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17 Application: Gait analysis

The software Simi Motion® allows the recording, digitization and visualization of different kinds of
movement. One main goal to be accomplisihed is the analysis and interpretation of the data. Further
the software allows due to different configurations simple recordings up to complex scientific analysis.
The purpose of this manual is to be a help on the one side for the software and provide a step-by-step
guideline in order to create basic movement analysis. The chronological provided steps should allow
to conduct efficient and reproducible analysis.

The first part of this manual provide the basic preparations which need to be done for good measure-
ment, e.g. camera position and camera settings. The next part will provide information about the
recording and the calibration of the system. The last part describes the steps which need to be taken
to create 3P-data, the post-processing and analyzing options.

Exemplarily this manual describes a simple gait analysis, as this is one of the most common and
simple movements which is of big interest in sports and medicine. The described guideline can easily
be transferred to more complex movements.

System agreement

This manual has been written with the use of certain components, distributed by Simi Reality Motion
Systems GmbH. The camera system used for this guideline was selected in a way to fit the best the
used laboratory at Simi Reality Motion Systems GmbH. This may lead to certain differences with your
system, however the general approach will not be affected by that.

< Example

In order to get flicker-free images due to pulsing light it is common to use multiples of 50 fps for
acquisition in Germany as the frequency of light is 50 Hz. In the US it would recommend to use
multiples of 60 fps for capturing as the light frequency is 60 Hz
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Used components and settings:

Cameras:
* Type: 8 Basler scA640-120gc
* Frequency: 100 Hz
* Exposure Time: 3 ms
Wand calibration:
e T-Wand: 80 cm
* Floor offset: 1 cm
Force plate:
» Kistler 9286AA

Marker:
e Diameter: 15 mm
e Amount: 23
Software:

» Simi Motion® 9.2.0 build 355

2016 © Simi Reality Motion Systems GmbH
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Important buttons

To be able to use standard functions the most important buttons are briefly explained below. Detailed
explanations can be found in chapter

(@] Cameras
{8 Camera calibration groups

Figure 17.1: Simi Motion Menu: 1. Project window; 2. Project-Tree; 3. Time bar; 4. Menu-Bar; 5.
Working environment
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Icon Function

Y Switch live and play mode: Switches between the live image and the recorded image

@ Search for devices...: Searchs for available cameras and displays them

% Edit available devices...: Displays available cameras

' Record video: Opens camera environment or starts the recording of a video

v Camera-trigger configuration: Settings of the trigger-box

® 3D view: Displays 3D view of the coordinates

New data: Creates a new stream of data (filters, interpolation, mathmatical operations...)
Acquire data: Opens and starts the recording of the force plate

»  Animation: Plays the 3D view or a video of a camera

e

Configure animation: Settings of the animation (i.e. speed of animation)

Table 17.1: Table of icons
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17.1 Preparations

This chapter describes which steps need to be taken in order to conduct a successful gait analysis.
Almost all these steps are also relevant for other movements and applications.

17.1.1 Assembling the ring-lights

If you are running the system for the very first time, attach the ring-lights on the cameras. Attachment
of the ringlights is described in section ??.

(a) Ringlight-build on camera v.1 (b) Ringlight-build on camera v.2 (from 2015 on)

Figure 17.2: Two possibilities of attaching the LED-ringlights
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'@Instruction

Attach the ringlight to the camera v1:

* Mount the L-section on the camera by using M3 screws

e If the inner pin isn’t premounted, put the internal pin in the hole without a thread and fix it
with one M5 screw

» Now attach the extension-pin to the L-section by using the third M3 screw

* Fix the ring-light to the extension-pin with the second M5 screw
Attach the ringlight to the camera v2:

* Open the three screws on the ringlight, so it fits over the lens.

* Fasten the ringlight onto a rigid part of the camera lens by tightening the screws.

_‘@: Tip

Make sure the ringlights v2 do not change the lens setting through their own weight. If there are
setscrews on the lens, fasten them.

17.1.2 Connecting the cables

Assure that all cameras are connected with the desired cables. Each cameras needs to be connected
with a Trigger- respective Supply-cable (Power and Sync) and a GigE network cable. The Trigger-
and Supply-cable leads to the Sync/IO-Box (Triggerbox) and the ethernet cables are being connected
to the PC directly. If further a force plate or other different analog devices are being used make sure
to connect them to the IO box as well to allow in sync recording of all devices.

17.1.3 Force-plate

If a force-plate is being used with the camera system attention needs to be paid to the correct orienta-
tion of the coordinate system of the force-plate. Check the manual of the force-plate or it’s description
for further information if the orientation is unknown.

It is recommended that the orientation of the coordinate system of the force-plate and the camera
system match (cf. 17.3).

2016 © Simi Reality Motion Systems GmbH
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12V DC

Force Plate
Power/Syne

Force Plate
Figure 17.3: Assembly of a Simi Motion System

17.1.4 Power on

Power on the Triggerbox of the cameras and the LED ring-lights. If additional analog devices are
being used ensure that those are powered on as well.

17.1.5 Camera connection

Assure that all cameras are being recognized correctly.

S Instruction
To check the camera connection following options are available:

1. Click in Simi Motion®. Now you should see the images of all cameras in the
resulting window (cf. figure 17.4).

2. Open the Basler Pylon Viewer and check if the cameras are being recognized. (cf. fig. 17.5)

3. Using the Basler IP Configuration Tool check if all cameras are being recognized or if any
[P-conflicts are present (cf. fig. 17.6).
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&Note

Steps 2 and 3 are only necessary, if some cameras in Simi Motion® were not recognized correctly

'&Note

Pylon Viewer and Pylon IP Configuration Tool are software-tools which are installed with Simi

Motion®. Both tools can be found on the desktop or in the program-folder of the computer.

For the regular use of the Simi Motion system usually no settings have to be changed in the Basler

software. Your system is already pre-installed and -configured. If you make changes in the Basler
| software it can intefere with the Simi software.

% Capture video clips = |
M+ @@ @@ @@ H FEL -+ + b

#3-100.01/100.00 Hz - F:\

H1-100.00/100.00 Hz - F:

#4 -100.00/100.00 Hz - F-\ #6-100.014100.00 Hz - F:\

#8-100.MAM00.00 Hz - F:\

H7 - 100.00/100000 Hz - F-\

Figure 17.4: Recognition of 8 Cameras in Simi Motion
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File View Camera Tools Help

" .. Basler scAB40-120gc (21149778)
- Basler scAG40-120gc (21280903)
- Basler scAG40-120gc (21375497)

Basler scAs40-120gc {21319583)
- Basler scAS40-120gc {21044447)
- Basler scAG40-120gc (21397447)
" Basler scAB40-120gc (2139744a)
Basler scA640-120gc (21397448)

Figure 17.5: Recognition of 8 Cameras in Pylon Viewer
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Name Serial Number Ty o A Refresh
scAG40-120gc 21044447 . - - -
scAG40-120gc 21149778 s Basler | Change Configuration
scAS40-120gc 21280903 )
SCAG40-120ac 21319538 Serial Number: 21043447 Write Configuration
scAg40-120gc 21375997 MAC Address:  0030530FEFDF E
SCAG40-120gc 21397446 : [ Assign Temp. TP Addr.
ScAB40-1200c 71397448

Current IP Address Connected To IF

IP Address: 192.168.202.3 IP Address: 192,168,202, 1

Subnet Mask: 255.255,255.0

Default Gatew, : 192,168,202, 1

Persistent IP Address IF Configuration Protocol

IP Address: -I~1_.'A . || Use Persistent IP

Subnet Mask: | 1/A | | [7] use pHep

Default Gatew.: |11/A | 7] Use Auto P {LLA)

I Close

Figure 17.6: Recognition of 8 Cameras in Pylon IP Configuration Tool

'@Instruction

If some or all cameras are missing follow the steps in top down order:

» Missing in Simi Motion®: Click in the window Record video...

* Missing in Simi Motion®: Click |Edit available devices...] in the window Record video... and
add accidentally disabled devices by checking the box in front of the device (17.7)

* Missing in Pylon Viewer: Possible IP-Conflict. Check the IP configuration in the Basler IP
configuration tool.

