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V02: Human factors 
 

1. Human factors: Definitions and examples 

- signal pathway of 

biomechatronics that will used 

during all lectures 

- human factors are the part in 

green 

- e.g. goniometry allow to 

determine ROM and movement 

generable on elbow 

 

 

 

 

 

Human Factors Science/Technology is a multidisciplinary field incorporating contributions from: 

anthropometry (dimension), psychology/psychophysics, statistics, engineering (we want to design devices in 

a way that considere human fators), industrial design, interaction design, sociology, user experience. 

➔ optimize capabilites while minimizing negative consequences of their limitations 

➔ application of psychological and physiological principles to the engineering and design of 

products, processes, and systems 

➔ goal of human factors is to reduce human error, increase productivity, and enhance safety and 

comfort with a specific focus on the interaction between the human and the thing of interest 

Human factors in biomechatronics: 

- improve patient/user safety and satisfaction 

- reduce clinician/therapist/caregiver burnout 

- boost process efficiency (reduce costs) 

- enhance communication 

- generate effective and sustainable solutions 

- mitigate the risk of error 

- optimize training 

- design user-centered health solutions 

Why are human factors important? 

- good resolution of newspaper is not so easy as today → bc today we know a lot of 

physiology and anatomy of the eye 

- Flicker fusion: 

o frequency at which intermittent light stimulus appears completely steady to average 

human observer 

o ~15Hz for rodmediated vision and up to 60Hz for cone-mediated vision 

(observable only at very high illumination intensities) 

- MP3 – Psychoacoustics: human ear: 

o cannot hear certain sounds 

o hears certain sounds much better than others 
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o hears the louder one but cannot hear the softer one when two sounds play 

simultaneously (inner ear signal processing) 

➔ Understanding how the ear works help optimize data compression! MP3 compression can commonly 

achieve a 75 to 95% reduction in size 

Application example: artificial heart 

What human factors must been considered in the design of an artificial heart? biocompatibility, grasp type, 

heart rate, pressure, volume, durability, range of motion, connections to lungs and body, 200-300g, 1-2W 

mechanical power, pumps 7'000 l of blood per day, 4 chambers, 4 valves… 

 

 

2. Biometrics 

➔ Characteristic body features & Assessing body characteristics and functions 

What? 

science of measuring anatomical properties and physiological signals (incl. anthropometrics) → 

assessing body characteristics and function 

e.g. ECG, EEG, EMG (muscle activity), activity monitors 

Human factors: Anthropometrics, Kinematics, Biomechanics (EMG, force/torque sensor, robot...) 

Anthropometrics 

- Measurements of all body parts → big datasets at NASA 

- Human and Environment: ergonomics: What is a healthy workspace? 

- Design guidelines (tools and workspace) → how to design chairs? 

Kinematics 

- ROM with goniometer 

- Optical full body motion tracking: context needs to be known for interpretation: why does an athlete 

make this specific motion? → kinematic reconstruction 

- markless tracking (DeepLabCut) → e.g. study with horses 

Biomechanics (= mechanical description of biological movements) 

- Joint force/ torque: muscle bandwidth = 4 Hz → what is the maximal force 

- Joint impedance (mostly stiffness) → Co-contraction of antagonist stiffens the joint during 

contraction → no machine can do that → measured with ECMG, force/toque sensor, robot 

 

 

3. Perception 

- Our senses and their limits (visual and somatosensory systems) 

- Multisensory integration and Cognition 

- Psychophysics: assessing perception 

➔ perception is extremly challenging to measure 

3.1. The senses 
Visual senses: 

- Vision 

- Audition 

- Gustation (taste) 

- Olfaction (Smell) 

- Somatosensation (Touch) 

Further sensory modalities: 

- Temperature (thermoception) 

- Position and movement (proprioception) 

- Pain (nociception) 

- Balance (equilibrioreception) 

- Vibration (mechanoreception) 
➔ Debate over what constitutes a sense 

and how to group senses 

Limits of the visual system: There’s more than meets the eye 
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- assessed via Snellen chart (letters from big to small): 20/20 vision defined as ability to 

resolve two points of light separated by visual angle of one arc minute (1/60th degree). 

- corresponds to 300dpi at 25cm from the eye 

o Printed newspaper: 200dpi 

o Retina display: >300dpi (120 dots per cm) →less: you see the pixels 

Optival illusions: Rotating Snakes / Titchener Circles 

Relative size perception 

Video whodunnit: attention focus only on what is important 

 

 

4. Somatosensation 

Touch: somatosensation through physical contact, esp. with the fingers 

Proprioception: is the sense of the relative position of neighbouring parts of the body and strength of effort 

being employed in movement: 

- relative position (limb position sense, statesthesia) 

- movement (kinaesthesia) 

Haptics: of or relating to the sense of touch, in particular relating to the perception and manipulation of 

objects using the senses of touch and proprioception 

Nociception: perception of painful stimuli 

Thermoception: perception of heat exchange 

Cortical homunculus 

- ~ 9x more sensory fibers than motor fibers in arm (Gesslbauer et al, Ann Neurol. 2017) 

- ~ 200 nerve endings per cm2 on hand 

- ~ 17‘000 nerve endings per hand 

- ~ 20‘000 receptors on hand and arm combined 

 

4.1. Receptors of the touch 
Receptor Meissner Merkel Pacinian Ruffini 

Function Light touch, 
texture change 

Sustained 
pressure 

High-frequency 
vibrations 

Skin stretching 

Receptive field Small Small Big big 

Time course of 
neural signal 
(adaptation) 

