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1. Introduction

This document is intended to provide support to customers willing to acquire the force
signals of a gaitway 3D instrumented treadmill using the analog force output interface.
This document describes the interface to the gaitway 3D analog force signals and the
calculations to convert the signals into three-dimensional forces and moments.

2. Device description

This technical note applies to the gaitway-3D device illustrated in Figure 1. The gaitway-
3D is an instrumented treadmill based on the h/p/cosmos treadmill, equipped with three
dimensional ground reaction force measurement sensors. The gaitway-3D
instrumentation components include four transducers supporting the treadmill and the
force ampilifier fixed in front of the treadmill, as shown in Figure 1.

Figure 1. gaitway-3D overview.

2.1. Gaitway-3D amplifier description

The force amplifier is mounted on two brackets located in front of the treadmill motor
compartment (see Figure 1). The force amplifier provides interface connectors on the
top and bottom panels as described in next sections.
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2.1.1. Amplifier bottom panel

The bottom panel provides connection for the internal components of the gaitway 3D
instrumentation, i.e. the four transducers, the treadmill speed sensor and the power
supply input to the instrumentation, see Figure 2.

Speed sensor Power input
SR & fuse

Rear-left Rear-right
transducer transducer

Front-right Front-left
transducer transducer

Figure 2. gaitway-3D amplifier bottom panel.

2.1.2. Amplifier top panel

The top panel, shown in Figure 3, provides connection for user interfaces to the gaitway
3D instrumentation. User interfaces include visual LED indicators, Ethernet interface
connector, digital I/O BNC connectors and Analog Force output connector. The digital

I/O interface connectors are used exclusively with the Ethernet data interface and are
not described further in this document.

Analog force out

Ether|
[ Ethernet ] [S‘tatus LED ]
connector

o
]
O gaitway 3D
c
R
(2]
S
()
>
Zeo Auxiliary Trigger Synchronization Ethernet
input input input output LED
E: r
[ Ethernet J [ Status LED J
connector
Digital
L l_@.i\
c X
i)
(2]
S
()
>

Zero Auxiliary Trigger Synchronization Ethernet
input input input output LED

Figure 3. gaitway-3D amplifier top panel
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2.1.3. Status LED

The status LED (Sts) shows the status of the gaitway-3D instrumentation via a RED
LED according to the states described in Table 1.

Table 1. Status LED state description.

Status RED LED state Description

LED is OFF The gaitway-3D instrumentation is not powered.

LED blink at 1Hz with a The gaitway-3D instrumentation is operational and no
duty cycle of 1/8 error is logged.

2.1.4. The Zero input

The 'Zero In' digital input is dedicated to resetting the baseline analog output when no
load is applied on the instrumented treadmill (see Table 2). The 'Zero In' is activated by
pulling the input low or by driving it low. The 'Zero In' digital input is isolated and rated for
5V digital operation with standard TTL/CMOS logic levels. It has a weak pull-up resistor
that sets the default input to a high state. A falling edge must be detected to enable the
baseline reset; i.e. the 'Zero In' must be reset high between successive baseline reset
commands. The baseline reset operation lasts approximately 350 milliseconds and
during this period the analog outputs are not valid. Note that the analog output baseline
is reset automatically at system power-up. Therefore, the gaitway-3D instrumented
treadmill may be used without interaction with the Zero-In digital input.

Table 2. gaitway-3D digital I/O special functions.

Channel | Special function Default state
Zero in | Pulling the Zero input low resets the baseline output | Normally high

voltage to the default value for each direction

(£ direction = 1.2Volts; Y & X direction = 5Volts).

= The "Zero in" function should be activated when the patient is not on
gaitway-3D treadmill and when no object is touching the treadmill.

= The Analog Force outputs are not valid while the analog signal
baselines are being reset.
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2.1.5. Analog Force output

The Analog Force output connector is used to provide an analog copy of the eight force
signals measured by the force transducers (version C, D and E) and of the treadmill
speed (version E only). The voltage output for each signal is ground referenced, within a
range of 0 to 10 V and is rated 10 mA for version C & D1 and 1 mA for version D2 and E
and has an impedance of 100 Ohm. The internal analog ground of the amplifier is
separated from the external ground (GNDIO) with a 100 Ohm resistor. The connector

pin-out is presented in Table 3 and in Figure 4.

Version C & D

Version E

Figure 4. Analog force out connector front panel pin-out view

Table 3. Analog force out connector pin-out (version C, D and E).

Pin number Signal Type Description
version | version
c&b E

1 1 EX34 Filtered Sum of Rear Left and Rear Right force
analog signal | sensors in the X direction

2 2 EX12 Filtered Sum of Front Left and Front Right force
analog signal | sensors in the X direction

3 3 EY23 Filtered Sum of Front Right and Rear Right
analog signal | force sensors in the Y direction

4 4 EY14 Filtered Sum of Front Left and Rear Left force
analog signal | sensors in the Y direction

5 5 EZ4 Filtered Force in Z direction on Rear Left force
analog signal | sensor

6 6 EZ3 Filtered Force in Z direction on Rear Right
analog signal | force sensor

7 7 EZ2 Filtered Force in Z direction on Front Right
analog signal | force sensor

8 8 EZA Filtered Force in Z direction on Front Left force
analog signal | sensor

NA 10 SPEED Filtered Analog treadmill speed
analog signal

9 15 GNDIO External External ground for signal reference
ground

Shield Shield Chassis PE Connected to chassis of amplifier
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2.1.6. Programmable gain

The gaitway 3D force amplifier offers programmable gain amplification (PGA). The
default PGA is set to 16 in the vertical direction (allowing a nominal range of 2600 N for
each EZ channels) and to 64 for the fore-afterwards and medio-lateral directions
(allowing a nominal range of 640 N for each EY and EX channels). The default PGA is
set at system power up.

3. Treadmill reference frame

The sensors measure the three-dimensional forces applied to the treadmill. These
forces are expressed by the amplifier in the reference frame presented in Figure 5.

A transducer is mounted at each corner of the treadmill (transducer 1 to 4 in Figure 5).
The origin of the reference frame (O in Figure 5) is located at the geometrical center of
the rectangle defined by the four transducers. The location of the origin relative to the
treadmill chassis can also be determined from the dimensions presented in Figure 5 (all
dimensions are expressed in millimeters). The three orthogonal components of the
applied force (not the ground reaction force) are reported as follows:

- vertical component along the Z-axis, positive downwards;

- fore-afterwards components along the Y-axis, positive forwards;

- medio-lateral component along the X-axis, positive left.

gaitway-3D 150/50 with mercury or stratos treadmill, SN: cos30000va

L load cell distance 1200.0
lLoad cell 1'
7. A: | °l
] & > .
!
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center of load cells 1005.0
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load cell distance 760.0

total width 910.0

X
A 0
Z E
Y
) ‘il =) -
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Load cell 3 Load cell 2
plate length 1585.8

total length 2195.0 !

plate width 800.0
center of load cells 400.0




Arsalis SRL

et 1 /COSM0S

Belgium

Ref: TM-TN-0030-ARS Issue: A Rev.: 3 Date: 22/01/2020 Page: 6
Title: gaitway 3D analog force signals

gaitway-3D 150/50 with mercury or stratos treadmill, SN: cos30000-02
L load cell distance 1600.0
éentre of load cells 965.0
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load cell distance 780.0

gaitway-3D 170/65 with quasar or stellar treadmill, SN: cos30003
| load cells distance 1600.0
ceml:er of load cells 1155.0
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gaitway-3D 190/65 with pulsar treadmill, SN: cos30004
| load cell distance 1600.0

\
center of load cells 1305.0

lLoad cell 4| Load cell 1|
[ U N . '_E.L . é

plate width 1050.0
Load cell distance 990.0
Q

L
total width 1140.0

A
) i

. /
— ]| | =

Load cell 3 plate length 2000.0 Load cell 2

total length 2605.0 L

center of load cells 525.0

Figure 5. Treadmill top view and reference frame.

