
Two uniaxial accelerometers are fixed on the chest (aC) and thigh (aT).  
Both measure approximatively -1g when a subject is in siting posture. 
Which statements correctly describe accelerometer readings in other 
postures? (multiple choices)

A. ac~-1g, aT~0g in standing posture

B. aC~0g, aT~0g in supine position

C. aC~0g, aT~0g in standing posture

D. aC~0g, aT~-1g in supine position

aC,y ≈-1g 

aT,y ≈-1g 

aC,y ≈?

aT,y ≈? 
aT,y
≈? 

aC,y
≈?
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Presenter Notes
Presentation Notes
Correct answers:
Given the values of accelerometers in sitting posture (depending on alignment of sensitive axis with the gravity), we can deduce and justify the correct answers:
A:  Standing posture: sensitive axis of chest accelerometer is aligned with gravity; sensitive axis of high accelerometer is perpendicular to gravity
D: Supine position:  sensitive axis of chest accelerometer is perpendicular to gravity; sensitive axis of thigh accelerometer is aligned with the gravity




An inertial sensor (IMU) is fixed on the arm while a subject performs a 
maximum abduction angle and return to the initial position. Considering 
the profile of roll angular velocity (ωroll), at which time instant the 
accelerometer ay indicates maximum of arm abduction (single choice)

A. t1

B. t2

C. t3

D. t4
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Presenter Notes
Presentation Notes
Correct answer:
B: Maximum abduction occurs at t2, corresponding to the point where angular velocity crosses zero, transitioning from abduction to adduction
 
Explanation: 
Movement order (indicated by direction of arrows):
First: Arm raising (abduction) → upward away from body
Second: Arm lowering (adduction) → downward towards the body

From the indicated gyroscope positive axis (clockwise) and graph:
Negative roll angular velocity: arm moves upward (abduction)
Positive roll angular velocity: arm moves downward (adduction)

Interpretation of each time instant:
t1 (Negative peak)
Direction: Negative (CCW rotation)
Movement: Arm is raising (abduction) rapidly upwards away from the body.
Position: Arm midway through raising, at maximum upward angular velocity (fastest raising speed).
 
t2 (Zero crossing from negative to positive)
Direction: Crossing zero from negative (raising upward) to positive (lowering downward).
Movement: Arm momentarily stationary at highest point reached, stops raising and begins lowering.
Position: Arm at highest position (fully abducted).

t3 (Positive peak)
Direction: Positive (CW rotation)
Movement: Arm is lowering (adduction) rapidly downward toward the body.
Position: Arm descending rapidly, maximum downward angular velocity (fastest lowering speed).

t4 (Zero crossing positive to zero)
Direction: Positive angular velocity decreasing toward zero (CW rotation).
Movement: Arm slowing its downward movement as it reaches its lowest position.
Position: Arm arriving back to its lowest point (fully adducted, alongside body).
 




Walking detection
To detect walking activity, the most relevant information (useful for a 
detection algorithm) is provided by (multiple choices):

A. Gyroscope on foot
B. Accelerometer on foot
C. Gyroscope on trunk (chest or lower back)
D. Accelerometer on  trunk (chest or lower back)

Presenter Notes
Presentation Notes
Correct answers:
A: Gyroscope on foot (Best indicator due to distinct cyclic rotations of foot)
B: Accelerometer on foot (Clear cyclic acceleration patterns during walking)
D: Accelerometer on trunk (Cyclic acceleration patterns during walking, when sensitive axe is aligned to gravity or perpendicular to gravity: both signal contains peak related to the instant of each foot initial contact with the ground; in gait analysis and biomechanics these instants are defined as ‘initial contact’ or ‘heel strike’)

To note that the gyroscope of the trunk is not useful since there is no significant trunk rotation along gyroscope axes (pitch, roll, yaw) during walking






Gait phases identified by gyroscope on shank (pitch)
The interval/instant corresponding to the mid-swing phase based on pitch 
gyroscope data from the shank is:  (single choice)

A. 1
B. 2
C. 3
D. 4
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Presenter Notes
Presentation Notes
Correct answers: C

Detailed explanation: 

