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UNIT I 

INTRODUCTION TO REHABILITATION 

REHABILITATION 

Rehabilitation is a multi-disciplinary process aimed at enabling individuals with disabilities or health conditions to 
reach and maintain their optimal physical, sensory, intellectual, psychological, and social functional levels. 

It seeks to help them achieve independence, improve quality of life, and allow full participation in society. 

WHO definition: 
“Rehabilitation is a set of measures that assist individuals who experience or are likely to experience disability to 
achieve and maintain optimal functioning in interaction with their environments.” 

 

2. KEY TERMINOLOGIES 

Impairment 

 Definition: Any loss or abnormality of a body structure or physiological function (including mental 
functions). 

 Types: Sensory (e.g., vision, hearing), motor (e.g., paralysis), cognitive (e.g., memory loss) 

Example: Amputation of a leg, hearing loss. 

Disability 

 Definition: A limitation in performing everyday activities due to impairment. 

 Disability focuses on function loss in personal and social life. 

Example: A person with amputation cannot walk, affecting mobility. 

Handicap (Now termed as Participation Restriction) 

 Definition: A social disadvantage resulting from an impairment or disability. 

 It reflects the interaction between the individual and the environment. 

Example: A wheelchair user is unable to access a school building due to lack of ramps. 

 

3. PRIMARY AND SECONDARY DISABILITIES 

Primary Disability 

 The main or original condition causing the limitation. 
Example: Spinal cord injury resulting in paralysis. 

Secondary Disability 

 Occurs as a result of the primary condition, often preventable. 
Examples: 
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 Bed sores due to prolonged immobility 

 Muscle atrophy from disuse 

 Depression from social isolation 

 

 4. ACTIVITIES OF DAILY LIVING (ADLs) 

ADLs are everyday tasks necessary for basic functioning and independence. 

Types: 

a. Basic ADLs 

 Bathing 

 Dressing 

 Eating 

 Toileting 

 Transferring (e.g., bed to chair) 

 Grooming 

b. Instrumental ADLs 

 Cooking 

 Cleaning 

 Transportation 

 Managing money 

 Using a phone or medication 

➤ Role of Rehabilitation: 

 Assists individuals in regaining independence 

 Teaches alternative methods or introduces assistive devices to perform ADLs 

 

5. APPROPRIATE TECHNOLOGY 

➤ Definition: 

Use of locally available, low-cost, user-friendly, and sustainable technology for rehabilitation. 

➤ Features: 

 Affordable and maintainable 

 Easy to use and repair 
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 Adaptable to local environment 

 

Category Device/Tool Purpose Materials Used Local Adaptability 

Mobility Aids Bamboo Crutches 
Support for 
walking 

Bamboo, rubber 
tips 

Highly available, easy to 
craft 

 

Hand-pedaled 
Tricycle 

Mobility for lower-
limb disabled 

Steel frame, 
bicycle parts 

Locally made by welders 
or bike shops 

 

Wooden Walking 
Stick 

Balance support Wood 
Easy to produce in rural 
areas 

 

PVC Walker 
Frame 

Support for elderly 
or post-surgery 
patients 

PVC pipes 
Lightweight and 
repairable locally 

 

Foldable 
Wheelchair 

Mobility and 
portability 

Steel, rubber, 
cloth 

Can be produced in local 
workshops 

Prosthetics/Orthotics Jaipur Foot 
Prosthetic foot for 
amputees 

Rubber, wood, 
leather 

Made in Indian 
workshops; low cost 

 

Plastic Leg Braces 
(KAFO) 

Support for 
polio/paralysis 

PVC, Velcro, foam 
Lightweight and easily 
repairable 

 
Leather Splints 

Stabilization of 
limbs 

Leather, metal 
strips 

Made by local cobblers 
or orthotic centers 

Communication Aids 
Picture 
Communication 
Boards 

For speech-
impaired 
individuals 

Cardboard, 
pictures 

Handmade; requires 
basic art materials 

 

Low-cost AAC 
Devices 

Alternate speech 
generation 

Recycled 
electronics 

Created by NGOs or tech 
students 

 

Sign Language 
Charts 

Education for 
hearing-impaired 

Paper/laminated 
sheets 

Printed and distributed 
locally 

Daily Living Aids 
Modified Spoon 
with Thick Grip 

Help grip in 
arthritis 

Plastic, foam 
padding 

Easily modifiable 
household tools 

 

Bucket Seat for 
Toileting 

Support in 
squatting posture 

Plastic bucket, 
metal frame 

Recyclable materials and 
adaptable 

 

Long-handled 
Reacher 

Pick objects 
without bending 

Aluminum rod, 
rubber grip 

Can be crafted by local 
artisans 
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Category Device/Tool Purpose Materials Used Local Adaptability 

Education Aids 
Tactile Learning 
Charts 

For blind students 
Cardboard, 
thread, buttons 

Low-cost DIY school 
tools 

 
Braille Slates 

Writing aid for 
blind students 

Aluminum, plastic 
Distributed by disability 
centers 

 