* Missing in IP Configuration Tool: Check if all cameras are connected properly with the 10
Box and the PC and if they are powered on (cf. 17.1.2).

17.1.6 Camera field of view

A capture space which is too big can lead to missing marker during tracking or additional tracking
information without any special use. A capture space which is selected too small can lead to missing
movement information.

Check the field of view of the camera:
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- - =T
Awailable video devices w

B azlar srdBal- 12000 (21 043447
[F] Basler $oAB40-120g0 [21149778)
Bazler sciB40-1200c [21375497)
Bazler sciB40-120gc [21280303)
B asler sciB40-120gc [21319588)
Easler sciB40-1200c [21357446)
[¥] Bazler zoAB40-120gc [21397447)
[7] Basler scABA0-120gc [21337448]

; ‘E | Reset | [ Reset all ] I Update

[Inique device name
Basler zoAb40-120gcH0030530FEFDF

Uzer defined device name
4

Cloze:

Figure 17.7: Selecting available devices

%lnstruction
* Click

* Align all cameras in a way that the movement space matches with captured space the best

o If possible use the zoom of the camera (cf. figure 17.9) and the possibilities offered by the
tripod.
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r_\@c Tip

1. Adjust the cameras in a way that the LED ring-lights of the other cameras are not seen. Also
pay attention to the correct setting of aperture and focus of the cameras (cf. section 17.1.7)

2. If needed, e.g. to record the walkway completely, it is recommended to rotate the camera 90°
using the tripod (cf. figure 17.8)

3. During setup place a marker into the field of view respective movement area to assure the
correct marker recognition (cf. figure 17.8).

& Videoclips aufnehmen [Verzggerung=0,000 5] . = =3
M+ o) @@ @ & B

fm -100.01/100.00 Hz - C:A\Capture\550 24capl.avi —_— 21% CPU

Figure 17.8: Rotated camera with a marker in the field of view

17.1.7 Focus and aperture

As important as the correct placement of the cameras is the correct setting of focus and aperture. The
aperture can be modified directly at the lens (cf. figure 17.9). Attention needs to be paid that the
markers as well as the video image can still be recognized well.
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Figure 17.9: 1. Aperture ; 2. Zoom; 3. Focus

To adjust the focus of the image the according lever needs to be moved (cf. figure 17.9). Images being
not sufficient can lead to wrongly tracked markers.

%lnstruction
Make sure the video does not look blurry, but also not too dark:

* Open the aperture completely and close it slowly until the desired setting is found

* Set the cameras to clear images for the capture-/movement area

17.1.8 Camera properties

The correct settings of the cameras properties are also an important part in order to receive valid
data. The camera properties can be accessed by right-clicking the camera view in the Record videos...
window (cf. figure 17.10).

&Note

Make sure you get the best 'physical” image from the cameras before adjusting the digital image
with software settings in the camera properties.
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F:J Capture video chips [delay=0,000 s]
M+1 &R @F @ W &P N
0 .

"

Camera properties

Load camera properties

Save camera properties

[#1-10001/100.00 Hz - CACapturehS  mm [v Live dsplay 550 2cap2. avi

[#4 - 100.00/100.00 Hz - CACaptureh550Ncapd. avi H5-100.02/100.00 Hz - C:ACaptureThcap5.avi

Figure 17.10: How to open the camera properties

Gain and Brightness

Gain and Brightness adjust certain image properties directly via software.

Brightness adjusts the amount of black within the image. An image with a high brightness carries
only a little black.

On the other hand Gain describes the digital amplifying of the pixel. Raising the Gain results in a
brighter image, however some noise can disturb the image due to the modification of the gain.

'@Instruction

Both slide-rulers should be set as low as possible, to allow a good marker tracking. If the image is to
dark, it is recommended to raise the gain maximum to the middle of the available range, otherwise
the quality of the image can be insufficient.

r&Note

To adjust the brightness of the image it is recommended to use the options provided by the lens (=
aperture) first, afterwards by adjusting the exposure time. Modifying the Gain should be the last
option in order to get brighter images.

After the video recording the videos can still be adjusted to look brighter for a visual reference.
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Camera Properties w

Format & Color | Timing & Speed | Area of Interest | About |

widen format viden calar coding

.I&ﬁrmai:-F- - |Fiaw8 v]
video mode bayer color corversion

| Mode 1 (E584492] ~ | |BGGR without lookup table > |
test image

I<tes_t image dizableds v] I wihite balance ] [ reset l
|1JEEI gain 150 a0
|

I:I] brightnesz 0 1023
meazured fps 100,07 trigger fps 10000

[ oK JI Caricel ] Lbemehmen

Figure 17.11: Camera properties - Format & Color

White Balance

The White Balance is being used to adjust the camera to the color-temperature of it’s captured area.

Make sure the colors you can see on the videos do match the colors you can see with your eyes.

%Instruction

If there is something close to white in the capture area the White Balance can be executed without
any further actions. Otherwise put a piece of white paper in front of the camera and execute the

White Balance| hitting the according button.

Exposure Time

The Exposure Time describes the time the camera-sensor is being exposed to light. For the recordings
it is important that the circular markers still appear circular in the videos. If the Exposure Time is
being set to high and the movement is too quick, circular markers can appear as an oval, blurring can
be seen in the video and the tracking can become inaccurate.

As already mentioned, the correct setting of the Exposure Time depends on the speed of the captured
movement and the set frame rate (cf. ff). For gait analysis with normal gait speed it is common to use
50 fps capture speed with 4 ms Exposure time (Richards).
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%lnstruction

For the gait analysis with 100 fps 3 ms Exposure time are a common setting. This option can be
found at Timing and Speed in the camera setting.

r - [l
Camera Properties [ﬂ
 Format & Color| Timing & Speed | Area of Interest | About |

I

.02 exposure time [ms] 3,00 a1.90

010 frame rate [fps] 409.50 230,00

telrin] MY, [P Pt ¢ LN B B [ (e [ TEAMA
£} packelsze [buias] UL [R=C B

[] allows adjustment of packet size (expert zetting]

meazured fpz 100,01 trigger fps 100.00

[ DK _H Cancel ] LIbemehmen

Figure 17.12: Camera properties - Timing & Speed

Frame rate and Packet size

The frame rate expresses the amount of images taken per second. The frame rate should be set as high
as possible to allow the best analysis possible. Using the Sync option for cameras it is assured that all
cameras record the same amount of images. If no Sync options are available each camera should at
least be set to the same fps (cf. 17.1.9).

The Packet size should be set to 9.000 for all cameras. This setting adjusts the size of packages during
the data transfer and can be modified using the slide ruler after activating the option Allow adjustment
of packet size (expert setting). However this setting can only be modified if the Network adapters
allow the usage of Jumbo Frames and the setting is on 9024KB.
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r&Note

If cameras are synched make sure the internal frame rate is set at least one frame higher then the

desired synch frame rate.
All systems configured by Simi Reality Motion Systems are always configured to it’s needs regard-

ing IP and network settings. No further action needs to be taken.

17.1.9 Trigger setting

If multiple cameras are being used, all cameras have to be synchronized, otherwise the resulting 3D.
Data will not be valid. To ensure this, an event for synchronization is being introduced. This is carried

out by the Sync/I0-Box.
At Camera-Trigger configuration in the window Record videos... one can adjust the settings for this

property (cf. figure 17.13):

@ Capture video clips [delay=0000 5]

M+ 28 @ @B EH FENL - + )|

Figure 17.13: Trigger settings

%lnstruction
* Ensure that Record one image per Sync signal is activated
* Device should name the connected sync device (here: USB-6218)

* Set the desired frequency to 100 Hz

* Settings: compare figure 17.14
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F 5 ]
Camera trigger signal & Sychronization ﬂ

Camera tigger signal | Sychronization

(7 Free running capture, syrichronized start of cameras

(@ Capture one image at a time on tigger signal

The signal can be generated using integrated DAG or
timer/counter hardware in the computer. All devices
configured for the DAQ module are available:

Device [ UsB-6218 -
Frequency . 1DD{H} Hz

Signizled ratio . 54}1}1} ke
Timer/counter i D 1D of device subsystem]

7 Start signal [via.soﬁwarg: -

7 [T output digttal signal on start (Indicator)
The generated rectangular signal notffies the camera to

capture an image at signaled state.

