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ABSTRACT

Inadequate consideration of the elderly people cross-
ing demand on the signalized intersections would bring
great potential safety hazards, especially the speed
through the crosswalk. By observing the pedestrian walk-
ing speed at three signalized crosswalks and a relatively
spacious sidewalk in Chongqing, China, this paper has
obtained the walking speed values of 658 elderly people
and 1,176 adults at the signalized crosswalks, as well as
the walking speed parameters of 868 adults and 422 el-
derly people on a relatively spacious sidewalk section.
Comparing the walking speed of adults walking along
the sidewalk section and on signalized crosswalks, the
data show that there is no significant difference between
these two site speeds. Similarly, when comparing the
two site data of the elderly, it is found that their walking
speed at the signalized crosswalk is significantly higher
than that on the sidewalk section. That is to say, the speed
setting for the old people crossing the crosswalk has not
been fully considered. Subsequently, taking the elderly’s
walking speed as input parameter, establishing the sim-
ulation models under different proportions of the elderly
and different pedestrian flows, and then gain the walking
speed values of the pedestrians with different quantities
and different proportion of the elderly pedestrians. With
the help of the unknown breakpoint Regression method,
under the setting of the elderly pedestrian speed crossing
the street, the proportion threshold of the elderly cross-
ing the street at the signalized intersection is obtained.
The results show that when the proportion of the elderly
is more than 15% of the pedestrians crossing the street,
the pedestrian crossing speed value for the signal time is
suggested to be 0.97 m/s.
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1. INTRODUCTION

According to the United Nations forecast [1], the
proportion of elderly people over the age of 60 in
the world will rise from 10.0% in 2000 to 21.7%
in 2050. In recent years, the elderly population in
China has also grown rapidly. According to the
Chinese government statistics, until 2016, the num-
ber of elderly people over the age of 60 in China
reached 220 million, accounting for 16.1% of the
total [2]. Internationally, when the people of a coun-
try or a region at the age over 60 account for more
than 10% of the population, or more than 7% of the
total population over the age of 65, the country or
region are declared as having entered an aging so-
ciety. Therefore, China has now entered an aging
society, and the proportion of the elderly has grad-
vally increased in the coming decades. The body
and mind of the elderly people gradually degenerate
with age, body-associated phenomena can relate to
such things as manifesting poor body coordination,
slow movement, significantly reduced step length
and step frequency; impaired vision and hearing,
with psychological phenomena such as anxiety,
confusion, and vulnerability to interference. The
combination of these factors make the elderly peo-
ple “slower” when crossing a crosswalk. In summa-
ry, the special physical and psychological charac-
teristics of the elderly pedestrians result in different
traffic characteristics. With the gradually increasing
proportion of the elderly people, the walking speed
research of the elderly people has gradually attract-
ed the attention of scholars. Diindar [3] tested that
there were significant differences among different
ages in Istanbul. Coffin et al. [4] analysed the speed
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of the elderly at signalized intersections, un-signal-
ized intersections, and crosswalks, and given the
design speed of the elderly pedestrian crossings at
the un-signalized intersections set to 1.0 m/s, the
signalized intersections should be set to 1.2 m/s. Fil-
des et al. [5] interviewed 1,600 elderly and young
drivers and pedestrians in a city in Australia. They
found that the purpose of the elderly travel mainly
focused on tourism and attending meetings. More-
over, at the un-signalized intersections, there was
insufficient understanding of the right of passage,
and traffic awareness was insufficient as well. Bern-
hof et al. [6] compared the travel preferences of the
elderly people and adults through a questionnaire
survey. Knoblauch et al. [7] investigated the walk-
ing speed of pedestrians at different signalized in-
tersections in various situations, and found the 15t
percentile crossing speed to be 1.25 m/s and 0.97
m/s for the adult and elderly pedestrians. Xiong et
al. [8] obtained that the mean walking speed of the
elderly was 1.04 m/s through the conducted survey
in Beijing, China. Through the setting camera, Ox-
ley et al. [9] observed that the elderly pedestrians
spend more time evaluating the traffic condition and
looking at the road, and young people focus on the
nearby traffic conditions. Moreover, elderly people
have been easily confused in complex traffic situa-
tions that require multiple sensory judgments. Tim
et al. [10] surveyed pedestrians at ten intersections
to get pedestrian speed in different situations. It is
proposed that when the proportion of pedestrians
over the age of 65 exceeds 20%, 30%, 40%, and
50% of the total pedestrians at a location, the walk-
ing speeds of 1.10, 1.07, 1.04 and 1.01 m/s, respec-
tively, have been recommended. For intersections
where almost all the pedestrians are over the age of
65, the walking speed of 0.88 m/s has been recom-
mended. Through a 12-year follow-up survey, Eliz-
abeth A. et al. [11] made a growth curve analysis to
predict the walking speed change with the age in-
crement to predict the change in walking speed with
the age increase. The survey results have shown
that only 10% of the elderly over 60 years of age
can reach 1.2 m/s. The data from more than 2,000
pedestrians in seven countries show that the mean
walking speed of the elderly was between 0.97 m/s
and 1.4 m/s, and the 15" percentile walking speed
was between 0.67 m/s and 1.2 m/s. In Sao Paulo,
Brazil, 97.8% of elderly pedestrians cross the street
at a street speed of less than 1.2 m/s, and 69.7% of
the elderly have a street crossing speed of more than

