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Abstract

Context: In war field, the causalities and trauma occurred modifies the gait cycle and causes problems in
cognitive functions. The injury may cause critical problems like Altered mental status, Fever, Increased heart
rate, generalized edema, The cognitive behaviors will drastically change in the person, the causes may be
traumatic brain injury or other brain disorders. The physical deformity of the skull or cranial can create cog-
nitive problems among the veterans.

Objective: In this work a design of an equipment for cognitive skills determination using EEG signal analysis
is made. The rehabilitation of cognitive skills is to be done by Augmentation and virtual reality based Cogni-
tive-behavioral therapy or CBT system.

Methods: The work is to recognize and analysis the human gait from different approaches: image processing,
floor sensors and sensors placed on the body. In method 1 , Analog or digital cameras are to be used along
with lazer range scanners (LRS), infrared sensors and Time-of-Flight (ToF) cameras. In method 2 wearable
sensors located on several parts of the body, such as feet, knees, thighs or waist is used for gait analysis. The
walking deviation can be studied by the gait analysis protocol through Biomechanical 3D modelling using
Image Processing. gait analysis protocol analyses the pelvis, hip, knee, foot & ankle motion during the entire
gait cycle using Tread Mill test. For functional and physical deformity exoskeleton, prosthetics and orthotics
design and development is to be done. For functional electrical stimulation, designs combining Embedded,
Nanoelectronics and circuits were done. Implants and orthotics devices were designed for the partial support
or organs which have functional problems. Software is to be developed for data handling, radiology scan
analysis, storage and do all analysis. Artificial intelligence is to be applied for analysis of images like MRI,
CT and Xray.
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Introduction

Prostheses, are designed to restore functionality, im-
prove mobility, and enhance the quality of life for
veterans is who have lost limbs or other body parts
due to injury in battle field. While soft computing
methods like virtual and augmented reality recov-
ers the cognitive ability of the patient. Prosthetics
have been developed and refined over centuries,
with significant advancements in materials, design,
and technology. Various materials were used in the
process [1-5]. The specific type of prosthetic and its
features will vary depending on the level and loca-
tion of the amputation, the individual’s overall health
and lifestyle, as well as their personal preferences
and goals. The types are Upper Limb Prosthetics
and Lower Limb Prosthetics [6-8]. The design fo-
cuses on the design on Socket Design, Suspension
system and Training and Rehabilitation. Amputees
who have undergone a surgical or traumatic removal
of a limb, such as an arm, leg, hand, foot, or even a
portion of a limb are considered for this paper. The
veterans suffer from problems even in due course of
time through amputation of limb by trauma, medical
illness or surgery, Gangrene-Tissue death caused by
lack of blood supply.

In war field, the causalities and trauma occurred
modifies the gait cycle and causes problems in cog-
nitive functions. The injury may cause critical prob-
lems like Altered mental status, Fever, Increased
heart rate, generalized edema, Increased cardiac out-
put and Increased rate of metabolism. The cognitive
behaviors will drastically change in the person; the
causes may be traumatic brain injury or other brain
disorders. The physical deformity of the skull or cra-
nial can create cognitive problems among the veter-
ans. There are loss of arm or leg and the veterans are
amputated. The gait cycle of the person gets changed
due to the injury in pelvis, hip, knee, foot & ankle
motion. Analysis of the human gait guides the way
in which orthopaedic developments can be made for
veterans.

The cognitive or thinking capability and communica-
tion problems can be diagnosed by manual methods.
For measuring the internal problems, the scanning

methods like X-Ray, Magnetic resonance imaging
(MRI), Computed Tomography (CT) and ultrasound
imaging. Certain physical and cognitive behavioral
changes are observed at latter stages of the causality
life. The common difficulties can be treated with reg-
ular rehabilitation therapy. Physiotherapy treatments
are given for physical deformity. Still new technolo-
gies have scope to meet the treatment requirements.
In literature gait cycles are investigated through image
processing methods. Prosthetics were used for physi-
cal deformity.

Proposed Method

Gait analysis: The work is to recognize and analysis
the human gait from different approaches: image pro-
cessing, floor sensors and sensors placed on the body.
Firstly, an introduction of the key gait parameters and
semi-subjective methods is presented. In method 1 ,
Analog or digital cameras are to be used along with
Laser range scanners (LRS), infrared sensors and
Time-of-Flight (ToF) cameras. In method 2 wearable
sensors located on several parts of the body, such as
feet, knees, thighs or waist is used for gait analysis.
For this Accelerometer, Gyroscope, and Magnetore-
sistive Sensors are to be used. the physical deformity
problems on left & right extremity posture, postural
deviations, gait cycle deviation and locomotion prob-
lems can be evaluated. Using computer vision tech-
nology the postures are to be monitored and treated.
The walking deviation can be studied by the gait anal-
ysis protocol through Biomechanical 3D modelling
using Image Processing. gait analysis protocol analy-
ses the pelvis, hip, knee, foot & ankle motion during
the entire gait cycle using Tread Mill test. The kin-
ematic graphs [Signals, Image-EMG] were used for
muscle imbalance investigation.