Test corfiguration

Csm ] b

[ ok || Camcel || Hep |

Figure 17.14: Trigger settings: USB-6218 and 100 Hz

17.1.10 Set of markers

The next step is to prepare the markers for the measurement. The gait analysis conducted for this
manual uses a set of markers for the lower extremities of the Inverse Dynamics, which uses 23 mark-
ers:

* 1 Big toe tip right/left (optional)

* 2 Forefoot right/left

* 3 Heel right/left

* 4 Inner ankle bone right/left

* 5 Quter ankle bone right/left

* 6 Shin right/left (optional)

* 7 Inner Condyle right/left

* 8 Outer Condyle right/left

* 9 Thigh right/left (optional)

* 10 Greater trochanter right/left (optional)

* 11 Anterior superior iliac spine right/left
12 Mid STPS
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@Instruction

Attach the markers to the patient according to figure 17.15.

&Note

Not all markers of the set are compulsory for a correct measurement of a gait. Optional markers
as greater trochanter, thigh, shin and big toe can be attached to receive additional information of
a gait. IMPORTANT: If you are using the big toe markers, you have dismount them right before
the dynamic trial. Because of the close proximity to the forefoot markers, that can lead to false
assignment of the markers.
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Figure 17.15: Set of markers for Inverse Dynamics with compulsory (red) and optional (blue) mark-
ers. The big toe marker is usually not tracked in the dynamic trial.
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17.1.11 Recording- and Recognitiontest

Before the movement analysis is being performed, it is recommended to do a short test acquisition.

Sk Instruction
* Start the acquisition by hitting

* Move an arbitrary marker around the capture area and place it in a way that all cameras can
’see’ the marker.

* Stop the recording by hitting again or by hitting

* Check if the marker is recognized well in each camera view. If not, recheck the settings of
the cameras

* Save the recording temporarily by using . Select the option Assign as movement video
and put the cameras to the folder Video.

* Do a tracking-test by selecting | B ) Cameras ) Automatic 3D tracking...|

e Start the tracking by hitting and check the resulting tracking, if the marker is
being recognized well (further information can be found at 17.4.4.3)

» After a successful test the test project can be closed and a new project can be started

(a) Marker recognized (b) Marker not recognized

Figure 17.16: Recognition test of a marker
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17.2 Distortion correction

(&Note

The correction of distortion is optional. The higher the quality of the lenses the less is the need for
correction of lens distortion. If a lot of zoom is applied to the lens, only the middle area of the lens
will be used and the distortion can be limited and a correction might not be needed.

€

Lens distortion is a projection error on the image which can occur due to different reasons concerning
the lens. Most common for lens distortion are pincushion or barrel wise distortion which leads to
’straight lines being not straight anymore’. Starting from the principal points the ‘projection-rate’
decreases as in the direction of the boarder of the image.

Correction of such distortion can be done by two different ways: The first possibility is to correct it by
the wand data, which is recorded in the calibration section. The second one is to determine distortion
parameters by recording chessboard movements. This way of correction is in contrast to the other
less comfortable but more accurate. Simi recommends to conduct the correction of distortion by
wand data, since it saves time and in connection with a good calibration, it is good enough for
even the highest standards. If the distortion correction by wand is not good enough, the distortion
correction by chessboard can still be done afterwards.

(a) Original camera view (b) Camera view undistorted

Figure 17.17: Distortion correction on camera views
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Figure 17.17 shows two images of the same camera. On the one hand the original camera view can
be seen (a) with a barrel distortion, which can be seen easily on the left hand side, illustrated by a
solid red line. On the right hand side the corrected image can be found (b).

17.2.1 Distortion correction by wand data

To correct videos by wand data is an easy and comfortable way of distortion correction. The most
significant advantage of this correction method is, that you only have to record calibration videos,
which you have to capture either way. Minor disadvantage is that the correction by chessboard data
is a little bit more accurate than this method. The computation of distortion parameters is conducted
in section 17.3.4 and the correction of distortion is applied to the videos automatically.

17.2.2 Distortion correction by chessboard videos

<§ Tutorial

For this section, a video tutorial can be found at https://www.youtube.com/watch?v=
uvUQKI-nlfy

If you are not using wand data for the correction of your videos, you have to record chessboard videos.
How to do this is described in the following sections.

2016 © Simi Reality Motion Systems GmbH
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17.2.2.1 Create project and record chessboard video

%Instruction

Create a new project, name it Gait analysis and save it

Open the camera view by clicking Capture video.

Call the option [Edit available devices...| and select just the first camera

Open the view of the camera by clicking
Record a video using

During the recording move the chessboard into all corners of the camera view. Pay attention,
that the chessboard is as parallel to the camera as possible (cf. Note)

Save the video as 2D calibration video clip and name it ’Camera 1’
Create a new Camera group "Calibration cameras’ and a new camera object

Repeat those steps for every camera and save the videos in new camera object in the group
"Calibration cameras’

(&Note

Following positions should occur in the chessboard video:

Chessboard centered as close as possible to the camera

Chessboard centered covering only the middle area of the camera

Chessboard in each corner of the camera view, covering approximately 1/4 of the camera
view

Chessboard close the boarder of the camera view, horizontal centered for the top and bottom
boarder, vertical centered for left and right boarders

Chessboard tilted horizontal and vertical (4 directions)

Chessboard rotated
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4 Videoclips aufriehmien [Verzégerung=0,000 5] | |

1+t 2 @ & E

#1-100.014100.00 Hz - C:ACaptureh53 5D 24capl . avi — 21%CPU

Figure 17.18: Positions of the chessboard for a successful distortion correction
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17.2.2.2 Computing distortion parameters

%lnstruction

* Right click on ’Camera 1” and click |Calculate Distortion parameters

* Click

* Save the computed parameters

* Repeat those steps for all cameras

(_‘?'_ Tip

The calculation of distortion parameters can be computed for all cameras at once. However, it may
be difficult to see if all chessboards have been recognized correctly and one might have to recapture
videos.

,:@C Tip

If the calculation fails due to some missing chessboard patterns two options are given. The distortion
correction can be computed anyway and validated by visual inspection or a second video can be
recorded and the new data can be appended to the existent. This option will automatically ask if
this should be executed when the *Determine distortion parameters’ function is called.
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17.3 Calibration

/@ Tutorial

For this section, a video tutorial can be found at http://youtu.be/Qn4NeejeEIE

A T-wand and a L-frame is required in order to create a valid 3P-calibration. The calibration will
create a reference system for the measurement (= global coordinate system). The T-wand is used to
apply a known size to the system for metric calibration. The L-Frame provides two different shanks
which indicate the Y-axis (long shank) and the X-axis (short axis) of the global coordinate system.
Perpendicular to both axes the Z-axis will be that, which will result in a right hand coordinate system.

known
distance
for
calibration

— T-Wand

X-axis

vo—1,

Figure 17.19: Calibration Tools: T-Wand and L-Frame

17.3.1 Capture calibration videos

The capturing of the calibration videos is more or less equal to capture movement videos (cf. 17.4).
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%lnstruction

* Position the L-Frame at the starting point of your movement, so that it is visible for at least
two cameras

* Align the L-Frame in a way, that the Y-axis (cf. 17.3) equals the direction of movement

* Start the capturing with |Capture video

* Move the T-frame around the capture space and move for at least 30 seconds. Pay attention
to cover the whole capture space and move it in a arbitrary pattern

* Save the video by hitting

* Select the directory to save in and name the videos Calibration%d (% ensures consecutive
numbering of the recorded videos)

* Choose 3D calibration video clips

* Assign those videos to the existing camera group ’Calibration cameras’

:@c Tip

Pay attention that on the one hand the videos for the calibration are not too short or on the other
hand too long. Recommended is a duration of at least 30 seconds, however the whole capture area
should be covered by the wand dance.

