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Abstract – Human machine interaction by body language is 

becoming popular recently. With the help of 3D camera, 

video stream with depth information provides more detailed 

data to describe a movement. This paper proposed an 

algorithm to recognize dynamic gestures. Data preparation is 

needed first to eliminate some distractions. Then the start 

and the end of a possible meaningful gesture should be made 

clear. Finally, Dynamic Time Warping (DTW) is employed to 

calculate the similarity between a sample stream and the 

template. The test results show that the algorithm works well. 
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I. INTRODUCTION 
 

Body language is an important natural expression 

manner of human interaction. If a computer is able to 

understand body language, human-computer interaction 

would become easier and more comfortable for human, 

and achieve a better user experience. 

In order to know the position of a part of body, the right 

palm for example, a data glove or other wearable 

electronic device is the first solution in history [1], [2]. 

Precise, quick, easy to attach some triggers, these are true, 

and are still popular in movie making and game industry. 

However, an additional device is not always preferred. A 

device may be uncomfortable wearing, and battery 

recharge is also annoying. 

Another type of approaches is to recognize the palm by 

image processing. Traditionally, the raw data are 2-

dimentional images from a camera [3]-[5]. Such 

approaches may suffer degraded results, if the background 

is too complicated, or the target person is not facing the 

camera vertically. Bretzner develops an algorithm to 

minimizing the confusion caused by background for static 

gesture recognition using particle filtering. However, this 

algorithm needs quite a long time to finish, so it is not 

suitable for dynamic recognition. 3-dimentional vision is 

much preferred to eliminate undesirable background. 

Binocular stereo vision provide 3D vision using two 

cameras at the cost of high computational loads. This 

approach are also unsuitable for dynamic recognition. Real 

time 3-D images are available at reasonable cost recently. 

Kinect for Windows from Microsoft is able to provide 3D 

images and skeleton data for developers. These data 

include depth information of every pixel, and 20 key joint 

3D positions to describe skeleton in particular [6]-[8]. 3D 

visual data make static gesture recognition avoid 

background and posture distraction much easier. Dynamic 

gesture recognition by image processing is available then. 

Kinect is a device consists of an ordinary color video 

camera, an infrared projector and an infrared camera, 

providing image with depth information. If there is a 

person in vision, skeleton data, including (x, y, z) of head, 

shoulders, elbows, hands, etc., are also available as shown 

in Fig 1. These detailed data describe a static gesture 

precisely, and are also a milestone of dynamic gesture 

recognition to start from. 

Dynamic gesture recognition is more complicated than 

static one. A dynamic gesture is a movement of body in a 

limited period. Fig 2 is an example. The left hand rises up 

and makes a wave which means “goodbye”. Two key 

problems need to be solved to recognize: 1. Which frames 

of a video stream are probably a start and an end of a 

meaningful gesture. 2. How to describe and calculate the 

differences between a sample gesture and a template 

gesture. 

 
Fig.1. Skeleton data from Kinect 

 

 
Fig.2. A wave of left hand, “goodbye” 

 

II. RECOGNITION OF THE “GOODBYE” 

GESTURE 
 

The process of recognizing “goodbye” gesture, as 

shown in Fig 2, includes three steps:  
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1. Data preparation. Raw data from camera are 

normalized in this step to eliminate some possible 

confusions. 

2. Finding a segment from video stream that possibly 

includes a meaningful gesture. 

3. Comparing a sample video stream with template, and 

making decision about which gesture is shown in the 

sample. 

A. Data preparation 
The body size is different from one another, the distance 

from camera to person is different from case to case, and 

the person who waves left hand may not facing the camera 

vertically. Gesture recognition using the raw data from 

Kinect camera have difficulty to choose proper thresholds. 

In this research, our primitive algorithm recognizes 

gestures from a 1.6m-tall-person very well, but suffers 

significant degraded performance when trying to 

recognize gestures from a 1.8m-tall-person. 

Therefore, the coordinate is transformed in later research. 

SL SRP P


is regarded as unit vector, and its direction is 

regarded as the direction of x-axis, where 
SLP  is the 

original coordinate of left shoulder, and 
SRP  is the original 

coordinate of right shoulder. The direction of y-axis is not 

changed. The direction of z-axis follows the right-hand 

rule. The middle point of 
SL SRP P  is the origin of the new 

coordinate. Thus, in the new coordinate system the left 

shoulder is always at (-0.5, 0, 0) and the right shoulder is 

always at (+0.5, 0, 0). Fig 3 shows the front view of 

skeleton. In this coordinate system the person is standing 

facing outside the paper sheet. 

 
Fig.3. Front view of skeleton 

 

The reason why shoulders are chosen is that the 

shoulders are normally moving together with the whole 

body. It’s true that the spine and hips from skeleton are 

also possible candidate joints, but in experiments, these 

joints are often out of vision if the person is close to the 

camera. 

B. A possible start and the end of “goodbye” 
Intuitively, the “goodbye” gesture is a back and forth 

movement of the left hand. However, if the algorithm of 

the next step runs permanently, unexpected recognition 

often appears even when the person in camera does not 

mean to do so. For example, the swings of left hand when 

walking are often mistakenly recognized as “goodbye”. 

Therefore, the video stream are cut into short video 

clips. Thus, the next problem is identifying the start and 

the end of a clip that contain a possible meaningful 

gesture. 

