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Abstract 

Gesture recognition technology is evolving at a rapid pace and is considered to be a highly                
successful technology in Human-Computer Interaction. In Gesture recognition technology,         
gestures are originated from bodily motion which is generally from hand or face. It is one of the                  
modernized ways of communicating with computers which includes techniques from computer           
vision and image processing [12]. A hand gesture recognition system has a wide area of               
application in sign language. It is often used in the medical environment by nurses and doctors in                 
surgeries. This paper focuses on gesture recognition technology in a medical environment            
specifically by patients. The paper manifests a case study on dependable, and well-engineered             
interactive devices for patients which in specific includes intelligent wheelchair and novel            
medical beds, which in turn lets the patients who are Deaf-Mute for effective communication              
with the people. The main objective of this case study is to help patients who are deaf-mute and                  
having problems walking or permanently bedridden. Additionally, a heuristic evaluation was           
performed to help understand the Assistive Translator and its interface for novel medical bed and               
intelligent wheelchair. 
 
1. INTRODUCTION 

Human-computer interaction (HCI) analyses the use of computer technologies and centers on the             
interaction between people and computers [13]. As a part of HCI, Gesture Recognition interprets              
human gestures using various mathematical algorithms. There are several techniques to           
recognize, control, and capture hand or face gestures and motions. Hand gesture recognition             
marks to be more robust when compared to the use of physical controllers like a mouse, a                 
keyboard for human-computer interaction. Gesture Recognition finds wide use in video gaming,            
vehicle system control, multimedia interfaces, text editing, HCI etc. With the growth of             
technology, there has always been a generous endeavor to use this for the betterment of mankind.                
Though it is widely used in the medical field by the doctors, it does not ensure the security and                   
safety measures when used by patients. So, it is essential to make a secure system and provide a                  
helpful solution for effective communication for the deaf and dumb people and also for the               
people who have difficulty in moving or their body part has paralyzed, or they have physical                
disabilities due to an accident. There is much need for a proper check of the level of security as                   
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per the usability of the patients. Accurate recognition of continuous gestures is still a notable               
challenge, it prevents the wide usage of this technology. 
 
2. BACKGROUND 

Although there is a huge development in the design and implementation of a wheelchair, there               
are risks associated with power mobility use, and accidents due to this is a severe concern. The                 
National Institute of Rehabilitation Engineering (NIRE) has provided mobility training for the            
user and public safety considering the above risks. More than 100000 wheelchair related             
accidents were treated in emergency departments in the US in 2003. National data estimate that               
between 1.6 and 2.2 million Americans rely on wheelchairs to assist with mobility impairments. 
 
As per FDA (U.S. Food and Drug Administration) records, there are about 2.5 million hospitals               
in which there are nursing home beds in use in the United States. Between 1985 and January 1,                  
2009, 803 incidents of patients were caught, trapped, strangled to death in beds and were               
reported to the U.S. Food and Drug Administration. Of these reports, 480 people died, 138 had a                 
nonfatal injury, and 185 were not injured because staff intervened. Most patients were weak, old               
or obscure. Hence, there is a huge necessity for safety precautions in beds. For the past fifteen                 
years, there have been incredible changes to conceptual frameworks, concerning the product            
design and manufacturing processes (standards), as well as the perspective of the patient. This              
led to the introduction of electric medical beds, aka “smart beds”, as part of an increasingly wide                 
patient-care environment. 
 
3. CASE STUDY 

The case study is about "Intelligent Wheelchair" and "Novel Medical Bed". 
 

3.1 INTELLIGENT WHEELCHAIR 
A wheelchair is a wheeled mobility device on which people sit. It serves an important way for                 
handicapped and aged people. This device is usually driven manually by turning the wheel by               
hands, but for the people who can not manipulate the wheelchair with their arms due to lack of                  
strength or any reason, there are various automated systems. The most frequent automated way is               
to use joysticks for the manipulation of the device. But joystick manipulation does not fit               
properly for people with upper limb injuries. Using hand gesture recognition an intelligent             
wheelchair has been developed where the wheelchair is controlled by an intuitive interface and              
the instructions are given by hand gestures. This is an efficient interface for the people with                
disability in their limbs to communicate with robots.  
 
