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Abstract. Sitting posture detection is helpful for preventing musculoskeletal disorders. With the 

development of motion-sensing camera and relative software development kit(SDK), it is possible to 

implement an application using skeleton detecting technology. In this paper, a method is introduced to detect 

sitting posture from a lateral view without disturbing the user. To analyse video stream information, a 

skeleton thinning algorithm is described and averaging process aims to locate main joints specifically from 

the lateral side. The results show this method has high accuracy when detecting improper sitting postures. 
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1. Introduction 

Incorrect sitting posture is considered a danger to adolescent body growth. Prolonged sitting with wrong 

posture can cause a series of health problems. Former researches have pointed out the following 

consequences: back pain prevalence among children and adolescents; musculoskeletal discomfort and low 

back pain; biomechanical, circulatory and visual problems; awkward postures adopted for extended periods 

of time affect academic performance [1].  

In the industrialized countries, musculoskeletal disorders are an important health problem. In modern 

society, the most common examples are disorders in back, shoulder and neck. According to a report 

conducted by National Institute for Occupational Safety and Health (NIOSH) [2], there is strong evidence 

that low-back musculoskeletal disorders and neck and shoulder musculoskeletal disorders are related 

prolonged and improper sitting postures. Angela et al. [3] finds occupational groups exposed to awkward 

postures while sitting have an increased risk of having low back pain. 

People have developed some ideas and implementations to reduce the potential harms resulted from 

incorrect sitting posture. Using a motion-sensing camera is helpful to detect real-time sitting posture. Both 

the depth and three-dimensional coordinates information of the body can be obtained from the motion-

sensing camera. Based on OpenNI and NiTE, the Portable Ergonomic Observation (PEO) model is applied 

on improper sitting posture detection. After analysing video streams and image processing, a threshold 

method is setup to locate main joints like neck and head. With the joints and medical research, improper 

sitting posture can be detected and defined. 

2. Related Work 

2.1. Artificial observation 

Professionals use painting, photography or text description to record sitting posture for further analysis. 

From 1974, this kind of method has been fully developed, including Priel’s method [4], Ovako Working 

Posture Analyzing System [5], Posture Targeting Method [6] and Posture Recording Model [7]. 
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2.2. Video recording analysis 

This method applies computer or video recording equipment to record user’s postures and movement. 

Then it uses a computer to analyze the user’s postures. Some cases implement real-time monitoring. Kind of 

method includes Rapid Upper Limb Assessment (RULA) [8], Rapid Entire Body Assessment (REBA) [9], 

Hand-Arm-Movement Analysis method (HAMA) [10] and Quick Exposure Check method (QEC) [11]. 

2.3. Wearable sensor 

Specialized sensors need to be put on the user’s body to collect information of sitting postures. The 

sensors include Sitting Posture Sensor, electromyogram (EMG) telemetry instrument, tri-axial 

accelerometers and skin-mounted electromagnetic tracking sensors [12], [13]. 

3. Hardware and Software 

With the development of 3D motion-sensing cameras, a real-time image processing method is able to be 

implemented. PrimeSense, an Israeli company merged and acquired by Apple Inc. in 2013, developed the 

range camera technology in the first generation Kinect [14]. The OpenNI framework is an open source SDK 

used for the development of 3D sensing middleware libraries and applications [15]. The PrimeSense NiTE
TM

 

is the most advance and robust 3D computer vision middleware. The algorithms utilize the depth, colour 

information received from the hardware device, which enable them to perform functions such as separation 

of users from background and accurate user skeleton joint tracking [16]. 

Fig. 1 shows the OpenNI SDK architecture. Fig. 2 shows a motion-sensing camera. Fig. 3 shows the 

Body joints tracked by OpenNI framework. 

  

 
Fig. 1: SDK architecture [15].   Fig. 2: motion-sensing camera.  Fig. 3: Body joints tracked by OpenNI framework [17]. 

4. Detecting Improper Sitting Posture 

4.1. Lateral view of the user 

Fig. 4 shows the setup of the experiment. The advantage of this setup is the view of camera would not be 

blocked by the desk. The following experiment is based on this setup. 

 

 
         Fig. 4: Detect from the lateral side of the user.         Fig. 5: Definition of hand position, neck and trunk flexion [18]. 
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4.2. Apply PEO Model 

4.2.1. Preparation 

The camera is placed on the table, 1.0 meter from the ground. The user sits on the chair, about 2.0 meters 

away from the camera. Make sure that the entire body appears in the view of the camera. 

4.2.2. Main skeleton and joints 

From PEO model, Fig. 5 shows the definition of hand position, along with neck and trunk flexion. It can 

be seen that the effective joints are among the trunk, neck and head. Through observing the bodies forward 

posture, a threshold is chosen for neck and head to determine whether the sitting posture is awkward or not. 

Therefore, an ideal healthy sitting posture needs to be defined. According to the research of O'Sullivan et 

al. [8], there are few differences between subjectively perceived ideal posture and tester perceived neutral 

posture. Therefore, this model uses the parameters of the PEO model. 

This method focuses on neck flexion. Based on observations, humans tends to bend their neck when their 

body leans forward. Thus, the neck flexion can reflect the body posture. 

4.2.3. Analyse video stream 

4.2.3.1. Find an active user in a specific scene 

Thanks to the OpenNI and NiTE API, the user can be separated from the background and get all the data 

about the user. At first, the tester needs to move a few steps in front of the camera. Once his body is tracked, 

the area being tracked is monitored steadily. The user sits on the chair, the detection begins. 