4. Analog signals acquisition scenario
A typical acquisition scenario includes the steps described in Table 4.

Table 4. Analog signal acquisition scenario.
Step Description

1 Power up the gaitway-3D

2 Optional: Reset the baseline analog output when no load is applied on the
instrumented treadmill (see section 2.1.4)

3 Measure the analog channels baseline values when no load is applied on

the instrumented treadmill and store them as BZ,, BZ,, BZ5, BZ,4, BY 14,
BYa23, BX12, BXa4

4 Measure the analog SignaIS EZ,, EZ,, EZ5, EZ4, EY 14, EYa3, EXio, EXa4
5 Compute resultant forces and moments using the equations provided in
Table 5.

5. Parameters calculation

The force and moment signals are calibrated according to the calculations described in
Table 5. For each channel, the calibrated force or moment (in N or Nm) is computed
from:
- the voltages read from the channels (e.g. EZ4, in mV);
- the baseline measured from the corresponding signal when no load is applied
on the instrumented treadmill (e.g. BZ1, in mV);
- the calibration matrix CM for the corresponding signal, specified for default
PGA, in N/mV or Nm/mV, according to the calibration certificate delivered with
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each device.
[ FZ FZ FY FY FZ 1 ]

GZlpy GZ2py GZ3py GZApy GYldpy GY23py GX12py GX34py
GZlpy GZ2px GZ3py GZApy GYldpy GY23py GX12px GX34py

CM =
(GZ1yxy GZ2yx GZ3yx GZAyx GYl4yy GY234x GX12yx  GX34yx|
GZlyy GZ2yy GZ3yy GZ4yy GYl4yy GY23yy GX124y GX34MY|
lGZlMZ GZ2y; GZ3y; GZ4y, GYl4y, GY23,, GX124, GX34MZJ
Table 5. Calculations for dynamic signals.
Param.| Calculation " Description
(EZ3 — BZ3) " GZ3px + (EZy — BZ,) - GZ4px + lateral

(EY14 - BY14_) * GY14FX + (EY23 - BY23) : GY23FX +
(EXIZ - BXIZ) ' GXlZFX + (EX34_ - BX34_) ) GX34FX

FYiot (EZ, — BZ,) - GZ1py + (EZ, — BZ,) - GZ2py + Total force in Y-direction,
(EZ3 — BZ3) " GZ3py + (EZy — BZ,) - GZ4py + anterior-posterior

(EY14 - BY14) - GY14FY + (EY23 - BY23) " GY23FY +
(EX12 - BX12) " GXleY + (EX34_ - BX34) - GX34FY

(EZ3 — BZ3) " GZ3p; + (EZy — BZ,) - GZA4pz + vertical
(EY14 - BY14) " GY14FZ + (EY23 - BY23) ) GY23FZ +
(EXlz - BXIZ) ' GXlZFZ + (EX34_ - BX34_) ) GX34FZ

My o (EZ, — BZ,) - GZ1yx + (EZ, — BZ,) - GZ2x + Moment of measured forces
(EZ3 — BZ3) - GZ3yx + (EZy — BZ,) - GZ4yx + around the X-direction at the
(EY14 — BY14) - GY14yx + (EYy3 — BY;3) - GY23yx + coordinates origin
(EXy, — BXy,) - GX1245 + (EX3, — BX34) - GX34yx
My o (EZ, — BZ,) - GZ1yy + (EZ, — BZ,) - GZ2yy + Moment of measured forces
(EZ3 — BZ3) " GZ3yy + (EZ, — BZ,) - GZ4yy + around the Y-direction at the
(EY14 — BY1y) - GY14yy + (EYyz — BY;3) " GY23yy + coordinates origin
(EXy, — BX1,) - GX124,y + (EX34 — BX3,) - GX34yy
Mzo (EZ,—BZ,)-GZ1y; + (EZ, — BZ,) - GZ2; + Moment of measured forces
(EZ3 — BZ3) - GZ3yz + (EZ, — BZ,) - GZ4yz + around the Z-direction at the
(EY14 — BY14) - GY 14y, + (EY23 - BY23) "GY23yz + coordinates origin
(EXy, — BXy5) - GX124,, + (EX34 — BX3,) - GX34y,,
OPy - My.o / FZo X coordinate of the COP®,
relative to the coordinates origin
OPy My o / FZiot Y coordinate of the COP®),
relative to the coordinates origin
OP2 0 Z coordinate of the COP®,
relative to the coordinates origin
Tz Mz o + OPy * FXot - OPx * FYio Free moment of measured

forces around the Z-direction at
the coordinates of the COP

Notes:

(1) O = coordinates origin, fixed at the projection of the geometric center of the 4 sensors in the
locomotion surface plane;

(2) COP = center of pressure; defined as the point on the locomotion surface plane where the moment is
equal to zero.
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6. Analog interface of gaitway 3D with Vicon Nexus software

6.1. Integration philosophy

The integration of gaitway 3D with Vicon Nexus 2.x software described here concerns
an interconnection of analog outputs of gaitway 3D, sampled by a Vicon Lock device.
The gaitway 3D hardware settings (signals, calibration matrix, position, etc) need to be
configured in Nexus for proper data acquisition and interpretation. Once acquired, the
force applied by the subject can be decomposed between the left and right foot via a
Matlab routine called from Nexus in post processing. To do so, two force plates are
actually configured in Nexus: a real force plate that is assigned with the recorded
signals (i.e. the total resultant force applied on the gaitway 3D) and a virtual force plate
that is exactly superimposed to the real one and is assigned dummy signals. After the
decomposition, the real force plate is assigned with the force at the left side and the
virtual force plate is assigned with the force at the right side. Once recorded (and
decomposed if needed) the gaitway 3D force signals can be used in any post
processing pipeline in Nexus since it is part of the Nexus trial data.

6.2. Software requirements

In order to integrate the gaitway 3D signals into Vicon Nexus 2.x software according to
the philosophy described above, the following software components need to be setup
and running on the same computer:
- gaitway 3D software, version 1.5.0 or later, is used to control the treadmill and
allow the left/right force decomposition in post processing;
- Nexus, version 2.X, is used as the user interface to record and interpret gaitway
3D and kinematic signals.
- Matlab, R2016a or later, is used to decompose the force applied on gaitway 3D
between the left and right side during walking or running.

6.3. Connection of gaitway 3D analog outputs into Vicon Lock
device

The analog outputs of the gaitway 3D force amplifier are connected to the Vicon Lock
device. The Vicon and gaitway 3D need to be powered off during this operation. Plug
the gaitway 3D analog output cable to the analog output connector of the gaitway 3D
(see Figure 3). Connect the ground signal wire (grey wire for amplifier ver. C or ver. D,
red & white wire for amplifier ver. E) to one ground connection of the Vicon (top row of
each connector of Figure 6). Each other wire is connected to the bottom row of the
connector in the order of Table 6. Depending on availability, other pins can be used.
Finally, connect the PE wire to a screw of the Vicon Lock as in Figure 7.
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Table 6. Analog input connections to Vicon Lock.