Enlarged Print 
Books 

For visually 
impaired students 

Paper and ink Printed with large fonts 

Vision/Hearing Aids White Cane 
Navigation for 
blind individuals 

Aluminum or PVC 
Made locally with simple 
tools 

 

Pocket Hearing 
Amplifier 

Hearing support in 
mild hearing loss 

Circuit board, 
speaker 

Can be developed by 
NGOs with electronics 

 

Spectacle-type 
Magnifier 

Reading help for 
low vision 

Lenses, plastic 
frames 

Easily assembled in rural 
optical shops 

Home Modifications 
Cement/Brick 
Ramps 

Wheelchair access 
to homes 

Bricks, cement 
Community-built and 
sustainable 

 

Wall-mounted 
Grab Bars 

Bathroom safety Iron rods or pipes 
Made by local plumbers 
or welders 

 

Adjustable 
Cooking 
Platforms 

Ease of cooking in 
wheelchair 

Wooden/metal 
frame 

Made by carpenters 

Vocational Tools 
Foot-powered 
Sewing Machine 

Job tool for 
mobility-limited 
individuals 

Metal frame, 
treadle 

Local tailoring shops can 
modify 

 

Adapted Writing 
Boards 

For one-handed 
individuals 

Wooden board 
with clamps 

Easy to build using 
school materials 

 
Low-cost Loom 

Skill training for 
visually impaired 

Wood, yarn, 
thread 

Built by trainers in skill 
centers 

 

➤ Significance: 

 Increases access to rehabilitation 

 Encourages community ownership 

 Suitable for rural and low-resource settings 
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6. RESIDUAL FUNCTION 

➤ Definition: 

The remaining or preserved ability of a person despite having a disability or impairment. 

➤ Focus in Rehabilitation: 

 Identifying strengths 

 Training to maximize existing capabilities 

 Providing assistive devices or modifications 

➤ Example: 

 A person with one paralyzed hand learns to write with the other. 

 

7. REHABILITATION PROCESS 

Definition  

Rehabilitation is the process of restoring or improving physical, mental, social, and vocational abilities of a 
person who has suffered illness, injury, or disability — enabling them to live as independently and productively as 
possible. 

 

WHO Definition: 

“Rehabilitation is a set of interventions designed to optimize functioning and reduce disability in individuals with 
health conditions in interaction with their environment.” 

 

Goals: 

 Prevent or limit the disabling effects of the condition 

 Restore independence 

 Improve quality of life 

 Integrate individuals back into family, work, and society 

Phases: 

1. Acute Phase – Medical management and stabilization 

2. Subacute Phase – Beginning therapy, preventing complications 

3. Chronic Phase – Long-term rehabilitation, ADL training 

4. Maintenance Phase – Vocational training, social integration 
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8. REHABILITATION TEAM – MEMBERS AND ROLES 

Rehabilitation is team-basedprofessionals and includes professionals from multiple fields: 

Member Role 

Physiatrist Medical leader, plans rehab program 

Physiotherapist Exercises for strength, coordination, mobility 

Occupational Therapist Improves ADLs, provides adaptive tools 

Speech Therapist Restores communication and swallowing 

Psychologist Treats anxiety, depression, coping issues 

Social Worker Links to community resources, support groups 

Nurses Monitor recovery, provide care and education 

Orthotist/Prosthetist Design and fit artificial limbs or braces 

Vocational Counselor Assists in job retraining and placement 

Family & Caregivers Emotional support, daily assistance 

 

9. REHABILITATION CARE – NEED FOR PROPER DELIVERY OF REHABILITATION CARE 

➤ Importance: 

 Early rehab prevents complications (e.g., contractures, sores) 

 Promotes better recovery and social reintegration 

 Saves long-term health costs 

 Empowers the person to live independently 

➤ Challenges: 

 Lack of trained staff in rural areas 

 Expensive equipment 

 Poor awareness among families 

 Fragmented services without coordination 

 

10. COMMUNITY-BASED REHABILITATION (CBR) 

➤ Definition: 
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CBR is a community-driven strategy to ensure equal opportunities and participation of people with disabilities 
using local resources. 

CBR shifts focus from hospital-based care to community-level empowerment. 

 

Objectives of CBR: 

 Empower disabled persons and their families 

 Increase community awareness 

 Promote equal access to education, jobs, and services 

 Encourage inclusive development 

 

Components of CBR (CBR Matrix by WHO): 

Area Focus 

Health Early detection, treatment, rehab services 

Education Inclusive schools, vocational training 

Livelihood Self-employment, skill development 

Social Social inclusion, disability rights 

Empowerment Awareness, leadership, advocacy 

 

CBR Stakeholders: 

 Disabled persons and families 

 NGOs and self-help groups 

 Local health workers 

 Panchayat and village committees 

 Government departments 

 

Advantages: 

 Uses existing local structures 

 Cost-effective and scalable 

 Ensures long-term sustainability 
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 Builds awareness and reduces stigma 

 

