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Abstract—Autism spectrum disorder is a complex developmental 
disability. It is defined by a certain set of behaviors. Persons with 
Autism Spectrum Disorders (ASD) frequently engage in stereotyped 
and repetitive motor movements. The objective of this article is to 
propose a method to automatically detect this unusual behavior. Our 
study provides a clinical tool which facilitates for doctors the 
diagnosis of ASD. We focus on automatic identification of five 
repetitive gestures among autistic children in real time: body rocking, 
hand flapping, fingers flapping, hand on the face and hands behind 
back. In this paper, we present a gesture recognition system for 
children with autism, which consists of three modules: model-based 
movement tracking, feature extraction, and gesture recognition using 
artificial neural network (ANN). The first one uses the Microsoft 
Kinect sensor, the second one chooses points of interest from the 3D 
skeleton to characterize the gestures, and the last one proposes a 
neural connectionist model to perform the supervised classification of 
data. The experimental results show that our system can achieve 
above 93.3% recognition rate. 

 
Keywords—ASD, stereotypical motor movements, repetitive 
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I. INTRODUCTION 

UTISM or more generally ASD is a group of complex 
disorders of brain development. Symptoms are present in 

the early developmental period, usually detected by the 
parents in the first two years of the child’s life. Autism is 
characterized by impaired verbal and nonverbal 
communication (emotional, facial expression and gesture) 
deviant social interactions, abnormalities of sensory motor 
activity [1]. The main areas of difficulty are in social 
communication, social interaction, and restricted or repetitive 
behaviors and interests. Analysis of the natural behavior of the 
child is the key to early detection of ASDs. The identification 
and diagnosis process for ASD varies among clinicians and 
communities. Three elements are often considered essential: 
surveillance, prevention, and diagnosis. To analyze and 
measure ASD, this is conventionally done by watching video 
recordings of the child's interaction with his environment, and 
manually assessing the child's behavior episodes. This data 
collection procedure is often very long, and analysis must be 
controlled by several experimenters to ensure reliable results 
[2]. The objective of our research is to help clinicians and 
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doctors to perform the task of early detection and automatic 
measurement of ASD, focusing on computer vision tools to 
measure and identify behavioral markers associated with 
ASD. These behaviors often manifest in an intense and 
focused interest in a particular subject matter; stereotyped 
body movements like hand flapping and spinning; and an 
unusual and heightened sensitivity to everyday sounds or 
textures. We propose in our research to work on automated 
systems to measure and identify behavioral markers associated 
with ASD while considering issues of intrusiveness, 
robustness, reliability, and their impact on child behavior. 

In this paper, we present a novel automatic detection system 
for non-invasive assessment of stereotyped behaviors among 
children with ASD. Stereotyped gestures are a set of gestures 
that are understudied in the field of automatic detection of 
nonverbal visual cues. We are interested in the detection and 
recognition of the five categories of gestures that we have 
selected from CARS (Childhood Autism Rating Scale) in real-
time: body rocking, hand flapping, fingers flapping, hand on 
the face and hands behind back. To achieve our goal, we use 
the Microsoft Kinect sensor for feature extraction and artificial 
networks of neurons for the classification and recognition of 
stereotyped movements. ANN functions are powerful 
computational tools for nonlinear prediction problems in 
various applications, including image coding, pattern 
recognition, Speech recognition, fault detection, and medical 
imaging [3]-[5]. The main motivation behind the use of an 
ANN in this paper is based on good adjustment to a set of 
data. An ANN generates a better output function than the 
classical approximation methods. In the classical 
approximation methods, a set of data is adjusted to a n-degree 
polynomial function [6]. 

Methodically, the paper is shackled into five sections. 
Firstly, we will review the previous work on automatic 
recognition of gestures. While proposed solutions for 
implementing our approach appear in Section III, and 
experiments results aimed at evaluating the efficiency and the 
robustness of our application will be the focus of Section IV. 
We conclude the paper in Section V. 