0.9 m/s [12]. In other words, if the design speed was
1.2 m/s, 97.8% of the elderly would not safely cross
the street within the specified time. In HCM2000
[13], it is recommended that the proportion of the
elderly in the area below 20% adopts 1.22 m/s as the
design speed, and in the area where the proportion
of the elderly exceeds 20%, the design speed is 1.00
m/s, and if the proportion of the elderly increases
by 10%, the pedestrian walking design speed is re-
duced by 0.1 m/s. Trpkovic et al. [14] investigat-
ed the walking speed of the elderly pedestrians at
ten intersections, and the 15" percentile walking
speed was 0.88 m/s. For the relationship between
the proportion of the elderly pedestrians and the pe-
destrian crossing speed value, Milazzo et al. found
the 15" percentile walking speed when reduced
by at least 0.05 from the recommended value was
taken as the design speed of the elderly pedestrian
crossing street, and the elderly pedestrian threshold
was obtained. Through the simulation method, the
studied speed value was 1.0 m/s when the elderly
pedestrian ratio was over 20% [15]. However, other
related documents have not systematically analysed
the threshold of the elderly pedestrian ratio when
crossing the signalized crosswalk.

This paper takes over 60-year-old pedestrians
(China's 60-year-olds as the demarcation point of
the elderly) as the main research objects, and analy-
ses the elderly and adult (aged between 18 and 60)
pedestrian walking speed at the signalized cross-
walk with different facilities. Through the calibrated
VISSIM simulation platform to analyse the walking
speed at different pedestrian flows and different
proportions of the elderly conditions, and using the
estimating regression models with unknown break-
points, the relationship between the proportion of
the elderly people and the whole pedestrian walking
speed characteristics is analysed, and the thresh-
old of the elderly pedestrian ratio is obtained when
setting the pedestrian crossing speed value and the
walking values at the signalized intersections in
China are recommended.

2. METHODOLOGY AND MATERIALS

2.1 Data collection

The consideration of the selected field sites
should have the following features: (1) there are
many elderly pedestrians at the signalized cross-
walks; (2) there is a pedestrian signal and the pe-
destrian green time is more than 10 s, thus being
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able to get more sample data; (3) the waiting area
has enough space, and (4) the view is good for the
pedestrian can see the vehicle condition and the
camera can be set. Through the pilot survey and
several times field observation, three signalized in-
tersections were selected in Chongqing, China for
the elderly pedestrians crossing speed collections.
They are Qinglong-Nanhu intersection (Location
A), Huilong-Qinglong intersection (Location B)
and signalized mid-block located at Xuefu Road
(Location C), shown in Figure 1.

Metro Station d
'

Figure 1 — Survey location map

There are many residential, catering, school, and
medical facilities around the selected survey sites,
which can attract a large number of people. Pedes-
trians frequently use crosswalks during the trip, pro-
viding a basis for data collection. The survey of the
specific circumstances is shown in Table 1.

All of these intersections have pedestrian signal
countdown timer, and only location C has a pedes-
trian median refuge. The width of the median refuge
is 1.5 m of the location C. The cross section data are
shown in Figure 2.

Table 1 — Survey of the specific circumstances

Using an HD camera to record the pedestrian
crossing process, the camera is placed in a position
where the pedestrian can be completely observed.
As shown in Figure 3, the record information such as
the conversion of the signal colour during record-
ing. At the same time, the camera should be avoided
to attract the attention of pedestrians when being
erected.