11. DIFFERENCES: INSTITUTIONAL REHABILITATION vs. COMMUNITY-BASED REHAB 

Feature Institutional CBR 

Location Hospitals/centers Community/home 

Cost High Low 

Focus Medical treatment Social and functional reintegration 

Professionals Specialists Trained community workers, families 

Sustainability Depends on funding Community-led 

 

12. LEGAL & ETHICAL ASPECTS IN REHABILITATION 

 Right to dignity and respect 

 Equal opportunities in education and jobs 

 Accessibility to public spaces 

 Right to assistive technology 

 No discrimination based on disability 
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UNIT II 

ENGINEERING CONCEPTS IN SENSORY AUGMENTATION AND SUBSTITUTION 

1. Sensory augmentation and substitution 

Feature Sensory Substitution Sensory Augmentation 

Definition 
Replacing a lost or damaged sense with 
another 

Enhancing or extending existing senses 

Main Purpose Compensate for a sensory deficit Improve or add new sensory capabilities 

Target Users 
People with sensory impairments or 
disabilities 

Both impaired and non-impaired (healthy) 
individuals 

Example 
Using sound to represent vision for blind 
people 

Feeling magnetic north through a wearable 
device 

Type of Input 
Converts familiar stimuli to another intact 
sense 

Introduces new types of sensory input or 
enhancements 

Based on Natural 
Senses 

Yes – just using them in a different way Sometimes includes non-human capabilities 

Technology Used 
Braille, cochlear implants, sensory 
substitution devices 

Smart wearables, sensory implants, 
augmented reality 

Goal Restore normal function 
Achieve superhuman or expanded 
perception 

 

 Key Point: 

 Substitution = Replacement 

 Augmentation = Addition or Enhancement 

 

Visual System – Overview 

The visual system is the part of the nervous system that enables organisms to see. It processes light information 
and helps interpret objects, colours, movement, and depth in the environment. 

 

Major Components of the Visual System 

Structure Function 
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Structure Function

Eye Captures light and focuses images on the retina

Retina Contains photoreceptors 

Optic Nerve Transmits visual information from the retina to the brain

Optic Chiasma Partial crossing of optic nerve fibers for binocular vision

Optic Tract Carries signals from the optic chiasma 

Lateral Geniculate Nucleus (LGN) Relay station in the thalamus for visual information

Visual Cortex (Occipital Lobe) Interprets visual signals into images, motion, color, etc.

 

Photoreceptors in the Retina 

Type 

Rods Work in 

Cones Work in 

 

Pathway of Visual Information 

1. Light enters the eye through the 

2. Photoreceptors (rods/cones) convert light to 

3. Impulses pass through bipolar and ganglion cells

4. Optic nerve → Optic chiasma (fibers cross) 

5. Signals go to LGN of thalamus → 
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Function 

Captures light and focuses images on the retina 

Contains photoreceptors (rods & cones) that convert light into electrical signals

Transmits visual information from the retina to the brain

Partial crossing of optic nerve fibers for binocular vision

Carries signals from the optic chiasma to the brain 

Relay station in the thalamus for visual information 

Interprets visual signals into images, motion, color, etc.

Function 

Work in low light, responsible for black & white vision

Work in bright light, responsible for color vision 

the eye through the cornea → lens → focused on the retina 

convert light to electrical impulses 

bipolar and ganglion cells 

(fibers cross) → Optic tract 

→ Visual cortex (V1) in occipital lobe 

 

(rods & cones) that convert light into electrical signals 

Transmits visual information from the retina to the brain 

Partial crossing of optic nerve fibers for binocular vision 

Interprets visual signals into images, motion, color, etc. 

vision 
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Functions of the Visual System 

 Detect light intensity and color 

 Recognize objects, shapes, and faces 

 Perceive motion and depth 

 Coordinate eye movements 

 Support spatial orientation 

 

Visual augmentation 

Visual Augmentation – Explained 

Visual augmentation refers to the enhancement of natural vision using technology. It aims to extend or improve 
what the human eye can normally see. 

Definition: 

Visual augmentation is the use of technological devices or systems to enhance visual perception, enabling users 
to see better, farther, in the dark, or even see things not normally visible, like infrared or ultraviolet light. 

Types of Visual Augmentation 

Type Description Example 

Low Vision Aids 
Help people with partial vision see more 
clearly 

Magnifiers, electronic glasses 

Night Vision Devices Enhance vision in low light or darkness Infrared goggles used in military 

Zoom & Macro Systems Magnify distant or tiny objects Telescopic contact lenses, surgical loupes 

Augmented Reality (AR) 
Overlay digital images/info onto the real 
world 

Smart glasses (e.g., Microsoft HoloLens) 

Multispectral Vision Extend vision to IR or UV spectra 
Sensors that detect thermal or chemical 
data 

Bionic Eyes (Retinal 
Implants) 

Restore limited vision in the blind Argus II retinal prosthesis 

 

Applications 

 Medical: Helping people with visual impairments 

 Military & Law Enforcement: Night vision, target tracking 
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 Aviation & Driving: HUDs (Heads-Up Displays) 

 Industry: AR-based quality control or navigation 

 Research & Exploration: Seeing radiation, chemical leaks, etc. 

