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Abstract: This Due to the gradual decline of physiological function of the elderly 

population, the weakening of physical coordination ability, blurred line of sight and 

other reasons, it is easy to fall, the development of an intelligent monitoring system 

for the elderly to identify and early warning of falls is particularly important. This 

project uses the camera of Kinect v2 sensor to obtain the depth map and bone point 

data information of the elderly for research and analysis, to determine the conditions 

for the elderly to fall behavior, and to use bone tracking technology to calculate in real 

time whether the spatial position of human bone nodes, movement speed, height from 

the ground and other parameters of the initial elderly fall behavior and early warning. 

 

Keywords: Kinect; Senior; Monitoring alerts; Bone Tracking. 

 

1. Introduction 

1.1 Background 

With the progress of society, the aging of the population has been an inevitable 

problem in the social development of our country and the whole world, according to 

the World Health Organization report, about 28% to 35% of the over-60s will fall every 

year, this figure will reach 32% to 42% of the over-70s. As you get older and your 

body's function decreases, the number of falls increases dramatically with age. China 

is a large population, with the acceleration of China's aging process, according to 

statistics show that in a few years, China's total population will reach aging, about 450 

million. According to statistics, about 15% to 35% of the elderly in China have fallen 

unexpectedly each year, and the proportion of people over 80 who have fallen has 

exceeded 50%, which gradually increases with age. Because of this, the injury caused 

by falls has gradually become the fourth leading cause of injury and death in our 

country, the highest among the over-65s, and the mortality rate has increased sharply 

with age. 
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The safety and health of older persons in their daily lives requires greater attention 

and attention. Falling by the elderly may lead to disability, affect physical and mental 

health, make the quality of life of the whole family decline, affect people's physiological 

mood. And whether or not there has been a fall, there will be some concern about the 

consequences of the fall, in the fall behavior of the people, about half of the people 

will have negative emotions, avoid social behavior, because the fall caused great harm, 

will lead to fall fear and other adverse psychological reactions, and even some elderly 

people suffering from anxiety and depression, and anxiety and depression of the 

elderly are more prone to falls. If the elderly can get timely help after the fall event, 

can directly and effectively reduce the risk of death caused by the fall, improve the 

quality of life of the elderly, so the establishment of a suitable for the life of the elderly 

fall detection system for the physical and mental health of the elderly is a matter of 

practical significance, but also the trend of social development. 

1.2 Application foreground 

Through KinectV2 sensor to obtain real-time images within the monitoring range and 

real-time processing of images, according to monitoring data for safety hazards and 

sudden high-risk behavior events of early warning and processing, through the outside 

world to issue an alarm for help, so that the elderly to avoid falling after secondary 

injury, to ensure their personal safety, improve the elderly after the fall of the rescue 

efficiency, to maximize the elderly to get rapid and effective assistance. The system 

records the activities of the elderly in real time, so that the data of the time can be 

provided during the follow-up analysis and treatment of the elderly after the event of 

an accidental fall. By seeking faster, more efficient and accurate detection methods to 

detect the fall behavior of the elderly, to ensure the safety of the elderly after the 

accident falls, to minimize the loss of life and property, for the future aging society of 

the elderly care and monitoring has a positive significance, wide application prospects.  

 

2. Introduction to Kinect  

Kinect v2's "brain" can be said to be the high-tech crystallization of Microsoft Xbox 

and Microsoft's research and development team, combining computer vision, machine-

based learning, speech recognition, facial expression recognition, digital signal 

processing and other technologies. The new Kinect enables more precise skeleton 

tracking and more accurate mapping of joint and limb movements: when you move 

your upper body, a series of movements from the hips to the back, and finally from 

the shoulders to your fingers, are identified and finally incorporated into a complete 

continuous action reflected in the game. It's not just the action, it can also 

"understand" the expression of a moving person and "recognize" six people. Also 

mentioned in the presentation is the physical activity positioning feature, which 
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Microsoft employees affectionately refer to as Block Man. There is a Microphone Array, 

Kinect v2 appearance as shown in Figure 1.  

 

Figure 1 Hardware Structure Diagram 

The Kinect v2 features human features with "three eyes" and "four ears": three eyes 

are a color camera, a depth (infrared) camera, and an infrared projector. The four 

ears are a quad linear microphone array with sound from four microphones, built-in 

components such as digital signal processor DSP, and filter background noise to locate 

the sound source direction.  

Kinect v2 has six basic data sources. They are as follows: 

(1)RGB image. That is, ColorFrameSource, the resolution of 1920 x 1080, compared 

to the generation of 640 x 480, there is a significant increase in the frame rate of 

30fps or 15fps, with the brightness of the environment.  

(2) Infrared image. That is, InfraredFrameSource, resolution 512 x 424, frame rate 

30fps.  

(3) Depth image. That is, DepthFrameSource, resolution 512 x 424, frame rate of 

30fps, the range is 0.5 to 4.5m.  

