum of

WALK and FDW:
g, = WALK + FDW (4)
If WALK and FDW are calculated by Egs. (2)
and (3), respectively, then the sum is the minimum

min ,

pedestrian phase time needed g;":

3.2 +0.81 Ny L. Wy >3.0
.2 +0. + .Um
min WE S[;S :

g = L (5)
3.2+0.27N, + — W,.<3.0m

P
15

The vehicular phase time 7 is the sum of green
time displayed and the intergreen interval I''". The I
has two components of yellow interval Y and all-red
interval AR, sometimes, only AR:

T=g+I=g+Y+AR (6)

For a signal timing to be viable for pedestrians,
the vehicular phase time cannot be shorter than the pe-
destrian phase time in each phase:

g"<T=g+I=g+Y+AR (7)

According to the pedestrian clearance interval
and the vehicular intergreen interval, the relationship
between pedestrian signal indications and vehicular
signal indications has two basic modes (see Fig.2 and
Eq. (8)): @ Any pedestrian is forbidden to cross dur-
ing the vehicular intergreen interval, and the clearance
of pedestrians is only in progress during the vehicular
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Fig.2 Relationship between pedestrian and vehicular tim-

ing. (a) FDW and vehicular green end at the same time; (b)
FDW and all-red end at the same time

green interval, that is to say, the flashing DON’T
WALK and vehicular green end at the same time, and
the DON’T WALK is displayed onset yellow; 2) The
vehicular intergreen interval may be included in the
pedestrian clearance time, that is to say, the flashing
DON’T WALK and all-red/yellow end at the same
time, and the DON’T WALK is displayed onset red.

8 vehicular intergreen interval in-
cluded in pedestrian clearance

& = g+l= vehicular intergreen interval not

g+Y+AR included in pedestrian clearance

(8)

Through Fig.2 and Eq. (8), it is known that two
modes are applicable for different cases: (D) If the
length of the vehicular phase is sufficient and the
green displayed is not less than minimum pedestrian
phase time needed, the pedestrian phase can be con-
cluded with either the vehicular green or the all-red;
that is to say, if ng;"i" is met, anyone of (a) and (b)
can be chosen; (2) Otherwise, if the length of the ve-
hicular phase is insufficient and the green displayed is
shorter than the minimum pedestrian phase time nee-
ded, the pedestrian phase can be only concluded with
the vehicular all-red, that is to say, if g < g;“i" sg+7Y
+ AR, only (b) can be used.

As a general practice, the length of vehicular
green displayed is not less than the minimum pedestri-
an phase time needed, and the vehicular intergreen in-
terval cannot be included in the pedestrian clearance
time unless the phase length is restricted, but the
length of the vehicular phase cannot be less than the
minimum pedestrian phase time needed ( see Eq.
(7)). It is obvious that the length of the vehicular
phase is a key parameter determining the relationship
between pedestrian and vehicular timing. The value
calculated by Eqgs. (2), (3) and (5) is the minimum
pedestrian phase time needed. From Eq. (8), it is
known that parameters of the minimum pedestrian
phase can be adjusted using Eqgs. (4) and (8) accord-
ing to the selected mode if the length of the vehicular
phase is longer than the minimum pedestrian phase
time needed. The commonly accepted method is to
maintain FDW calculated by Eq. (3) unchanged and
recalculate WALK calculated by Eq. (2). The follow-
ing is a detailed discussion.

D) If g=g"

(D Mode (a) is used
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The WALK and FDW calculated respectively by
Egs. (2) and (3) need not to be adjusted if g = gg“",

and if g > g:i“, the WALK is adjusted according to g,
= g maintaining FDW unchanged:

L,
WALK:g—FDW:g—SpL 9
15

(2 Mode (b) is used
The WALK is adjusted according to g, =g +Y +
AR:

L
WALK=g+Y+AR—FDW=g+Y+AR—SpC (10)
15

2) If g<gi"<g+Y+AR

The WALK and FDW calculated respectively by
Egs. (2) and (3) need not to be adjusted if g':m =g+
Y+AR, and if g <g)" < g +Y + AR, the WALK is
adjusted using Eq. (10).

3) If g™ >g+Y+AR

If Eq. (7) is not met, the vehicular phase interval
cannot accommodate safety pedestrian crossings, and
then the traffic engineer may retime the signal resul-
ting in a longer cycle and phase length to satisfy the
requirement. Another approach of installing pedestrian
buttons may be feasible where actuated signal control-
lers are used'' ™.

3 Pedestrian Timing Practice

3.1 Single roadway and divided roadway with a
median island less than 2 m wide

A median island less than 2 m wide is not con-
sidered a safe refuge island, so a single roadway with-
out a median or a street with a median less than 2 m
wide should be the same in pedestrian timing. For this
case, pedestrians should be provided sufficient time to
cross the street completely in one cycle and pedestrian
indications should be installed on each side. The
WALK and FDW are calculated by Eqgs. (2) and (3),
respectively. When parameters used for calculation are
unknown, pedestrians may be provided time for cross-
ing a roadway: () WALK =7 s, and this may be re-
duced to 4 s if it is necessary to minimize pedestrian
timing considering the other factors; (2) Generally,
FDW should not be less than WALK time and the ve-
hicular intergreen interval can be included in the pedes-
trian clearance time if the phase length is restricted.
3.2 Divided roadway with a median island over 2 m

wide
A median over 2 m wide can accommodate pedes-

trians with a safety refuge. For this condition, two ways
may be used for pedestrian timing: crossing in two cy-
cles and crossing in one cycle.