According to the above method, the data record-
ing time was from 14" December to 18" Decem-
ber 2015 workdays, and the weather condition was
good. In order to get more samples, the second sam-
ple collection time was on the 215 March, 2017 at
position C. The crossing speed data for the elderly
and the adults using video-by-frame playback was
obtained. In order to increase the judgement pre-
cision of the elderly pedestrians, the observer was
asked to judge the elderly pedestrians through the
video, and then verify by asking the pedestrian’s
age; then the observer was able to have the expe-
rience to extract the data. Moreover, by visually
judging the gender and age range of the pedestri-
ans, the pedestrians who carried heavy objects, ac-
companied children crossing the street, cycled, and
strollers were not recorded. The pedestrian crossing
speed was extracted, and 2,374 pedestrian data were
collected in total, including 1,716 adult pedestrians
and 658 elderly pedestrians.

The sidewalk near the Ertang Metro Station of
the Xuefu Avenue in Chongqing City was select-
ed as the pedestrian free-speed collection point.
The location of the site is relatively flat, the view
is wide, and the pedestrian flow is moderate, and
the pavement adopts 25x63 floor tiles to easily es-

Crosswalk feature Locatton A B ¢
Countdown Y Y Y
Pedestrian median refuge N N Y
Crosswalk signal cycle [s] 90 100 100
Pedestrian green light [s] 15 12 19
Pedestrian green flash time [s] 5 5 5
Crosswalk length [m] 20 17 24
Crosswalk width [m] 6 6 6
One-way pedestrian traffic [p/h] 636 708 2,565
Vehicle speed limit [km/h] 40 40 60
Road section undivided roadway undivided roadway two boards
Vehicle traffic flow 972 pcu/h one direction 708 pcu/h one direction | 2,832 pcu/h one direction
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Figure 2 — The crosswalk condition data of the survey sites

Figure 3 — Schematic diagram of data acquisition

timate the pedestrian walking distance and will not
attract pedestrian attention, as shown in Figure 4. The
recording of data was from 8™ — 10% March, 2017.
The pedestrians do not necessarily step on the
set start or finish lines when walking into the obser-
vation area. When manually extracting the param-
eters, the pedestrians who do not step on the line
in or out of the observation area are not recorded.

Figure 4 — Schematic diagram of sidewalk speed acquisition

The walking speed value of the pedestrian can be
obtained by recording the times when the pedestrian
enters and leaves the observation area, in combina-
tion with the previously determined marker length.
As shown in Formula 1.

v (1)
where v is the walking speed of the pedestrian,
[m/s]; / is the length of the observed section, [m];

t is the time difference of the pedestrian passing
through the observation section, [s].

The parameters such as the step length of the pe-
destrian can be obtained by recording the number of
steps of the pedestrian in the observation interval,
and the step length can be calculated by Formula 2.

s=1 2)

where s is the pedestrian step length, [m/step]; / is
the length of the measurement interval, [m]; # is the
number of walking steps of the pedestrian in the
measurement interval, [steps].

The step frequency is calculated as shown in For-

mula 3.

=% 3)
where f'is the pedestrian step frequency, [step/s].
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2.2 Data analysis

As described above, limited by the body degen-
eration and the long reaction time to the external en-
vironment information, the elderly pedestrian speed
and other traffic features would be different with the
adults. Moreover, a different traffic facility setting
affects the elderly pedestrian traffic parameters. The
following hypothesis has been made:

1) There are different step speeds between the el-
derly and the adults when crossing a signalized
crosswalk;

2) There are different speeds for the elderly pedes-
trians in case there is a pedestrian median refuge
and without it.

Statistical analysis is carried out on testing the
crossing speed differences of the elderly and adult
data collected above. The output results include
speed average, standard deviation, extreme value,
15% and 85" percentile walking speed, as listed in
Table 2.

The results show that at intersection A, the mean
speed of adult pedestrians is 1.18 m/s, and the av-
erage speed of elderly pedestrians is 1.05 m/s. At
intersection B, the mean speed is 1.23 m/s, and the
mean speed of elderly pedestrians is 1.06 m/s. At in-
tersection C, the mean speed of adult pedestrians is
1.23 m/s, and the mean speed of elderly pedestrians

Table 2 — Pedestrians walking speed at a signalized crosswalk

is 1.11 m/s. Overall, the mean speed of adult pe-
destrians is 1.22 m/s, and the mean speed of elderly
pedestrians is 1.08 m/s.

