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Abstract. The objective of this study was to detect abnormal behavior event
(fall) by analyzing the existing monitoring video for ensuring the safety of rail
transit platform passengers. Here, the key point coordinates and limb joints of
human body are obtained based on PAFs (part affinity fields). Then feature
information determined the fall is extracted based on the neck key point tracking
algorithm. The feature for judging fall, namely the angle between leg and
horizontal plane, is proposed in this study. The experimental data is based on the
simulated fall videos took from Leqiao station of Soochow 1st metro line in
Jiangsu province. Our results show that, the single picture and video are tested
respectively, and it is found that the timing information is more fault-tolerant
and more accurate in identifying falls, yet is more complex and more difficult to
implement. What’s more, because of the lack of sufficient fall videos, the results
analysis based on the proposed algorithm remains much room for improve-
ments. Also, more useful and efficient detection characteristics can be taken into
account in the future.
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1 Introduction

Falls are rare, while not timely detection of falls poses a great threat to personal safety
and health. In public area, it may trigger panic, crowd gathering, fleeing stampede and
other larger mass incidents. With the rapid development of computer vision, pose
estimation is attracting more and more attention. Fall recognition, as a special case of
human abnormal posture, has become a research hotspot.

Some methods used in fall recognition to date include two methods based on
non-visual and visual. Non-visual detection methods mainly rely on wearable sensing
device to detect acceleration signals when people fall. However, wearing those
sensors on the body brings certain inconvenience to the action. This method is mostly
used for the supervision of the elderly or the patient, and is not suitable in daily life.
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Now the mainstream approach is based on visual information such as video stream
analysis based on depth camera, multi-camera and single fixed vision camera. With its
depth information, the depth camera has more information and better effect than
ordinary cameras, but its cost is higher and generality is not high. Multi-camera and
depth cameras are very complex and costly, not suitable for those daily scenes.
Monocular cameras are relatively simple and inexpensive to obtain. This article uses
surveillance video from the single fixed-view camera. It can make full use of existing
resources, and the results is expected to be applied to the reality.

Machine learning has been applied to more and more human pose recognition
technologies. Tompson, Jain and others use the hybrid structure of depth convolution
neural network and Markov random domain to recognize human pose [1]. Aslan,
Sengur and others propose a fall detection system based on depth camera, where shape
and support vector machine are used to distinguish falls from other daily behaviors [2].
The core technology in human behavior recognition is divided into three steps: human
segmentation, feature extraction and representation, activity detection and classifica-
tion. At present, the related methods of gesture recognition are mainly classified
according to the models established. Non-model-based technology mainly extract
features, and many body modeling are still 2D technology, which can obtain posture
information more easily after labeling the human part [3].

PAFs (part affinity fields) [4] uses a non-parametric representation [4], learning to
associate body parts with individuals in the image. It uses a bottom-up approach, which
first regresses to the key points of everyone, and then divides the key points so that the
key points can be assigned to everyone. The greedy parsing algorithm is sufficient to
produce high-quality body posture analysis, even if the number of people in the image
increases, the efficiency will remain efficient, which has a good application prospect for
the scene of the mass transit platform. The real-time algorithm detects the two-
dimensional pose of multiple people in the image, ensuring the timeliness of security
monitoring and facilitating rapid rescue in emergency situations.

There are five main features of fall detection: aspect ratio (AR) [5], AR change, fall
angle [6], center speed [6], and head speed [5]. These features all make full use of the
posture difference between normal human and falling human. However, there are still
few fall recognitions combined with the bone information of the human body. In order
to identify the passenger’s fall on the platform of rail transit, this paper uses daily
surveillance video captured by the existing platform monitoring cameras. It is based on
the current advanced bone extraction algorithm—PAFs (part affinity fields) [4], and
analysis innovatively from the passenger’s leg angle characteristics, through real-time
calculation of the traveler’s two thighs angle value and timing information.
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2 Human Key Points Acquisition Based on Multi-resolution
Part Affinity Fields Model

In this paper, the extraction of humankeypoints and the connectionof limbs and trunks are
based on PAFs (part affinity fields) [4]. This method uses frame-by-frame processing to
extract human skeleton without human detector in real time. Because of the large depth of
rail transit platform, there may be a different number of available key point information

in the surveillance video.
Therefore, a pedestrian atti-
tude database of rail transit is
established from video ima-
ges, and different number of
key points are calibrated for
different depth of field pedes-
trian instances. As shown in
Fig. 1(a), (b), (c) correspond
to the calibration of key points
of human body in close, mid-
dle and long-range respec-
tively, which can effectively
distinguish the information of
people in different depth of
field. The original model is

retrained using the database, and a newmodelwith better recognition ability for rail transit
scene is finally obtained. This paper uses this new model.