Point 1: Toe-off
Feature: Negative angular velocity peak.
Explanation: Shank rotation changes from backward (stance) to forward (start of swing).
Point 2: Early swing (acceleration phase)
Feature: Zero-crossing (negative to positive).
Explanation: Shank passes through vertical; rotation changes clearly from backward to forward.
 Point 3: Mid-swing
Feature: Maximum positive angular velocity peak.
Explanation: Shank reaches maximum forward rotation speed during swing phase.
 Point 4: Initial contact (Heel strike)
Feature: Sharp decrease from peak positive velocity toward negative.
Explanation: Sudden deceleration of forward rotation due to heel striking the ground.
 Point 5: Foot flat
Feature: Angular velocity stabilizes near zero after heel strike.
Explanation: Foot fully contacts ground; rotation briefly stabilizes at start of stance.
Point 6: Mid-stance
Feature: Small fluctuations around zero velocity.
Explanation: Shank rotation minimal as the body passes over the stance foot.
 




Activity detection
An inertial sensor placed on the chest records movements. 
Which axes/signals allow detecting the sit-to-stand transition, performed as 
indicated in the figure?(multiple choises)

A. ay
B. ωpitch

C. ax
D. ωroll
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Presenter Notes
Presentation Notes
Correct answers: A, B, C



Clinical evaluation
To evaluate walking symmetry improvement after leg fracture, effective
sensor placements are: (multiple choices)

A. 1 inertial sensor on lower back close to CoM
B. 2 inertial sensors, one on each leg
C. 1 inertial sensor on the fractured leg
D. 2 inertial sensors, one on chest and one on the 

fractured leg

Presenter Notes
Presentation Notes
Correct answers:
A: 1 inertial sensor on lower back, close to CoM (Global symmetry changes in trunk acceleration, especially on mediolateral or left–right  direction clearly visible.)
B: 2 inertial sensors one on each leg (Comparative analysis of gait parameters clearly illustrates symmetry/asymmetry)

Why not C and D: because with only one sensor there is no relevant information to compare symmetry with the normal leg





A piezo ceramic with metalized surface A measures electrical quantities in 
direction 1 when a force (F) is applied in direction 1. When the two faces are 
court-circuited, the output is:
(Single Choices)

A. d11∙F/ε
B. d11 ∙ F
C. d11 ∙ F ∙ A
D. 0

Piezoelectric sensors

Presenter Notes
Presentation Notes
Correct answer: 
B: The output charge of a piezoelectric sensor under short-circuit condition is directly proportional to the force, piezoelectric coefficient d11, and the active area A.



How does the cable length between a piezoelectric sensor and a voltage 
amplifier affect the system? ( Single Choice)

A. The cutoff frequency is higher when the cable is longer
B. The cutoff frequency is independent of the cable length
C. The sensitivity of the system is lower when the cable is longer
D. The sensitivity is independent of cable length

Piezoelectric sensors

Presenter Notes
Presentation Notes
Correct answer:
C: Longer cables increase capacitance, thus reducing overall sensor-amplifier sensitivity.



Accelerometer sensors

Inclination (gravity component) of a segment can be measured during 
static position with a: ( Multiple Choice)

A: Capacitive accelerometer
B: Resistive accelerometer
C: Piezoelectric accelerometer
D: none of the above answer

Presenter Notes
Presentation Notes
Correct answers: A, B

Why not C: Piezoelectric accelerometers detect dynamic changes only, thus not suitable for static measurement.



	Slide Number 1
	Slide Number 2
	Walking detection�To detect walking activity, the most relevant information (useful for a detection algorithm) is provided by (multiple choices):
	Gait phases identified by gyroscope on shank (pitch)�The interval/instant corresponding to the mid-swing phase based on pitch gyroscope data from the shank is:  (single choice)
	Activity detection�An inertial sensor placed on the chest records movements. �Which axes/signals allow detecting the sit-to-stand transition, performed as indicated in the figure?(multiple choises)
	Clinical evaluation�To evaluate walking symmetry improvement after leg fracture, effective sensor placements are: (multiple choices)
	A piezo ceramic with metalized surface A measures electrical quantities in direction 1 when a force (F) is applied in direction 1. When the two faces are court-circuited, the output is:�(Single Choices)
	�How does the cable length between a piezoelectric sensor and a voltage amplifier affect the system? ( Single Choice)
	Accelerometer sensors��Inclination (gravity component) of a segment can be measured during static position with a: ( Multiple Choice)��A: Capacitive accelerometer�B: Resistive accelerometer�C: Piezoelectric accelerometer�D: none of the above answer