17.3.2 Automatic 3D wand tracking

%lnstruction

Open the automatic 3Pwand tracking for the calibration videos, in order to track the markers of the
calibration-devices:
| B ) Calibration cameras ) Automatic 3°wand tracking...| (cf. figure 17.20)

The approach for the automatic 3°wand tracking for calibration is very similar to the automatic 3D
tracking of movement videos. The only difference is the tracking mode, which is set to Wand cali-
bration. Disturbing values like reflexions, or visible ring-lights of other cameras should be excluded
using the Area of interest. The excluded area will be shaded out and avoids falsely tracked wands.
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Project  Window  Help

Show video

3D tracking... .

2D still image measurement ...
71 dynamic - Automatic 30 tracking...
Automatic 3 wand tracking

New 3D calculation. ..

Impaort calibrations...
Detemmine distortion parameters...
Undistort video. .,

Add camera

Add camera group

Rename...
S Delste

Print == report ..

Figure 17.20: Automatic 3D wand tracking
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%lnstruction

* Check the Area of interest and exclude the parts of the video image which should not be
included to the tracking

» Save the Area of interest, as it can also be used for the dynamic movement tracking

* Start the tracking by hitting | Start Tracking
* Click on and check if the tracked markers:

If the markers are recognized well

If the L-frame was recognized well and assigned correctly

If the traces (trajectories of the markers) are mostly constant

If to many *Ghost-marker’ appear (Markers that are actually not there)

For a first guess take the number of found marker in account

 Tracking Options might be adjusted if markers are not been recognized (cf. 17.3.3)

» Export the tracked markers to raw data with [Export to raw datal

* Close the automatic 3Pwand tracking window and save its tracking.

_‘@c Tip

If the camera setup is being used for further measurements, it is recommended to save or set the
area of interest as standard

17.3.3 Options for automatic 3D wand calibration

If the 3P-Tracking does not recognize the desired markers, there are several options for modifying and
improving the tracking, which can be found in on the right side of the Automatic 3D-Tracking
window:

* Marker sensitivity

* Apply image processing settings

2016 © Simi Reality Motion Systems GmbH
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53 30 tracking

==

Start Tracking
Options

[ Tracking area

Figure 17.21: Working area for automatic 3D wand tracking
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:@/_ Tip

It could be useful to shortly start the tracking process to discover and denote possible problems. To
do so, click on Start Tracking and to stop the tracking click on Cancel

The optimal settings are found if:

* All markers are recognized

* Not too many Ghost-markers have been detected

* Nearly no disturbing values like reflections occurred
After changing the setting for the tracking options and a good results can be reached, the tracking
should be finished (cf. 17.3.2).

Marker sensitivity

If the marker sensitivity is set too low, this can lead to markers being not detected. The higher the
marker sensitivity is set, the easier markers will be recognized. However, if the marker sensitivity is
set to high, the chance of detected false markers increase. Thus a good level needs to be found which
allows the detection of all markers, but no Ghost-markers.

Apply image processing settings

With this option you can apply image processing settings. You can adjust these settings by right-
clicking a camera view in the Automatic tracking window.

17.3.4 Camera calibration groups

After conducting the automatic 3Pwand tracking a new wand raw data will appear in the camera
folders of the *Calibration cameras’ camera group. To finish the calibration a new camera calibration
group is required.

%lnstruction

» @ on camera calibration group

* Choose [new wand calibration group|

¢ Name it ’Calibration’
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Now the information provided by the L-frame and the T-wand has to be transferred to the system. This
information consists of the wand length and the floor offset. The wand length is set by the distance
of the two outer markers and the floor offset is defined by the distance between the markers of the
L-frame and the actual floor.

A window will open where these information is required. Furthermore the least amount of used
cameras to be used for calibration needs to be set. E.g. if 5 cameras are set to be used for calibration,
the systems searches for samples which shows the wand data in at least 5 cameras at the same time.
All other samples will be ignored.

If you haven’t recorded chessboard videos for the correction of distortion, you are able to compute
distortion parameters here by using the wand data instead of the chessboard data. After computation
of these parameters, distortion correction will be applied to all your recordings automatically, as the
parameters are saved in this camera calibration group.

@Instruction

* Set the wand length (here: 800 mm) and the used floor offset (here: 10 mm)

Select the least amount of cameras to be used for calibration (select 3 cameras)

Furthermore set the check mark at Compute distortion parameters (if you want to correct
distortion by wand data)

Press to calibrate the system

(&Note

If you are working in a project with already existing distortion parameters, don’t set the check mark
at Compute distortion parameters. Otherwise new parameters will be calculated and the old ones
| will be overwritten.

17.3.5 Testing calibration
17.3.5.1 Calibration validation

/@ Tutorial
For this section, a video tutorial can be found at http://youtu.be/0EA8hF1jGxg
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Wand calibration settings | 2 |
Mame 3D calibration
Wand length [mm] 300
L-Frame floor offset [mm] 10

Wand must be visible in at least 3 cameras

I

[E Compute distortion parameters

[ ox  J| concel |

Figure 17.22: Settings for wand calibration

After computing the calibration a window, ’Calibration validation’, will appear which provides infor-
mation to prove the calibration. It shows the parameter of the floor offset and of the T-wand length
which were entered by the user in the previous step. Furthermore the computed mean wand-length,
its standard deviation and the amount of used frames can be found. Another important criterion for
the calibration, the residual, is also displayed.

,_\@C Tip
For a good calibration the following parameters should be (cf. 17.23):
* Mean wand length: Close to the entered value (80 cm)
e Standard deviation: < 1 mm (for corrected videos)

* Amount of used frames: A realistic value in relation to the recoding time (correct: 40 sec
(4000 frames) and about 3500 used frames; wrong: 40 sec (4000 frames) and about 100 used
frames)

¢ Residuum: <0.01

This ’Calibration validation’ window can be opened in the calibration-groups afterwards by
| B ) Calibration ) Validate...|
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Complete check lca-rm specific check I Distortion parameters|

Complete check | Camera spedfic check | Distortion parameters |

Wand calibration parameters

Wand calibration parameters

Wand length [mm] 800.00 Wand length [mm] 800.00
L-Frame floor offsat [mm] 0.00 L-Frame floor offset [mm] 0.00
wWand must be visible in X cameras at a time 3 Wand must be visible in X cameras at a time 2

Wand length test

Mean wand length [mm]  800.02
Median wand length [mm] 800.01

Wand length test

Mean wand length [mm]  800.00
Median wand length [mm] 200.60

Max. value [mm] B816.71 Max. value [mm] 802.42
Time of max. [s] 25.86 Time of max. [s] 42.B5
Min. value [mm] 773.44 Min. value [mm] 798.26
Time of min. [s] 19.96 Time of min. [s] 11.94

Standard deviation [mm] 4.43 Standard deviation [mm] 0.36

Frames used for calibration 4363 Frames used for calibration 3570
Additional information Additional information

Residual 0.001654505 Residual 0.000324560

Calibrated volume [m?] 4.288459 Calibrated volume [m?] 4.059550

(a) Values of a bad calibration (b) Values of a good calibration

Figure 17.23: Proving quality of calibration by Mean wand length, maximum value and standard
deviation
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17.3.5.2 Still image measurement

By using the Still image measurement the quality of your calibration can be checked visually. The
clicked points will be projected on the projection lines to the other cameras. If the desired point is
clicked in all images the projection lines should intersect in the middle of the marker in each camera
if the calibration is good.

V%Instruction

« | @ ) Calibration cameras ) 3P stillimage measurement] (cf. figure 17.24)

Check if in the drop-down menu the right video type (movement video, 2D calibration...) and
the camera calibration group is selected

Select one marker which is visible in as many views as possible

Click the middle of the marker in one camera

Activate the option Show virtual line

Check if the virtual line hits the marker in all camera view (cf. figure 17.25). Increase the
zoom to 200% by [J into the image view of each camera and selecting |Set zoom 200%|

r:@: Tip

This method is also very practicable to check if a calibration is still valid or not, because one camera
might have been moved. In this case the virtual lines don’t intersect on the marker. Consequently a
new calibration has to be recorded.
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ll‘;--{ﬁ]- Camé Show video
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Import calibrations. ..
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Figure 17.24: 3D still image measurement
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1] Show vitual nes
[ Show undistarted
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Zoomout

Set zoomto 50%

Frame 0. 0,000 s [3] MBT Tutoriak Frame0,0.000s: [4] MBT Tutorial5

Figure 17.25: Zooming virtual line in still image measurement

2016 © Simi Reality Motion Systems GmbH



9
( (\% @ o
17 Application: Gait analysis g?j/%% HS@EE

17.4 Video capturing

After successfully doing all preparative steps and conducting a 3D-calibration, the capturing of move-
ment videos can be started. Assure that you are working in the project intended for the gait analysis.

