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Abstract: Many solutions were proposed in the past decades to 

assist the people with disability in the movement to interact with 
personal computers. Various results were proposed to simulate 
the mouse cursor movement and click operations through facial 
expressions captured by the camera. Tracking and converting 
accurately the facial expression of the user to the mouse 
operation is still acknowledged as a research challenge and 
opportunity. The proposed system introduces a prediction of 
items to be selected by the user in the GUI based system applying 
the backpropagation neural network techniques to improve the 
performance of the overall selection process.    

 
Keywords : assistive technology, backpropagation neural 

network, Camera mouse, hands-free computing, people with 
disability,  predicting mouse cursor target 

I. INTRODUCTION 

About 5.4 million persons in India are having a disability 
in movement as per the Census report 2011 [1]. Their 
inability to use the standard input devices of personal 
computers makes them away from the world of Information 
Technology. Many mouse replacement solutions were 
proposed in the past decades to assist them in interacting 
with personal computers. Hutchinson et al. [2] have 
designed a system that relies on special hardware and 
software designed specifically for motor disabled persons. 
The solutions developed by Gips et al. [3], Lacourse et al. 
[4], Chen et al. [5], Evans et al. [6] and Barreto et al. [7] 
require special hardware for the users to wear on the head or 
face to operate the computer. Kocejko et al. [8] and Lupu et 
al. [9] have controlled the mouse cursor by tracking the eye 
gaze movements of the user. Betke et al. [10], Epstein et al. 
[11], Nabati et al. [12], Chareonsuk et al. [13], Varona et al. 
[14], Bian et al. [15], Gorodnichy et al. [16], Gyawal et al. 
[17] and Morris et al. [18] have avoided the overhead of 
using and head-mounted devices and high-cost hardware 
system by capturing the user’s head motions through web 
camera to control the mouse pointer. Fathi et al. [19] 
achieved this by tracking the eye movement whereas 
Sugano et al. [20], Sambrekar et al. [21] and M. Nasor et al.  
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[22] have attempted tracking the eye gazes. Betke et al. 
[10], Nabati et al. [12], Chareonsuk et al. [13], Varona et al. 
[14], Bian et al. [15], Gorodnichy et al. [16], Fathi et al. 
[19], Hegde et al. [23] and Arai et al. [24] have developed 
the camera-based mouse replacement solutions for 
implementing mouse click events such as single and double-
clicking and dragging. Tracking and converting accurately 
the facial expression of the user to the mouse operation is 
still acknowledged as a research challenge and opportunity.  

II. METHODOLOGY 

A. Neural Network Forward Pass 

The proposed system introduces a prediction of items to 
be selected by the user in the GUI based system applying the 
backpropagation neural network techniques to improve the 
performance of the overall selection process. The neural 
network is designed with four input neurons, four hidden 
neurons and two output neurons. The basic structure of the 
proposed neural network system is shown in Fig. 1. 

 

 
Fig. 1. The basic structure of the proposed Neural 

Network 

The input layer of the neural network contains the 
following four input neurons as depicted in Fig. 2. 

 (i1, i2), the x and y position of the cursor of the 
previous selection event. 

 (i3, i4), the difference in x and y positions of the 
cursor in the nth frame from (i1, i2) as -1 or 1 or 0, 
where ‘1’ denotes positive value, ‘-1’ denotes 

negative value and ‘0’ denotes no change.  
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Fig. 2. Input neurons (i1, i2, i3 and i4) of the proposed 

Neural Network 

Number of Hidden layers is selected as suggested by 
Heaton [25]. The hidden layer contains four neurons that use 
activation function as follows to calculate the net inputs. 
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where           are the weights as shown in the Fig. 1. 

The output values of the hidden neurons are calculated 
using the sigmoid function as follows. 
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The output layer contains two neurons that use the 

activation function as follows to calculate the net input. 
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where            are the weights as shown in Fig. 1. 
The output value is calculated using the sigmoid function as 
follows. 
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which is the predicted x and y positions of the user’s next 

mouse selection in the computer monitor screen. 

B. Neural Network Back Propagation  

The goal of backpropagation is to optimize the weights so 
that the neural network can learn how to correctly map the 
arbitrary inputs to outputs. The backpropagation initially 
processes the output layer and then works backwards 
processing the hidden layer applying appropriate changes in 
the weights [26].  

The error in the value of the output neurons is calculated 
using the squared error function as follows. 
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where       ,      ) are the predicted x and y positions and 
         ,         ) are the actual x and y positions of the 
user’s next mouse selection in the computer monitor screen. 

The total error for the neural network is the sum of these 
errors: 
 
                                                                          
(15) 
 

Applying (14) in (15),  
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During backpropagation, each weight in the network is 

updated such that the predicted value comes closer to the 
target value, thereby minimizing the error. 

The partial derivative of        with respect to the weight 

w17, 
       

    
  is the amount of change required in the weight 

w17.  
By applying the chain rule, 
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From Eq. (16),   
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From Eq. (11), 
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From Eq. (9), 
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Applying Eq. (18), Eq. (19) and Eq. (20) in Eq. (17),    
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w17 is updated as follows to minimize the error.  
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where   is the rate of learning. 