3 Fall Recognition Based on Multiresolution Part Affinity
Fields Model

3.1 Leg–Horizontal Plane Angle Characteristics

Decision Rule. When a person falls, he
will be tilted or even lie down. At this time,
his legs will have a certain tilt angle, while
the normal standing people’s legs are
almost upright, and for walking people,
the anglewill not be too large. In this paper,
the angle of the two key points connecting
the hip and knee, that is, the tilt angle of the
thigh, is taken as the judgment condition of
the fall, and the angles of the left and right

Fig. 1. Calibration of human key points in different depths
of field

Fig. 2. Calculation points of leg angle

Real Time Gesture (Fall) Recognition of Traffic Video 3



legs are calculated respectively. The formula for calculating the angle value of one leg is
as follows:

h ¼ tan�1 yQ2 � yQ1ð Þ � xQ2 � xQ1ð Þ½ � ð3:1Þ

xQ1; yQ1; xQ2, yQ2 were calculated as the horizontal and vertical coordinates of the
key points of the hip and knee on one side of the body. The specific instructions are
shown in Fig. 2.

Six different pictures, each containing a fallen person, were skeletally extracted to
calculate the angle of the person’s left and right thighs. The green and white lines
represented the person’s left and right thighs respectively. As shown in Table 1, the left
and right leg angles with corresponding serial numbers in each drawing are listed (the
persons in each drawing are independently numbered), corresponding to Figs. 3, 4, 5,
6, 7 and 8 respectively, in which the red data is the angle values of the fallen persons’
two legs.

Table 1. Angle statistics of six figures

Fig. 3. Fig. 4.
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It is found that the leg angle of normal erect pedestrians is about 90° and that of
fallen pedestrians is quite different from 90°.

Result Evaluation. Using the abnormal angle of the leg for judging falling accords
with the general law. It can accurately determine whether the person in the picture is in
the abnormal attitude of falling or normal standing posture.

3.2 Falling Track Based on Continuous Frames

The original human skeleton extraction algorithm PAFs (part affinity fields) [4] uses
frame-by-frame real-time processing for video without human tracking. Considering
that the fall behavior includes three states: before fall, during fall, after fall, the cor-
responding state of leg angle will be from normal to abnormal, finally to normal, if such
information can be obtained from the video frame, it can be more accurate to determine
the presence of a fall in this surveillance video.

Fig. 5. Fig. 6.

Fig. 7. Fig. 8.
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As shown in Fig. 9, in the four consecutive frames, the necks of A and B are
marked in red. It can be seen that the distance between the adjacent frames is very
short. In the current video frame, if there is a neck coordinate in the neighborhood of
the neck key point coordinate in the previous frame, the two will be judged to belong to
the same person.

Based on PAFs (part affinity fields) [4], this paper extracts the key points of human
body and the information of limb connection. The algorithm flow of PAFs (part affinity
fields) [4] is shown in Fig. 10. After that, the human is tracked by the position coor-
dinates of the neck, and the fall behavior is monitored from the tilt angle of the thigh.

Fig. 9. Tracking through key coordinates of the neck in consecutive frames

Fig. 10. Algorithm flow of PAFs [4] Fig. 11. Algorithm flowchart
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Through cyclic reading video stream, the above method can track the same person, and
store the angle of each frame of each person, then estimate the attitude by calculating
the average angle of each frame in real time for a period of time. If numerical
abnormalities occur repeatedly, it is judged that a fall occurs in the surveillance video.
The algorithm flowchart is shown in Fig. 11.

4 Experimental Results

4.1 Single Frame Fall Judgment

Recognition Criteria. Before recognizing a fall, we should analyze the difference
between the body’s thigh angle value in normal and fall. Figure 12 is a few pictures
containing these two postures, and Fig. 13 is the leg angle data of all the video frames
corresponding to the above postures. It can be found in the picture that the person is in
a fall from more than 50 frames to more than 300 frames. And the leg angle from the
scatter plot in Fig. 13 can be found to deviate from 90 while the value of the other
frames is around 90.

