Inertial tracking of arm kinematics for quantiﬁcation of deﬁcit after stroke
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Background

Unilateral weakness (hemiparesis) acutely affects 75% of stroke
sufferers, and 60% of strokes lead to chronic motor impairment
after six months. Each stroke deficit is a unique combination of a
number of typical disordered patterns of movement.
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Inertial measurement units (IMUs) have recently become a viable
method to measure movement kinematics. Benefits over traditional
motion-capture include ease-of-use, portability, and low cost.

Quantification of ARAT kinematics and kinetics
(Rory Lynch, 4th year Biomedical Engineering project)

Tracking end-point displacement from IMU data
(Samantha Reynolds, 3rd year Biomechanics project)
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calculate displacement (4). To limit integration
drift, data were filtered prior to integration
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Fig 3

Simultaneous Vicon (black) and
IMU (red) tracking of end-point
kinematics during exploratory movements,
using the setup shown in Fig 3A. Displacements
show residual effects of integration drift (Fig
3B).
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(1) arm kinematics (Fig 5A) were recorded
Fig 5 3-D

Task

using a motion capture system (Vicon) as well as a 1
(2)
wrist-mounted IMU. Marker motion was mapped
on to a scaled musculoskeletal model 4 (Fig 5B) and 2
inverse dynamic
analysis was used to calculate joint 3
(3)
moments (Fig 5, right).
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Pick up a 10 cm wooden cube, hold at arm’s
length and return to the starting postion
Pour a glass of water
Pick up a 10 mm diameter wooden bead
and hold it at arm’s length, before returning
to the starting position
Gross movement, extend arm to the side,
extend over head, touch the back of the
head, touch the mouth and return
Repeat task 4 with a 2 kg dumbbell
Arm raise to the front, side and rear in
turn, then raise in front, rotate to the rear
position, then bring it down
Repeat task 7 with a 2 kg dumbbell

IMU data can be used to characterize the deficit in movement caused by
stroke, which in turn may be useful to inform rehabilitation strategies
or drive assistive devices.

IMUs

Features
9-axis real-time, wireless @ 100 Hz
weight = 12 g
range = 30 m

Speciﬁcation
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run-time = 4-6 hours
accelerometer = ±16 g @ 16-bit

Dimensions

gyroscope = 2000º/s @ 16-bit

BlueThunder sensor is based on
est, and most robust wireless
ent unit (IMU) in the world.

magnetometer = ±1200 µT @ 13-bit

is packed with sensors, where
n either be stored on board, or
ssly to a computer or smart

sor and iOS application is easy
ng accurate and precise
ur versatile BlueThunder sensor
a micro USB. BlueThunder is
t and reliable.

Low Energy BlueTooth 4.0
Multi-device synchronization
General

IMU-BLUETHUNDER

Dimensions

40mm x 28mm x 15mm

Weight

12g

rometer streaming real-time at

Charge Voltage

5V micro USB

Wireless

Bluetooth Low Energy

gging at 500Hz

Range

30m

ometer data logging at 1000Hz

On-board storage

4GB

download via micro USB cable

Serial Baud Rate

460800

rmware updates

Charge time

1.5 hours

micro USB in 1.5 hours

BT Sampling time

4-6 hours

SD Sampling time

4-6 hours

uisition app available

robust, beautiful

ons

B

, a spin-off company from the Auckland

Part Number

me is 4-6 hours

Fig 4 A

2-D exploratory movement distributions (EMDs) of healthy subjects
are more complex than those of stroke patients 2,3, and training
of stroke patients can increase EMD complexity. EMDs are also
characteristic of each individual, with any one trial being >80%
predictive of the subject’s identity. IMUs offer a practical way to
collect EMDs in the clinical setting, which may be useful for prognosis
From Ref 2 and informing rehabilitative strategies. Fig 4A: EMDs calculated
from Vicon data, 4B from simultaneously acquired IMU data.

Specifications

Developed by
Bioengineering Institute.

s streaming real-time at 100Hz

3-D exploratory movement distributions in healthy individuals

Sensor
Accelerometer range

±16g

Accelerometer resolution

16-bit

Gyroscope range

±2000°/s
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Calculated joint
kinematics and moments
(upper panels) will
be related to IMU
measurements using
machine learning methods
(generalized additive
models 5) and recurrent
neural networks. This
will allow IMU-based
estimation of joint loading
and muscle activity during
activities of daily living.
Black lines indicate means
across subjects, dark grey
regions are 95% CIs for
those means and light
grey regions are maximum
and minimum values.