 

Key Technologies Involved 

 Augmented Reality (AR) 

 Smart Glasses and Contact Lenses 

 Computer Vision and AI 

 Retinal Implants and Brain-Machine Interfaces 

Tactual Vision Substitution  

Tactual vision substitution is a type of sensory substitution where touch (tactile sense) is used to replace vision. 
It allows blind or visually impaired individuals to perceive visual information through tactile stimuli. 

Definition: 

Tactual vision substitution is the process of converting visual images into tactile sensations, allowing a person to 
"see" using touch. 

 

How It Works: 

1. Visual input (from a camera or image) is captured. 

2. The visual information is translated into tactile patterns. 

3. These patterns are delivered to the skin, usually on the back, fingers, or tongue. 

4. The brain learns to interpret these patterns as representing shapes, locations, or movement — similar to 
visual perception. 

 

Key Devices & Examples: 

Device Function 

TVSS (Tactile Vision Substitution 
System) 

First system developed by Paul Bach-y-Rita; converts camera input to vibrations 
on the back or abdomen 

Tongue Display Unit (TDU) Sends electrical pulses to the tongue to represent visual scenes 

BrainPort 
Modern version of the TDU; helps blind people "see" through tongue 
stimulation 
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Device Function 

Haptic Gloves or Vests Represent spatial information through vibrations or pressure on the skin 

 

Applications: 

 Helping blind individuals read, navigate, and identify objects 

 Training spatial awareness using tactile maps or feedback 

 Research on neuroplasticity — how the brain adapts to new forms of input 

 

Scientific Basis: 

 Based on the brain’s plasticity: the visual cortex can process tactile information if trained. 

 “We see with our brain, not just our eyes” — (Paul Bach-y-Rita) 

 

Auditory Vision Substitution 

Auditory vision substitution is a type of sensory substitution where sound (auditory sense) is used to replace 
vision. It allows blind or visually impaired individuals to "see" by interpreting sounds that represent visual 
information. 

Definition: 

Auditory vision substitution is the process of converting visual images into sound patterns, enabling a person to 
perceive shapes, objects, and spatial layout using hearing instead of sight. 

How It Works: 

1. A camera captures a real-time image. 

2. A software system translates visual features (shape, brightness, position) into audio cues (pitch, volume, 
stereo position). 

3. The user hears these sounds through headphones and learns to interpret them as visual information. 

Key Devices & Systems: 

Device/System Function 

The vOICe (by Peter Meijer) 
Converts images into soundscapes; pitch = height, time = horizontal 
position, loudness = brightness 

EyeMusic Converts colors into musical instruments and brightness into volume 

PSVA (Prosthesis Substituting Vision 
by Audition) 

Early auditory substitution prototype 
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Device/System Function 

Sonic Eye, SoundVision Translate depth or object edges into audio feedback 

 

Applications: 

 Blind navigation: Users can detect doors, obstacles, or people. 

 Object recognition: Differentiating between shapes (e.g., a cup vs. a chair). 

 Reading or viewing scenes through soundscapes. 

 Cognitive training in spatial awareness and neuroplasticity. 

 

Scientific Basis: 

 Utilizes neuroplasticity: the brain can reorganize and assign visual processing tasks to the auditory cortex 
and visual cortex based on learned input. 

 

Summary Table: 

Feature Auditory Vision Substitution 

Input Visual (camera/image) 

Output Sound patterns (auditory) 

Used By Blind or visually impaired 

Sound Properties Pitch, tone, stereo position, volume 

Key Benefit Allows "seeing by hearing" 

 

Comparison (Tactual vs Auditory Vision Substitution): 

Feature Tactual Vision Substitution Auditory Vision Substitution 

Output Modality Touch (skin, tongue, fingers) Sound (ears, headphones) 

Feedback Type Vibration, pressure, electric pulses Soundscape with pitch, volume 

Learning Curve Moderate High (needs auditory interpretation) 

Key Advantage Intuitive, spatial mapping Hands-free, full visual field 

 



23BME13 - REHABILITATION ENGINEERING 
SHORT NOTES 

www.learnbiochem.in 
 
 

Auditory System 

The auditory system is the sensory system responsible for hearing. It captures sound waves, converts them into 
electrical signals, and sends them to the brain for interpretation. 

