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ABSTRACT 
 

Stroke patients and severe paralytics require intensive care while either staying in the hospital 
or being at home as the out-patients.  Advanced healthcare and rehabilitation technologies are 
always demanding to meet their special needs.  Severe paralytics suffer from communication 
problems and body movement difficulties.   They normally need helps from the nurses or their 
relatives in order to accomplish a simple task in their daily life.  In this project, we built a 
camera based healthcare system for them to improve their quality of life by automating some 
common tasks, meanwhile reducing the workload of their helpers. 
 
Our camera based healthcare system is preset with a set of tasks which the paralytics usually 
do.  The system captures and recognizes the head and mouth motions of the paralytic as the 
inputs, and determines the choice of the paralytic.  Hence, the system delivers the 
corresponding tasks automatically, such as turning on or off an electric appliance, opening or 
closing a storage box, scrolling up or down the bed, etc.  In case of necessity, an emergency 
alert can also be made to get the helpers awareness for other complicated missions. 
 
The system had been implemented on a camera-ready personal computer as the core.  It 
controls a hardware prototype which consists of several peripheral devices such as fan, lamp, 
alarm, lock, and bed, according to the command selected by the paralytic.  In addition, all 
activities will be recorded in a database for patient monitoring and event tracking purposes. 
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1. INTRODUCTION 
Advanced health care and rehabilitation technologies are always demanding recently. In order to satisfy their 
desire, many people kept to think different method constantly.  Stroke patients and severe paralytics have speech 
and movement difficulties.  They have difficulty in communicating with others and sometimes cannot express 
their needs to their nurses, relatives or helpers.  In this project, we would like to enhance the quality of life of the 
severe paralytics by automating some common tasks in their daily life. 
  
In our system, a number of tasks have been preset according to the needs of the patients.  The tasks are listed in 
the main menu of the system.  When the patient wants to accomplish one of the tasks, they can face to the 
camera of the system, and the system will automatically recognize his face.  After face recognition, the patient 
can select different tasks by moving his head, and confirm the selection by opening his mouth.  The system will 
then perform the selected task accordingly and inform the nurses remotely.  
 
By using our system, the patient with severe paralysis can control some hardware, such as moving a bed up or 
down, turning a lamp on or off, etc.  This can effectively reduce the workload of their nurses or helpers.  On the 
other hand, after the patient have been completed a task, the event will be saved in the database of the system.  
This can help the nurse to monitor the status of the patient easily by tracking the activity of the patient in details 
when necessary. 
 
2. SYSTEM OVERVIEW 
The overall architecture of our system is shown in Fig. 1.  A camera-ready workstation is set in front of the 
patient at home or in the hospital.  The workstation is connected with a hardware controller, which can control 
several hardware devices, including a bed, a lamp, a fan, etc.  The workstation is also connected to the database 
server via the internet for activity recording.  The network-enabled workstation also allows several monitoring 
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workstation be set in another room at home or even in the hospital remotely.  The database server is built with a 
database system to store all records of the patients, including their personal information, medical record and 
ward number.  For security issue, only authorized person in the hospital can check the records for diagnosis or 
clinical monitoring purposes. 
 

 
 

Fig. 1. System network diagram. 
 
The block diagram of the hardware controller is shown in Fig. 2.  The hardware controller is connected to the 
workstation through a serial interface, control several hardware devices, including a bed, a deposit box, a fan, a 
lamp and an alert indicator.  For example, the patients can turn on/off the fan whenever they needs without the 
help from the nurses.  
 

 
 

Fig. 2. Hardware block diagram. 
 
3. SYSTEM IMPLEMENTATIONS 
In order to recognition the choice of the patient, the system can be divided into four major parts.  They are face 
recognition, task selection, hardware control, and activity recording.  
 
3.1 Face Recognition 
From the camera of the workstation, we can capture a video signal which the resolution is 320 x 240 pixels, and 
the frame rate is 30 frames per second.  By experiments, a range of Red/Green/Blue (RGB) colour values have 
been set as the facial colour in the system.  To adopt the changes of brightness, we have also set that the facial 
colour should be R>G>B.  When the patient faces to the camera of the workstation, the system will find out the 
pixels in the video frame, which match the above criteria, and define the area of the face.  Then a binary image, 
b(x,y), will be generated to represent the facial pixels and non-facial pixels based on Eq. 1. 
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By finding the outer rectangular boundary of the facial pixels, we can define the facial area of the patient.  In 
addition, the facial area is then divided into upper and lower parts.  The upper part is further divided into the left-
eye area, and the right-eye area.  The lower part is defined as the mouth area.  All these areas are defined by a 
number of rectangles as shown in Fig. 3. 
 