17.4.1 Specifications

Before markers can be digitized, the set of markers to be used needs to be specified in Simi Motion®.

@Instruction

Select| B ) Specifications ) Import from model. .. | and choose the model Lower extremities to be able
to calculate the Inverse Dynamics as well as execute the gait analysis report.

4 Simi Motion - Gait analysis | T

Fle Edt View Project Window  Help

CeEHBEBE + BE| - |24 1 2|6
- Project
R e

(] Caleulation| Ed points

D Report tEnJl Edit connections

@ Automatic |

----- @ Phazes Import

..... @ Cameras | Import from model

C

{EI . Prirt as report...

Figure 17.26: Importing specifications by project or model

To use different marker-setups the specifications can easily be adjusted by importing the specifications
from a different project or creating new Points and Connections. The Points represent anatomical
landmarks, which are used for the digitization. The Connections are used to connect certain digitized
points for the visualization with the Stick view or 3D-view.

2016 © Simi Reality Motion Systems GmbH



9
( (\J [r} ) @
17 Application: Gait analysis g§>%% 05@12

'&Note

» Each marker to be digitized needs to have a corresponding defined image point in the speci-
fications, including an unique ID (cf. figure 17.27)

* The used markers must comply with the Model Based Tracking-model (cf. section 17.4.4.3)
and the Inverse dynamics.

Predefined points llzed points [V Szanning points
- [#] head PRI [Spina illiaca anterior superior lef || Other poirts
L JE neck F I Spina iliaca anterior supenior right
G-[&] chest Trochanter maior left Eg
.J D T M Trcchanies T B ankle inner/outer left
=-[&] spine B Trochanter maior right lower lea fiF
(- [&] left shaulder B Condulus lateralis left Wlower 2 i ; =
L T i B ankle inner/outer right E
[=-[&] right shioulder B Condulus medializ l=ft
= B B arkle-heel left
IJ---E left arm lCDnd_l,lIus lateraliz nght : L5
e Tois B ankle-heel right
IJ---@ right arm lCond_l,lIus edialis right EHig ¢ ; e g ¢
-] Teft elbow B et shark l Spina iliaca antenor superior left - Spina iliaca antenor supenior right
P : Wl Spina iliaca antetior superior left - Trochanter maior left
[J--- right elbows _!]nght shank 3 ]
3 ; ! Condylus lateralis left - Trochanter maior left
- eft wirist [ | ] outer arkle-bore left :
3 ; : = : W Condylus lateralis left - left shank
- right wrist W|inner ankle-bone left S N
3 ; ! Condylus lateralis right - Condyluz medialis right
- left-hand W cuter ankle-bone right WGt s ikt Troshang T
3 ; : ; ondplusz lateralis right - Trochanter maior rig
- right hand MW inner ankle-bone right o e e T X,
[#- eft hip ! forefoot left
- right hip ﬂ forefoot right loweer leg left . Modify calor
-] centerhip W heed ledt
f-[&] leftknee | heed right e [_[;c,n_d}qus |ateralis leit v]
- [&] right knee HL4
[#- left shank !right force plate back right [v'/+) @ Lineta [outer,ankle-bone eft ,]
- right shank || | M| right force plate back left [-7444) - =
[H- left ankle-bane | right force plate front right [+743] & Cirdd& it radios 1D 21100 - 21200
[ right ankle-bone ! right force plate front left [+57/+) : g
- left foot Line width [optional] | + Sipply
[ right foot
- (] utiities s I Hew connectian ] [ Delete connection ] Digeard
4 | 1] 3

D 50000 D 21001

(a) Image points for the markers (b) Connections of single image points

Figure 17.27: Specifications: image points and connections

17.4.2 Static trial

First a static recording for initialization of the inverse dynamics needs to be done. The static recording
takes a short shot of the patient in neutral standing position. Additionally the force-plates can be
initialized for the software.
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&Note

If you do not want to compute the gait analysis report or the Inverse Dynamics, you can ignore the
static trial.

17.4.3 Starting capture and editing

'@Instruction

* Put 4 markers on the corners of the force-plate.

* Click [Capture video|

» After capture starts remove the markers from the force-plate corners and record a short se-
quence of the patient standing in neutral position.

« Finish the recording by hitting either [ESC| or [Capture video| again.

Using the blue arrow-keys in the top right corner of the capture window, the video can be cut. E.g. the
beginning and ending of the video file can be cropped to avoid large video files with a lot of unneeded
information (cf. 2?).

17.4.3.1 Save recording

Following the captured video files have to be saved.

'@Instruction
« Click

* Create a new folder in the desired directory and name the video files Static trial%d

After saving the videos, one can decide if the videos should be linked to the existing camera-group
or a new camera group should be created. If a new camera-group should be created, select New
camera-group.
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%lnstruction

* Create a new camera group
e Call it ’Static trial’

* Choose Movement video for the saving options (cf. figure 17.28)

Camera group

’_{:;l_ew camera group] VI

|| Append date ftime

Captured dips [ assignments
| Inew camera object]

2: [new camera object]
3: [new camera object] Modify all itams
4 [new camera object]
5: [new camera object] Create new camera objects for all
&: [new camera object] captured dips,

7: [mew camera object]
8: [new camera object]

[ Register fles as movement video dlips
|| Register files as 2D calibration video dips
[ Register files as 30 calibration video dips

Use file name of wideo file as camera name

[ ok | [ concel |

Figure 17.28: Saving captured videos in a new camera group as Movement videos

17.4.3.2 3D-Tracking

Now the the anatomical landmarks which have been indicated by the markers on the patient need to
be digitized.
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'@Instruction

o Select| 0 ) Static Data ) 3D-Tracking...| (cf. figure 17.29)

Assign each marker to the according specified point in the list on the right hand side. Assign
each marker with a left-click in at least two cameras (cf. figure 17.30)

Make sure to click the middle of the desired marker

Assign the marker of the force-plate corners in at least 2 cameras in one frame

Close the 3D-Tracking

(:@'_ Tip

The minimum requirement for the 3D-Tracking is two cameras, to allow the computation of valid
3D-data. Assigning the marker in more cameras can increase the accuracy, however the positive
effect will be very small for the fourth and following cameras.

Move the mouse-courser to the marker to be tracked in the video view and push down and hold the
left mouse button. Doing this will lower the mouse-speed and the image-point will be zoomed in
the magnifier on the bottom right hand side to accurately set the point. Releasing the left mouse
button will set the digitized point.

To simplify the assignment select cameras, which display (mostly) all markers at one time.

17.4.3.3 Computing 3D data

Now the recorded marker data can be transferred to 3D-Data. This step allows to set the amount of
cameras which should be used for the calculation of the 3D-Data. Always use the amount of cameras
which has been used in the 3D-Tracking.

V%lnstruction

« Select| @ ) Static trial )) New 3D calculation...] (cf. figure 17.31).

* Choose the right calibration group (’Calibration’) in the drop down menu
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Fle Edt View Project Window Help
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Automatic tracking
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Calibration Cameras

|
atic ir all

7] dynamic t.

3D still image measurement ...
Automatic 30 tracking....
Automatic 30 wand calibration...

MNew 3D calculation...

Import calibrations...
Determine distortion parameters...
Undistort video...
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Add camera group

Rename...
¥ Delete

Print as repart...

Figure 17.29: 3D Tracking
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Figure 17.30: Tracking markers for static trial
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Figure 17.31: New 3D calculation
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Following the result should appear in the project-tree called Static trial-3D-coordinates.

_\@c Tip

The setting of the used cameras can also be modified belated by | B ) Static trial-3D-coordinates )
(cf. figure 17.32). Blue highlighted data groups represent ’dynamic’ data groups which
will be updated whenever the raw-data, calibration or settings are adjusted.

