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Introduction
• In this work we primarily focus on wrist 

rehabilitation. We have developed a 3D game-
based wrist rehabilitation system called HandReha.

• User performs gestures, which also serves as 
rehabilitation exercise for wrist, to control an avatar 
in a 3D Game

• Various gestures are performed by the user that are 
mapped to various functionalities in the game.

Methodology
• A unique maze run game was designed where an 

avatar moves in the maze and shoots drones which 
blocks the avatar’s way

• User performs pre-defined gestures in front of a 
web camera

• Handreha system performs hand detection and 
processing which maps the gesture to the 
associated action

• Based on the mapping, the avatar performs the 
associated action in the 3D game for the gesture 
shown by the user

Gesture Classifier

Game Design

• Developed a 3D Maze run game where avatar navigates inside 
the maze surrounded by hostile drones that shoot once the 
avatar is near to its location

• Design of avatar, drones and surrounding environment – done 
using Blender 2.8

• Godot 3.1 – game engine used for developing the game
• Two levels were built in the game – first level is normal game 

with only the avatar navigating around the maze and the 
second level is the main game with avatar and drones in it.

Experimentation
• 12 healthy participants from Computer 

Science and Engineering department 
participated in the experiment

• Before experimentation, each participant 
filled a pre-study survey form with 
questions regarding whether the 
participant had hand pain earlier, 
preferences in therapy etc

• After filling pre-study survey form, the 
participant then plays the first level and 
second level of the game with gestures

• After playing the game, the participant fills a post-study survey form with 
questions regarding the effectiveness, comfort, difficulty and interest while 
playing the game

Experimental Results

• Results showed a good and favorable outcome, where almost all 
participants gave moderate to high ratings in terms of effectiveness and 
interest, and most of the participants reported that they had less pain and 
difficulty while playing the game with gestures

• Few participants reported that they had moderate pain and difficulty while 
playing the game which was because of difficulty in differentiation of some 
gestures, better accuracy for participants with smaller hands when 
compared to participants with bigger hands and time lag between gesture 
recognition and character movement in game

Conclusion and Future Work

• HandReha – a 3D Game based wrist rehabilitation system, where the user 
performs the gestures to control an avatar in a 3D game, is shown to be more 
useful, effective and keeps the user engaged with interest

• Most participants felt less pain and difficulty while playing the game
• Future work – Make few improvements in certain areas and test it with real 

time patients who have wrist pain and hand pain

Background
• Conventional rehabilitation exercises tend to not 

engage patients due to tedious and repetitive 
nature

• There are few different approaches, but they 
require additional sensors, machines and area 
which restricts the user to perform exercises only 
at medical centers, which everyone cannot afford

• Therefore there is a need to look for gamified 
approaches that lets the user engage and perform 
rehabilitation exercises and therapy at home.

• This is a unique and novel approach when 
compared to several other approaches as we have 
developed the system with just camera, hand 
gestures and a 3D Game instead of just a 2D Game

• Input images from the camera are first processed with a 
background subtraction technique to separate hand from the 
background in the image

• Processed hand images are forward passed through a 3-layer 
Convolutional Neural Network (CNN) to extract useful 
features from the images

• The feature vectors are then passed to a Fully-Connected layer 
to be classified as one of the five gestures

• Depending on the type of gesture classified, a signal is passed 
to the game to initiate the respective action in the game

• Trained in 7405 (128x128) hand images, with Adam 
Optimizer, MSE loss function, and a learning rate of 
alpha=0.001

• Achieves a validation accuracy of 98.8% on test images