The pedestrian speed on the sidewalk is calculat-
ed, too. The data are provided in Table 3.

The results show that the mean walking speed of
adult pedestrians is 1.21 m/s, the step length is 0.69
m, and the step frequency is 1.80 steps/s. And the
mean walking speed of elderly pedestrians is 1.02
m/s, the step length is 0.62 m, and the step frequen-
cy is 1.66 step/s. The speed, step length and step
frequency of the elderly when walking freely on
the road are significantly smaller than those of the
adults (p<0.05). For pedestrians as a whole, the av-
erage speed of adults crossing the street (1.22 m/s)
is close to the walking speed of the road (1.21 m/s).
The average speed of the elderly crossing the street
is 1.08 m/s, which is significantly higher than the
walking speed of the road section 1.02 m/s (p<0.05).

For the pedestrian crossing speed data of the
above three signalized crosswalks, the walking
speeds of the elderly and the adults are separately
calculated, described in Figure 5.

As shown in Figure 5, the 15" percentile crossing
speed of the adults and the elderly at the signalized
crosswalk is 1.00 m/s and 0.97 m/s, respectively,
and the difference is 0.03 m/s; the 50™ percentile
crossing speed is 1.18 m/s and 1.08 m/s, respective-

th 3 th :
. Pedestrian | Number Mean Minimum | Maximum 15 P crcentile | 83 P creentile
Position tvpe of records speed SD [m/s] [m/s] walking speed | walking speed
P [m/s] [m/s] [m/s]
A Adults 394 1.18 0.19 0.77 2.64 0.97 1.32
Elderly 200 1.05 0.11 0.77 1.50 0.95 1.15
B Adults 400 1.23 0.20 0.78 2.64 1.00 1.29
Elderly 150 1.06 0.09 0.88 1.41 0.96 1.14
C Adults 922 1.23 0.19 0.81 2.64 1.04 1.32
Elderly 308 1.11 0.11 0.80 1.46 1.00 1.22
Adults 1,716 1.22 0.19 0.77 2.64 1.00 1.32
Elderly 658 1.08 0.11 0.77 1.5 0.97 1.19
Table 3 — Pedestrian sidewalk section data statistics
th : th :
Type N Mean sD Minima | Maxima 15™ percentile | 85™ percentile
speed speed speed
Adults 868 1.21 0.20 0.80 2.00 1.09 1.33
Speed [m/s]
Elders 422 1.02 0.16 0.76 1.30 0.76 1.18
Adults 868 0.69 0.07 0.52 0.86 0.63 0.75
Step length [m]
Elders 422 0.62 0.08 0.45 0.68 0.50 0.68
Adults 868 1.80 0.18 1.36 2.33 1.60 2.00
Step frequency [m/step]
Elders 422 1.65 0.14 1.46 1.90 1.46 1.82
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Figure 5 — Cumulative frequency of pedestrian walking speed in adults and seniors

s 85%
é‘ 80 -
=
3 70~
15}
S 60
z 50%
g sof °
g 40t
=
O 30k
20r 15%
10-
" —3% 038 10 ) 16
Walking speed [m/s]
a) The elderly
1.7 o
o
1.5 ° T
8
o
=13 T
g
= 2 [ —
o .
on
£
Z 09
<
= - A1
0.7
0.5

Elderly pedestrians Adult pedestrians

Figure 6 — Pedestrian walking speed box at the signalized
crosswalks

ly, and the difference is 0.10 m/s; the 85 percentile
crossing speeds are 1.32 m/s and 1.19 m/s, respec-
tively, and the difference is 0.13 m/s.

To further explore the differences between the
adults and the elderly, a boxplot analysis of their
crossing speed has been provided in Figure 6.

As shown in Figure 6, the adult speed distribution
is on the upper side, the box is relatively long, and
some points are larger than 1.5 m/s, indicating that
the adult speed distribution is relatively scattered,
and some adults pass the crosswalk at a much fast-
er speed. At the signalized crosswalks, on the con-
trary, the speed distribution of the elderly is lower,
the box is shorter, the data are more concentrated,
and the abnormally large points are fewer, but some
abnormally small speed values appear. The results
are in line with the characteristics of each type of a
pedestrian.