[ Fle Edt View Project  Window Hp

DEE RBRE|fBR <D 4

=

Project —=
Spedification Mame dynamic trail - 30 coordinates

Calculation templates Cameragz

Report templates [dyn@njii;_,tr_.,aj,l = ]
]@ ‘Automatic tracking v b : .
¥ ey [ Cameras calbrated indvidusly] -

| alibration Cameras
tatic trail
-|@a] dynamic trail
Camera calibration groups
-- Mabile force platform

c trail - 3D-coordinates

[¥] dnarnic trail-1 - Standard raw data
[¥] dynarnic trail-2 - Standard raw data
[¥] dnarnic trail-3 - Standard raw data
[¥] dnarnic trail-4 - Standard raw data
[¥] dynarnic trail-5 - Standard raw data
[¥] dynarnic trailB - Standard raw data

Jﬁ Stick ‘ﬁ?'g"é"“ [¥] dynarnic trail7 - Standard raw data
Open diagram [¥] dnarnic trail-8 - Standard raw data
- ’ Al ] [ none l ’ invert ]
Rename...-
3 Delete Used raw data | "|
Edit ime- and fre Minimurm number of cameras with valid raw data for caloulation (2. 4#] 3

Update data continuovsly

“—F' Stare data explicitly in 'filg

Automatic stepoycle detection...

Figure 17.32: Properties of 3D-Data

17.4.4 Dynamic trial

The dynamic recording equals the actual movement recording of the analysis. For a correct gait
analysis record the patient in a way that at least two complete gait cycles have been captured and each
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leg (left&right) have hit the force-plate once. The set of markers remains the same as in the static
trial.

&Note

If you have attached markers to both big toes in the static trial, dismount them now. Otherwise it
can cause errors with assignment because of the proximity to the forefoot markers (cf. 17.1.10).

17.4.4.1 Capture and save movement video

'@Instruction

* Activate the recording of the force-plate (Analog data) by clicking (cf. figure
17.33). By starting the capture of the video files the data acquisition will start automatically.

Record the gait cycle of the patient as described in 17.4.3

Save the videos as movement clips as described in 17.4.3.1

Select the directory to save in and name the videos Dynamic trial%d

Create a new camera-group and name it ’Dynamic trial’

File Edit View Project Window Help ’

DEEBE| a0k & 2O/ 3|

Figure 17.33: Recording force data

17.4.4.2 Creating a initialization frame

4@ Tutorial
For this section, a video tutorial can be found at http://youtu.be/1vIgVENpVs8
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Figure 17.34: Settings for Forceplate

For the later assignment of the markers by model based tracking an initialization frame is required.
For this you act analogue to the static trial and assign every marker in one frame in at least two
cameras (cf. 17.4.3.2).

'@Instruction

Select| B ) Dynamic Data ) 3D-Tracking...|.

Scroll to a moment of time, where the subject is possibly standing in the center of all camera
views and the markers are visible in all cameras. Remember the number of this frame.

Assign each marker to the according specified point in the list on the right hand side. Assign
each marker with a left-click in at least two cameras (cf. figure 17.30).

Make sure to click the middle of the desired marker.

Close the 3D-Tracking.

As soon as all markers are assigned, create a new 3D-calculation of the dynamic trial.

'@Instruction

o Select| @ ) Dynamic trial )) New 3D calculation...|.

* Choose the right calibration group (’Calibration’) in the drop down menu
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The result can be found in the project tree named Dynamic trial 3D-coordinates.

r_‘@: Tip

To check the 3D-data, drag the data row into the work environment and find the frame where you
clicked the markers with the help of the time bar and the cursors. With the connections between the
markers and your knowledge of where they should be you can find possible assignment errors. In
the 3D-Tracking you can correct those errors quick and easy as soon as you know which markers
where clicked incorrectly.

If all Markers are assigned correctly and the 3D-calculation is completed, you can create the model
initialization.

V%lnstruction

« | B ) Dynamic trial 3D-coordinates )) save as model initialization|

* Enter the frame number, in which you clicked the markers twice in the 3D-tracking.

17.4.4.3 Automatic 3D-Tracking

/@ Tutorial
For this section, a video tutorial can be found at http://youtu.be/I7hUYu_EX90

After an initialization has been created for the tracked model, the software can track the markers
automatically.

%lnstruction

Open the automatic 3D-Tracking with | & ) Dynamic trial ) Automatic 3D-Tracking...|

Minor details or disturbing reflections, e.g. LED ring-lights, can be excluded with the Area of interest.
The excluded area will be shaded out.
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%lnstruction

Apply an Area of interest or load the one used for the calibration
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17.4.4.4 Start tracking and assigning

S Instruction
* Start the tracking by

* As soon as the tracking is finished, make sure the option model assignment is deactivated,
then click Assign markers.

¢ Scroll the video to check if:

the markers are recognized well

the traces (trajectories of the markers) are mostly constant

not too many ’Ghost-marker’ appear (Markers that are actually not there)

For a first guess take the number of found marker into account (if the number of markers
in a camera is extremely high, the tracking was usually not very good).

Tracking Options might be adjusted if the tracking is not good and markers were not recognized
correctly (cf. 17.4.4.5).

Otherwise continue with:

* Set the check mark at Marker association.
* Now choose the right model for the measurement (here: Lower extremities).

* Then select your initialization frame in the Init project frame.

After selecting an initialization project yellow crosses will appear in each camera. These crosses
refer to the initialization frame.

» Search with the time-bar at the bottom of the tracking window a moment where the markers
are coincident with the yellow crosses.

* Now click to start the assignment.

* Accept the assignment with .

« Export the results of the tracking to raw data using [Export to raw data).

* If already raw data exists in the cameras, you will be asked how to proceed with the new data.
It is recommended to choose Only overwrite tracked samples.

* Close the automatic 3D-Tracking.
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Figure 17.35: Perfect match of yellow crosses with initialization frame
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Figure 17.36: Bad match of yellow crosses with initialization frame
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17.4.4.5 Tracking Options

In addition to the tracking options of section 17.3.3, you are able to adjust the settings according to:
* Recovering sensitivity
* Post processing sensitivity
* Use colored LEDs
* Calculate 3D-correspondences
* Increase marker size artificially

* Delete temporal static artifacts

Recovering sensitivity

The recovering sensitivity will recover temporarily hidden markers. E.g. if the hip marker is tem-
porarily covered by the moved arm, the software tries to reassign the newly found marker as the hip
marker.

Also for this option it is very important to find the right level. If the recovering sensitivity is set too
low, the amount of found markers can skyrocket. If the value is set too high, markers which obviously
don’t belong together could be mixed up.

Post processing sensitivity

The post processing sensitivity tries to eliminate wrongly assigned markers e.g. ankle bone and
forefoot. This options checks the trajectories of the detected markers. The higher the value, the more
possible problems arise and will be split into different markers.

Use color LEDs

This option can be activated if colored LEDs, like for Simi Aktisys®, are used. This might be a
possible option if you extend your set of markers with color LEDs or import Simi Aktisys® videos.
E.g. if ared LED marker is used for the Hip and set as a red marker in the specification (cf. 17.4.1) it
can be assigned automatically if this option is activated.

This option can help to decrease the time of post processing for the marker assignment.

:@/_ Tip

Active LED marker and passive retro-reflective markers can also be mixed. In this case the reflective
markers will appear as blue markers most of the time.
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Calculate 3D-correspondences

The 3D-correspondence calculation can be used if a valid calibration already exists in order to support
and improve the automatic merging of markers and reduce the amount of resulting markers to be
assigned.

&Note

The option Calculate 3D-correspondences should be activated always for 3D-calculations as it im-
proves the accuracy of the results.

Increase marker size artificially

This options offers another possibility to detected forgotten markers. Markers might be not detected
as markers because they appear to small for the tracking algorithm. Activating this option the software
artificially increases possible markers and small markers might be detected.

&Note

Increasing the marker size artificially could lead to inaccuracies computing the center of the marker.

Delete temporal static artifacts

If disturbing values still exist, even though they have been excluded using the area of interest, this
option might take care of small artifacts.