1) Crossing in two cycles

If it is difficult for pedestrians to cross the cross-
walk in one cycle due to the width of the road or the
length restriction of the vehicular phase, timing can ac-
commodate a safe crossing in two cycles, where medi-
ans or other channelizing islands are sufficient to pro-
vide pedestrian refuge. The pedestrian will cross to the
median in one cycle and stop to wait at the median is-
land, and then cross to the other side in the next cycle.
The pedestrian phase time must be sufficient for two-
way crossing, so, the pedestrian timing is determined
according to the roadway need for longer time. The
WALK and FDW will be calculated as above. The
crossing distance L, should be determined by using the
longest distance from one side to the median. The dis-
tance may be from the roadside to the far side of the
median or to the near side viewing the practical situa-
tion. Generally, the latter will meet the requirements of
crossing in two cycles (see Fig.3 and Eq. (11)).

max(D,, D
LC:{ (D, D,) (11)
max(d,, d,)
- D, -2
o D
| 2
=
&

Fig.3 The crossing distance for pedestrian timing

2) Crossing in one cycle

The common median island cannot accommodate
sufficient space for waiting under high pedestrian vol-
ume conditions. Therefore, the pedestrian should be
provided sufficient time to cross the total roadway in
one cycle under possible conditions. It is important to
maintenance an appropriate ratio of WALK to FDW
for preventing pedestrians to cross against traffic regu-
lations owing to the excessive length of FDW. In or-
der to cross the total roadway, the pedestrian must
pass or reach the median island before the Flashing
DON’'T WALK is displayed. If pedestrians reach the
roadside during the WALK indication or begin to
startup at the end of the pedestrian green time, thus



568 Wang Jingyuan, and Wang Wei

not being able to reach the median island when the
Flashing DON’T WALK is displayed, the pedestrians
should stop at the median island and wait till the next
WALK indication appears. That is to say, the WALK
indication should take all the pedestrians waiting in
the DON’T WALK indication past or reach the medi-
an island before the Flashing DON'T WALK is dis-
played, and the Flashing DON’'T WALK indication
should take the pedestrians to pass the median island
in the WALK indication, cross the crosswalk and be-
gin to startup at the end of the pedestrian green time
and reach the median island before the DON’T
WALK is displayed. The following special timing
should allow the pedestrian to cross both roadways:
N, max(d,,d,)

.2+0.81 =% .
3.2+0.8 WE+ s, W, >3.0m
WALK =
max(d,, d,)
3.240.27N, +—— 2 We<3.0m
15
(12)
D,,D
FDW:% (13)
15

The pedestrian phase time can make all the pe-
destrians waiting at the roadside cross the total road-
way in one cycle. If it is difficult for the length restric-
tion of the vehicular phase, part of the pedestrians can
be provided sufficient time to cross the total roadway
in one cycle and the other timing can accommodate a
safe crossing in two cycles. The WALK and FDW are
calculated by Egs. (14) and 15, respectively:

N d.d
max[(3.2+0.81Wp),HMX(12)]

B St
W,>3.0m
WALK =
max(d,, d,)
max[(3. 2 +0. 27Np),7p]
Sis

W;<3.0m

(14)
max(D,, D
FDW =X(57p‘2) (15)
15

All the discussions in the section are focused on
the requirements of the minimum pedestrian phase
time. If the vehicular phase time is longer than the
minimum pedestrian phase time, then the parameters
of pedestrian timing can be adjusted according to the
methods introduced in section 2.

4 Conclusion

As the subject of this paper, the pedestrian timing

at signalized intersections is studied aiming at the
problems of the inconsistency of the vehicular and pe-
destrian timing requirements and the insufficiency of
pedestrian clearance. Based on the formulae of the
WALK and FDW in HCM, the relationship between
pedestrian signal indications and vehicular signal indi-
cations is discussed in detail using the traffic flow the-
ory. The vehicular phase time cannot be shorter than
the pedestrian phase time in each phase; the pedestrian
phase time equals the vehicular green or the vehicular
phase time. Then, methods of pedestrian timing for
different cases are established, particularly the meth-
ods of the pedestrian green adjustment. Pedestrian
crossing ways are analyzed for roadways with differ-
ent forms and widths of the median island. It is sug-
gested that the pedestrian should be provided suffi-
cient time to cross the street completely in one cycle
for single roadways without a median or a street with
a median less than 2 m wide, and the pedestrian may
be provided sufficient time to cross the street in one
cycle or in two cycles in the case of a median over 2
m wide. The sampling value of calculation parameters
such as the crossing distance is studied, and the rec-
ommended formulae of pedestrian timing for different
conditions are presented. In application, the appropri-
ate option is selected according to the realities. The re-
search outcome has important practical value. This
presents a systematic approach of pedestrian signal
timing at signalized intersections for the technical per-
sonnel engaged in traffic management. This makes the
vehicular and pedestrian timing consistent and pro-
vides a traffic environment for pedestrian safety and

vehicle smooth running.
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