Table 4 — Pedestrian traffic at different LOS

2.3 Thresholds for the proportion and
speed of elderly people

Vissim simulation experiment

As analysed above, there is a significant differ-
ence in the walking speed between the elderly and
the adults. The walking speed, step frequency, and
step length of the elderly are significantly lower
than those of the adults. The pedestrian crossing
speed will be affected when pedestrians are mixed
in different proportions of the elderlies. Considering
the Viswalk module in Vissim simulation software,
the pedestrian traffic behaviour of different pedes-
trians can be described in detail, which is suitable
for analysing different proportions of elderly peo-
ple, including crossing speed characteristics. So,
Viswalk is chosen for the construction of the sim-
ulation platform. The specific scene is constructed
as follows: a crosswalk with a length of 20 m and
a width of 6 m is established in Vissim, and the pe-
destrian signal period is set to 60 s, where the red
light duration is 38 s, the green light duration is
6 s, and the green flash time is 16 s. Considering the
normal standard of China [16] and the HCM2000
value [13], the experiment sets the pedestrian flow
at three LOSs , explained in Table 4.

At the same LOS, the proportion of the elder-
ly is gradually increased from 5% to 80%, and the
growth size is 5%. Three different random speed
numbers are set for simulation under the same scale.
The screenshot of the simulation model interfaces
are shown in Figure 7.

LOS | Volume [p/m-min] | Space occupied [m?/p] Feeling
A <30 =23 The action is completely free and almost unaffected by the people
around you
B 30-55 0.9-2.3 The action is limited; severely inconvenient when reversed and crossed
60 Promet — Traffic& Transportation, Vol. 32, 2020, No. 1, 55-63
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a) Simulation diagram at LOS A4

b) Simulation diagram at LOS B

¢) Simulation diagram at LOS C

Figure 7 — Schematic diagram of simulation in different densities
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Figure 8 — The relationship between pedestrian 15" percentile
speed and the proportion of the elderly

According to the literature analysis, 15% percen-
tile walking speed is often used as a reference when
determining the pedestrian crossing design speed,
and the 15" percentile walking speed has great
research significance. Therefore, the subsequent
analysis is based on the pedestrian 15" percentile
speed. Through the simulation platform, the rela-
tionship between the proportion of different elderly
people and the 15" percentile speed of pedestrian
crossing under different LOS conditions is obtained
(Figure 8).

Figure 8 shows that as the proportion of elderly
people increases, the 15™ percentile speed of pedes-
trians gradually decreases, which can be explained
in two aspects. Firstly, the speed of some elderly
people is naturally reduced and the overall speed is
lowered. Secondly, when the faster pedestrians be-
hind the street team want to go beyond the slower
elderly, they must move laterally to avoid collisions,
which will increase the delay and slow down the

Table 5 — Pedestrian 15" percentile speed curve fitting

Decisive factor (R?)
Model LOS A LOS B LOS C
Linear 0.8946 0.8954 0.9254
Exponent 0.919 0.9192 0.9598
Logarithm 0.9809 0.9971 0.9359
Binomial 0.9822 0.9754 0.9872

speed. When the proportion of the elderly reaches a
certain LOS, the 15™ percentile speed of the pedes-
trian will be abrupt, which will be discussed next. In
order to meet the conditions of the regression mod-
el for estimating the unknown inflection point, first
ensure that the data are non-linear. Curve fitting is
performed on the 15" percentile of the three hori-
zontal descendants using different models (7uble 5).

The fitting results show that the results of non-lin-
ear fitting are always better than linear fitting, so the
non-linear relationship between the 15" percentile
speed of pedestrians and the proportion of the elder-
ly is considered to be obvious. A regression model
that estimates the unknown inflection point can be
used for the analysis.

Threshold analysis for elderly people

For the 15" percentile speed of pedestrians in
different proportions of the elderly has a non-lin-
ear relationship; this analysis selects a regression
model based on the unknown inflection point to
study. The model uses a kind of method of estimat-
ing a polyline model that simplifies the problem into
a linear framework [17]. This method is very simple
in concept, but it is also very versatile and suitable
for many situations; it is easy to consider the mul-
tiple parameters and it is only used to estimate the
starting value of the inflection point. So, the regres-
sion model is used to analyse the threshold of the
elderly people ratio.