 
 

Fig. 3. Face Recognition. 
 
3.2 Task Selection 
Once we define the facial area, we can then detect the head motion and facial expression of the patient in order 
to control the task selection and selection confirmation.  If the patient wants to browse the tasks from the menu 
of the system, he can move his head up, down, left, or right as in Fig. 4.  The system will detect the changes of 
the pixel values within the facial area.  If there are more than 50% of the pixels have changed their RGB values, 
the system will determine that the patient head have moved and the next task in the menu will be highlighted. 
 

 
 

Fig. 4. Task selection. 
 
After browsing through the menu, the patient may want to confirm the highlighted task.  The patient can then 
open his mouth as shown Fig. 5, the system will calculate the average value of the RGB values of the mouth area.  
Since the colour of the mouth will turn black, the average value of the RGB values will decrease.  If it is found to 
be less than 100 and the percentage of the area is larger than 30%, the system will determine that the mouth of 
the patient is open and the patient would like to confirm his selection of task. 
 



 

 
 

Fig. 5. Selection confirmation. 
 
3.3 Hardware Control 
In addition to some alerts for the nurse and expressing the needs of the patients, the patient can control some 
hardware devices or electric appliances by themselves via our hardware interface.  By selecting the hardware 
control functions as described in the previous section, the system will send a command to the hardware 
controller.  The command set is defined in Table 1 below. 
 

Command Character HEX Functions Return Value 
A 0x41 Raise the bed A 
B 0x42 Pull down the bed B 
C 0x43 Turn on the fan C 
D 0x44 Turn off the fan D 
E 0x45 Turn on the lamp E 
F 0x46 Turn off the lamp F 
G 0x47 Unlock the deposit box G 
H 0x48 Lock the deposit box H 
I 0x49 Turn on the alert indicator I 
J 0x4A Turn off the alert indicator J 
K 0x58 Connection indicator X 
L 0x59 Cancel the current task None 

 
Table. 1. Hardware command set. 

 
Once the hardware controller received the command from the workstation through the RS-232 serial interface, it 
will perform the task accordingly.  They include moving the bed of the patient up or down, turning the fan on or 
off, turning the lamp on or off, locking or unlocking the deposit box, turning an alert indicator on or off.  We 
have already built a prototype to perform all of these tasks for demonstration purposes.  In the real life 
environment, more devices can be added in order to meet a particular patient’s needs. 
 
After the hardware controller performed the requested task, it will acknowledge the workstation with the return 
values.  The workstation can then confirm whether the task is done or not, and record the information to the 
database accordingly. 
 
3.3 Activity Recording 
After the confirmation of the selection, all activities will be recorded in a database server through the internet. 
The purpose of the recording is for patient monitoring and activity tracking. This could be a useful history for 
clinical use, and can ensure the patient’s needs are fully being aware.  The activity record consists of a number of 
fields, such as patient name, date, time, confirmed tasks, etc. 
 
4. RESULTS 
In this section, the experimental results of our system prototype will be presented.  In Fig. 6, the main menu of 
the user interface is shown.  The patient can choose from English menu, Chinese menu, and hardware controlling 
menu.   



 

 

 
 

Fig. 6.  User main menu 
 

When the patient chooses either the English or Chinese menu, another sub-menu will be shown with a number of 
tasks.  The patient can choose the task as his need.  Once he confirmed his selection, an alert will be sent to the 
nurse as shown in Fig. 7. 
 

 
 

Fig. 7.  User menu for expressing their needs. 
 
In addition, the patient can control a number of hardware device by selecting the device from the hardware 
control menu as shown in Fig. 8. 
 



 

 
 

Fig. 8.  User menu for hardware control. 
 

On the hardware controller received the command, it will activate the hardware.  The hardware prototype has 
been built to simulate the environments as shown in Fig. 9.  There are a bed which can be moved up or down, a 
lamp, a fan, a deposit box with electric contolled lock, and a number of indicators.  

 

 
 

Fig. 9. Hardware prototype. 
 

5. CONCLUSIONS 
Patient with severe paralysis have speech and movement difficulties, so they cannot communicate with others 
effectively.  By using our healthcare system, the patient can express their needs by minimal head motions and 
facial expressions.  Also, they can control a number of hardware devices without the help from the others.  This 
can definitely improve the quality of their life and reduce the workload of the nurse or their relatives.   
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