Similarly, the weights, w18 to w24 are updated as follows.  
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Next, the backwards pass is continued by updating the 

weights leading into the hidden layers i.e., calculating the 
new values for w1 to w16. 

The partial derivative of        with respect to the weight 

w1, 
       

   
    is the amount of change required in the weight 

w1.  
By applying the chain rule, 
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Applying Eq. (15) in Eq. (24),   
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Expanding 
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Expanding 
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From Eq. (13), 
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From Eq. (9), 
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From Eq. (14), 
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From Eq. (12), 
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From Eq. (10), 
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From Eq. (5), 
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From Eq. (1), 
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Applying Eq. (28), Eq. (19), Eq. (29), Eq. (30), Eq. (31), Eq. 
(32), Eq. (33) and Eq. (34) in Eq. (27),   
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w1 is updated as follows to minimize the error.  
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where   is the rate of learning. 

Similarly, the weights, w2 to w16 are updated as follows.  
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At this instant, all the weights will be updated. Repetition 

of this process will result in the reduction of error in every 
iteration [27]. 

III. EXPERIMENT 

The system is tested in the Windows 7 Professional 32-bit 
Operating System with 1366 x 768 Screen Resolution with 
Landscape orientation. Selection area in the monitor is 
assumed as 40 square pixels. Five samples of two 
consecutive user selection areas are shown in Fig. 3., where 
ji is the first selection area and jo is the next selection area for 
1 ≤ j ≤ 5. The x and y position of the cursor in the area ji are 
the i1 and i2 neuron values of the input layer as shown in 
Fig. 1. The x and y position of the cursor in the area jo are 

the          and          values as shown in Eq. 13 and 
Eq. 14. 

 
Fig. 3. Five samples of two consecutive user selection 

areas 
The pixel area of square regions ji and jo of Fig. 3 are 

shown in Table I.  
 

 
Table- I: Pixel area of square regions ji and jo of Fig. 3. 

Sample 
(j) 

Selection area 

ji jo 

xmin xmax ymin ymax xmin xmax ymin ymax 
1 0 40 720 760 200 240 240 280 
2 600 640 40 80 1280 1320 640 680 
3 640 680 280 320 480 520 680 720 
4 800 840 520 560 280 320 400 440 
5 1200 1240 280 320 400 440 560 600 

 
 Initial values are assigned randomly to all the weights. 

For each sample shown in Table 1, the i1 and i2 neuron 
values of the input layer are generated as the x and y 
position of the cursor within the range specified for the area 
ji. The i3 and i4 neuron values of the input layer for each 
sample are fixed as shown in Table 2.  
 

Table 2: Fixed values of i3 and i4 for each sample of  
Table 1. 

Sample 1 2 3 4 5 
i3 1 1 -1 -1 -1 
i4 -1 1 1 -1 1 

 
The          and          are generated as the x and y 

position of the cursor within the range specified for the area 
jo for each sample. The total error for the neural network is 
calculated as shown in Eq. 15. and the weights are updated 
as shown in Eq. 23 and Eq.37 to minimize the error. 

IV. RESULT 

The output layer neuron values are predicted for the 
sample values of Table 1 for multiple passes. The predicted 
cursor positions of each sample j during the first pass with 
initial random weights are shown in Fig. 4. The errors are 
visible which are the difference between the actual cursor 
position region in the area jo and the predicted cursor 
position jp. Fig. 5 shows that the error is minimized after 5 
passes. After 10 passes, the predicted cursor position is in 
the actual selection for samples 1 and 3 (Fig. 6); after 20 
passes for sample 2 (Fig. 7); after 35 passes for sample 4 
(Fig. 8); and after 65 passes for sample 5 (Fig. 9). The 
predicted cursor positions jp  of Fig. 4 to Fig. 9 are 
summarized in Table 3. 

 
Fig. 4. Predicted cursor positions jp during the first pass 

 
Fig. 5. Predicted cursor positions jp after 5 passes 
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Fig. 6. Predicted cursor positions jp after 10 passes 

 
Fig. 7. Predicted cursor positions jp after 20 passes 

 
 

 
Fig. 8. Predicted cursor positions jp after 35 passes 

 
Fig. 9. Predicted cursor positions jp after 65 passes 

 

Table 3: Summary of predicted cursor positions jp  of Fig. 4 to Fig. 9. 

Sample 
(j) 

Predicted cursor positions jP 

Pass 1 After 5 passes After 10 passes After 20 passes After 35 passes After 65 passes 

x y x y x y x y x y x y 

1 668 574 289 304 239 267 220 259 222 259 219 258 

2 1167 934 1237 697 1266 662 1287 659 1298 660 1300 658 

3 730 499 531 693 504 695 498 700 503 699 499 699 

4 690 299 348 299 309 298 298 302 303 420 299 418 

5 720 418 454 423 424 417 418 420 423 419 419 578 

  

V. CONCLUSION 

This paper is focused on introducing a prediction of items 
to be selected by the user in the GUI based system to 
improve the performance of the overall selection process. 
The backpropagation neural network technique is chosen as 
it is an algorithm widely used in the training of the feed-
forward neural networks. The system performance and 
learning rate can be improved using complex neural network 
architectures or using different neural network techniques.  
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