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In this study we present how to exploit laser range sensors for 2D/3D crowd surveillance and tracking applications. Multiple 

single-row laser scanners are utilized to track the movement of pedestrians in a crowded sce1ie, while swinging laser scanners 

叫 3Drange sensor provide a 3D representation of crowd. Quantified crowdncss analysis is conducted from various aspects 
to indicate the situation inside the surveillaiice area according to the localizatio1vtracking results of passengers. Several 

experiments were conducted at subway stations in Tokyo and experimental results demonstrate the effectiveness of our system. 

Ke)'lvords : range senso『,peoplesurveillance, crowd tracking, railway station 

1. Introduction 
In recent years, due to safety and security concerns the 
demand for sensing and analyzing people flow inside a 
railway station is signilicanlly growing in many important 
applicalions, such as building securily, space ulilization, 
disaster managemenl and crowd flow control. 
Tradilional video camera based surveillance systems have 
been exlcnsively sludicd and widely used in 1hc pasl several 
years. Mosl of such systems are built on video-based object 
detec1ion and !racking techniques and can be quite efTective 
for tracking I imi1ed objecls. However, when the number of 
object inside the surveillance area increases, usually lhe 
performance of such systems may decrease because the 
dis1ance among people becomes small and it becomes 
difficult 10 separate them from each 01her due 10 occlusion. In 
addition, ii is insuflicienl to derive the location of objccls in 
real dimension, so the cooperation among multiple video 
cameras is also a complicated task. Therefore, crowd 
surveillance remains a challenging issue for many video 
crunera based systems, especially for congested scenes such 
as a central railway stat ion in rush hour. 
In our proposed system, range scanners are utilized for 
data collection instead of video cameras. Being a kind of 
measurement instrumenl which has been fully developed in 
recent years, lhe laser range scanner has received increasing 
auention for solving surveillance and t『ackingproblems 
[I)-[4). 

In general, range sensor vヽorks by actively emilling 
invisible light beams at controlled direc1ions and mcas1ircs 
distances of nearby objcc1s by computing their lime of flight 

Compared with traditional video cameras, it caru1ot provide 
detailed color information of objects, but it has special 
advantages in positioning because it n1Casures distance 
directly and records the position of objects as the actual 
distance. In addition, the range sensor is independent of many 
factors such as illumination, object color and texture, which 
ensures the robustness of our proposed system. 
To provide a better spatial awareness of people inside the 
scene, in this study we address the issue of c『owd
surveillance and tracking at railway statio11S by utilizing 
range sensors in three different ways. Multiple single-row 
laser scanners a『e utilized to track the movement of 
pedcstria11S in a congested scene, while swinging laser 
scamiers and Ki riect range sensor could provide a 3D 
representation of crowd. Quantified crowdness analysis is 
conducted from different aspects to indicate the situation 
inside the surveillance area according to the 
localization/tracking results of passengers. Several 
experiments were conducted at subway stations in Tokyo and 
experimental results demo1istrate the effectiveness of our 
system. 

2. Measurement System 
ln this section, we provide a briefly introduction of our 
sensing systems and their characteristics. 1 n all three systems, 
multiple sensors arc utilized to improve the sensing ability of 
our systems in different aspects. 
Horizontal scanning system. Single-row laser range 
scanners (LMS 200) produced by 113EO Company is 
exploited. During one scan, the scanner profiles 361 range 
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distances equally in I 80 degrees on its scanning plane. The 
collected range data can be converted into 2D points in 
Cartesian coordi natcs. The laser scannc『hasa maximum 
range distance or 80 m and an average distance error of 4 cm. 
Its scanning frequency is 37.5 Hz. 
This system utilizes multiple laser scanners so it can cover 
a large area such as an experimental site or 60m x 20111. Each 
laser scanner is located at a separate position and is 
controlled by a client computer. All client computers arc 
connected to a server computer, which gathers the laser 

points or moving objeets from all clients and traeks 
trajceto『ies.The integrated frame rate in the server is 20 FPS, 
surfieient for most surveillance and tracking applications. 
During experiments, the laser seanners were set m咄ing
horizontal scans at IO cm above ground level, targeting the 
ankle or a typical walking pc『son.
Swinging sensing system. By installing a small and ligl1t 
single-row laser range scanner (Hokuyo UTM-30LX) on a 
programmable swinging platform, this sensing system is 
capable or collecting 3D range data or objeets inside the 
surveillanec area, at a speed or 0. 7 -1.0 sceond per swing. 
UTM-30LX seans objects within 30 m with an average 
distance error of3 cm, and a scanning frequency of 40 Hz. In 
addition, it has a better spatial resolution, profiling 1080 
range distances equally in 270 degrees. Multiple scannc『sare 
exploited to inc『easethe temporal resolution and spatial 
coverage of this sensing system. 
Kincct range sensor. Kinect is a new type of sensing 

