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Abstract:  A vision-based user interface of a mobile robotic arm for people with severe disabilities is 

described in this paper. The robotic arm’s main body can be contained in a laptop computer’s briefcase 

without removing any parts. The user interface consists of a single web camera to obtain user’s the eye 

movements, computer running a detection program of the center of the iris and pupil from the captured 

images, and display unit to indicate feedback information to the user. Control boxes to detect user’s 

eye movements were also made and superimposed on the processed images. It is clear from the 

experimental results that an able-bodied subject can operate the proposed user interface without any 

difficulty, and that using it promises to support to select one of foods on a table. 
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I. INTRODUCTION 

 

here are a large number of people having paralyzed 

extremities by the cause of stroke or spinal cord 

injury. According to a survey conducted by the 

Ministry of Health, Labor and Welfare [1], there are 

persons with physical disabilities of 1,760,000 in Japan. 

32.2 % of them have some problems in their upper 

extremities. Some of them have strong-minded to be 

independent of others and to live their own lives. In 

step with the advances in assistive technology, some 

robotic arm systems have been developed [2], for 

example Handy 1 [3], Manus manipulator [4], and My 

Spoon [5], [6]. These systems enable people with 

disabilities to eat foods by themselves to a certain 

degree. However, they can hardly eat out with these 

robotic systems because of their functional limitations. 

       To examine a better solution for the above-

mentioned problems, we have developed a mobile 

robotic arm for people with severe disabilities, such as 

stroke, spinal cord injury, and muscular dystrophy [7]-

[10]. The basic concept of the robotic arm is portability. 

It is small enough to put the robotic arm’s main body in 

a briefcase of laptop computer. The robotic arm also 

can be mounted on a wheelchair. This feature allows 

user to enjoy not only having dinner with his/her family 

and friends in his/her house but also eating out with 

them. With the objective of supporting to manipulate 

the system smoothly, we applied a vision-based user 

interface with a single web camera to the mobile 

robotic arm system. User’s eye movements are captured 

with the web camera, and the image processing process 

is programmed into a computer to detect the eye 

movements from images. We demonstrated its 

performance in this paper. 

       We organize the paper as follow. The robotic arm 

system and the proposed user interface are summarized 

in the next section. Sections III and IV describe 

experiment and the experimental results. The final 

section concludes the paper.  

 

 

II.   SYSTEM CONFIGURATION 

 

A. System Overview 

       A robotic arm system with the proposed user 

interface is shown in Fig. 1. A microcontroller is 

embedded to the robotic arm’s base. The robotic arm 

has seven servomotors which are controlled by pulse 

width modulation [7]. The user interface consists of a 

web camera that provides VGA-resolution video and 

monitors the user’s eye movements, a personal 
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computer (PC) to conduct image processing to detect 

the eye movements, and a display unit to offer simple 

feedback that one of dishes on a table is selected to user 

by turning on/off LEDs [10]. Fig. 2 shows block 

diagram of the user interface. The display unit is 

connected to the PC by a USB-serial conversion cable. 

This unit has four LEDs to express the feedback 

information by means of 4-bit binary value. When 

selecting the dish on the table using eye movements, its 

position coordinates are transmitted to the robotic arm, 

and this then initiates an eating program that the end-

effector of the robotic arm reaches out food on the 

selected dish, picks some up with utensil, and brings it 

to the user’s mouth. 

 

 

 

microcontroller

PC

robotic

arm

Web

camera

user

user interface

display unit

 
 

Fig. 1  System configuration of mobile robotic arm and 

proposed user interface [10] surrounded by a gray 

border. The web camera and PC are used to detect the 

user’s eye movement. The display unit has four LEDs. 
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Fig. 2  Block diagram of proposed user interface.  

When selecting the food on the table as shown in Fig. 1, 

the display unit indicates it as the form of 4-bit binary 

by turning on/off LEDs. 

 

 

B. Detection of Eye Movements 

       Fig. 3 shows the flowchart of the image 

processing to detect the user’s eye movement [10]. 

Reading an image from the web camera, the RGB color 

system in an image is transformed into the YIQ color 

system [11] in this paper. Binarizing the YIQ image, it 

is scanned from left to right and up to down, and the 

pixels having the same value are connected. The 

morphological operations [12] then are performed on 

the binarized image to decrease noises caused by the 

eyelashes. We plot a cross-shape mark at the center of 

the iris and pupil, and finally find the region where its 

center is. 

        
 

 

Transform it into YIQ format.

Read an image from Web camera.

Binarize the YIQ image.

Connect pixels having the same value.

Find the center of the iris and pupil in the binarized

image and plot a cross-shape mark in its center.

Find the region where the center of the iris and 

pupil is.

Output the processed image.

Perform the morphological operations on the 

binarized image to decrease noises.

