
HELLO!
I am HR 
Mokhtarinia 
I am here because I love to give 
presentations. 

You can find me at: 

@HRMpt

hrmokhtarinia@yahoo.com
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Motion Analysis Indications in Ergonomics 
2 • Basic concepts of Kinematics 

• Variables
• Bioinstrumentation 
• Data gathering 
• Data analysis 
• Provide study samples 
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Basic Kinematic Concepts

▹ Variables for Describing Motion

▹ Reference Systems for Describing Motion of the Human Body 
and Its Segments

▹ Spatial and temporal characteristics
▸ Spatial (where, how far, what direction)
▸ Temporal (how long, how fast,)

▹ Qualitative or quantitative

▹ Linear & angular motion
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Kinematic Variables

▹ Time

▹ Position

▹ Displacement & distance

▹ Velocity & speed

▹ Acceleration
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Time – Temporal Analysis

▹ WHEN?  

▹ HOW OFTEN?  

▹ IN WHAT ORDER?  

▹ HOW LONG?

▹ Most basic analysis

▹ Examples:
▸ Cadence 
▸ Stride time
▸ Temporal patterning
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Time – Temporal Analysis7



Position Analysis

▹ Where?  

▹ position - location in space relative 
to some reference point

▹ Linear position (s)
▸ x,y,z coordinates

▹ Angular position ( )
▸ Angle relative to the zero 

degree

▹ Units (meter or degree)
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Lumbar spine curvatures during squat and stoop lifting. 

Lumbar curvature was changed from the kyphosis to the 

lordosis about 50% in the squat lifting, and 60% in the 

stoop lifting regardless of weights.



Displacement & Distance

▹ Displacement (s,  ) 
▸ Final change in position
▸ Vector quantity
▸ Angular or transitional 

▹ Distance (p,  )
▸ Sum of all changes in position
▸ Scalar quantity

▹ units (m, °)
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Displacement (motion): 5 km to the northeast
Distance: 7 km



HOW FAST?

▹ Velocity (v, )
▸ Vector quantity
▸ position  time
▸ Units (m.s-1, °.s-1)

Velocity & Acceleration

HOW QUICKLY IS 
VELOCITY CHANGING?

▹ Acceleration (a, )

▸ Vector quantity
▸ velocity  time
▸ Units (m.s-2, °.s-2)
▸ Insight into 

forces/torques
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Reference systems 

Linear Angular
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Relative 
and 

Aboulute



Reference Systems: Linear

+x-x

-y

+y

+z

horizontal

vertical

horizontal

Must define origin of reference 

system to quantify kinematics. 

3D Cartesian coordinate system X: ant-post

Y: vertical

Z: med-lat
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0°

90°

180°

270°

 rad
½ rev

3/2 rad
¾ rev

/2 rad
¼ rev

2 rad
1 rev

Angular: Absolute Reference Systems              
origin is fixed in space 

CCW +

According to segment13



Angular: Relative Reference Systems

• Relative segment to 
adjacent segment

• Angle between two segment
• In ab.ref zero point is fixed 

but in  rel.ref may be not
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What we see in the LAB15
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Bio-instruments for
Motion analysis



Instruments History

▹ Motion tracking or motion capture started as a 
photogrammetric analysis in the 1970s

▹ Since the 20th century the performer has to wear 
markers near each joint to identify the motion by the 
positions or angles between the markers.

▹ Acoustic, inertial, LED, magnetic or reflective markers, or 
combinations 

▹ Optical systems 
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Instruments History

▹ Photography 

▹ Motion trackers 

▹ Motion analysis systems or Tracking or motion capture 

▹ Optical systems

▹ Goniometers 

▹ Electrogoniometers 

▹ Accelerometres 
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Optical Motion Analysis systems

▹ Data captured from sensors to triangulate the 3D position 
of a subject between two or more cameras

▹ These systems produce data with three degrees of 
freedom for each marker, 

▹ Typically a system will consist of around 2 to 48 cameras.