Vicon Vicon | Signal | Analog cable | Analog cable
Lock Lock for amplifier for amplifier
pin row ver. C&D ver. E
(RD 4) (RD 5)
1 bottom | EZ1 purple purple
2 bottom | EZ2 blue blue
3 bottom | EZ3 green green
4 bottom | EZ4 yellow yellow
5 bottom | EY14 orange orange
6 bottom | EY23 red red
7 bottom | EX12 brown brown
8 bottom | EX34 black black
GND top GND grey red & white
9 bottom | Speed NA white
PE screw | NA PE | green & yellow | green & yellow

Figure 7. Analog cable PE con

nection to Vicon Lock.
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6.4. Configuration to integrate gaitway 3D signal into Nexus 2.x

The following configuration procedures are required to allow the integration of gaitway
3D analog outptus into Vicon Nexus 2.x. These procedures will allow the configuration
of a real force plate to record the gaitway 3D signals, an additional input for the optional
treadmill speed signal, a ‘virtual’ force plate to decompose left and right forces, the
signals filtering in Nexus 2.x and of the left/right force decomposition.

6.4.1. Configuration of Nexus to read gaitway 3D force signals

The gaitway 3D is configured as a force plate in the Vicon Nexus 2.x software as
described in Table 7.

Table 7. Nexus configuration to read gaitway 3D forces.

Step |Description lllustration

1 C“Ck on ‘GO Live’ " Yicon Mexus 2.8.1 - Marche_Julien 4 km avec zero le
Eile Edit Windaws Help

2. - Right click on ‘Devices’.
- Select ‘Add analog device’
- Select ‘Add AMTI Accugait force plate’

3. - Click on ‘Show advanced'. : -
Properties Hide Advanced

- Enter a name to the force plate, e.g. _ 2

“FP1 ” .f:r'.-'_vra.
. arne: FP1

- Enter the Delay Compensation Dhtay Conteration s [T
(0-9043) _ Calibration File: ) '

- Skip the setting of the zero level for Calibration Mt 6x8 Matrix
n OW Zero Level: 18 Matrix

- Set the Force Threshold to 50N Force Threshold (N): 50 |

Status

Connected: [ |
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Step |Description lllustration
4- C“Ck on ‘Callbratlon Matrlx’ then enter Analog calibration matrix (N/mV, Nm/mV, with default PGAz,y x: 16,64,64)
. Ezi E22 Ez3 =] Ey23  Ey23  Exi2  Ex34
the sensitivities for all analog force [Fz | 029837 029143 030159 029772 000000 000000 _0.00000 _0.00000]
. . . Fy | 000179 -0.00033 000177 000063 0.15765 0.15844 0.00000 _0.00000
channels from the ga|tway 3D calibration Fx_| -0.00540 000202 000176 -0.00703 000000 _0.00000 _0.12808 _0.13133
. pe . . Mx | 023837 023320 024159 -0.23829 -0.02854 -0.02868__0.00000 _0.00000
certificate under the headlng Analog My | 0.11745 0.11406 011797 -0.11752 0.00000 0.00000 0.02568 0.02633
calibration matrix (N/mV Nm/mV. with Mz | 000587 000044 -0.00081 -0.00377 006178 -0.06211 -0.10237 _0.10489
’ d x
defaUIt PGAZ’y’X: 16’64’64), 1# "2‘0'5 i':'T';_ "-'7'.055' [0 : To - '1'2'57.'0'3_ 1l 1'3"ia.'3"3 J
- MUltIply all values by 1000. HIEWT) 033 | 177 063 157.65 | 15844 | 0 0
. . 29837 | 29143 | 30159 | 297.72 | 0 0 0 0
- Enter values in the f0”0W|ng order for j 23837 | 2332 | -241.59 | -238.29 | -28.54 | -2868 | 0 0
B -117.45 | 11406 | 117.97 | -117.52 |[ 0 o 2568 2633
rows 1 tO 6 FX’ Fy’ FZ’ MX’ My’ MZ' : 5.87 0.44 -0.81 -3.77 61.78 -62.11 -102.37 | 104.89
Apply Close
5. - Select the correct Vicon Lock device | Source
slot as the force plate signal source. i"'_‘*‘(:’) blone
. ain (W): 10.00 e
- Enter the Gain (V) as 10.00. 2 -
- Select the analog force signals S ——
according to the analog input F2C: Fin1
connections listed in Table 6 with the | ro: Pina
mapping given hereunder: Fzh: Pin3
FzC < EZ1 (pin1) Fa Pins
FzD & EZ2 (pin2) ?’;‘E‘ ik
. xDC: Ping
FzA & EZ3 (pin3) i e
FZB é EZ4 (p|n4) FyBD: Ping

FyAC € EY14 (pin5)
FXDC <« EY23 (pin6)
FXAB € EX12 (pin7)
FyBD < EX34 (pin8)




Arsalis SRL

et 1 /COSM0S

Belgium

Ref: TM-TN-0030-ARS Issue: A Rev.: 3 Date: 22/01/2020 Page: 13
Title: gaitway 3D analog force signals

Step |Description lllustration
6. Enter the Dimensions of the force plate | Dimensions
(Dimension illustrated on the 3D view) o =
Nexus S/N cos30000va '
X (mm) 800 Position
Y (mm) 2010 o -
Nexus S/N c0s30000-02 o =
X (mm) 840 ‘
Y (mm) 1930 Orientation
Nexus S/N co0s30003 Xiuedk 2
X (mm) 1050 ifdeox :
Y (mm) 2310 £ ek -
Nexus S/N cos30004 Origin
X (mm) 1050 a (mm) 390
Y (mm) 2610 A0 800
Enter the Position of the force plate co L 3
(position of plate center in Vicon
reference)
Nexus S/N cos30000va
X (mm) 392
Y (mm) 967
Nexus S/N co0s30000-02
X (mm) 412
Y (mm) 927
Nexus S/N cos30003
X (mm) 517
Y (mm) 1117
Nexus S/N c0s30004
X (mm) 517
Y (mm) 1267

The position of the force-
plate set here corresponds
to the position of the wand
illustrated at step 1 of
Table 12.

Enter the Origin of the force plate
(distance from plate center to load-cell)

Nexus S/N cos30000va
a (mm) 380

b (mm) 600

az0 (mm) -163

Nexus S/N cos30000-02
a (mm) 390

b (mm) 800

az0 (mm) -181

Nexus S/N cos30003

a (mm) 495

b (mm) 800

az0 (mm) -185

Nexus S/N cos30004

a (mm) 495

b (mm) 800

az0 (mm) -185
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Step |Description lllustration
7. Right click on the device then select ‘FOOt | gt s _ L

Contact’ = ‘Auto-Detect’

» B Auto-Detect

m  Foot Contact

Hide Raw

Zero Level

Properties

Remove Device

Left —
Right | A
Invalid =

e !7

When the force plate is configured and the zero level is set, Nexus will measure the
resultant force applied by the subject on the gaitway 3D in each direction (Fx, Fy and
Fz). It computes the resultant moments applied by the subject on the gaitway 3D with
respect to the force plate origin and also the global center of pressure in the Vicon
reference frame.