By analyzing the characteristics of
angle values in different states, this paper
determines the classification rule of
behavior in a single picture as follows:

(a) normal

jleg angle � 90
� j\30

�
;

(b) fall down

jleg angle � 90
� j [¼ 30

�
:

Fig. 12. Falling keyframe

Fig. 13. Leg angle of all frames
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Results. In this paper, 76 pictures were selected from fall videos, including 60 fall
pictures and 16 normal posture pictures. Some pictures contain a single person and
some have a number of people. On the premise of extracting human skeleton correctly,
there are 60 fallen people and 117 normal people in these 76 pictures. Based on the
above criteria, the final results are summarized as shown in Table 2.

Result Analysis

(1) fall is judged to be normal

The main reasons for falling judged as normal posture are:

(a) the particularity of falling posture.

As shown in Fig. 14, the falling person’s upper body bends, while the lower limbs
are still upright. This paper judges the fall on the basis of legs bending, so it can be
misjudged.

(b) the particularity of fall direction.

As shown in Fig. 15, the human body is in the same direction as the surveillance
shooting, resulting in this method cannot distinguish the change of leg angle in this
direction, although his two legs have changed from vertical to horizontal. So, it cannot
identify the fall.

Table 2. Gesture recognition results

Actual posture Decision posture
Judged as fall Judged to be normal Accuracy

Falling 50 10 Fall detection 83.33%
Normal 7 110 Error alarm 5.98%

Fig. 14. Special fall posture
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(2) normal posture is judged as fall

The main reasons for normal posture misjudged are:

(a) the particularity of normal standing posture

As shown in Fig. 16, the leg of standing person (marked as 5) is not completely
upright, resulting in misjudgment. However, this attitude is very common in daily life,
so error rate of relying only on a single picture for fall recognition is high. In contrast,
determining from multiple pictures and multi-frame data is more reliable. Detailed
results about real-time fall determination can be seen in the next section.

(b) imperfect posture recognition model

The attitude recognition algorithm is not perfect enough. As shown in Fig. 17, due
to the depth of platform, the judgment of the leg angle of the person standing in the
distance is wrong, which results in the algorithm judging the person wrongly as a fall.

Fig. 15. Special fall direction

Fig. 16. Normal people misjudged
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4.2 Real-Time Fall Judgment Through Continuous Frame

Judging a fall based on a single picture lacks fault tolerance, and some occasional
special gestures can easily affect the final result. Therefore, this section analyzes the
video frame by frame, and estimates the attitude by tracking the neck key points. In this
paper, two videos were tested. The results show that the alarm can be sent out within
two seconds of a fall, and the fall event can be accurately determined in the current
video.

Fig. 17. Distant people misjudged

Fig. 18. Falling keyframes in the 1st video
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Figure 18 is several key frames in the
first video that containing falling. The
corresponding leg angle values are shown
in Fig. 19. It can be seen that the whole
fall process is from about 40th frames to
150th frames.

In this paper, the human leg data is
judged in real time, and the alarm is sent
in two seconds. As shown in Fig. 20(a),
real-time decision data shows that an
early warning is issued in frame 100, that
is, a decision is made successfully by
relying on the first 100 frames of data.
Figure 20(b) is the 100th frame, and the person labeled 1 is decided as falling.

Fig. 19. Complete date

Fig. 20. Real-time decision data

Fig. 21. Real-time decision data
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The key frames in the second fall video are shown in Fig. 12. Figure 13 is the angle
data read frame by frame from the whole video. As can be seen from the scatter plot,
the people in the video is in the fall posture from about the 50th frame to the 300th
frame. Figure 21(a) is the data obtained before a fall event is determined. It can be seen
that the abnormal fall behavior in the video can be identified based on the first 100
frames. Figure 21(b) is the video frame when the alarm is issued at the corresponding
time. The figure shows that the person labeled 1 has fallen.

5 Summary

In this paper, the threshold method is used to locate the neck key point of the same
person, so as to achieve the tracking of the characters in the continuous video frames.
Making full use of each frame of the video information, the real-time analysis can
alarm after two seconds of fall. The bending of the human thigh, that is, the angle
between the leg and the horizontal plane, is taken as the feature for the fall judgment,
and the threshold value is determined by experience. Simplicity and certain accuracy
are guaranteed at the same time. However, due to the limitation of the original attitude
recognition algorithm in resolving the occlusion of personnel, the occasional occur-
rence of falls, and the limitation of the characteristics of falls judgment, there are
inevitable errors in the process of image processing, resulting in the inconsistency of
the number of people in the front and rear frames, the errors of key point coordinates
and wrong limb connection. From the research point of view, the fall data used for
training is insufficient. Different scenes, different shooting angles, static and dynamic
camera data are lacking, so it is not adequate enough to verify this algorithm’s accu-
racy. There remains many improvements in testing effects and optimizing the recog-
nition algorithm.
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