The design principles of the existing system of hand gesture include minimal hand motion,              
attention detection, and human-based priority. There are many gesture recognition methods that            



are widely used for gesture recognition which involves various sensors like Kinect sensors,             
Ultrasonic sensors, Vision sensors, laser-based etc. Several techniques and algorithms are used            
which involve pattern matching, histograms, graph matching, fuzzy based, neural networks,           
HMM-based etc. Presently in this case study, an IR sensor-based gesture control wheelchair             
(Figure 1) is designed [1]. It adopts a novel approach that uses the gpaD (Gesture pad). The                 
controls of the motors in the wheelchair are managed by the microcontroller of gpaD. 
 

 
  Figure 1: Hand Gesture Wheelchair System 

 
The system architecture of the "Intelligent Wheelchair" has multiple modules. Figure 2            
represents the architecture. 
 

 
Figure 2: System Architecture 



The gpaD is a small case that is built with an IR Sensor-Detector pair array, a microcontroller, a                  
power control circuit, a power switch, a speed control knob, a connector, and a battery charge                
indicator. This case is coated with a transparent sheet on which the user places his/her hand and                 
use gestures to command the wheelchair navigation. The sensor setup inside the gpaD can be               
shifted depending on the movement of hands irrespective of the left or right hand. The gpaD can                 
be fixed to the armrest either left or right. The development of the Hand Gesture system included                 
a gpaD, wheelchair frame, wheels, the PMDC motors, and motor drivers. Figure 3 and Figure 4                
represents the architecture and look of the gpaD.  
 

                     
Figure 3: gpaD architecture Figure 4: gpaD Design 

 
For the five gestures as shown in the above figure, the user should move his hand over the gpaD                   
in four directions. The forward, reverse and brake gestures require moving the hand (either left               
or right) up and down only, over the gpaD. Moving the hand to the edge of the gpaD or just                    
removing the hand from the gpaD are the two options used for the brake. The users can rest their                   
forearm on the armrest of the wheelchair and perform gestures by setting their palm over gpaD to                 
move the wheelchair in the calculated direction. The microcontroller (MCU) of gpaD captures             
the IR sensor signals, then the gestures are processed and identified. Figure 5 depicts the simple                
hand gestures for the wheelchair control. 
 



 
Figure 5: Suggested Hand Gestures 

 
3.2 NOVEL MEDICAL BED 
A medical bed is a bed specially designed for patients who are hospitalized or others who are in                  
need of it for some health reasons. A novel medical bed is specifically designed for patients who                 
lie permanently on a bed [2]. Patients who are bedridden for a long time face many problems                 
which include rotten skin or ulcers and their inability to reach the bathroom. A novel bed takes                 
care of the above issues through the rotation of patient on the bed and provides an innovative                 
scheme lavatory for cleansing. The patients who can not move needs special care especially              
when there is a need to go to the lavatory, so a caretaker should always be there even at night                    
times. If the person is heavy, it would be very difficult for the nurses to rotate them and take                   
them to the lavatory. The novel medical bed automates the process of taking care and makes it                 
very simple for nurses.  
 
Moving parts of the bed are controlled by electrical buttons and the automated parts have               
programmed positions. The bed's central portion goes down and designed in such a way that it                
has a lavatory that slides to remove and clean the patients' wastes as they are not in a position to                    
go to the bathroom. The bed is installed with various measurement tools(sensors) that measure              
body temperature, heart rate, respiratory rate, and weight sensors. These sensors ring the alarms              
if something goes wrong with the patient or if the patient needs any attention at that certain                 
moment. 
 
The bed consists of iron which constructs the frame of the bed as hardware and motor-driven                
jacks to lift the bed. An Arduino Microcontroller controls the movement of the jacks and gets the                 
measurements from vital signs sensors. Figure 1 represents the hardware structure of the bed. 
 



 
Figure 1: Hardware structure 

 
The three main positions that are involved to serve the purpose of assistance to patients and                
caretakers are the bed with normal position, the bed that rotates to left, and the bed that rotates to                   
right. Figure 2 depicts the positions and cleansing part of the bed. 
 