6.4.2. Configuration of Nexus to read gaitway 3D treadmill speed signal

When using a gaitway 3D amplifier version E (see Figure 3), the gaitway 3D treadmill
speed can also be read as an analog input into the Vicon Nexus 2.x software. A new
analog input needs to be declared in Nexus as described in Table 8.

Table 8. Nexus configuration to read gaitway 3D treadmill speed.

Step

Description

Illustration

1.

When online, in the ‘System’ tab, select
‘Device’ then ‘Add Analog Device’ then
‘Add Generic Analog’.

Exl System B Subjects

% configuration AQM

v [ Local Vicon System [100Hz]
v E Vicon Cameras
#1 (Vantage 5)
#2 (Vantage 5)
#3 (Vantage 5)
#4 (Vantage 5)
#5 (Vantage 5)
#6 (Vantage 5)
#7 (Vantage 5)
#8 (Vantage 5)
4 B Video Cameras
#DV1 (Vue) [720p] [100Hz]
Vicon Connectivity
#2 (Lock Lab)
Analog [1000Hz] (Slot 1)
% Degee
- Reorder...

Add Analog Device 4

Add Digital Device

Disconnected Devices

Properties

General

»

»

gte (Internal...

\EI Name
\E Delay Compensation (s):

Add AMTI AccuGait Force Plate
Add AMTI OR6 Series Force Plate
Add Analog Accelerometer
Add Analog EMG
Add Bertec Force Plate
Add Generic Analog

Add Kistler Force Plate (External Amplifier)
Add Kistler Force Plate (Internal Amplifier)

Add Motekforce Link 2x6D Instrumented Treadmill
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Step |Description lllustration
2. |Enter the new device a name, e.g. v B Devices

‘TmSpeed’.

- #1 PF1 [1000Hz] (Kistler Force Plate (Internal...
| #2 PF2 [1000Hz] (Kistler Force Plate {Internal...
- #1 [1000Hz] (Analog EMG)

ﬂ #2 TmSpeed [1000Hz] (Generic Analog)

Properties Show Advanced
General
Name: | TmSpeed
Status
Connected:
Source
Source: #2 Lock Lab - Slot 1 v
. . . ‘ Analog [ Add Lumincus Intensity
3. |Right click on the device and select ‘Add v [ Devices ,
o #1PF [ Add Magnetic Flux
VeIOC|ty . #2 P2 [1 Add Magnetic Flux Density
= | #1[1000  Add Mass
PN Add Power
Add Pressure
Add Radioactivity
Add Solid Angle
Properties .
Add Thermodynamic Temperature
General Add Time
Name: ‘ Add Torque
Stafie Add Velocity
Connected: Add Volume
Add Work
Source .
e — Remove Device

Right click on the device and select ‘Add
Component’.

v b #2 TmSpeed [1000Hz] (Generic Analog)

Add Component

Add 2 Components

Properties

i Add 4 Components
‘ Add 8 Components

General Remove Output
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Step |Description lllustration
5. |- Click on ‘Show advanced’ to access all | Properies Hide Advance
settings. General
- Enter the ‘Scaling Factor’ as specified | ™™™ o ==

. g . . . caling Factor (mm/s): 904,13
in the gaitway 3D calibration certificate |
for the 'Speed’ channel, as follows: == —

Nexus Gaitway 3D calibration Gain (V): 10.00

Scaling 1000* Analog speed factor Zero Level (mmy/s): 452,065

Factor (m.s™'/V)

(mm/s)

- Enter the pin of the treadmill speed
input signal according to the analog
input connections listed in Table 6.

- Enter the ‘Gain’ value of 10.00.

- Enter the ‘Zero level’ as specified in
the gaitway 3D calibration certificate
for the 'Speed’ channel, as follows:

Nexus Gaitway 3D calibration
Zero Level  Analog speed offset (V) *
(mm/s) 1000 * Analog speed factor

(m.s"/V)

Speed factor
(ticks.m.s™")

Analog speed Analog speed factor
offset (V) (m.s'V)

Speed 1163.070

0.50000 0.90413

Analog speed
factor (V/m.s™)

1.10604
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6.4.3. Configuration of virtual force plate for left/right force decomposition

Configure a new ‘virtual’ force plate into Nexus environment to allow the left/right
decomposition of the force applied by the subject. The virtual force plate should have
identical characteristics as the real force plate (e.g. “FP1”), as described in Table 9.

Table 9. Nexus configuration of virtual force plate.

Step |Description lllustration
1.|- Configure a new force plate according to _— —
. o . . Fopertes e A anced
Table 7, with the modifications listed below. | :
- Enter a different name for the virtual force : -
late, e.g. “FP2” arme: e
p ’ g ' . . Delay Compensation (s): 0,004 | ===
- Set very large sensitivities for the virtual force | ¢y .uonfie -
plate analog inputs, e.g. 1000, to hide any Calibration Maki 558 Falrix
noise on the unused analog inputs. Zero Level: 158 Matrix
- Select unused analog inputs for the source of | Force Threshold (Ny: 50 | e
signals of the virtual force plate Status
- Set the virtual force plate with the same Connected:
physical dimensions as the real force plate, to | -
have both force plates exactly superimposed | .. e
in Nexus. Gain (V) 10.00
Fill: Fill
Clear: Clear
FzC: Pins7
FzD: Pin 58
Fz&: Fin3%9
FzB: Pine0
FyAC: Pingl
FxDC: Pine2
Fx&B: Ping3
FyBD: Pin6d
Dimensions
X (mm): 780
Y (mm): 1600
Position
X (mm): 392
Y (mm): 967
Z (mm): 0
Orientation
X (deg): 0
Y (deg): 0
Z (deg): 0
Origin
a (mm): 392
b (mm): 967

az0 (mm):

-181
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6.4.4. Filtering configuration
Configure the filter for the force and treadmill speed signals as described in Table 10.

Table 10. Nexus configuration of filtering.

Step |Description lllustration

1. [In the ‘Tools’ tab, select ‘Pipeline’.

= 7 Pipeline:
Svailable Operations:

= File Import

= Core Processing

= Subject Calibration

= Events & Timebar

= Fill Gaps & Filter Data
= Data Processing

= File Export

= System

= Legacy

2. |- In ‘Available Operations’, select: fuallsle Oerstons: .
‘Fill Gaps & Filter Data’ - Sibject Cabration
= Events & Timebar

- Then select: ¥ Pt & e Dok
‘Filter Analog Data - Butterworth’ Fllaape - patin

Fill Gaps - Rigid Body

Fill Gaps - Waltring

Fiter Analog Data - Butterworth

Filter Model Cnjeute—e.

Filter Trajector| Filters analog device data using a Butterworth Filter
Filter Trajectories - YCM Spline

Filter Trajectories - Waoltring

Delete Cptional Subject Marker

Delete Unlabeled Trajectories -

Current Pipeline:

3. |In the current pipeline, select the filter operation e o =

then: [ » I

- Define ‘First Frame’ as ‘Selected Start’ I select al / none

- Define ‘Last Frame’ as ‘Selected End A e Ll

— Set the ‘Cut-Off Frequency’ as 2/3 of vibration [Filters analog device data using a Butterworth Filter
frequency (i.e. 30Hz).