&Note

Explanations of the two other tracking options (marker sensitivity and apply image processing set-
tings) can be found in section 17.3.3

17.4.4.6 Dynamic 3D-data

The 3D-data can be verified by dragging one camera into the workspace and| & ) Videomix and Overlay|,
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17.4.4.7 Edit 3D Data (optional)

Simi Motion® provides some further options to edit the calculated data. For example one can filter or
interpolate the measured values. Furthermore exist several options for creating new data rows.

&Note

The options for editing 3D-Data are not mandatory and should only be executed with a good knowl-
edge of the operations.

Create new data row

@ Tutorial
For this section, a video tutorial can be found at http://youtu.be/D8xdBOMIGTM

The option New data row provides different mathematics operations. Further information on this
topic can be found in chapter 14.1.

* Open New data row by hitting or the icon in the top bar.

* Enter the name of the newly created data row.

* Select via Drag&Drop the desired data, e.g. Dynamic 3D coordinates into Data row and choose
the components Coordinates (XYZ) (cf. figure 17.37).

Select the desired operation.

* The calculated result can be found in the project-tree.

_‘@: Tip

Highlight the values to be used for computation and open New data row. Thus will save the step for
of selecting the data needed for computation as they are already filled into the form.
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Figure 17.37: Opening of a new data row
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Filter and Interpolation

Various filter-operations can modify the measured values with respect to their frequency or amplitude.
Interpolation is a tool to fill up gaps between measured values by mathematical operations. Nodes are
used to create a approach to a linear or spline function to fill the gaps.

New data row

Common filter in biomechanical research or gait analysis, like a low-pass or Butterworth filter, can
be applied as described in section 17.4.4.7 Create new data row

I;@ Diagramm

== =]
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Figure 17.38: Filtering with a low-pass 2nd order with 7 Hz cut-off frequency

Filtered raw data

Filter- or interpolation-functions can also be applied to raw data. The result is being called Filtered
raw data by Simi Motion®. The appropriate folder can be found in the project-tree (e.g. Dynamic
Tria\Cameral\Filtered raw data). Right-clicking this folder will lead you to Properties, where the
settings for the filter and interpolation options can be modified. Given options are:

Filter:

* Smoothing with Moving Average (Enter the Smoothing radius)

* Filter with low-pass (Enter the filter frequency)

* Filter with low-pass 2nd order (Enter the filter frequency)
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* Smoothing with Spline (Enter the error variance)
Interpolation:
* linear interpolation

* Spline-interpolation

If filtered data should be used, this has to be set for each camera-object. Further one has to define
the Filtered raw data as Standard. To do so,| B ) Filtered raw data )) Use as standard|. Afterwards the
3D-coordinates have to be computed newly.

'&Note

Please note, that by applying filters measured values could be slightly biased. Further note, that
errors are greater in the derivations of a data row, since it multiplies during the derivation of filtered
coordinates. Also is the interpolation of missing values only a approximation of the true value.
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17.5 Inverse Dynamics

The Inverse Dynamics describes a biomechanical method aiming at the determination of joint-torques
and muscle forces. To determine those values the body is divided into 16 different segments: Foot,
lower leg, upper leg, upper arm, lower arm, hand, head, lower trunk, upper trunk and pelvis. Those
segments are connected with several joints. The torques and forces are being computed from a com-
bination of the recorded kinematic parameters and data from the force-plate. Utilizing the inverse
dynamics global coordinates are transfered to local coordinates of the patient. However, to be able to
compute inverse dynamics external forces must be known, otherwise only inverse kinematics can be
computed

17.5.1 Computing the Inverse Dynamics

%Instruction

To compute the inverse dynamics go to [Project )) Inverse Dynamics|,

Following a window pops up (cf. figure 17.39), which holds several fields of information needed for
the computation.

Model

Different inverse dynamic models can be selected for the computation

@Instruction

For the model (set of markers) used in this manual use the option Full body, static(2015).

Description

Name the computation of the Inverse Dynamics

Static 3D-Data

To allocate the static trial two options are possible:
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Figure 17.39: Working area for inverse dynamics
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%lnstruction

» Select the static trial from a different Simi Motion®-project. Click [Import from other file|

* OR: Select the static trial *Static 3D coordinates’ from the current project from the drop down
menu

Dynamic 3D-Data

%lnstruction

Select the dynamic data from the movement trial "Dynamic 3D coordinates new’.

Forces right/left Leg

The data for the option Forces right/left leg can be found in the recording of the force-plate. Those
data can be found lower in the project-tree.

Patient data

Provide several information of the recorded patient. Those parameters help to determine the size and
weight of the individual segments and the following inverse dynamics.

Sk Instruction
Transmit the following parameters:
* Body height [m]

e Sex

* Body weight [kg]

Filter radius for derivation

The strength of the filter radius for the derivation can be set. The smoothing-filter will be applied on
the derivation, thus it will affect the speed and acceleration results.
Setting the radius to 1’ will use 3 values for the smoothing of one value.
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Figure 17.40: Filtering using Moving average with radius 2

(&Note

Choose the selected radius carefully. If the radius is too big, the curvature might appear smooth,
but the measurement could be biased. Further, can good results appear for the speed, but due to
a second derivation the results of the acceleration could be falsified due to an exponential error
growth.

Data filtering can also already be executed before the inverse dynamic is computed.

Force threshold

The value set [N] is used to eliminate small noise during the measurement. If the absolute value of
the force is smaller than the threshold, the external forces and torques will be set equal Zero. This
will result in forces being used for the inverse dynamics only if they exceed the threshold.

Marker interpolation

If gaps exist in the measured values, those can be filled by interpolation. For the inverse dynamics
interpolation via Splines is used by default. Providing a value for the interpolation interval sets the
size of gaps to be filled. Setting the value 0 will not perform any interpolation. Interpolation is not a
mandatory task for the inverse dynamics.
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Figure 17.41: Spline interpolation with Interval 50

&Note

Interpolation can already be performed to the measured values before the inverse dynamics module
is started (cf. section 17.4.4.7).

Marker radius

Provide the size of the marker radius. If this value is set wrongly, the computation of the join-centers
can be falsified.

Calculation frequency

Provide the frequency for the computed data.

Output options

The Output options for the inverse dynamics can be displayed depending on the global as well as the
local coordinate system. The global coordinate system is represented by the calibration system (cf.
section 17.3. The local coordinate system has its origin in the center of gravity of the corresponding
body segment, which is defined by the attached markers.

Available output options:

* Marker global: Describes the marker in the global coordinate system
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» Segment centers global: Describes the center of the segment with respect to the global coordi-
nate system

* Joint centers global: Describes the center of joints with respect to the global coordinate system

* Forces global: Describes the forces, split into ground reaction force, torques and center of 211
pressure

» Segment rotation global / local: Describes the rotation of the segments

* Joint rotation global / local: Describes the rotations between the two joint coordinate systems
(proximal and distal)

* Constraint forces global / local: Describes forces which occur if the movement of a joint is
limited by two segments

* Constraint torques global / local: Describes the cross-product of constraint force with the dis-
tance of the center of gravity of the segment with the joint center

* Muscle torques global / local: Describes additionally to the constraint forces the torques occur-
ring due to muscle rotation

» External forces global / local: Describes the ground reaction force of the right/left leg

» External moment arms global / local: Describes the center of pressure on the force-plate and
the distance to the center of gravity of the according foot.

* External moments global / local: Describes the moments, created by the ground reaction force

» Segment axes global: Describes the position of the segment axes with respect to the global
coordinate system

&Note

Commonly the local segment rotations, Joint rotations and local constraint forces are of interest.

Calculate

If all parameters are set click on |Calculate

The result can be found, added as a new folder, in the project-tree.
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17.6 Gait phases and Report

17.6.1 Gait phases

To analyze a gait cycle correctly, it is important to examine the different phases of a gait cycle. For a
Simi gait report 3 phases are used: Initial contact, pre swing and terminal swing.