input device developed by Microsoft. It embeds a 3D range 
sensor and can collect high resolution 640 x 480 range 
images at 30 FPS with a low cost. K inect scans objects「rom
about 0. 7-6 m and its precision decreases when the distanee 
increases. In addition, its field of view is somewhat limited 
(horizontal: 57 degree; vertical: 43 degree). 

3. Crowd Surveillance and Tracking 
According to the characteristics of these se11Sing systems, 
different approaches are proposed for crowd surveillance and 
tracking applications. 

3. 1 Horizontal scanning system 
Horizontal scanning system collects 2D points i1,side the 
scene and our task is lo track the feet of each pedestrian. We 
notice that a specifie pattern is generated by walking feet, and 
this pattern remains explicit and e(fcetive even in de1,se 
clutter. Based on this feature, a walking model is constructed 
and then applied in our tracking algorithm. Particle(jIler is 
exploited to track the status of each pedestrian 

During tracking, the number of people can be time-varying, 
and the total number is quite large sometimes. To deal with a 
large number of interactive targets simultaneously while 
keeping the com1>utation complexity at an acceptable level, 
we propose crowd tracking via interactive multiple particle 
filters. In addition, spatio-temporal correlation analysis based 
on cluster information is exploited to handle a variable 

number of pedestrians. Post processing that includes 
trajectory connection and extended Kalman smoothing based 
trajectory completion is optionally available in our system. 
To examine the performance of our horizontal scanning 
system, a field experiment at a railway station in Tokyo was 
conducted, covering an area of about 60 m x 20 m using 8 
lascr scannc『s.He『etwo cases were studied. The first one 
started at 7:00 am and lasted for 5 minutes. There were 387 

pedestrians in total, of which 367 (94.8%) were successfully 
tracked. The trajectories of all pedestrians are shown in Fig. 2. 
The second one started at 8:00 am and lasted for IO minutes. 
According to our statistics, thcre were 2608 pedestria1,s in 
total, and the number of targets reached as high as 170 at 
peak time. The tracking aceuracy is summarized as follows. 
For all 2608 pedestrians, 2335 (89.5%) of them、vere
successfully tracked. For the 273 tracking failures, 64 of 
them involved breaks, 180 involved hijacking, and 29 were 
for other rcaso1,s. A sample image of tracking results is 
shown in Fig. 2 
The horizontal scanning system is elfeetive for t『acking

moving person. However, when a group of people stand still 
1ヽ•c found the ocelusion problem becomes so severe and the 
people inside the group can be barely seen. Therefore, we 
tried to extend the traditio11al 2D laser data into a 3D way to 
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『educethe extent of occl1rsion, at the cost of decrease in 

temporal resolution. That idea leads to our swinging sensing 

system 

3. 2 Swinging sensing system 
In the swinging sensing system, 3D points are captured 
from the swinging sensors. f'or each swing, we convert the 
point data into a range image. A histogram based method is 
proposed to extract background information from the original 
data, by finding the most frequent distance for each pixel in 
the range image. Since multiple se11Sors arc employed, it is 

necessary to perform calibration to determine the pose of 
each sensor so that the point data can be integrated. We 

complete this task via a two-step semi-auto calibration 
scheme. The first step match the reference ground plane with 

manually selected area and the second one perform a 
common 2D calibration. 
Aficr finishing 1>rc-proccssing steps, we now have the 3D 
points from mull iplc laser scanne『s.These points can bc 
integrated directly since they represent thc position of objects 
in real-world scenes. To extract people in the croヽヽd,an 

improved mean-shift algorithm was developed. ・「raditional
mean-shift algorithm is computational intensive due to the 
large number of query of nearby 3D points. We rcfi ne the 
clustering algorithm correspondingly from two aspeets: 1) 
rasterize 3D 1>0ints and use neiglibor grids of eandidates 
during iteration to aecelerate the eomputation; 2) cluster the 

3D points by using their position in x-y plane while the 
height is considered as the weight correspondingly. ln this 
way, our proposed method is more efficient and the clustering 

accuraey is also well preserved. 
Based on the extraction result of passenge『s,we eonducted 
crowd analysis from three aspects: 1) number of people; 2) 
density of people; 3) personal space of people. First some 

regions of interests (RO!s) arc specified manually and the 
numbers of people and the density inside ROIS are calculated 
Meanwhile, for each person we compute the average distanee 

from current object to his/her nearest k neighbors and define 
it as personal space. The histogram of personal space is 
ealeulated and fitted by a g-distribution, in order to provide a 
quantized deseription about the erowdness in the surveillance 

area. 