Adapts to the 
sensation, firing 
will stop after the 
first seconds 

Is firing 
constantly 
during the 
sensation 

Adapts to the 
sensation, firing 
will stop after 
the first seconds 

Is firing 
constantly 
during the 
sensation 

- fingers have smaller receptive fields than arms 

- Temporal variation can improve the spatial acuity of the skin 

Kinestetics / proprioreceptive receptors 

- skeletal muscles are richly supplied with a variety of receptors 

- muscle spindles and Golgi tendon organs are particularly important for motor control 

- sense changes in muscle length and force 

- joint capsule receptors and cutaneous mechanoreceptors also contribute 
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5. Multisensory Integration and Cognition 

Cue combination, Kalman filter 

= algorithm that uses a series of measurements observed over time, containing statistical noise and other 

inaccuracies 

➔ Produces estimates of unknown variables (which cannot be measured directly) that 

tend to be more accurate than those based on a single measurement alone, by 

estimating a joint probability distribution over the variables for each timeframe 

Also works for modeling the CNS’s control of movement 

- V = vision → visual estimation on when it is 

- P = proprioception → direct from sensor to lim 

- A = acoustics 

- N = neck 

→ all signals are combined together by the brain 

→ The brain learns the variability of perceptions and weighs them →integration →result: better overall 

estimate of the situation 

→ If one signal is missing, the brain has to reconsider the weight of each perception, so that the missing 

signal can be compensated 

Visuomotor Adaptation 

- environment shifted to 40° → begin bad → better → 

reajustation of coordination → fast as “normal” 

- form of learning characterized by gradual improvement in 

performance in response to altered conditions 

- trial-by-trial modification of a motor-to-sensory mapping 

(forward model, reduction of sensory prediction errors) 

- allows the motor system to regain former capabilities (no enhancement) 

Body Ownership 

coprire vera mano di un partecipante e mettere al posto di essa una mano finta → stimolazione della mano 

vera e di quella finta contemporaneamente → dopo 10 minuti il partecipante percepisce mano finta come 

parte del suo corpo → brain adaptation 

 

 

6. Psychophysics 

= study of relationship between the physical properties of a stimulus 

and the perception of that stimulus 

stimuli (physics) → brain (perception + detection) → response 

→ What we perceive is not a direct reflection of what is present in 

the environment 

 

Examples 

YES/NO paradigm 

I want assess if person perceive angle of a knee → make an ankle of X° 

(reference) → change the angle (comparaison) → plotting intensity of the 

conparaison stimuli & intensity of the comparaison 
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6.1. Psychophysics metrics 

- Absolute threshold: smallest amount of stimulus energy that an observer can 

detect → point where it becomes noticeable to our senses  

- Difference threshold: minimal noticeable difference in stimulus energy 

o JND: just noticeable difference 

o DL: difference limen 

 

6.2. Psychophysics Methods - How to measure AT and DL? 

- method of limits (staircase method) 

- method of adjustment (by subject) 

- method of constant stimuli (random order) 

- ratio of “yes“ (perceived stimuli) for different 

- stimulus level 

- fit to psychometric function 

- AT at 50% correct answers 

 

 

6.3. Examples 

A. Spatial Acuity of the Skin 

Touch: spatial acuity of the skin → minimal distance where you still can perceive 2 

dots Proprioception: JND of index Finger joint 

B. Index Finger Metacarpophalangeal Joint 

- Clinical evaluation of proprioception: Up and down test 

- Subjective, insensitive and unreliable (Lincoln et al. 1991) 

- No psychophysics 

C. JND of Index Finger Metacarpophalangeal Joint 

- Two-interval design → 2 stimuli per trial 

- Two-alternative« Wfohricche sdtim-cuhluos iisc ela rpgearr?a»digm (2AFC) 

- «Which stimulus is larger?» 

- Stimulus placement method 

- Method of constant stimuli (MOCS) vs Parameter Estimation by Sequential Testing (PEST) 

D. Effect of Reference Stimulus - Weber’s Law (1834) 

Weber’s Law: the stronger the stimuli (Intensity), the bigger the difference must be between them in order 

to be able to detect the difference 

- one can differentiate 2 from 2.2 kg (but not from 2.1 kg) 

- one can differentiate 4 from 4.4 kg (but not from 4.2 kg) 

- logarithmic (power law) relationship between stimulus and perception 

 

 

7. Assessing Physical and Mental Task Load and Task Performance 

Subjective workload assessment: mental demand, physical demand, temporal demand, performance, 

effort, frustration 
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Assessing Cognitive Load: questionnaire (e.g., NASA TLX), gaze tracking (focus/time, blink rate, pupil 

diameter), EEG: electroencephalography, ECG: electrocardiography, GSR: galvanic skin response, dual-

task paradigm (e.g. reciting a poem while walking with an active prosthetic leg) 

Task performance: Fitts Law 

Model of human movement → predicts time required to move a target 

➔ predicts that the time required to rapidly move to a target 

area is a function of target distance and size 

➔ it’s faster to hit larger targets closer to you than smaller 

targets further away from you 

- How long does a person need to move from one button to the neighbor 

button? 

- Where do I put the monitors in an aeroplane so the pilots have a defined 

workplace and don’t have to perform unnecessary movements? 

In rehabilitation: computational mechanism based on Fitts' Law that balances 

(adjusts) difficulty of exercise for upper-extremity rehabilitation. 

 