 

Main Functions: 

 Detect sound waves 

 Recognize pitch, loudness, and direction 

 Interpret speech, music, and environmental sounds 

 Aid in balance (via the inner ear) 

 

Major Parts of the Auditory System 

Part Sub-Parts Function 

Outer Ear 
- Pinna 
- Auditory canal 

Captures sound and funnels it toward the eardrum 

Middle Ear 
- Tympanic membrane (eardrum) 
- Ossicles (malleus, incus, stapes) 

Converts sound waves to mechanical vibrations 

Inner Ear 
- Cochlea 
- Vestibular system 

Cochlea: converts vibrations into nerve signals 
Vestibular system: maintains balance 

Auditory Nerve - Cochlear nerve (part of CN VIII) Transmits sound information to the brain 

Brain Pathways 
- Brainstem 
- Thalamus 
- Auditory cortex (Temporal lobe) 

Processes and interprets sound 

 

Pathway of Sound (Step-by-Step) 

1. Sound waves enter the pinna and travel through the auditory canal. 

2. Hit the eardrum, causing it to vibrate. 

3. Vibrations pass through ossicles (malleus → incus → stapes). 

4. Stapes presses against the oval window of the cochlea. 

5. Fluid in the cochlea moves, stimulating hair cells. 

6. Hair cells convert movement into electrical impulses. 
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7. Impulses travel via the auditory nerve

8. Brain interprets the signal as sound

 

Key Features of Hearing 

Feature 

Frequency (Pitch) 

Amplitude (Loudness)

Localization 

Tonotopy 

 

Auditory Augmentation  

Auditory augmentation refers to enhancing natural 
substitution (which replaces lost hearing), augmentation improves or extends what a normal ear can perceive.

 

Definition 
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auditory nerve to the brainstem, thalamus, then the auditory cortex

sound (e.g., speech, music, noise). 

Explanation 

High or low sound (measured in Hz) 

Amplitude (Loudness) Intensity of sound (measured in dB) 

Ability to detect sound direction 

Different parts of cochlea respond to different frequencies

enhancing natural hearing abilities using technology. Unlike auditory 
substitution (which replaces lost hearing), augmentation improves or extends what a normal ear can perceive.

auditory cortex. 

 

Different parts of cochlea respond to different frequencies 

using technology. Unlike auditory 
substitution (which replaces lost hearing), augmentation improves or extends what a normal ear can perceive. 
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Auditory augmentation is the use of technology to improve, amplify, or extend the auditory perception beyond 
its natural range — either for medical, military, or general performance purposes. 

 

Purpose of Auditory Augmentation 

 Enhance hearing sensitivity 

 Expand frequency range beyond human limits 

 Improve speech understanding in noisy environments 

 Add non-auditory cues (like alerts) via sound 

 

Examples of Auditory Augmentation Technologies 

Technology Function 

Hearing aids Amplify sound for people with mild to moderate hearing loss 

Cochlear implants (in augmented 
mode) 

Directly stimulate the auditory nerve with enhanced processing 

Directional microphones Help focus on sound from one direction (like a conversation in noise) 

Augmented reality earbuds 
Overlay virtual audio with real-world sound (e.g., Google Pixel Buds, Apple 
AirPods Pro) 

Bionic ears with extended 
frequency 

Let users hear ultrasonic or subsonic sounds 

AI-powered auditory filters Reduce noise, highlight speech, or isolate specific sounds 

Bone conduction devices Transmit sound via skull bones, bypassing outer/middle ear 

Military hearing enhancement 
systems 

Enhance soft sounds while protecting against loud noises 

 

Applications 

 Medical: Enhanced hearing for individuals with hearing impairment 

 Military/Law Enforcement: Situational awareness in noisy environments 

 Sports: Athletes using earbuds to monitor biometrics or coach instructions 

 Everyday life: Noise cancellation and enhanced audio in AR glasses or earbuds 
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Hearing Aids  

Hearing aids are small electronic devices designed to improve hearing for people with hearing loss by amplifying 
sound. They make sounds louder and clearer, especially speech. 

Definition: 

A hearing aid is a battery-powered device worn in or behind the ear that amplifies sound and helps individuals 
with partial hearing loss to hear better. 

Main Parts of a Hearing Aid 

Component Function 

Microphone Picks up sound from the environment 

Amplifier Increases the volume and clarity of the sound 

Speaker (Receiver) Sends the amplified sound into the ear 

Battery Powers the device 

Processor (Digital chip) Filters and adjusts sound (in digital hearing aids) 

 

Types of Hearing Aids 

Type Placement Features 

Behind-the-Ear (BTE) 
Rests behind the ear with a tube into the ear 
canal 

Durable, suitable for all ages and hearing 
levels 

In-the-Ear (ITE) Fits completely inside the outer ear Easier to handle, larger battery 

In-the-Canal (ITC) Fits partly in the ear canal Smaller and more discreet 

Completely-in-Canal 
(CIC) 

Fits deeply inside the ear canal Very discreet, may be harder to handle 

Receiver-in-Canal (RIC) Similar to BTE but speaker sits in canal Better sound quality, smaller device 

 

How Hearing Aids Work 

1. Microphone picks up external sounds. 

2. Processor analyzes and amplifies the sound. 
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3. Amplifier boosts the signal to the correct level. 

4. Speaker sends the sound into the ear canal. 

5. The user hears the amplified sound clearly. 

Who Needs Hearing Aids? 