- Set ‘Filter Order’ as ‘Fourth Order (Zero Lag)’

- Set ‘Filter Type’ as ‘Low Pass’.

- ‘Devices’ can be set to ‘All’ if no other devices are
connected.

Properties Showe Advanced
First Frame: Selected Start sl
Last Frarne: Selected End LM
Cut-Off Frequency (Hz): 0 &
Filter Order: Fourth Order (Zero Lag) |
Filter Type: Lowe Pass T

Devices: All
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4. |- If other devices are connected, disable ‘Macro’ Properties Show Advanced
with the small arrow at the right side of the e e
‘Device’ menu. Cut-OFf Frequency (H 0
Filter Crder: Fourth Order (Zero Lag)

- Click on ‘Pick’ and select the two force plates and
the analog speed channel if connected (amplifier | oecs — peen
version E in Figure 3).

Filter Type: Lowy Pass

Set ko Default

Devices n

Analog EMG
#1 FP1 (Kistler Force Plate (Inter|
#2 FP2 (Kistler Force Plate (Inter|
TmSpeed (Generic Analog)

| Appiy |
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6.4.5. Configuration of left and right force decomposition

Configure the Matlab function ‘ForceSplittingFunction® as described in Table 11. This
function will overwrite the original data in the real force plate ‘FP1’ with left foot forces,
moments and COP while the right foot data will be written into a second, virtual force
plate ‘FP2’. With the forces separated in this way, Nexus is ready to compute the joint
moments by the inverse dynamic process. Before the force splitting, the Matlab function
also has the option to remove the average force value in fore-aft and transverse
directions and also to adjust the average vertical force to the body weight declared in
subject parameter ‘Bodymass’ in kg.

Table 11. Configuration of LEFT vs. RIGHT force decomposition.

Step |Description lllustration

Awailable Operations:
= File Import a

1. |Go to the Pipeline tab and add an item ‘Run - e Import
Matlab Operation’ from the ‘Data Processing’ | - subiectcaibration

= Ewents & Timebar

H = Fill Gaps & Filter Data
0 pe ratl 0 n S v Data Processing
Process Static Plug-in Gait Model
Run Static Oxfard Foot Model
Feun Static BodyLanguage Model
Process Dynamic Plug-in Gait Model
Feun Dynarnic Oxford Fook Model
Feun Dynamic BodyLanguage Model
Process OCST
Process SCoRE | SARA
Calculate Gait Cycle Parameters
Calculate Gait Deviation Index
Run MatLab Operation

2. |- Select the Matlab Script File ‘Program Files | e e Iidniiivarend
. Matlab script file: -3D/ForceSplittingFunction.m | ...
(X86)\G altway' Script arguments: "'F7PWV‘7."F7Pé'T‘;I;SpEEd‘.{.1
3D\ForceSplittingFunction.m’. A6 Pt 0 s

Launch Matlab: Launch Matlab

- Write the Matlab script arguments
separated by comma:

- ‘FP71’,

- ‘FP2,

- ‘TmSpeed’ if speed channel available
or write speed average value (km/h) if
no speed sensor is connected,

- belt direction (1 if the subject is
heading towards the motor, -1 if the
subject is heading away from the
motor),

- average force rectification (1 to enable,
0 to disable). This set the average of
forces Fx,Fy,Fz to 0,0,BodyWeight.
This option may be helpful only in case
a small offset on the force records is
present but errors on the COP
measure remains if offsets in vertical
forces were important. In addition, an
entire number of steps needs to be
selected as ‘Region of interest’ when
using this option.
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6.5. Data recording

The important operations to perform before each recording in order to have useable
data are described in Table 12.

Table 12. Data recording.

Step |Description lllustration

1.|- When performing the Vicon calibration,
place the Vicon wand at the left side of the
treadmill, aligned with the rear side of
treadmill frame.

The position of the wand
illustrated here corresponds to
the settings at step 6 of Table 7.

2.|- Before instructing the subject to go on the D S -
treadmill, ensure that nothing touches the [ 52 footConmet v RE
treadmill and right click on the devices ol e M |
‘FP1’ = #2 Tc Analog)

. Properties L MJ Hide Advanced

- Select ‘Zero Level'. .

Forgetting this step will result in
unusable data

3. |While the subject is walking on the treadmill,
switch to graph visualization of forces on ‘FP1’
then check that the average fore-aft and lateral
forces are about zero and that the average
vertical forces is about the bodyweight. \

ForceFx (N)

Farce.Fy (N)

Force.Fz (N)

100 -am
L 1
ry
@
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6.6. Processing of recorded data

The operations to perform the data filtering and the force splitting on recorded data are
described in Table 13.

Table 13. Processing Application to recorded data.

Step |Description lllustration
1_ In the ‘Data Management, panel Cihllsers\ThiernADocumentsi i ATLABYWiconh 190313 Marche AVEC FERC ET BRUITY
select the record on which the 0| 0| S| & Ufmes s amn s | voamesn s | winsa
decomposition algorithm needs to ez A tem
. . M| L # Marche_Julien avec zero level avec bruit

be applied and double click on the o o
trial to decompose the Left and g st
Right foot force. B @l Veon

130312 Marche AVEC

180313 Marche AVE(J

190313 MARCHE SA

190313 MArche SAN:

Test Marche 190312

Test Marche dkph

TestMarche 190301

TestMarche 190305

[ — LlJ 4]

& Data Managernent [‘] Quality Histary @ Monitars II IMeasurell m [NE

Current Pipeline:

Untitled * i Q v

2. |Run the pipeline by clicking on the

Play button o

Select all / none
Filter Analog Data - Butkerworth
Fun MatLab Operation

3. |Wait until ‘Matlab Script Execution
Succeeded’ meSSage iS given in the 14:35:11.114 50K Recsived command SstDeviceChannel for Device 3, Qutput 2, Channel 3

14:35:11.231 SDK Received command GetDeviceDetails for Device 4

Nexus Log. This can take up t0 tWO | ....cumsomn

Started

minutes the first time, When Matlab 14:35:11.332 Run MatLab Operation PF1 loaded
needs to be loaded. il S

Left foat written

14:35:11.332 Run MatLah Operation
14:35:11,332 Run MatLab Operation Splitting finished

14:35:11.332 Run MatLah Operation

i

ki

i

ki
14:35:11,332 Run MatLab Operation

ki

i

i Matlab Secript ExecLtion Sucresded

i

14:35:11,332 Run MatLab Operation

[ Data Managem @ quality B History ™ Monitors | E1IMeasure U Bt B status

Succeeded: 0 Errors and 0 Warnings

4. | The force-plate forces, moments
and center of pressure are now
decomposed between the real force
plate ‘FP1’ that contains the left foot
data and the virtual force plate ‘FP2’| - -
that contains the right foot data. ==

The originally acquired data are . I“WWWW

saved into a new model output of O S S S SN N S S
the subject. - P A

Note that if a ‘region of interest was
defined, the splitting is only done
during this period.
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5. | Set the real force plate ‘FP1’ to
detect LEFT foot contact and the
virtual force plate ‘FP2’ to detect

RIGHT foot contact.