An experiment was conducted in 20 IO at a central railway 

platform of JR station in Tokyo. Swinging laser scamiers 
were mounted near the cell at a height of about 5.30 m. The 

rotation angle of the swinging platform ranges from -55 deg 
to 55 deg, at a speed of about 1.0 second per swing. Two data 
sets were utilized to verify the performance of our proposed 
system. One was captured from 8:30 to 8:40 in the morning 

while the other lasted from 18:30 to 18:35. Fig. 3 shows an 
example of people extraetion result in ROls and the 
corresponding histogram o「personalspace. It can be seen 
that in rush hour for most people their personal space is less 
than 1.0 m. We accumulate the histogram of personal space 
and its fitting result is also given in Fig. 3.0u『analysisshows 

that 8:30 case it has a loヽveraverage personal space and 
sharper peak than 18:30 case, which indieate it is more 
congested in the former case. Fig. 4 shows the number and 
density distribution of people in RO ls in IO minutes. There 
are total 4 ROls, where # 1 and #2 are waiting areas, and #3 

a1Jd 114 arc regions close to stairs and escalators. It can be 
seen from Fig. 4(a) that ROI# I and #2 have sharp peaks. 
which i1Jdicate people enter and leave this area very fast after 
the arrival of a train. ROI #3 and #4 have slow but much 
longer pcaks which means pcoplc get congested in these 

ROls. Fig. 4(b) shows the density distribution of ROls. We 
divided the density into 6 levels and the percentage of 
d i n•Crじ 111 kvc,, is displayed. It is clear that ROI #3 and 114 

(especial!) #3) are more crowded than ROI #I and #2. 

3.3 Kinect range sensor 
Compared with swinging sensing systcm. the advantage of 
Kinect sensor is its high seanning speed (30FPS) and high 
spatial resolution. By utilizing Kincct sensors, it is possible 
to conduct 3D crowd tracking. 
The rnngc imag,: collected by Kinect is similar to the range 
data from.. ur swinging sensing system. So similar 

pre-processing steps can be applied to pcrform calibration 
aild extracted foreground 3D points. For extracted foreground 
3D points. crowd tracking is conducted. We apply our 
improved mean-shift clustering technique to extract the 

location of people and try to track each person by combining 
spatial-temporal consistency and their neighbo『hood.
A field experiment was conducted in 2012 to evaluate the 
performance of Kinect sensing system, where more than 30 

people anticipated this experiment. Two test eases were 
analyzed and the overall tracking accuracy of our algorithm 

is 93.7%. Example of 3D people extraction and tracking are 

given in Fig. 5. 
Kincct has great advantages in acquiring high-quality 
range images. Meanwhile, K incct also has some limitations. 

First, its field of view and sensing range is somewhat limited, 
which means it can only cover a small area around several 
square meters. Second, the sensing precision will decrease 
when the distance increases. In addition, Kinect can only be 
used for indoor applications. If exposed undcr sunlight, 
USl叫 lyit cannot make a val id estimation about distance 

because the emitted light beam lies in the spectrum of 
sunlight but has a much lower strength 

4. Conclusions 
In this study, we investigated different ways of sensing and 
I『acki ng crowd by『ange sensors, as well as their 
characteristics arl<I the methodology of data processing. 
Variotrs experiments show the validity of our proposed 
system. It can be seen that range sensor has a good 
performance for crowd surveillance and tracking applicatioris 
and is able to provide accurate and quantified information of 
objects of interests. Meanwhile, the ability of existing 
sensing systems is still limited, so in the future we foctrs on 
integration and fusion of different sensing system for a better 
spatial aヽvarcncssof people inside the surveillance area. 
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Fig. 2. Crowd tracking via horizontal scanning system. Left: a sample image of tracking result of 8:00 am case; right: 
trajectories of all pedestrians of 7:00 am case 
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Fig. 3. Crowd surveillance via swinging scanning system. Left: an example of people extraction result in regions of 

interests; right: histogram of personal space between 8:30~8:40 and corresponding fitting result 
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Fig. 4. Number of people and density distribution in RO Is 
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