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Abstract: Virtual reality (VR) technology has the potential to make a person experience anything, anytime, anywhere. It has 

the ability to influence the human brain that it assumes to be present somewhere that it is really not. In this paper, we exploit 

this application of the VR technology to simulate virtual environments that can help with PTSD therapy for people affected 

by trauma due to accident, war, sexual abuse and so on. Several sensors are used to gather the user movements on a motion 

platform and replicate it in the virtual environment with the help of a Raspberry Pi board and Unreal Developer’s kit. It has 

flexible interfaces that the clinician can modify the virtual environment according to the requirement for the patient. 
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1. INTRODUCTION 

Virtual Reality is a computer based simulation of an environment that can mimic physical existence in 

real or imagined worlds. VR technology is gaining notable acceptance in the field of psychiatry, gaming and 

education. Several clinical trials are being conducted for therapies for treating psychiatric disorders. VR systems 

consists of VR headset, computer, motion platform, chairs, gloves, sensors, head-mounted goggles, speakers and 

so on to create a complete virtual setup. A 4D VR system is inclusive of motion chair or platform that heightens 

reality for users with integrated movement according to the VR video content. 

PTSD conditions can occur after events like serious accident, war, physical or sexual assault, abuse, 

health problem, trauma at work and so on. VR has been used in the field of science and medicine since 1990s [1]. 
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VR has astonishing potential to help people suffering from PTSD and phobia. Traditionally, therapy would be 

provided by qualified physicians with a range of physical activities that could create fatigue and monotony. With 

VR, people can face different simulation situations virtually and can be instructed on ideal ways to respond to 

those situations. Thereby it improves the situation handling capability of the individual in reality [2].  

With the addition of higher level of sensors, peripherals and devices, the overall performance and VR 

experience is enriched.  In the recent days VR technology is becoming cheaper, portable and flexible. It is also 

being used in a wide range of environments. Using VR and android platform, several games are developed to treat 

psychological issues and mend motor functions. VR simulation is used to distract patients when they undergo 

painful treatment. VR is also used in treating obesity and eating disorders by promoting healthy eating practises 

with the help of convincing avatars [3]. Yin et al [4] has instituted that VR technology has no major side effects 

and is safe for the users compared to the traditional therapy techniques that may cause fatigue. 

2. RELATED WORK 

Several research and testing has been done on VR environments and tools. Research has proved Virtual 

Reality Simulation to have a positive outcome on the treatment.  Evidence-based treatments are established and 

provided for patients with PTSD condition. Many cutting edge research has been undertaken on the VR devices 

to enhance them for a realistic virtual experience. VR gives an improved response in cognitive fidelity rather than 

physical fidelity. VR Rehabilitation programs have proved to be more efficient than the traditional methods [5].  

Research has been done on VR simulation methods to create virtual environment to promote quality of 

life in old age [6]. The work focuses on creating VR based games to engage the elderly so as to improve their 

health as well as quality of life. It allows the controlling of an Unmanned Aerial Vehicle (UAV) with just body 

movements with the aid of Body Area Network. Unity 3D game engine is used for simulation. It is instigated on 

an android smartphone and a Google cardboard headset. The application flow diagram of this system is shown in 

Figure 1. 
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Figure 1 Application Flow Diagram 

VR and Cognitive-Behavioural therapy has been tested for people with driving anxiety and aggression 

[7].  Results show that hyperarousal in during driving decreased by 69%, aggressiveness by 29%, and risky driving 

by 21%. Lee, Chang Ha [8] in his paper, proposed location aware speaker technology to enhance the VR 

environment with the use of Raspberry Pi and Beacon. This allows the estimation of distance between speakers 

using Received Signal Strength Indication (RSSI). Jiawang Bai et al. [9] aims in designing a VR robot based on 

an android platform. It improves the human-computer interaction with pan, tilt and zoom features using binocular 

camera along with automatic speech recognition. 

De Oliveira et al. [10] proposed a VR system along with fuzzy logic to assist people with PTSD. Fuzzy 

logic is used to alter the inputs based on inference and thereby control the system. This allows in identifying 

patterns of anxiety depending on the heart rate as it is the finest feature of fuzzy logic. Sánchez et al. [11] has 

presented a virtual system for rehabilitation with the help of electromyography sensors that is used as a smart band 

device to strengthen the hands and shoulder portion. It presents a virtual landscape scenario for the user to drive 

in a specific route. Precautions are taken in such a way that stressful scenarios are dodged during the therapy. 

3. PROPOSED WORK 

This paper proposes a simple VR simulation based system that consists of a VR headset, speaker, VR 

gloves and a motion platform. The trauma specific stimulus – scenarios and features are fed into the VR headset 

through the raspberry pi module and is used for treating the candidates with PTSD. It can also be modified by the 

clinician as to match the patient’s trauma experience. Figure 2 shows the block diagram of the proposed VR 

simulation system. 
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Figure 2 Block Diagram of the VR Simulation Module 

3.1 Raspberry Pi Module 

 

Figure 3 Raspberry Pi 3 

Raspberry Pi Module is a portable single board computer that uses Broadcom BCM2837 System on 

Chip. The CPU used is 1.2 GHz 4x ARM Cortex-A53 and has a 1GB RAM. It acts as the main processing core 

of the VR system and works in processing the user movements in the virtual environment.  It links the software 

and hardware modules to create the complete VR experience. 