(4) Bone image. That is, Skeleton FrameSource, frame rate of 30fps, range from 0.5 

to 4.5m, can track up to 6 people and 25 bone points per person at the same time, as 

shown in the figure, and gesture recognition, compared to a generation of 2 people 

20 bone points, there is a significant improvement.  

(5) People index two-value graph. Body Index Frame Source is often used to 

distinguish the target body from the background and to obtain the outline of the target 

person.  

(6) Sound source. That is, Audio Source, combined with Microsoft's speech recognition 

library, can be used to do speech recognition and determine the direction of sound.  
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3. Project technical route 

3.1 Background culling 

To distinguish the human body from the very complex background map, the latest 

segmentation strategy is used to create a mask for each person who needs to be 

tracked in the resulting depth image, which is obtained by removing the background.  

 

Figure 2 Removes the depth-of-field image after the background 

3.2 Identify the training 

The next step is to look for objects that are more likely to be human in many images, 

and then use machine learning methods to systematically analyze and evaluate the 

depth-of-field images, and then verify that the analysis is a part of the human body 

based on the evaluation. An Exemplar system needs to be developed before Kinect v2 

can identify individual parts of the human body, and Figure 3 is one of the data used 

to train and test Exemplar. 

 

Figure 3 Training and test data 

In order to accurately determine the body part, the target is identified using a classifier 

with multi-depth features. This classifier is simple to build, but it contains some 

essential information, formula 1 is as follows: 

Where x is the pixel value,di(x) is the depth value of the pixel value in image  I, and 

the parameter s(u,v),u  And  v is a pair of offset vectors, the purpose is to adjust the 



Volume 8 Issue 12 2021 
 

   44 

size of the human body to fit  Kinect v2,which is a seemingly very simple feature, in 

fact, in the process to pay attention to the difference in the offset between the target 

pixels.  

After the feature values are calculated, these calculated feature values are entered 

into the machine learning decision tree classifier for training, the Kinect camera comes 

with its own classifier for the decision tree forest way, in fact, its essence is a collection 

of many decision trees, with pre-trained each with label depth images to build each 

tree, while the decision tree based on the trained image to modify and update, with 

the help of the decision tree, Images of the test set on specific body parts are given 

the correct classification. The next algorithm is to select the area with the greatest 

chance for each body part, in order to better display the body area. For example, 

suppose the "arm" classifier is the area of greatest opportunity, and that area is 

occupied by the "arm" category 

In addition, according to Kinect v2's process of contouring the human body, Kinect v2 

first uses the outline of the object to determine whether the object belongs to the 

human body, so in the process Kinect v2 will misidentification some human-shaped 

objects, and identify some objects that look very much like the human body into adults.  

After the recognition of human joint points, the recognition results of each pixel can 

be used to calculate the specific location of human joint points and track them in real 

time. Kinect v2 can track up to 6 people's joint points  simultaneously, each person 

can call 25 joint point information, all of which can be displayed in 3D space using 

bone sensing technology via coordinates(x,y,z),where  RGB The camera provides the 

coordinate value of the horizontal coordinate x and the coordinate value of ordinate y 

in 3D space, the  infrared camera provides the z-depth value of the human body in 

3D space, and the project's drop detection algorithm based on bone point 

characteristics is mainly selected 25 The  three joint points in each joint point are used 

for algorithmic identification, namely, the center point of the human body, the center 

point of the two hips, and the right foot.  

Once you get the joint information, Kinect v2 draws a bone point map, which  is the 

bone point map obtained by Kinect v2. 

 

Figure 4 Bone Dot Map 
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3.3 Fall detection principle 

Kinect v2 obtains the human body's bone data information and depth data information 

in the environment, the algorithm used in this project is mainly to use the obtained 

bone data to determine whether the human body falls behavior, because of some 

relationship between human bones, we first use two methods of determination: first, 

the speed of movement of the human body's center point   v; When the two methods 

of determination are satisfied at the same time, we initially think that the fall event 

occurs, because the simple threshold to judge whether the elderly fall behavior has a 

certain limitation to a large extent, the threshold analysis and judgment criteria of the 

restrictions are relatively simple, the unique characteristics of the fall behavior of the 

elderly may not be considered very thoughtful, at the same time by individual 

differences and other factors, simple use of threshold false positive rate is higher, so 

we build a hidden Markov mathematical probability model to describe the fall behavior. 

Start with the Kinect v2 camera, get depth data and bone point maps, then denoise 

the bone point map, select the center point of the human body in the bone point map 

as the first feature point, the center point of the two hips and the right foot as the 

second feature point, and then calculate the distance difference of the adjacent 10 

frames, so as to find the speed of the drop of the center point of the human body at 

this moment and the height difference between the two hip center points from the 

ground. The next step is to determine if the threshold range is met, otherwise it is not 

a fall. On the other hand, the acceleration is obtained by using the speed of adjacent 

10 frames, the acceleration sequence is obtained, and then the hidden Markov 

probability model is established, which is judged as a fall event when the actual 

acceleration matching probability is greater than the critical value.  
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