 
 

Fig. 3  Image processing flowchart to detect user’s eye 

movement [10]. 

 

 

       In general, we have the eye movements as shown 

in Fig. 4. The eye movements such as the fixation, 

supraversion, levoversion, and dextroversion are chosen 

as a trigger of the user interface shown in Fig. 1. This is 

because these movements can be intentionally 

generated by user. For the purpose of supporting to 

smoothly control the robotic arm system, control 

commands for the proposed user interface are basically 

composed of food selection and hold/release commands. 

The food selection command is a command to select 

one of some dishes on the table. It is assumed that there 

are three dished on a table, for example, rice, soup 

(miso soup or another kind of soup), and a main dish. 
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The hold/release command is a command to hold the 

selected food number and to release it. 

 

 

       

 

 
(a)                                 (b) 

 

 

       

 

 
                       (c)                                  (d) 

 

Fig. 4  Detected eye movements of (a) the fixation, (b) 

supraversion, (c) levoversion, and (d) dextroversion, 

when using the left eye.        
 

 

 

 
Fig. 5  Regions to detect the eye movements [10]: 1: 

levoversion, 2: dextroversion, 3: supraversion, and 4: 

fixation, when using the left eye, respectviely. Unit of 

numerical values in the figure is pixel. 

 

 

       We also define unique regions to detect the eye 

movements as shown in Fig. 5 [10]. They are called a 

control box in this paper and superimposed on the 

processed image. The unit of numerical values in Fig. 5 

is pixel. These numerical values were determined by 

our preliminary experiments. The numbers from 1 to 4 

stand for the regions to specify the eye movements. The 

regions 1, 2 and 3 are the regions to detect the 

levoversion, dextroversion, and supraversion, when 

using the left eye, respectively. The region 4 is the 

region for the resting position. Any other regions except 

these regions are the unresponsive regions. The 

relationship between the eye movements and control 

commands was allocated as follows: the levoversion 

and dextroversion (regions 1 and 2) to the food 

selection command, and a combination of the eye 

movements of supraversion-fixation-and-supraversion 

to the hold/release command. When getting back from 

the hold mode to the food selection mode, we just input 

another hold/release command again. The combination 

of the eye movements as hold/release command is 

defined to avoid incorrectly-input.  

 

 

III. METHOD 

 

       An able-bodied subject (male, age 26) participated 

in the experiment. A schematic of the experimental 

setup is illustrated in Fig. 6. A web camera (Logicool 

Webcam C210) was fixed to a frame of the eye glasses 

to monitor user’s left eye movement. Wearing the eye 

glasses, the subject was seated on a table. His left eye 

movements were recorded by a video capture software. 

The distance between the left eye and the web camera 

was set to 4 cm. The resolution of images was fixed to 

640 × 480 pixels. Using the image processing method 

mentioned in the previous section, the obtained images 

were processed on the PC. We put three dishes on the 

table. It is assumed that these dishes are rice, main dish, 

and soup from the left to the right on the table. 

Informed consent was obtained from the subject. He 

was not remunerated. 
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Fig. 6  Schematic of experimental setup. There are three 

dishes on the table in this experiment. The LEDs on the 

display unit is placed on the table to feedback 

information to the user during the experiments. 

 

       As shown in Table 1, we assigned the number 0 as 

initial state of the system, the numbers from 1 to 3 as 
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the foods on the table, and the number 4 as hold mode, 

in the processing program. Table 1 includes expressions 

of binary-coded forms employed in the display unit. 

The numbers 0 and 1 in the 4-bit binary form denote 

turning on an LED and that off LED. We asked the 

subject to look from one of dishes that he wanted to eat 

to another as he had meals. LEDs on the display unit 

were also recorded by a video camera during the 

experiments. We just presented capabilities of the user 

interface without the robotic arm in the experiments. 

 

 
Table 1   Assigned relationship among numbers in processing 

program, 4-bit binary numbers, and foods. 

Number in                    4-bit binary form*          Food 

processing program 

0                                  0000                initial state 

1                                  0001                        rice  

2                                                  0010                       soup 

3                                  0011                   main dish 

4                                  0100                   hold mode 
 * The binary numbers 0 and 1 denote turning on an LED and that off 

LED, respectively. 
 

IV. RESULTS AND DISCUSSION 

 

       Examples of the experimental results are shown in 

Figs. 7, 8, and 9. These images are captured from the 

video data.  The lower left corner images depict results 

of the four LEDs on the display unit. The left- and 

right-hand sides of LEDs mean the MSB (most 

significant bit) and LSB (least significant bit), 

respectively. These LEDs are arranged within the visual 

field of the user on the table. 