II. RELATED WORK 

Recently, the most of systems have been developed to 
automatically detect stereotypical motor using accelerometers 
and pattern recognition algorithms. In [7], [8] the authors are 
interested in creating a real-time recognition tool. They 
developed a stereotyped movement recognition system for 
autistic people by using the acceleration data and a decision 
tree classifier type. They have tested their system on two types 
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of stereotyped movements: hand flapping and rocking of the 
body. Measures by wireless accelerometer sensing technology 
and machine learning techniques provide an automatic, time 
efficient, and accurate measure of stereotypical motor 
movements [9]-[13]. Still, the use of sensors on wrists presents 
a disadvantage of not being accepted by some autistic 
children, which affects the results. To overcome this problem, 
in the literature, researchers are more and more interested in 
using the Kinect sensor. Many researchers have been working 
with it using pattern recognition such as hand gestures, human 
pose estimation or gait analysis, but there are few of research 
studied gesture recognition associated with the field of autism 
by analyzing images in video sequences using the Kinect 
sensor. The work presented by [10] recognition system based 
on the Dynamic Time Warping (DTW) algorithm. The DTW 
has been used in voice recognition patterns, signature 
verification, and gesture recognition [14], [15]. The main 
objective of this work is to understand whether the Kinect 
sensor and the eZ430-Chronos with accelerometers can be 
used as an effective tool. 

After preliminary studies of the academic literature, the 
most of the automatic detection system of stereotyped 
behaviors in children with ASD is interested to detect one or 

two stereotyped movements on maximum. That is why we 
were interested to automatically detect five stereotypical 
motor movements (body rocking, hand flapping, fingers 
flapping, hand in the face and hands behind back) in real time 
by proposing a method that gives good results. On the other 
hand, our system proposes a system with the Kinect sensor 
because the use of sensors on wrists presents a disadvantage of 
not being accepted by some autistic children. 

III. SYSTEM DEVELOPED 

Stereotypical motor movements are one of the most 
common and least understood behaviors occurring in persons 
with ASD. The main of this study is to automatically detect 
stereotyped motion disorders of patients with ASD in real 
time. Our work is based on the Kinect sensor with an ANN 
approach. We propose an automatic detection system for non-
invasive assessment of stereotyped behaviors in children with 
ASD. In this paper, we focus on five stereotyped motion 
disorders: body rocking, hand flapping, fingers flapping, hand 
on the face and hands behind back. 

 

 

Fig. 1 Global architecture of our system for stereotypical motor movement recognition 
 
A. Extraction Features 

In order to acquire motion data, in this research, we use 3D 
skeleton model information generated from Microsoft’s 
Kinect sensor. The Microsoft Kinect is a set of sensors 
developed as a peripheral device for use with the Xbox 360 
gaming console Fig. 1. Using image, audio and depth sensors, 
it detects movements, identifies faces, and recognizes speech 
of players, allowing them to play games using only their own 
bodies as controls. Microsoft Kinect provides an inexpensive 

and portable monitoring platform, which along with providing 
depth information also provides good quality color image data. 
3D skeleton enables developing applications capable of 
tracking human posture in real time. The skeleton tracking 
engine determines 3D positions of semantic skeleton feature 
points. One frame data contain the three-dimensional positions 
of 20 joints over time. The 20 joints include head, shoulders, 
elbows, wrists, hands, spine (shoulder, mid and base), hips, 
knees, ankles and feet as shown in Fig. 3 (a). 
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Fig. 2 Kinect Sensor and coordinate system 
 
In our system, we are interested to detect and recognize five 

stereotypical movements: body rocking, hand flapping, fingers 
flapping, hand on the face and hands behind back. These 

gestures depend on some of joints skeleton. For this data 
acquisition, we focused on four types of joints: shoulder, 
elbow, wrist and hand Fig. 3 (b). 

 

 

       (a) Points tracked by the Kinect sensor              (b) Points tracked by our system. 

Fig. 3 3D skeleton model 
 
B. Classification and Recognition Using ANN 

ANN is a biologically motivated learning machine inspired 
by the biological neuron and nervous system processes [16], 
[17]. 

For an artificial network of neurons, each neuron is 
interconnected with other neurons and form layers in order to 
solve a specific problem on the data input in the network [18]. 
ANN contains three layers of nodes from left to right [19]. 
The input layer of nodes is only a fan-out layer. The middle 
layer is called the hidden layer, since the output of their 
neurons is not accessible from the outside. The output layer is 
a continuous function, which is obtained after the training.  
The network architecture is shown in Fig. 4. 