▹ Markers 
▸ Active: one LED at a time very quickly or multiple LEDs 
▸ Passive:  markers coated with a retroreflective material
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Data gathering procedures 
with Motion Analysis 

systems 
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Motion Analysis LAB
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Data Gathering Procedures 

▹ Calibrations 

▹ Landmark Placement

▹ Data gathering 

▹ Data reduction and Clear  

▹ Modeling 

▹ Calculating the angles 

23



Calibration

▹ Statics calibration

▹ Dynamic Calibration 

▹
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https://www.youtube.com/watch?v=nZsxehVlz9E

https://www.youtube.com/watch?v=nZsxehVlz9E


Calibration Devices: Wand 25



Landmark Placement 26
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Check the Data 

▹ Repetition Trials 

▹ Missing values 

▹ Interpolation for miss data if possible 

▹ Data reduction and clear data 
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Interpolation (Linear) 
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Calculation of angles from data35

• Absolute angle
• For each segment two marker is necessary 
• Horizontal equal to 0 degree
• All measure is in ccw
• In black line 
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Calculation of angles from data

37 • Absolute angle
• For each segment two marker is necessary 
• Horizontal equal to 0 degree
• All measure is in ccw
• In black line 

• Joint angle 
• the included angle between the longitudinal 

axes of two adjacent segments
• Knee ext is when 0 deg flex
• In blue line 
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Calculation of velocity 40

▹ Coordinate and smooth data

▹
▹
▹ This velocity does not represented 

v at either of sample time.

▹ So ,

▹ And   

𝑽 =
∆𝑿

∆𝑻
∆𝑿 = 𝒙𝒊+𝟏 − 𝒙𝒊



”

Samples:

Indication in Ergonomics 
studies 
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▹ Assessment of movement patterns during lifting (0,30,60,90 deg) and 
unloaded trunk flexion and extension

▹ 3-dimensional motion analysis system (Vicon Motion Systems)

▹ lift a box containing a 7.5-kg weight from half the height of their shank 
to half the height of their thigh at a comfortable speed
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Posture in use 43



The definition of KFA and the processing flow of real-time feedback. GT, greater trochanter; KFA, knee 
flexion angle; LCM: lateral condyle of the tibia; LEF: lateral epicondyle of the femur; LM: lateral 
malleolus.44



Reference 

▹ The displayed knee 
flexion angle 
(clockwise rotation

▹ indicates increased 
knee flexion angle)
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Flex-Ext posture 46



▹ The beginning and end of 
lifting were detected using 
the velocity of the markers 
pasted on the object that 
was lifted
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▹ We detected the start and end of trunk extension from

▹ full unloaded flexion using the vertical coordinate of the

▹ COM 
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▹ The objective: to test progression of changes in kinematics and 
work physiology during progressive lifting in healthy adults.

▹ EMG, Movement pattern analysis, Hear Rate 
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▹ Eight infrared cameras (Vicon Vantage
V5, 100 frames per second, Vicon
Motion Systems, Ltd.,Oxford, UK) and
two video cameras (Vicon Bonita 720c,
120 Hz, Vicon)

▹ Four markers were placed on the bony
landmarks of C7, T10 and both PIIS.

▹ The angle between the line C7–T10
and the line PIIS-Th10 was presented.

▹ maximal extension angles during the
sets were recorded to express posture
of the spine.
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▹ Aims: evaluate gait kinematics of the lower limbs and thorax in 
children by first comparing various weights on a backpack or a 
trolley to unloaded walking and then comparing the backpack 
to the trolley condition directly with matched loads. 
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▹ A 3D-motion capture system (Qualisys AB, Göteborg, Sweden) 

▹ different loads conditions: unloaded walking (as control), 
pulling a school trolley or carrying a backpack, both with 10%, 
15%, and 20% BW loads. 
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Motion analysis samples57
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THANKS!
Any questions?
You can find me at

▹ @HRMpt
▹ hrmokhtarinia@yahoo,com