3.2 Sense HAT Module for Raspberry Pi 
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Figure 4 Sense HAT for Raspberry Pi 

The Sense HAT for raspberry pi is a complete array of sensors that helps the user to interact with the 

environment digitally. It comprises of sensors like accelerometer, magnetometer, gyroscope, barometer and 

sensors that can measure humidity and temperature. It also has an 8x8 LED matrix display and a small 5 button 

joystick. 

3.3 Unreal Developer’s Kit (UDK) Game Engine 

 

Figure 5 UDK User Interface 

UDK is a free edition of Unreal Engine. It is a robust software tool that is used for developing cross-

platform virtual applications. We use this tool to generate an application with multiple simple virtual environments 

that would assist in the treatment of patients with PTSD. There are several other game engines that provide more 

simpler and complex tools to create the required virtual environment. UDK helps in creating software of varied 

sizes and can efficiently manage data and collaborate multiple artists and developers. 

3.4 VR headset 
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Figure 6 VR Headset 

VR headsets comprises of a head-mounted display with audio headset and motion tracking sensor to 

monitor head movements. Certain VR headsets also monitor eyeball movement of the user. Nintendo was the first 

company to release VR headset for commercial use in the year 1995. In the proposed system, we use HTC Vive 

VR headset. This headset is PC compatible and primarily contains motion controllers. Positional tracking is done 

with the help of laser towers. The headset consists of lenses that provide a wide field display and a relaxed point 

of focus. 

3.5 VR Gloves 

 

Figure 7 VR Gloves 

VR gloves are human-computer interface devices that provide the user a complete virtual experience of 

touch sensitivity. It allows the user to feel, grab or place objects in the virtual environment. The glove is embedded 

with sensors like piezoresistive sensor or inertial measurement sensor. Piezoelectric sensors can also be used to 

harvest energy during motion. Soft actuators that are small, flexible and of light weight are preferred for use in 

these gloves. 

3.6 VR Motion Platform 
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Figure 8 VR Motion Platform 

The VR motion platform is a device that can be used for industrial applications, training simulation and 

gaming purposes. It tracks the foot location of the user accurately and offers independent body and foot head 

tracking. We use the KAT Walk VR motion platform that can handle up-to 130Kgs of weight and person of height 

ranging from 140-195cms. It consents with user movements like running, walking, sitting, squatting, crouching, 

and jumping in VR environment. It has a sleek and adaptive tension design and allows free range motion with 

zero motion tracking delay. 

3.7 Signal Acquisition 

Based on the process diagram shown in figure 9, signal acquisition is done with the help of various 

sensors in the Sense HAT module, VR headset, VR glove and VR Motion Platform. The gathered signals are then 

collectively sent to the Raspberry pi module from which they are transferred back to the VR headset virtual 

environment. Depending on the inputs received from these sensors, movements and responses are created in the 

virtual environment. 

 

Figure 9 Signal Acquisition Unit 

3.8 Interface Development 
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The Unreal Developer’s Kit game engine and Google VR software development kit are used in the 

interface development for the proposed VR system. UDK helps in creation of virtual environments and behaviour 

programming. A database of VR scenarios are created along with the environmental sounds that match with the 

situation in order to provide a realistic sensation. Another database that consists of a predefined set of gestures 

that are compared with the user gestures is also available in the system. Android platform is used in the VR headset 

that allows communication of the virtual scenario with the user. The combination of the Virtual database, UDK 

game engine and android platform acts as the software interface for the device and assists in the application 

execution.  

4. TESTS AND RESULT 

A usability test – Single Ease Question (SEQ) is conducted on the participants to analyse their experience with 

the system. A set of 5 questions are asked to the users and the answers are rated on a scale of 1-5. The virtual 

system obtained a score of 4.36. Hence we can determine that it is an idea tool to be used the rehabilitation process. 

Table 1 Usability Test Response 

Question Mean Response (1-5) 

1. How do you rate the reality of the virtual environment? 4.2 

2. Did this system meet your expectations? 4.3 

3. Did you feel comfortable using the system? 4.6 

4. How do you rate the clarity of information provided by the system? 4.4 
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5. How do you rate the system overall with regard to your experience? 4.3 

Overall Average Score 4.36 

5. CONCLUSION 

A complete trauma rehabilitation solution is developed by this system using Raspberry Pi, Android and UDK 

Game engine and implemented using VR headset, gloves and motion platform. The design involves user friendly 

approach that allows the clinicians to alter the virtual environment based on the individual patient requirements. 

Future work involves adding more sensors to the system to monitor heart rate and pressure of the user on exposure 

to different scenarios.  
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