Devices
> - #1 FP1 [1000Hz] (Kistler Force Plate /Internal
- [ #2 FP2 [1000Hz] (Kistler Force Platciibisshasia S
#1 [1000Hz] (Analog EMG) Hide Raw
#2 TmSpeed [1000Hz] (Generic Ang
Zero Level

T T
Auto-Detect

Right

| Remove Device
Hiderrovameen—T

Invalid
” T
i |
[ I [

i
A
I

Properties

6.7. Troubleshooting

A number of error messages can be generated by the decomposition routine. Any error
message will be listed in the Nexus Log panel and the corresponding solution is

described in Table 14.

Table 14. Error messages and solutions.

Error message

Solution

“The Matlab function
‘ForceSplittingFunction’ cannot be found.”

The gaitway-3D software cannot be found
at the location specified in step 2 of Table
11 or older than version 1.5.

Install gaitway-3D software and specify its
location at step 2 of Table 11.

“The source file could not be found.”
or
“Unable to remove old input/output files.”

The file 'Y%public%\Documents\Vicon
\Arsalis\DatalnFile.txt' or the file
'Yopublic%\Documents\Vicon
\Arsalis\DataOutFile.txt' is not accessible
to the Matlab or Gaitway-3D software.
Grant read and write access to both files.

“The sample rate specified in the
arguments is out of bounds.”

Specify a sample rate between 100Hz and
10000Hz for the recording of gaitway-3D
analog signals.

“The treadmill belt direction is not specified
correctly in the arguments.”

Specify a value of 1 if the subject is
heading towards the motor and of -1 if the
subject is heading away from the motor for
the 4™ argument of the Matlab function
(see step 2 of Table 11).

“The gaitway-3D device could not be
accessed or the Force Split Algorithm
option is not activated for your device.”

In order to enable the force decomposition,
the license for this option needs to be
installed and the gaitway-3D force
amplifier needs to be accessible on the
Ethernet network.

“The system could not find out if it is a
walking or a running gait.”

The data are not walking or running data
or the number of steps is too small to
identify the type of gait.

Select a longer record or a longer region of
interest to allow the decomposition.
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Error message Solution

“Force-plate-name loading error.”

The data of the force plate named ‘Force-
plate-name’ cannot be read from Nexus.
Check that the correct name of the force
plate is entered in the argument of the
Matlab function (see step 2 of Table 11)
and that the data are present.

“A subject name is needed for force
backup.”

The original force data are always backed-
up before the decomposition into the
subject model output.

Specify a name for the subject in order to
allow the backup.

“Restore force backup then delete force
backup before splitting again.”

The force plate data backup already exist,
indicating that the forces have already
been decomposed for this trial.

Restore the original force data according
to the procedure in Table 15 to apply a
new decomposition to the trial.

Any other message from the Matlab
execution.

Check that the arguments of the
‘ForceSplittingFunction’ are defined as
explained in Section 6.4.5 and separated
by commas. Name arguments (force-plate
and speed channel) should be between
quotes.

The center of pressure on the force plate
does not match the foot position from
kinematic data.

Verify the following specifications to
ensure an accurate measurement form
Vicon and from gaitway 3D:

- Verify that the Vicon system is
calibrated as recommended in the user
manual.

- Verify that the offset of applied force is
lower than 10N when no load is applied
on the gaitway-3D.

- Make sure the ‘Zero level’ has been
done when no load was applied to the
gaitway-3D (see step 2 of Table 12).

- Verify that the Force-plate is configured
as described in sections 6.4.
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When applying the decomposition to recorded data, the original data of PF1 are backed
up before assigning the data of the left and right foot to separate force plate. The
presence of this backup is used to determine whether the decomposition has already
been applied to any particular trial. In case a backup is found, an error message will be
generated (see above). In order to apply the decomposition anew, the backup needs to
be restored according to the procedure described in Table 15.

Table 15. Restoring the force backup.

Step |Description lllustration
1 . |n the ‘Data Management’ panel SeleCt CihUsers\ThiernADocumentsiMATLABYWiIc ant190313 Marche AVEC ZERD ET BRUITY
the record for which the original force ﬂggﬂg CE it RSe T k HEeeh e M
data should be restored and double click éeé:u =l e
. . N E‘ \_ larche_Julien avec zero level avec brul
on the trial to restore the original forces. & Lgoorn
Image treatment
ScorePrediction
B L Vicon
130312 Marche AVEC
190312 Marche AVE(J
190312 MARCHE SA
190313 MArche SANS
Test Marche 190312
Test Marche dkph
TestMarche 130301
TestMarche 190305 ||
4 _>|_I 1
1 Data Ianagement m Quality Histary @ Manitors :I IMeasurel] m hlat
2. |- Select the Matlab Script File ‘Program | Mattas seriet Interface
. . MATLAB R201fa
FlleS (X86)\G3.|tW3.y’ i , Properties Show Advanced
3D\ReStOI"eFOI"CGBaCkUpFUI’]CtIOﬂm . Matlab seript file: preeBackupFunctionm | ...
- Write the force plate name as Script | (5 ar ——
argument: ‘FP1’.
- Click on ‘Run Script’
Note that a pipeline can also be
Configured tO automate the reStore aS Run Seript Create Pipeline
described in section 6.4.5. skt
D Data Management m Quality Histony @ Maonitors II IMeasurell <A Matlab
3. [Wait until the Matlab popup indicates that
the forces have been restored and that
the backup can be deleted.
4. |- Inthe ‘Subjects’ panel, select the & sstem m

‘Model outputs’ then right-click on the
force backup.
- Select ‘Delete Model Outputs’.

After these operations, the force
decomposition can be performed again if
needed.

LA | &

ﬂ Julien *
®9 Markers
E Segments
;-}: Jainks
W Jed Model Oukputs

> PF1_backup

e Dielete Model Oubputs
=l Analysis Oukputs
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7. Analog interface of gaitway 3D with Qualisys QTM software

7.1. Integration philosophy

The integration of gaitway 3D with Qualisys QTM software version 2019 described here
concerns an interconnection of analog outputs of gaitway 3D, sampled by a Qualisys
analog to digital converter. The gaitway 3D hardware settings (signals, calibration
matrix, position, etc) need to be configured in QTM for proper data acquisition and
interpretation.

7.2. Connection of gaitway 3D analog outputs into Qualisys analog
to digital converter

The gaitway 3D analog outputs are connected to the BNC inputs of the Qualisys
analog-to-digital converter, using the pinout given in section 2.1.5. An Arsalis Analog-to-
BNC cable can be used. Any unused analog input of the Qualisys ADC can be used,
depending on the other devices already connected, but in this example we will use the
pins starting from number 17. It is recommended to connect the channels in the order
given in Table 16.

Power off the gaitway 3D and Qualisys systems to connect and
disconnect cables.

Table 16. gaitway 3D connection to Qualisys

gaitway 3D channel | Qualisys analog input
EZ1 17
EZ2 18
EZ3 19
EZ4 20
EY14 21
EY23 22
EX12 23
EX34 24
Speed (if applicable) 25

The noise on the Analog channels can be very important if a bad grounding
configuration is used. It is recommended to connect the gaitway 3D plug and the
Qualisys plug on sockets that are on the same circuit to have the shortest Earth
connection. The use of a shielded cable with shielding connected to the backshell of the
analog output connector on gaitway 3D cable extremity and connected on the GND of
signals on the Qualisys cable side usually improves noise rejection also.

7.3. Configuration to integrate gaitway 3D signal into QTM

The following configuration procedures are required to allow the integration of gaitway
3D analog outputs into Qualisys QTM. These procedures will allow the configuration of
a force plate to record the gaitway 3D signals and the optional treadmill speed signal.
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7.3.1. Configuration of QTM to read gaitway 3D force signals

The gaitway 3D is configured as a force plate in the Qualisys QTM software as
described in Table 17.