The resolution of the video stream is 320×240. Each pixel has its own coordinate in the frame and a 

depth property. The accuracy of the depth can reach one millimetre. The depth refers to the distance between 

the pixel in the real world and the camera. Fig. 10 shows the four detection steps which are introduced below. 

 
Fig. 6: Four steps of detection. 

4.2.3.2. Skeleton thinning algorithm 

Here an algorithm is designed to reduce the area of the body to a consecutive curve. The curve consists 

of the head and neck that can be located in the next step. 

The coordinate of the upper-left corner of the frame is set to (0,0), and the lower-right corner of the 

frame is set to (320,240). All of the pixels are checked in each frame row by row. After encountering a part 

of the body, each line of pixels is reduced to 1~2 pixels. In order to draw a consecutive curve, the pixels 

being marked must be adjacent to the pixels in the last row. Fig. 8 shows the flow chart of the algorithm. Fig. 

7 shows the simulation process of thinning algorithm. Fig. 7 (a) shows the input of the algorithm. The green 

area refers to the body. Fig. 7 (b) shows all the midpoints of each row are marked as a blue triangle in the 

green area. Based on the rule of adjacent pixels, the yellow triangle would be marked. Fig. 7 (c) shows the 

result (yellow pixels) after the algorithm is completed. 

 
(a)Input 

 
(b)Mark the pixels 

 
(c)Output 

Fig. 7: Example of skeleton thinning algorithm. 
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                      Fig. 8: Skeleton thinning algorithm.                                            Fig. 9: Averaging process. 

4.2.3.3. Averaging process 

Because the head of the user is perpendicular to the direction of the camera, the user’s arm is closer to 

the camera than the head through observation. 

Considering the depths of the thinning line of the body. The depths of the head area change steadily. The 

depths of the arm area are lower than the depths of the head area because the arm is closer to the camera than 

the head. To locate the pixels which generate abrupt changes in depth, an averaging process is applied to deal 

with it. 

Fig. 9 shows the flow chart of the averaging process. The first 20 row of pixels have the possibility of 

mixing with the background. These pixels are skipped to avoid the error caused by inaccurate depth in 

adjacent pixels. The depths of next 10 rows of pixels are averaged as the average depths of the head. The 

depth of next pixel continues to be averaged unless the depth meets an abrupt change(-60). 

Fig. 10 shows the trends of raw depth and depth after averaging process. Fig. 11 shows the trends of raw 

depth difference and depth difference after the averaging process. There is no abrupt change in raw depth 

difference. The abrupt change happens in the 53th~68th pixel, where the depth is less than -40. Combining 

with observation, -60 is chosen as an abrupt change, which means the 57th pixel is approximate neck. 

Then choose the midpoint between neck and the first pixel on the consecutive curve to identify the 

position of head. The midpoint is also on the curve. The number of pixels skipped and averaged is based on 

the distance between camera and user and the effect of detection. Thus the first 20 pixels are skipped. 
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                      Fig. 10: Depth from top to bottom.                           Fig. 11: Difference in depth from top to bottom. 

4.2.3.4. Threshold 
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Chaffin and Kilbom found that there is strong evidence that shows positive correlation between 

musculoskeletal disorders and neck flexion over 20°
[19]

. With the position of neck and head, the flexion angle 

is defined as α which can be calculated as follows: 

 
(1) 

OpenNI provides two different coordinate systems—depth coordinates and world coordinates. Depth 

coordinates are the native data representation. World coordinates superimpose a more familiar 3D Cartesian 

coordinate system on the world, with the camera lens at the origin
[20]

. Here the coordinates of neck and head 

are converted from depth coordinates and world coordinates to get xneck, yneck, xhead and yhead. 

Once α exceeds 20°, the user would be alerted to inform him/her to correct sitting posture by sound. 

Hearing the alarm, the user should understand the sitting posture is improper and sit straight. When α is 

below 20°, sitting posture fits the health indicators, so keeps detecting without disturbing the user. 

5. Test and Evaluation 

Fig. 4 shows the experiment environment. One volunteer was invited to perform a set of sitting postures. 

To test the accuracy of the method, the test includes 200 different improper sitting postures. There is no 

significant difference in the time of completing the track of the body among the tests. Based on identifying 

the joints and threshold method, the results of the test are shown in Table 1. 

Table 1: Test Result of Detecting the Sitting Posture 

Total number of the 

improper sitting postures 

Number of the detected 

improper sitting postures 

Number of the undetected 

improper sitting postures 

200 188 12 

 

In order to find whether factors like body shape and clothes affect the accuracy of the detection, five 

volunteers were invited to participate in the tests. The volunteers repeated making improper sitting posture 

for 50 times. The results are shown in Table 2. 

Table 2: Test Result of Different Factors 

Type of the 

factors 

Height and 

weight 

Total number of the 

improper sitting postures 

Number of the detected 

improper sitting postures 

Fat 180cm 105kg 50 50 

Thin 174cm 62kg 50 48 

Tall 180cm 55kg 50 48 

Short 165cm 50kg 50 47 

Thin clothes 
170cm 70kg 

50 50 

Thick clothes 50 47 

6. Conclusion 

This paper presented a system aiming at detecting improper sitting posture with the technology of 

motion-sensing cameras. The system includes skeleton thinning algorithm, averaging process and threshold 

method. Detecting improper sitting posture provides a way to prevent musculoskeletal disorders. The 

experiment shows that this method can work efficiently, and is invariant to the user’s clothes and body shape. 
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