Cognitive Skills Determination: This project pro-
poses an equipment for cognitive skills determina-
tion using EEG signal analysis. The rehabilitation of
cognitive skills are done by Augmentation and virtual
reality based Cognitive-behavioral therapy or CBT
system. By this the common difficulties with cogni-
tion (or thinking), Cognitive Communication can be
corrected. Various tests like Hopkins Verbal Learning
(HVLT), Stroop test, Symbol Digit Modalities Test
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(SDMT), Controlled Oral Word Association Test (COWAT) and digital scan test are to be done for cognitive
behavior analysis.

The cognitive skills are evaluated using the following steps. Table 1 shows the Cognitive Skills evaluation in
veterans affected by combat causalities and trauma.

For functional and physical deformity exoskeleton, prosthetics and orthotics design and development is to be
done. For functional electrical stimulation, designs combining Embedded, Nanoelectronics and circuits were
done. The investigation on the different types of war amputation shows that there is wide range of product
design requirement towards orthotics and prosthetics. The rehabilitation for the amputated patients is done
by various prosthetics of upper and lower limb Prosthetic/ Assistive devices. Biomedical signals like EMG
and EEG are analyzed to estimate the status of the limb or leg. In few cases before the prosthetic fixing bone
mineral density were studied. Implants and orthotics devices were designed for the partial support or organs
which have functional problems.

Investigation 0f Causes for Cognitive Disorder in veterans

Y

Biomedical Instrumentation Design and
Acquisition of EEG is performed

Y

Characterization of cognitive skills features and levels determination
Hopkins Verbal Learning Test
1. Event-Related Potentials (ERPs) p300 detection
2. Frequency Analysis,
3. Time-Frequency Analysis
4. Spectrogram analysis

5. Topographical maps to visualize the spatial distribution of EEG activity
A Power Snectral Dencitv (PSMY Analueis:

\

Stroop Test Method
EEG Analysis for attention, inhibition, and executive functions

Y

Symbol Digit Modalities Test (SDMT)
Assesses cognitive functions such as attention, information processing speed, and
working memory

Y

Controlled Oral Word Association Test (COWAT)
Assesses verbal fluency and executive functions, specifically, semantic and
phonemic fluency

v

Trail Marking Test (TMT)
Assesses various cognitive functions, including attention, visual-motor tracking,

v

Digit Span Test
Assesses a person's working memory capacity

v

Benton Visual Retention Test (BVRT)

Assesses a nerson's working memorv canacitv

v

Creation of therapy methods using VR, AR and other schemes
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Software development: Software is to be developed for data handling, radiology scan analysis, storage and do
all analysis. Artificial intelligence is to be applied for analysis of images like MRI, CT and Xray. The MIMICS
software is to be used for the prosthetic development. MRI can be used to estimate the muscle and bone
characteristics of the residual organ. The Embedded and IoT provides a continuous monitoring and control of
wearable devices when the veteran is in observation due to locomotion or complete failure of gait patterns or
heavily injured.

Summary of methods available, materials used and side effects. [1-5]

Lower limb Replaces by part of low- | Carbon fibre, Titanium, | Skin irritation,
er limb to restore func- Kevlar, Aluminium, Plas- | Pressure sores, Weight,
tional purpose of lower |tics, EVA, silicon, Ure- [ heat retention.
limb thane, Gel liners
Upper limb Replaces part of the arm, | Carbon fibre, Titanium, | Skin irritation,
it can Kevlar, Pressure sores, Weight,
Range from simple cos- | Aluminium, Plastics, heat retention, Sweating
metic arm to advanced EVA, silicone, Urethane, | and cosmetics issues.
myoelectric arms, it gen- | Gel liners
erates electrical signals
by muscles
Bionic Advanced Carbon fibre, Titanium, | Mechanical Failures,
silicone, electrical sensitivity
Plastic, myoelectric,
Microprocessor, Batter-
ies, Cosmetics Materials.
Feet and Ankles Replacement involving | Carbon fibre, Titanium, | Mechanical Failures,
lower leg silicone, electrical sensitivity
Plastic, myoelectric,
Microprocessor, Batter-
ies,
Rubber
Cosmetic Natural look Acrylic resins, Later, Pain, Discomfort, Phan-
foam, plastics films tom limb sensation
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