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V01: Introduction in Biomechatronics 

 

Biomechatronics: application of mechatronic engineering to human biology: Identification of biological 

principles and transfer to technical solutions 

Application fields: 

- Orthotics: reinforcing, support, relieve, restore → in parallel 

- Prosthetics: replacing (exo-, endo) → in series 

- Substitution 

- Diagnostics 

- Human augmentation → e.g. additional technologies to become stronger (un occhio in 

più…) 

→Provision of survival and quality of life (reintegration into society) 

→Challenges: interface with human, the most complex and least understood, highly unpredictable and 

adaptable system 

 

1. Definitions 

− Functions: the physiological functions of body systems 

− Structures: anatomical parts of the body such as organs, limbs and their components fulfilling 

particular functions 

− Activity: the execution of a task or action by an 

individual 

− Participation: involvement in a life situation 

− Environmental factors: make up the physical, social 

and attitudinal environment in which people live and 

conduct their lives 

− Impairment: a problem in body function or structure 

such as a significant deviation or loss 

− Disability: a general term summarizing functional 

deficits due to impairment, activity limitation and/or 

participation restriction 

− Rehabilitation: reinteg ration of an individual with a 

disability into society 

 

2. Signal Pathways 
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3. Historical overview 

Cardiac Pacemaker 

- first report of “portable apparatus” with needle electrode in 1926 

- electro-mechanical instrument powered by spring-wound hand-cranked motor, termed 

“artificial  pacemaker” in 1932 

- gap in research publications between 1930s and WWII attributed to public perception of 

interfering with nature by 'reviving the dead' 

- first implantable pacemaker in 1958 (development of silicon transistor), patient required 

a total of 26 devices during his life 

- pacemakers today: 

o MRI safe 

o less than 30g 

o 10 years of battery 

o 600’000 interventions per year! 

o 3M people living with pacemaker 

o market value to hit 4B$ by 2025 

Electrical Hearing Devices (~1950) 

- before it wasn’t portable 

- today it’s really small and good portable 

Teleoperation (human augmentation) 

- operation of a system or machine at a distance 

- biomechatronics is really important to understand ROM and how correct interfere with body 

Power amplification 

- electronic amplifier designed to increase the magnitude of power of a given input 

signal 

- power increased to a level high enough to drive loads of output devices like speakers, 

headphones, RF 

 

Neural implant / Neurofeedback 

- operant conditioning of cortical unit activity 

- first brain-computer interface in 1969 

- monkey learn to control firing rate of a single neuron (E. Fetz) 

Interface with the nervous system 

- electrode array (100 electrodes) implanted into median nerve in 2002 

 

4. Applications 

Diagnostics: 

Glaucoma Management 

- non-invasive method to track glaucoma progression 24 h 

- Glaucoma: condition of increased pressure within eyeball, causing gradual loss of sight 

(compression of optic nerve) → most common cause of blindness 

- profile of ocular dimensional changes 

- MEMS fabrication 
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- telemetry allows in-situ measurement 

Small bowel endoscopy 

- minimally invasive observation of small bowel abnormalities → little camera goes to the 

intestine to detect abnormalities 

- wireless transmission 

- external real-time viewer 

- advanced systems under development 

Ventricular assist device (VAD): 

- mechanical circulatory device 

- partially or completely replaces function of a failing heart 

- short (recovery from surgery) or long-term use (advanced congestive heart failure) 

- distinct from artificial hearts 

- assist left and/or right ventricle (rather than replacing) 

- promote cardiac recovery 

Reinforcing/Restoring  

Phrenic pacemaker & Bladder Stimulation: used in SCI patients → electrodes inside and transmission of the 

signal 

Replacement 

1. C-Leg (1997) 

- actively damped above-knee prosthesis  

- microprocessor controlled knee joint 

- knee angle and torque sensors 

- small valve controlled to modulate fluid flow → damping 

- avoids having to “think while walking” 

2. Cochlear implant 

- most widely applied prosthesis 

- ~200’000 implanted persons  

- transfer to the auditory nerve to stimulate it 

3. Target muscle reinnervation 

- reconnection of the nerve to the chest 

- nerve regrowth 

- natural control: patient thinks that is doing a movement 

Restore/Replace 

Sensory Feedback through Nerve Stimulation: effective modulation of grasping force of the prosthesis with 

no visual or auditory feedback 

Relieve / Restore 

Deep brain stimulation 

- implanted in ~70’000 persons (?) 

- treatment of symptoms of movement disorders: Parkinson’s, Multiple sclerosis 

- depression, pain 

- epilepsy 

- ! is really very invasive, so it’s used only in very severe cases 
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Replace 

- retina implants / visual prostheses 

- Brain-machine Interface: mezzo di comunicazione diretto tra un cervello e un dispositivo 

esterno quale ad esempio un computer 

Substitute 

Sensory aids for the blinds 

- vOICe: for the totally blind offers the experience of live camera views through image-to-

sound renderings → images are converted into sound by scanning them from left to right 

while associating elevation with pitch and brightness with loudness 

- BrainPort: allow a blind person to see his or her surroundings in polygonal and pixel form 

Further examples: hearing aids, artificial pacemakers/defibrillators, injection pumps (e.g. insulin), artificial 

organs (e.g.heart, liver), walking assist devices, active orthoses, active exoskeletons, wheelchairs, 

teleoperation/performance augmentation 

Others: Human Knee Impedance Modulation during Gait 

 

 

 