 

Fig. 4 The architecture of the multi-layer perception 
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IV. EXPERIMENTAL RESULTS 

We used a system with three layers, driven by the 
backpropagation algorithm. The backpropagation algorithm 
requires a random initialization of synaptic weights. The 
network is fully connected between two layers and is 
thresholded. The input layer is supplied with the feature 
vectors. Once the learning is completed, the network can 
process the new data. It is the neuron whose output is the 
highest that determines the class. Five classes were defined, 
and network output layer contains five neurons (one per class). 
The following table indicates the desired output vector for 
each of the five classes: 

 
TABLE I 

THE DESIRED OUTPUT VECTOR FOR EACH OF THE 5 CLASSES 

Class Denomination Desired outputs 

1 Body rocking (1, 0, 0, 0, 0) 

2 Hand flapping (0, 1, 0, 0, 0) 

3 Fingers flapping (0, 0, 1, 0, 0) 

4 Hand on the face (0, 0, 0, 1, 0) 

5 Hands behind back (0, 0, 0, 0, 1) 

 
In this part, we are going to present the results from the 

training and testing procedure of the algorithm and also the 
performance of the neural network that was designed for 
gestures recognition. The database consists of ten autistic 
children, taking into consideration the five stereotypical 
gestures (see Fig. 5). This gives us a base of 50 gestures. We 
used 70% in the learning phase and 30% in the test. 

A. Training the Network 

During the training sessions, the weights and threshold of 
the network are iteratively adjusted to minimize the network 
performance error. We give below the network architecture 
and the confusion matrix corresponding to the learning phase. 
We obtain a recognition rate of 97.1% (see Table II). 

B. Testing the Network 

After training, the performance of the network has to be 
tested with a test set (set of similar data unused during 
training). A first indication is given by the percentage of 
correct classifications of the training set records. Nevertheless, 
the performance of the network with a test set is more 
relevant. In the test step, the input data are fed into the 
network and the desired values are compared to the network’s 
output values [19]. The agreement or disagreement of the 
results thus gives an indication of the performance of the 
trained network. We achieve a 93.3% recognition rate with an 
error rate of 6.7% on this set of data (see Table III). 

V. CONCLUSION 

In this paper, the ability to recognize the gestures among 
children with autism using the Kinect sensor has been 
achieved by the classifier ANN in a very fast manner. The 
system recognizes five stereotypical motor movements in real 
time: body rocking, hand flapping, fingers flapping, hand in 
the face and hands behind back. 

 

 

Fig. 5 Stereotyped gestures of autistic children 
 

 

Fig. 6 The network architecture 
The method exploits the learning capabilities and 

generalization of a multilayer perceptron. The idea consists on 
getting such a network understands a number of examples of 
each possible gesture. To reduce the amount of data to be 
processed, the autistic child is characterized by points of 
interest extracted from the 3D skeleton. At the end of the 
learning, the generalization capabilities of the multilayer 
perceptron allow him the recognition on non-learned gestures. 
The results obtained are satisfactory, proving the robustness of 
the method in front of a deficient pretreatment or acquisition. 
The proposed system is easy to implement and use, 
furthermore the recognition is very fast. The application 
detected 93.3% of the stereotyped movements, which are 
satisfactory results compared to literature. 

For future work, on the one hand it is intended to compare 
and to improve the gesture recognition algorithms, in order to 
reduce error rates. On the other hand, we need an exhaustive 
analysis of stereotypical motor movements. 

 
TABLE II 

CONFUSION MATRIX FOR TRAINING SET 

Classes 1 2 3 4 5 Rate Error 

1 
7 

20.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
100% 
0.0% 

2 
0 

0.0% 
7 

20.0% 
1 

2.9% 
0 

0.0% 
0 

0.0% 
87.5% 
12.5% 

3 
0 

0.0% 
0 

0.0% 
6 

17.1% 
0 

0.0% 
0 

0.0% 
100% 
0.0% 

4 
0 

0.0% 
0 

0.0% 
0 

0.0% 
7 

20.0% 
0 

0.0% 
100% 
0.0% 

5 
0 

0.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
7 

20.0% 
100% 
0.0% 

Rate Error 
100% 
0.0% 

100% 
0.0% 

87.5% 
14.3% 

100% 
0.0% 

100% 
0.0% 

97.1% 

2.9% 
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TABLE III 
CONFUSION MATRIX FOR TESTING SET 

Classes 1 2 3 4 5 Rate Error 

1 3 

20.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
100% 
0.0% 

2 
0 

0.0% 
3 

20.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
100.0% 
0.0% 

3 
0 

0.0% 
0 

0.0% 
3 

20.0% 
0 

0.0% 
1 

6.7% 
75.0% 
25.0% 

4 
0 

0.0% 
0 

0.0% 
0 

0.0% 
3 

20.0% 
0 

0.0% 
100% 
0.0% 

5 
0 

0.0% 
0 

0.0% 
0 

0.0% 
0 

0.0% 
2 

13.3% 
100% 
0.0% 

Rate Error 
100% 
0.0% 

100% 
0.0% 

100% 
0.0% 

100% 
0.0% 

66.7% 
33.3% 

93.3% 
6.7% 
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