 People with sensorineural hearing loss (due to damage to hair cells in the cochlea) 

 Elderly individuals with age-related hearing decline (presbycusis) 

 Individuals exposed to loud noise or ototoxic drugs 

Advantages 

 Improves communication and quality of life 

 Reduces social isolation 

 Some models include Bluetooth, noise reduction, and directional microphones 

Limitations 

 Not a cure for deafness 

 Requires adjustment and training 

 Needs regular maintenance and batteries 

Cochlear Implants  

A cochlear implant is a sophisticated electronic medical device that helps restore hearing for individuals with 
severe to profound sensorineural hearing loss, especially when hearing aids are no longer effective. 

Definition: 

A cochlear implant is a surgically implanted electronic device that bypasses damaged parts of the inner ear and 
directly stimulates the auditory nerve, allowing the person to perceive sound. 

Components of a Cochlear Implant 

Part Location Function 

Microphone External (behind the ear) Picks up sound from the environment 

Speech Processor External Converts sound into digital signals 

Transmitter Coil External (attached to head) 
Sends digital signals through the skin to the internal 
receiver 

Receiver/Stimulator 
Internal (under skin behind 
ear) 

Receives signals and sends them to the electrode 

Electrode Array Internal (inserted into cochlea) Stimulates the auditory nerve fibers directly 



23BME13 - REHABILITATION ENGINEERING 
SHORT NOTES 

www.learnbiochem.in 
 
 

How a Cochlear Implant Works 

1. Microphone detects sound. 

2. Speech processor converts sound into digital signals. 

3. Transmitter coil sends signals through the skin to the internal receiver. 

4. Receiver passes signals to the electrode array implanted in the cochlea. 

5. Electrodes stimulate the auditory nerve directly. 

6. Brain interprets these signals as sound. 

 

Who Can Benefit? 

 Children born deaf (after age 1 typically eligible) 

 Adults who lost hearing later in life 

 Individuals who receive limited or no benefit from hearing aids 

 

Advantages 

 Allows recognition of environmental sounds and speech 

 Can support language development in children 

 Improves quality of life and social integration 

 

Limitations 

 Requires surgery 

 Sound perception is not natural; needs training and adaptation 

 May not help with speech understanding in every case 

 Not suitable for all types of deafness 

Comparison: Cochlear Implant vs. Hearing Aid 

Feature Hearing Aid Cochlear Implant 

Use Amplifies sound Bypasses damaged ear and stimulates nerve directly 

For Mild to moderate hearing loss Severe to profound hearing loss 

Involves Surgery No Yes 

Natural Hearing Preserved (if present) Requires brain adaptation 



23BME13 - REHABILITATION ENGINEERING 
SHORT NOTES 

www.learnbiochem.in 
 
 

 

 

 

Visual-Auditory Substitution  

Visual-auditory substitution is a type of sensory substitution where auditory (hearing) input is used to replace 
visual information, allowing blind individuals to "see with their ears." 

Definition: 

Visual-auditory substitution refers to the conversion of visual data (such as shapes, colors, or movement) into 
auditory signals, so that people with vision loss can perceive the world using sound. 

How It Works: 

1. A camera captures the surrounding visual scene. 

2. A software algorithm translates image features into sound patterns (pitch, tone, volume, spatial cues). 

3. The user wears headphones and learns to interpret these soundscapes as visual information. 

Key Devices & Systems 

Device/System Function 

The vOICe (by Peter Meijer) 
Translates camera input into complex soundscapes (e.g., pitch = height, time 
= horizontal location, volume = brightness) 

EyeMusic Converts colors into musical instruments and brightness into volume 

SoundVision Detects objects and their position using sound 

PSVA (Prosthesis Substituting 
Vision by Audition) 

Early device for converting vision to sound 

 

Applications 

 Blind navigation: Detect obstacles, recognize shapes and spaces. 

 Object recognition: Identify household items or people. 

 Reading: Some systems can convert printed text into musical tones or speech. 

 Spatial awareness training: Helps users understand space and motion using sound. 

 

Tactual-Auditory Substitution  
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Tactual-auditory substitution is a form of sensory substitution where tactile (touch) input is used to replace or 
support hearing (auditory) perception. It allows people who are deaf or hard of hearing to “hear” through touch. 

 

Definition: 

Tactual-auditory substitution is the process of translating sound information into tactile (vibrational or pressure-
based) stimuli, enabling the brain to interpret auditory cues through the sense of touch. 

 

How It Works: 

1. Microphone or sound sensor captures environmental or speech sounds. 

2. A signal processor converts these sounds into patterns (vibration, pressure, tapping). 

3. These patterns are delivered to the skin (via wearable devices like gloves, vests, or wristbands). 

4. The user learns to interpret these patterns as corresponding to specific sounds, speech, or alerts. 

 

Devices and Technologies 

Device/System Function 

Tactaid Converts speech into vibratory patterns felt on the body 

Vibrotactile vests/gloves Deliver directional or frequency-based sound info via vibration 

The Voice Jacket Sends real-time speech vibrations to skin for deaf users 

Bone conduction devices Transmit sound through skull bones, merging touch and hearing 

 

Applications 

 Deaf or hard of hearing individuals: Alternative way to sense sound 

 Speech therapy: Helps with speech timing and rhythm using vibration 

 Alerts and notifications: Silent alarms for danger, phone calls, etc. 