When the position and movement of left hand fulfill 

both following criterions, it may be a possible start of 

“goodbye”. 

1. The left hand is higher than the left elbow as shown in 

Fig 4. This excludes possible faulty recognitions of 

walking swing of arms. 

2. The movement speed of left hand in x-axis is quicker 

than 2.4 unit per second (0.08 unit per frame). Here a unit 

length is the distance between shoulders. 

 
 

 
Fig 4. “Goodbye” gesture is started only if the hand rises 

up 

 

The end of “goodbye” gesture is the frame when one of 

the following criterions is fulfilled after a possible start. 

1. The left hand is lower than the left elbow. 

2. The accumulation of moving distance of left hand in 

1/3 second is smaller than 0.2 unit. 

3. It is 4/3 seconds after a start. 

C. Measurement of the differences between a 

sample and template 
It is almost impossible to make two same “goodbye” 

gesture. We, human beings, are able to tolerate small 

differences, and so should the computers. 

Dynamic Time Warping (DTW) algorithm is employed 

to estimate the difference between a sample “goodbye” 

and the template “goodbye”. The DTW algorithm, 
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proposed by Itakura [9], is applied to estimate the 

similarity of two time related data sequences [10], [11], 

such as speech recognition shown in Fig 5.  

Given two time related sequences 
1 2{ , ,..., ,..., }i mT t t t t  

and 1 2{ , ,..., ,..., }j nS s s s s , the similarity of them is 

calculated follow these steps: 

1. Setup a matrix
m nA 

, in which element 
ij i ja t s   is 

the distance between it  and js
. 

 
Fig.5. Similarity calculation by linear style (top) and DTW 

(bottom) 

 

2. Find a route 1{ (1,1),..., ( , ),.., ( , )}k lR r r i j r m n  in A  to 

achieve the smallest accumulated distance
1

( , )
l

k

k

d m n r


 , 

where ,( , )k i jr i j a  under following restrictions 

a) Starts from 1 1,1(1,1)r a , and ends at ,( , )l m nr m n a . 

 
 

b) No backflow or jump over. If 1 ,( , )k g hr g h a   is the 

previous route step of ,( , )k i jr i j a , then 

1

1

( , ) ( , )

i g i

j h j

g h i j

  


  
       (1) 

Fig 6 is a demonstration of equation (1). 

(i-1,j)

(i-1,j-1) (i,j-1)

(i,j)

 
Fig.6. All possible previous rout step to reach (i,j). 

 

Thus, the route is calculated recursively from equation (2). 

( , ) ( , ) min{ ( , 1), ( 1, ), ( 1, 1)}d i j a i j d i j d i j d i j     
 (2) 

Fig 7 is an example route. 
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Fig.7. A route from (1,1) to (9,9) 

 

In experiments, a gesture could start at any reasonable 

position. So the matrix A  is setup 

by 2 1 1 1
ˆ {0, ,..., ,..., }i mT t t t t t t     and 

2 1 1 1
ˆ {0, ,..., ,..., }j nS s s s s s s     to eliminate the 

influence of initial position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Test results of experiments at 1.2 meters 

  Gesture that is recognized 

  Wave to 

right 

Wave to 

left 

Drag 

up 

Drag 

down 
“goodbye” 

Push 

forward 
unknown 

G
es

tu
re

 d
o

n
e 

Wave to right 95 0 0 0 0 0 5 

Wave to left 0 93 0 0 1 0 6 

Drag up 0 0 96 0 0 0 4 

Drag down 0 0 0 95 0 0 5 

“goodbye” 2 3 0 0 90 0 5 

Push forward 0 0 0 0 0 99 1 

 

Table 2. Test results of experiments at 2 meters 

  Gesture that is recognized 

  Wave 

to right 

Wave 

to left 

Drag 

up 

Drag 

down 
“goodbye” 

Push 

forward 
unknown 

G
es

tu
re

 d
o

n
e 

Wave to right 94 0 0 0 1 0 5 

Wave to left 0 93 0 0 1 0 6 

Drag up 0 0 94 0 0 0 6 

Drag down 0 0 0 95 0 0 5 

“goodbye” 1 5 0 0 89 0 5 

Push forward 0 0 0 0 0 97 3 
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III. EXPERIMENT RESULTS AND DISCUSSION 
 

6 different gestures are trained with 100 samples for 

each by 5 persons in order to get the templates and choose 

proper thresholds. And another 100 samples for each 

gestures by 5 other person are tested. Table 1 and 2 shows 

the test results at 1.2m and 2m from the camera. 

The results are good at a reasonable distance. The 

further distance makes the results worse because the 

resolution of the depth camera is 640 × 480, not high 

enough. 

Simple gestures are better recognized than complicated 

ones. The “goodbye” gesture, which suffers the worst 

results of 6 gestures, is a combination of wave to right and 

then wave to left or vice versa. 

 

IV. CONCLUSION 
 

The dynamic gesture recognition by vision is an 

important method for computer to understand natural body 

language. Image data with depth information provides 

more detailed video stream. With such data, some 

distractions are excluded, which leads to better recognition 

result. In this paper, an algorithm for dynamic gesture 

recognition is proposed. The algorithm includes 3 steps: 

data preparation, decision making for the start and end, 

and DTW algorithm to calculate the similarity between a 

sample stream and the template stream. The experimental 

results show that this algorithm works well at reasonable 

distance. 
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