 
Figure 2: Positions of the bed 

 
Arduino Mega is responsible for the movement of the bed and it is programmed in such a way                  
that it takes inputs from the user for these movements. All these inputs are communicated               
through an android tablet. The bed can be operated in manual mode and automatic mode. In                
manual mode, the app in the tablet has buttons to operate the movement and can be operated as                  
per the desired height or position. In automatic mode, the bed keeps rotating its position every 2                 
hours which is programmed as per the convenience of the patient. Following is the pictorial               
representation of the vital sensors and eHealth sensor shield which are connected to Arduino              
microcontroller. 
 



       
Complete kit of sensors                                     eHealth sensor shield v2.0  

 
 
 

 
A novel medical bed is well equipped with proper safety measures to ensure decent functionality               
which avoids any hazards towards the patients. 
 
4. PROPOSED SOLUTION 

"Intelligent Wheelchair" and "Novel Medical Bed" serve a great purpose to the people with              
physical disabilities and for the people who bedridden for a period of time. Let us consider a                 
scenario where a patient is deaf or dumb and facing a great deal in communicating with people,                 
there is a requirement of a medium for the communication to be installed in an intelligent                
wheelchair and novel medical bed which gives a proper resolution for deaf and dumb people. 
 
The proposed solution aims to help the patients in a wheelchair and medical bed is “Assistive                
Translator for Deaf & Dumb People” which is developed by means of a glove-based              
deaf-mute communication interpreter system [3]. The glove is equipped with five flex sensors,             
tactile sensors, and accelerometer. For every gesture, a flex sensor produces a unique resistance              
and accelerometer measures the orientation of the hand. These hand gestures are processed in the               
ARM processor which compares the input signal with a voltage level that is stored in memory                
which is predefined. As per the input, the necessary output is reflected which is stored in SPI                 
memory using the speaker. Most of the deaf and dumb people use sign language for regular                
communication. Sign languages use different means of expressions and gestures. Here the            
assistive translator system adopts American Sign Language gestures and translates it to both             
auditory voice and text using flex sensors and accelerometer as interpreters. 
 



 
Sign Language Gestures 

 
 
The controller used in the Deaf-Mute communication interpreter device is LPC2138. The flex             
sensors use a voltage divider circuit to interface with the controller. An accelerometer is              
comprised of a signal conditioning circuit that directly interfaces to the digital ports. The              
following figure represents the block diagram of the system.  

 
Block diagram of the system 

 
Heuristic evaluation of the proposed solution helps to understand the evaluation of the prototype              
in detailed. 
 



The following steps of algorithm gives the detailed functioning of the prototype: 
Step 1: Initialize the ARM processor, ADC, LCD, and other modules. 
Step 2: Take down the values from accelerometer and flex sensor. 
Step 3: Convert the values to digital values (binary) using ADC. 
Step 4: Tally the output from ADC with saved data. 
Step 5: If the data is matched, then show output on LCD and execute it in the speaker. 

 
Flowchart 

 



5. HEURISTIC EVALUATION 

● Match between system and the real world: The system should be user-friendly and             
should be designed in such a way that it follows real-world conventions and information              
should appear naturally in a logical order. 

● User control and freedom: The user should be provided with proper functionality where             
even he/she did mistakes, they should have control over the system. 

● Consistency and standards: The user should not wonder if the input gesture that he/she              
is going to give perfectly matches and gives the proper output or not. It should be                
consistent in recognizing proper gestures. 

● Error Prevention: The device should be designed in a conventional way so that it              
prevents any problem from occurring and even if occurred it should display the error              
messages accurately. 

● Flexibility and efficiency of use: The system should be flexible for inexperienced and             
experienced users. 

● Help users recognize, diagnose, and recover from errors: A user manual should be             
provided which is easily understandable by any novice user to recognize, diagnose, and             
recover from an error. 

 

6. CONCLUSION 

Lately, the utilization of gesture recognition technology in the medical environment has been             
progressing. This paper is about the case study on reliable and interactive devices such as               
intelligent wheelchair and novel medical beds for patients who can not walk or bedridden for a                
long time. The paper aims for the extension in the devices to provide a medium to interact, for                  
the patients who are deaf and dumb and having a hard time for the communication. The devices                 
should be equipped with "Assistive Translator" which lets the patients communicate with other             
people using the hand gestures. Thus, the developed machines give an efficient robust system              
and the ability of interaction for deaf and dumb patients. 
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