Table 17. QTM configuration to read gaitway 3D forces.

Step |Description lllustration
1 . CliCk on ‘Project Options’ .9.QuallsysTra:?(Manager-[PruJect:Galtway-3D] .
: FEile Edit View Play Capture AIM Skeleton | Jools | Window Help
i LB e 8 | 0 0 | 2D 3D & i M 441 41 |G Projec Options: cul+, | i0d
Project view: Gaitway-3D x
Project data tree 2 ‘
2. Click on the Analog to digital converter in ) ) ) )
the menu under ‘Input Devices’ and @ Project Options - [Project: Gaitway-
‘Analog Boards'.
= Input Devices
- Camera System
. [ Cameras
[ Calibration
Synchronization
= Analog Boards
+)- ISB-2533 (Serial: 393514)
3. - Adjust the sample rate to the desired |EE=TEEES
Value_ - Sample rate
Sample rate: 10/ | samples per camera frame 1000 samples per second

- Select ‘Simultaneous start’.

- Select ‘Range’ of at least 0 to 10V,
here: ‘Bipolar -10Volts to 10 Volts’.

- Select ‘Remove offset’.

- Select ‘Remove offset in real time’.

- Unselect ‘Remove drift’.

- Select the checkboxes of channels 17
to 25.

- Set the 8 force-plate channels name
in the order indicated in the
screenshot and the 9" channel for the
speed signal if available. The order
shall match the one of Table 16.

- Set the ‘Compensate offset/drift’ to
‘Yes’ for these channels.

- Set the ‘Delay (ms)’ to 4 for these
channels.

Extemal sync frame sync)

+) Simultaneous start

Board settings

Range: #) Bipolar From - 10| Volts o | 10 - | Volts

Kistler Force-plate control -

1force plate.

- Compensate for analog offset and drift

+| Remove offset #) Number of samples to use: | 100 -

| Remave offset in realtime Use acquired values

Remove drift

Read offset from | Start of the measurement | = Valid for 20 mint

Channels

Channel ne | Channel name Comp. offset/drift | Offset (V) | Drft (V/sample)  Delay {ms)

v 13 Channel_13 es Calculated — 0
v 14 Channel_14 Yes Calculated — 0
vl 15 Channel_15 fes Calculated — 0
v| 16 Speed_ana es Calculated — 0
v 17 GW3aD_Z1 Yes Calculated — 4
v 18 GW3aD_z2 fes Calculated — 4
v 19 GW3aD_Z3 fes Calculated — 4
v 20 GW3D_zZ4 es Calculated — 4
vl 21 GW3D_Y14 fes Calculated — 4
v 22 GW3D_Y23 Yes Calculated 4
v 23 GW3D_x12 Yes Calculated — 4
v 24 GW3D_x34 Yes Calculated — 4
¥| 25 GW3D_Speed Yes Calculated — 4

26 Channel_26 Yes Calculated  — 0
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Step

Description

lllustration

4.

In the ‘Projects Options’, enter in the
‘Processing’ then ‘Force Data’ menu and
click on ‘Add Plate’.

B Project Options - [Project: Gaitway-30]

=- In_put Devices
=8 Camera System

[#- Analog Boards
|- Processing

- 30 Tracking

[ Twin System

- Trajectories

- AIM

- Skeleton Solver

- BDOF Tracking

i Forceplate 1
- (Gaze Vector

- Real-Time Qutput
- Euler Angles

- TSV Export

- C30 Export

- MATLAB File Export
- AV Export Settings
- FBX Export

- Start Program

. 2D View Settings
; 3D View Settings

- 200 Preprocessing and fittering

[ ~ General settings —
Coordinate system for force/COP display and ¢
 Force plates
Calculate force | Plate no Name

¥ 1 i Il'orce-p.l-ate 1

Add Plate

L4

Select the newly created force plate and
click on ‘Edit Plate’

=) Input Devices
- Camera System
+- Cameras
+)- Calibration
Synchronization
+- Analog Boards
-} Processing
2D Preprocessing and fitering
3D Tracking
Twin System
Trajectories
AlM
Skeleton Solver
6DOF Tracking
-I- Force Data
Forceplate 1
Force-plate 2
Gaze Vector
Real-Time Output
Euler Angles
TSV Export
C3D BExport
MATLAB File Export
AVI Export Settings
FBX Export
Start Program
=-GUI

+

e Project Options - [Project: Gaitway-3D]

A General settings
Coordinate system for force/COP display and export:
Force plates

Calculate force | Plate no | Name
v 1
v 2

Forceplate 1
Forceplate 2

Add Plate Edt Plate Remove Plate

Set the ‘Force plate type’ as ‘Portable
Amti’

9 Project Options - [Project: Gaitway-3D]

put Devices

) Camera System

- Cameras

- Calibration

- Synchronization
Analog Boards
rocessing

3D Tracking
Twin System

; Trajectories

2D Preprocessing and filtering

~ Force plate type -
Amti '
1| Amti
q Kistler
| " Bertec
{ Portable Amti |
1GQMH
|| Treadmetrix
Generic & ch {c3d type-2)
i [Generic 8 ch {c3d type-3)
Generic & ch with matrix {c3d type-4)
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Step |Description lllustration
7. Click on ‘Settings’ and select the 8 Forceplate 2
channels in the order indicated in the Force thi b
screenshot. Portable Amti F—— Seliinge.
Force plate location
Genernte location deta flm c. et View/Edt...
1 @ Force Plate Settings X F
COP (Cq
Actil Analog Board
Z USB-2533
Signal Channel
:mD | < GW3D 71 —
‘L;:: 2D GW3D_72 orcerp}a:)e )
@ Calibl ,a GW3D 73 K of the forceplate
@ Char =
: B GW3D 74
yAC GW3D_Y14
xDC GW3D Y23
xAB GW3D_X12
yBD GW3D_X34
Cancel 0K
8. Click on ‘Calibration’ and enter the
‘Length’ and ‘Width’ of the force-plate for |__ Force latsype
the treadmill size used as indicated . Portable Amti Galbralionss
hereunder: o
m w ““"‘é Force Plate Callbratlo:::::‘::ezwm
Length 2010 i
Wldth 800 1 Force plate dimensions [mm]
QTM S/N c0s30000-02 1 o (o] et [ Ot v oo st
\l;\?gg:]h ;49180 i | wan [ga0 Yoffset [0 AMTI cabraton ?la Keep
i t 2‘ = 2 offset ‘O . the signs e values
QTM S/N c0s30003 i
Length 2310
Width 1050
QTM S/N cos30004
Length 2610
Width 1050
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Step |Description lllustration
9- Enter the Callbratlon faCtOrS for a” analog Analog calibration matrix (N/mV, Nm/mV, with default P;S/Zy,x 16:4264) -
. Ez1 Ez2 Ez3 Ez4 Ey23 Y. x1 X
force channels from the ga|tway 3D [Fz | 029837 029143 030159 029772 000000 _0.00000 _0.00000 _0.00000]
. . o . Fy | 000179 -0.00033 000177 0.00063 0.15765 0.15844 0.00000 _0.00000
calibration certificate under the head|ng Fx_| -000540 000202 000176 -0.00703 000000 _0.00000 _0.12808 _0.13133
. . . . Mx | 023837 023320 024159 -0.23829 -0.02854 -0.02868 _0.00000 _0.00000
Analog calibration matrix (N/mv, My | 0.11745 0.11406_ 0.11797 -0.11752__0.00000 0.00000 0.02568 _ 0.02633
Nm/mV, with default PGAZ,y,X: Mz | 000587 000044 -0.00081 -0.00377 006178 -0.06211_-0.10237 _ 0.10489
16,64,64)" ,
- Multiply all values by 1000. L
. . Force plate
- Enter values in the following order for |~ e =
rows 1 to 6: Fx, Fy, Fz, Mx, My, Mz. o
oo Force plate location
e Force Plate Calibration Parameters X