3. RESULTS

In this paper, the 15" percentile speed of pedes-
trians is used as the dependent variable, and the pro-
portion of the elderly is used as an independent vari-
able. The scatter data obtained by the above model
are fitted by the 1stopt software, and the value of
the inflection point is estimated. The model fitting
result is represented in Figure 9.
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Figure 9 — Data fitting results

Considering that the three sets of data are ob-
tained under different flows of LOS, if the inflec-
tion point is judged separately for the data at a cer-
tain LOS, the generality of the conclusion is poor.
Therefore, considering the three sets of data, the
quasi-Newton method (BFGS) is one of the most ef-
fective methods for solving non-linear optimization
problems [18, 19], using the quasi-Newton method
(BFGS) + general global optimization method to es-
timate the convergence of the model, after several
iterations, finally reaching the convergence criterion
(Table 6).

Table 6 — Fitting results evaluation parameters

RMSE
0.02

SSE R
0.02 0.97

F-statistic
810.50

Chi-square
0.00

4. DISCUSSION

The mean-variance is 0.02 in the evaluation pa-
rameters in Table 6, indicating that the data are con-
centrated; the sum of squares of the residuals is
0.02, showing that the fitted curve is very close to
the scattered data; the correlation coefficient is 0.97,
indicating that there is strong correlation between the
proportion of the elderly and the pedestrian walking
speed; and a large £ value indicates a high degree of
accuracy. The results show that the fitting piecewise
linear function can reflect the relationship between
the 15" percentile speed of pedestrian crossing and
the proportion of the elderly. The estimated values
of the inflection point are ¢,=0.15 and ¢,=0.20. That
is, when the proportion of the elderly reaches 15%,
the first inflection point appears. At this time, the 15%
percentile speed of the pedestrians shows a "bridg-
ing" decline, which shows that the speed of pedes-
trians is greatly affected. After reaching 20%, the el-
derly gradually recover to be stable. In combination
with the previous analysis, in order to ensure that
the elderly can safely cross the crosswalk during the

green time, it is recommended to use the 15" percen-
tile speed (0.97 m/s) of the elderly as the pedestrian
crossing design speed in areas where the proportion
of the elderly exceeds 15%. In addition, with refer-
ence to relevant research, it is recommended that the
proportion of the elderly exceeds 15%, and for every
10% increase, the value of the crossing speed is re-
duced by 0.1 m/s [12]. The speed value researched in
the paper is the same as the Knoblauch [ 7] results, but
lower than the values given in HCM and by Coffin et
al [4, 8, 10, 13], and higher than the values given by
Diaz and Trpkovic [12, 14]. About the elderly pedes-
trian ratio that setting the speed is lower than the 20%
provided by the researchers [10, 13, 15].

5. CONCLUSION

With the aggravation of China's aging society,
the traffic participation ratio of the elderly people
will become higher and higher. How to adjust the
transportation facilities fitness in the aging society
has become an urgent need to be solved. Especially
the speed value setting at the signalized crosswalk,
it would make the pedestrian safer for the intersec-
tion if the value is properly chosen. In this paper, the
data of the elderly and adult walking at the section
of sidewalk and the three signalized crosswalks are
obtained through field investigation. The relation-
ship between the proportion of the elderly and the
pedestrian crossing speed has been analysed. The
main conclusions are summarized as follows:

1) The crossing speed, step frequency and step length
of the elderly pedestrians are lower than those of
the adults on the sidewalk, and the crossing speed
of the elderly people at the signalized crosswalk
is significantly higher than the walking speed on
the sidewalk, while the adult speed data are not
much different on the sidewalk and the signalized
crosswalk.

2) Comparing the conditions of cases with and with-
out the pedestrian median refuge, it can be con-
cluded that the elderly pedestrians prefer the low
speed when there is the median refuge.

3) Atthe signalized crosswalks, when the proportion
of the elderly exceeds 15%, it is recommended
to use 0.97 m/s as the walking design speed of
pedestrian crossing, which allows the elderly to
cross the street at a relatively comfortable speed,
thereby improving the safety of the intersection.

4) Combining the traffic characteristics of the elder-
ly and the adult pedestrians walking on the signal-
ized crosswalk in Chongqing, China, this paper
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needs further detailed analyses of the setting of
the pedestrian crossing speed at the signalized
crosswalk when the proportion of the elderly pe-
destrians exceeds 25% and the pedestrian flow in-
creases, which is also the next step in the research.
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