 Multisensory rehabilitation: Training the brain to process sound through other sensory input 

 

Scientific Basis 

 Relies on neuroplasticity: the brain can learn to interpret tactile input as meaningful sound (especially 
when auditory input is missing). 

 Often, auditory cortex is activated by tactile stimuli in deaf users with proper training. 
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Benefits 

Advantage Explanation 

Non-invasive No surgery required, wearable devices only 

Real-time Immediate sound-to-touch conversion 

Helps in noisy or silent environments Useful where auditory aids fail 

Supports communication Helps recognize speech rhythm or alerts 

 

Summary Table: 

Feature Tactual-Auditory Substitution 

Input Sound (speech, environment) 

Output Tactile signals (vibration, pressure) 

Used by Deaf, hard-of-hearing individuals 

Goal Substitute hearing through touch 

Key Devices Tactaid, vibrotactile gloves/vests 

 

 

Tactual System  

The tactual (tactile) system is responsible for processing touch-based sensations such as pressure, vibration, 
texture, pain, and temperature. It helps in object recognition, spatial awareness, and interaction with the 
environment. 

 

Tactual System  

1. Tactual Augmentation 

Definition: 

Tactual augmentation refers to enhancing or extending the sense of touch using technology to provide 
superhuman or additional tactile capabilities. 

Examples: 

 Wearable haptic suits for VR gaming that simulate touch, pain, or impact 
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 Surgeons using haptic feedback tools in robotic surgery 

 Enhanced prosthetic limbs with pressure/vibration sensors 

 Smart gloves that give feedback on grip force or object texture 

 Exoskeletons that enhance strength and provide tactile feedback 

Purpose: 

 Improve precision, awareness, or performance in real or virtual tasks 

 Used by healthy individuals in training, medicine, or military 

Applications: 

 Virtual reality (VR), telemedicine, robotics 

 Training simulations, remote operations, space missions 

2. Tactual Substitution 

Definition: 

Tactual substitution uses the sense of touch to replace a missing or impaired sense, such as vision or hearing. 

Examples: 

 Braille: Touch-based reading system for the blind 

 Tactile vision substitution systems (TVSS): Convert camera images to skin vibrations 

 Tactaid: Converts speech sounds to vibrations for deaf users 

 BrainPort device: Converts camera input into electrical pulses on the tongue 

Purpose: 

 Allow people with sensory impairments to interpret information using touch 

 Example: “seeing” or “hearing” via vibrations or pressure 

Applications: 

 For the blind or visually impaired (visual-to-tactile) 

 For the deaf (auditory-to-tactile) 

 Used in special education, rehabilitation, and assistive technology 

 

Summary Comparison 

Feature Tactual Augmentation Tactual Substitution 

Purpose Enhance normal tactile function Replace lost sense using touch 
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Feature Tactual Augmentation Tactual Substitution 

User Mostly healthy individuals People with sensory impairments 

Example Devices Haptic gloves, smart prosthetics, VR suits Braille, TVSS, BrainPort, Tactaid 

Sensory Pathway Used Natural tactile pathways with enhancement Tactile pathway substitutes vision/hearing 

Field of Use Medicine, military, gaming, robotics Rehabilitation, education, assistive tech 
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Unit III 

Orthopedic prosthetics and orthotics 

Engineering Concepts in Motor Rehabilitation 
Motor rehabilitation aims to restore movement and function after injury, disease, or disability. Engineering plays a 
key role by developing technologies and tools to support this process. Below are the core engineering concepts 
applied in motor rehabilitation: 

1. Biomechanics 

 Definition: Study of forces acting on the human body and the mechanics of body movement. 

 Application: Understanding joint kinematics, muscle forces, gait analysis. 

 Use: Design of prosthetics, orthotics, and assistive devices tailored to human movement. 

2. Kinematics and Kinetics 

 Kinematics: Studies motion without considering forces (e.g., joint angles, velocity). 

 Kinetics: Analyzes forces that cause motion (e.g., torque, ground reaction forces). 

 Application: Used in gait training, motion analysis systems, and robotic devices. 

3. Ergonomics and Human Factors Engineering 

 Definition: Designing devices and environments to fit the human body’s capabilities and limitations. 

 Application: User-friendly interfaces in assistive technology; minimizing strain or risk of injury. 

4. Robotics and Mechatronics 

 Robotics: Used to build intelligent rehabilitation devices like exoskeletons. 

 Mechatronics: Integration of mechanical, electronic, and computer systems. 

 Examples: 

o Robotic gait trainers (e.g., Lokomat) 

o Myoelectric prosthetic arms 

o Hand rehabilitation robots 

5. Control Systems Engineering 

 Definition: Designing systems that can monitor, adjust, and automate movement. 

 Application: Closed-loop systems in exoskeletons and FES (Functional Electrical Stimulation) systems. 

 Examples: PID controllers in robotic arms, feedback systems for muscle stimulation. 

6. Sensor Technology 
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 Types: EMG sensors, pressure sensors, inertial measurement units (IMUs), force sensors. 