       Fig. 7 indicates the experimental result when the 

experimental subject selected the rice dish [10]. Fig. 7 

(a) shows an initial state (initial setting). Beginning our 

system, we first see this state. Then the subject selected 

the food of rice (see Fig. 7 (b)) using levoversion/ 

dextroversion, and utilized the hold command (the 

combination of the eye movements of the supraversion-

fixation-and-supraversion) (see Fig. 7 (c)) to maintain 

the selected number of food. During this mode, we can 

look somewhere else. Using the hold (release) 

command again, this enables the system to go back to 

the food selection mode (see Fig. 7 (d)).  

       The experimental result when the soup dish was 

chosen by the experimental subject is shown in Fig. 8. 

He selected the food of soup (see Fig. 8 (a)) using 

levoversion/dextroversion. Then, he issued the hold 

command (the combination of the eye movements of 

the supraversion-fixation-and-supraversion) (see Fig. 8  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 7  Experimental result when the experimental 

subject selected the rice dish [10]. Captured images 

from video data are at the elapsed times of (a) t = 1 s, 

(b) t = 14 s, (c) t = 20 s, and (d) t = 38 s, respectively. 

Lower left corner images are the results of four LEDs 

on the display unit. MSB and LSB indicate the most 

and least significant bits. 

 

MSB LSB 
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(a) 

 
(b) 

 
(c) 

 

Fig. 8  Experimental result when the soup dish was 

chosen by the subject. Captured images from video data 

are at the elapsed times of (a) t = 43 s, (b) t = 47 s, and 

(c) t = 62 s, respectively. Images located on lower left 

corners show the results of four LEDs on the display 

unit. 

 

 

(b)) to continue the selected number “2”. It is observed 

from the Fig. 8 the number “2” that assigned soup dish 

can be seen. The system goes back to the food selection 

mode by entering the hold (release) command again, 

(see Fig. 8 (c)).  

       Fig. 9 represents the experimental result when the 

experimental subject selected the main dish. He made 

the final selection of the main dish (see Fig. 9 (a)) using 

supraversion. In addition, the hold command was given 

 
(a) 

 
(b) 

 
(c) 

 

Fig. 9  Experimental result when the experimental 

subject took the main dish as his choice. Images 

obtained from recorded video data are at the respective 

elapsed times of (a) t = 70 s, (b) t = 75 s, and (c) t = 87 

s. Results of four LEDs on the display unit are shown 

on lower left corner. 

 

 

by him (see Fig. 9 (c)) to keep the selected number “3”. 

We make sure the number “3” that assigned main dish 

can be viewed from Fig. 9. He then changed this mode 

into the food selection mode, as seen in Fig. 9 (c).  

       Besides, we experimentally verified that when the 

user looked aside from the table to pay attention to 

something other than having meals, such as looking at a 

person who walked into the room where the user was, 

or an object that he/she saw in the room or from a 
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window. This would lead to incorrect input due to the 

user’s carelessness using our user interface. We will set 

to transmit the end-effector coordinates to the robotic 

arm’s microcontroller after we input the hold command 

(the combination of the eye movements of the 

supraversion-fixation-and-supraversion). Thus, we 

would be able to deal with the incorrect input problem 

even if user is accidentally drops the user interface. 

These incorrect inputs are simply ignored in this system. 

Therefore, it can be concluded that the problem caused 

by user’s carelessness has little effect on use of the user 

interface.  

       In this experiment, we set the LEDs on the display 

unit so that the subject could easily come within his 

field of vision. Providing a combination of visual and 

auditory feedbacks will be more user-friendly and less 

complex than providing only visual feedback because 

of employing the trigger signal of the eye movements in 

our user interface. Moreover, we are available some 

small but powerful microcontroller boards recently. It is 

efficiently possible to perform a microcontroller-based 

image processing, with the aid of microcontrollers, such 

as Raspberry Pi or Arduino board. Substituting a 

sophisticated microcontroller board for the computer 

running the image processing program will lead to less 

power and more realistic mobile robotic arm system. 

We have these challenging tasks under consideration. It 

will be further needed for our future investigation to 

verify feasibility of the user interface presented in this 

paper by conducting eating evaluations with the robotic 

arm system.  

 

 

V. CONCLUSION 

 

       The user interface of the mobile robotic arm for 

people with severe disabilities was proposed in this 

paper. We demonstrated its performance, and employed 

the inexpensive web camera so that we could provide 

robotic arm’s user with the low-cost system. We hope 

he/she will be more comfortable to use our robotic arm 

system, and using the proposed user interface will be a 

better option for him/her. It is however still a work in 

progress. A consideration of prototype concerning user 

interface combined with the robotic arm is currently 

underway so that we can conduct a feasibility 

investigation of the system with the user interface. 

Further experiments with people with severe disabilities 

should be needed for our future work. 
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