Force plate dimensions mm]

Length | 1930 Xoffset |0 Offsets: Enterthe xo. yo and || Unit before SN 232
- 20 values found on your
Width | 840 Yoffset |0 AMTI calibration sheet. Keep
r the signs of the values
Zoffset |0

Inverted Sensttivity Matrix (Calibration Matrix) Sl-units

54 12.02 1.76 -7.03 0 _0 12808 v131 3
[1.79 033 177 063 |[15765 158.44 0 0
:298 37 29143 301.59 29772 i 0 0 0 0
238.37 2332 24159 -238.29 -28.54 _~28 68 0 0
[117.45  |[114.06 17.97 1752 |[o 0 [25.68 2633
587 044 081 -3.77 61.78 _«6211 -102.37 104.89
10. |Click on ‘View/Edit" in the ‘Force plate
location’ window and enter the vt hing
coordinates of each corner for the Portable Amti = Caibration... Settings...
treadmill size used as indicated -
- Force plate location
hereu ndel’ Generate location data from cument View/Edit
QTM S/N cos30000va s
Y front 2010
X left 800 o
QTM S/N co0s30000-02 T
Y front 1 930 The diagram below shows the force plate viewed from above, with its intemal coordinate system displayed.
X |eft 840 The coordinates of the comers of the force plate are in the laboratory coordinate system
™ S/N c0s30003 e T R ok s S o o ey o e s o o e T
Q
mﬂt W "T;e(légm;:esymdlhe!orceplaemhe!aboraoryooordnaesyﬂemamusedlooonveﬂbe(ween
X left 1050 Orietation of the
QM SIN cos30004 el e
Y front 2610 - 2o
X left 1050
These positions are valid for the positon < (o e
of the calibration frame illustrated in s ¥ 0 v[o Battom ght comer
Z|0 Z|0

Table 18 step1.

If the calibration frame is positioned
somewhere else, then place a marker at
rear left and rear right corners of the
treadmill frame and two other ata ‘Y
front’ distance in front. A QTM acquisition
will be done and the positions of these
markers in QTM reference frame are
written in this menu.

The X, Y and Z of the comer locations have NOTHING to do with the X. Y and Z of the diagram of the force
plate . They relate to the lab coordinate system ONLY.

Tip: Most force plates have the postive y axis in the direction away from the connectors of the force plate.

Rotate 180 degrees Cancel OK
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Step |Description lllustration
11. |Return in ‘Project Options’ - ‘Input © Project Options - [Project: Gaitway-
Devices’ - ‘Camera System’ >
‘Calibration’ menu. I e Dves
Select the ‘Negative Z-axis’ in the ‘Axis - Camera System
pointing upwards’ menu. fruiat
Select the ‘Positive Y-axis’ in the ‘Long o
arm axis’ menu. -
These settings result in increasing Y
coordinates in front direction with the e
long arm of the calibration L-frame i -
pointing frontward. L
- Calibration kit —
Calibration kit type Wand kit 300 mm (carbon fiber) v
Exact wand length (mm})
Reference object definition
A - Short am end marker mm) 135 A
B - Long amm middle marker {mm} 120 g
C - Long amn end marker {mm) 270 C
. Coordinate system orientation
Axis pointing upwards | Negative Z-axis - JO“gin
X
Long arm axis Postive Y-axis - <
=
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7.4. Data recording

The important operations to perform before and after recording in order to have useable
data are described in Table 18.

Table 18. Data recording.

Step |Description lllustration

1. When performing the QTM
calibration, place the QTM L-frame at
the right side of the treadmill, aligned
with the rear side of the treadmill
frame.

The position of the wand
illustrated here
corresponds to the settings
at step 10 of Table 17.

2. |Before instructing the subject to go on
the treadmill, ensure that nothing touches e
the treadmill and measure the channel :

Analog offset values acquired.

offsets: R
- Click on ‘Project Options’ —
- Click on the Analog to digital . & o 10 - vae
converter in the menu under ‘Input et Force e crtl
Devices’ and ‘Analog Boards’. * -
- Check the box ‘Use acquired values’ precar et R
- Click on ‘Acquire offset values’ 7| Remove et i etine SUsacaindvabes [ohcmlive vobes

Remove drift

- A popup indicates that some offsets
are about 5.0V. Click on ‘Use
anyway’.

Read offset from | Start of the measurement | ». Valid for 20 minutes

Forgetting this step will
result in unusable data.
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3. | After the data are recorded, control il il i
immediately that the acquired data are T TN
Val |d Moment rce-plate 1
- Click on ‘Data info windows 1’ button. | e SRR
- Right-click on the data panel that
appeared. Display 2D data
- Select ‘Display force data’ Display Analog data
v | Display Force data
4. |Right-click on ‘Force’ el ool
Select ‘Plot’ > ‘Parameters’ L x = . . v
Displa-}';.data
Display Analog data Force-plate 1
Display Force data
Plot... Parameters
Flot Filtered...
5. |Check that the average fore-aft and © View windc [ ][ @ s
average lateral forces are about zero with || * kd &

meaningful amplitudes and that the
average vertical forces is about the
bodyweight.

120,00

1100.00 {————
1000.00— — ————
900.00 |

800.00




	1. Introduction
	2. Device description
	2.1. Gaitway-3D amplifier description
	2.1.1. Amplifier bottom panel
	2.1.2. Amplifier top panel
	2.1.3. Status LED
	2.1.4. The Zero input
	2.1.5. Analog Force output
	2.1.6. Programmable gain


	3. Treadmill reference frame
	4. Analog signals acquisition scenario
	5. Parameters calculation
	6. Analog interface of gaitway 3D with Vicon Nexus software
	6.1. Integration philosophy
	6.2. Software requirements
	6.3. Connection of gaitway 3D analog outputs into Vicon Lock device
	6.4. Configuration to integrate gaitway 3D signal into Nexus 2.x
	6.4.1. Configuration of Nexus to read gaitway 3D force signals
	6.4.2. Configuration of Nexus to read gaitway 3D treadmill speed signal
	6.4.3. Configuration of virtual force plate for left/right force decomposition
	6.4.4. Filtering configuration
	6.4.5. Configuration of left and right force decomposition

	6.5. Data recording
	6.6. Processing of recorded data
	6.7. Troubleshooting

	7. Analog interface of gaitway 3D with Qualisys QTM software
	7.1. Integration philosophy
	7.2. Connection of gaitway 3D analog outputs into Qualisys analog to digital converter
	7.3. Configuration to integrate gaitway 3D signal into QTM
	7.3.1. Configuration of QTM to read gaitway 3D force signals

	7.4. Data recording