 Use: Detect muscle activity, joint angles, limb positions. 

 Application: Used in prosthetics, biofeedback systems, motion tracking. 

7. Signal Processing 

 Purpose: To analyze bio-signals like EMG, EEG for motor intention detection. 

 Application: 

o Myoelectric control of prosthetics 

o Brain-Computer Interface (BCI)-controlled rehabilitation 

8. Material Science 

 Application: Development of lightweight, durable, and biocompatible materials for prosthetics and 
orthotics. 

 Materials: Carbon fiber, thermoplastics, silicone, titanium. 

9. Artificial Intelligence and Machine Learning 

 Use: Adaptive learning systems that personalize rehabilitation based on patient performance. 

 Application: 

o Predictive models for therapy outcomes 

o Intelligent prosthetic control 

o Motion pattern recognition 

10. Virtual Reality (VR) and Augmented Reality (AR) 

 VR: Immersive environments for task-specific motor training. 

 AR: Overlaying digital cues onto the real world to guide movement. 

 Benefits: Engaging, motivational, and adaptable for different rehabilitation tasks. 

Artificial Limbs (Prosthetics) 

Artificial limbs, also known as prostheses, are mechanical devices that replace missing limbs and aim to restore 
function and appearance. They are crucial in motor rehabilitation for individuals who have undergone amputation 
due to trauma, disease, or congenital conditions. 

Types of Artificial Limbs 

1. Upper Limb Prosthetics 

 Transradial (Below-elbow): Replaces arm below the elbow. 

 Transhumeral (Above-elbow): Replaces arm above the elbow. 

 Shoulder disarticulation: Entire arm is replaced. 
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2. Lower Limb Prosthetics 

 Transtibial (Below-knee): Replaces leg below the knee. 

 Transfemoral (Above-knee): Replaces leg above the knee. 

 Hip disarticulation: Replaces entire leg. 

Components of an Artificial Limb 

Part Function 

Socket Custom-fit interface that connects the limb stump to the prosthesis. 

Suspension Holds the prosthesis onto the limb (e.g., suction, straps). 

Pylon Provides structural support (often made of metal/carbon fiber). 

Terminal Device The working end of the prosthesis (e.g., hand, hook, foot). 

Joints Mimic elbow, knee, or ankle motion depending on level. 

 

Types of Control Mechanisms 

1. Body-Powered Prosthetics 

 Uses cables and harnesses driven by shoulder or upper body motion. 

 Advantages: Lightweight, durable, low cost. 

 Limitations: Limited functionality, not cosmetically appealing. 

2. Externally Powered Prosthetics 

 Controlled by electric motors using external power sources (battery). 

 Often use myoelectric control – signals from residual muscles trigger movement. 

 Advantages: More natural, improved control, cosmetic. 

 Limitations: Expensive, requires maintenance and training. 

3. Hybrid Prosthetics 

 Combines body-powered and myoelectric systems. 

 Example: Elbow is body-powered, hand is myoelectric. 

Controlled Orthotics and Prosthetics 

Controlled orthotics and prosthetics refer to intelligent assistive devices that support, enhance, or replace limb 
function using external control mechanisms like motors, sensors, and microprocessors. 

1. Controlled Orthotics 
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Orthotics are external devices designed to support or correct musculoskeletal deformities or neuromuscular 
deficits without replacing a limb. 

Examples of Controlled Orthotic Devices: 

a. Powered Exoskeletons 

 Assist movement in patients with spinal cord injury or stroke. 

 Equipped with motors, sensors, and controllers. 

 Example: ReWalk, Ekso Bionics 

b. Functional Electrical Stimulation (FES) Orthosis 

 Uses electrical pulses to stimulate paralyzed muscles. 

 Helps in walking or arm movement by controlled stimulation. 

 Example: Parastep system 

c. Microprocessor-Controlled Orthotic Knees (MPK) 

 Adjusts knee resistance in real-time during gait. 

 Improves stability, especially on stairs or uneven ground. 

 Example: C-Brace by Ottobock 

2. Controlled Prosthetics 

Prosthetics are devices that replace a missing limb or body part. Controlled prosthetics go beyond basic 
mechanical designs by using electronic or neural signals. 

Control Methods: 

a. Myoelectric Control 

 Electrodes detect EMG signals from residual muscles. 

 Signals control motorized movement of prosthetic joints. 

 Example: i-Limb, Bebionic Hand 

b. Microprocessor-Controlled Prosthetic Knees 

 Embedded sensors and algorithms adjust the knee during walking. 

 Provide natural gait and reduce energy expenditure. 

 Example: Genium, Rheo Knee 

c. Targeted Muscle Reinnervation (TMR) 

 Surgery reroutes nerves from the amputated limb to other muscles. 

 Allows more intuitive control of prosthetics. 

 Example: DEKA “LUKE” Arm. 
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d. Brain-Computer Interface (BCI) Prosthetics (experimental) 

 Brain signals decoded to control robotic limbs. 

 Still in clinical research; future of prosthetic control. 

 

 