212

(a) Initial contact (b) Pre swing (c) Terminal swing

Figure 17.42: Phases for a Simi gait report

Phase model

The phase model describes the classification of the different gait phases. For the gait analysis report
both a left and right step have to be defined to make sure all data can be produced. The defined steps
should be directly after another since otherwise some data can not be calculated correctly. The gait
analysis report supports up to 3 steps of each leg. When using more than one step, the kinematic data

is averaged.
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'@Instruction

Open |Import phase model.. . | via:

— [ B ) Phases|in the project-tree,

— Or: Go to|Project ) Edit phase model...| and select

Navigate to C:\Program Files (x86 \Simi\Motion 9.x.x\\Templates\GaitAnalysis.

Select the file GaitAnalysisPhaseModel.sph.

Accept with .

Edt View Project Window Help
B&| ) BE|-|D | 3
|E=ECE

7§ Project
]ﬁ Spedification
----- [ caloulation templates

o B |

Import phase model...

{3

@' View phaszes
-] Mab :
-] dyne E2& Print as report..,

Figure 17.43: Phase model
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Add phase

'%Instruction

* Open a video by Drag&Drop a camera into the workspace.

Find the frame (by using the time bar or the arrow keys) where the Inital contact occurs.

Select |Add phase| in the top bar or by hitting [F11].

Select the correct group and appropriate phase

Add the phase by clicking

Repeat this step for all phases. Always define the end of a phase group (terminal step).

Group [Right Lea

Phase Initial Contact B
Pre-zwing B

Teminal Swing At

" ]

[ Phase lasts until the nest start of & phass

Start of phaze
selected point in time: 01633
@ uzer defined 01633

event

[ ok | [ cance |

Figure 17.44: Creating new gait phases

17.6.2 Report

At the end of the recording it is possible to create a report of the gait analysis in order to get a well-
arranged result.
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1. Teminal Swing L [ 13.433]

Figure 17.45: Setting different phases

Calculation templates

To create the gait analysis report you need to further process the data after you finished the steps
described before. Therefore the three gait analysis calculation templates need to be imported and
executed.

@Instruction

| B ) Calculation templates| in the projekt tree.

Select [Add calculation template. . . |.

Navigate to C:\Program Files (x86 \Simi\Motion 9.x.x\Templates\GaitAnalysis.

Choose GaitAnalysisCalculations.smt and accept with .

Repeat those steps two times with GaitAnalysisCalculations2.smt and GaitAnalysisCalcula-
tions3.smt.

With that all necessary calculations are imported and ready to be executed.

'@Instruction

» Execute Calculations Page 1 by:

— | B ) Calculations Page 1| in the project tree beneath Calculation templates and select
Berechnungsvorlage anwenden,

— Or: Doubleclick Calculations Page 1.

« If all inputs are marked green, accept with . If the inputs are not marked green, one of the
steps before has not been performed correctly.

* Repeat those steps in correct order with Calculations Page 2 and Calculations Page 3.
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Import of Reference values

To compare the gait of the subject with a healthy gait the according reference values have to be
imported. The reference values differ with the weight of the subject. Select the file with the weight

closest to the subject’s.

'@Instruction

» Navigate to |Projekt ) Import )) Import special files. ... |.

* In the dropdown menu select Simi Reference data.

» Navigate to C:\Program Files (x86 \Simi\Motion 9.x.x\Templates\GaitAnalysis\Data.

* Select the file xx kg InvKinDyn.rfd with similar weight as the subject and accept with [Open),

subsubsection*Display of report
As soon as all calculation templates are executed correctly the report can be displayed.

'@Instruction

« | B ) Report templates| and select [Print as report. .. |.

* In the dropdown menu scroll to Gait Analysis Report - full.
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17.7 Control of data

After recording the measured data, the stream of data should be proved.

& Instruction
* Pull the desired camera from the project-tree into the working environment.

* Right click on the image region.

« Click on [Video mix and -overlay...]

* Choose your data dynamic 3D coordinates new in the drop-down-menu 3D overlay and con-

firm by clicking (Close|.

Then the video is superposed with the dynamic 3D coordinates. Now errors can be found easily.

&Note

If you want to activate the option video mix and -overlay for more than one camera, you have to do
this for every camera separately.

Furthermore it is possible to compare 3D overlay and 2D data. Activate for this purpose the

@Instruction

» Right click on the image region of the camera in the working environment.

» Choose this time [Show stick diagram.

* Prove if overlay and stick view are superposed.

If overlay and stick view are coincident, the 3D is correct. If not respectively markers were aligned
falsely, this can be recognized by the 3D view or by intense deflections in the data curves of the single
marker.
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If an error occurs only in a small range of data, this range of data can be erased and interpolated.

@Instruction

* Search for the incorrect camera and open it.

| B ) raw data ) edit raw data.

Choose the respective marker which shall be edited.

Go to the moment when the false alignment occur.

Erase the value by clicking and interpolate by clicking [fill (spline)|.

Afterwards close the window and confirm the alteration.

If an error occurs in a bigger range of data, it is recommended to track the marker by hand.

@Instruction
¢ Search for the incorrect camera.
* @ on the respective camera and choose 2D tracking.

* Choose click manually for the marker that should be edited. (For the other markers have to
be selected do not track)

 Edit the incorrect range of data.

17.8 Finishing the project: Moving and compressing
videos

4@ Tutorial
For this section, a video tutorial can be found at http://youtu.be/rEgq-YiHpm-8

With finishing the project it is recommended to move and compress all videos.
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%lnstruction

« Choose |File ) Ressource administration

¢ Choose Move in ’video files’

* Set checkmarks at update video links and recompress video data
 Select Move in ’project file’ as well

¢ Click |Collect data...

* Choose Xvid MPEG-4 Codec in the drop-down menu
- Click
* Set the "‘Target Quantizer"’ to 1.70 (cf. Fig. 17.46) and confirm with Ok

* With the pressing a window with a directory appears. Choose the desired directory for
saving your video files

&Note

Compressing video files leads to loss of data, but in this case raw data is affected marginally. So do
this only if you are certain all data is already recorded and 3D is correct.
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Figure 17.46: Configuration of compressing settings

2016 © Simi Reality Motion Systems GmbH



17 Application: Gait analysis

17.9 Checklist

This chapter provides a very compact overview of the needed steps to conduct a successful gait anal-
ysis. The detailed steps are described in in the referenced sections.

_‘@: Tip

Print out this Checklist. After finishing one task the box [ in front of the step can be checked.
Thus no step will be left out and the analysis can be conducted successfully.

17.9.1 Preparations

[1 Assembling the ring-lights (Sec. 17.1.1)

[1 Connecting all cables (Sec. 17.1.2)

[J Checking the Force-plate (FPL) (sec. 17.1.3)

[J Switch on LED-ring-lights and FPL (Sec. 17.1.4)
[J Camera connection (Sec. 17.1.5)

[] Setting the camera field of view (Sec. 17.1.6)

[] Setting focus and aperture (sec. 17.1.7)

[ Adjusting camera properties (Sec. 17.1.8)

[ Checking the trigger settings (Sec. 17.1.9)

[] Preparing the set of markers (Sec. 17.1.10)

[J Testing the recording and recognition (Sec. 17.1.11)
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17.9.2 Correction of distortion

[] Distortion correction by chessboard, if you are not using wand
data for correction

[] Create a project and record chessboard-videos (Sec. 17.2.2.1)
[] Computing distortion parameters (Sec. 17.2.2.2)
17.9.3 Calibration
[1 Recording calibration videos (Sec. 17.3.1)
[ Automatic 3D wand tracking (Sec. 17.3.2)
[] Camera calibration groups (Scc. 17.3.4)
[] Testing the calibration (Sec. 17.3.5)
17.9.4 Video Capturing
[J Defining the specifications (Sec. 17.4.1)

17.9.4.1 Static trial

[1 Performing a static trial recording (Sec. 17.4.2)
[1 Starting the capture (Sec. 17.4.3)

[1 Saving the static trial (Sec. 17.4.3.1)

[] 3D-tracking for static trial (Sec. 17.4.3.2)

17.9.4.2 Dynamic trial

[] Performing a dynamic trial recording (Sec. 17.4.4)
[] Starting the capture for the dynamic trial (Sec. 17.4.4.1)

[] Automatic 3D-Tracking (Scc. 17.4.4.3)
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[] Recalculating dynamic 3D-data (Sec. 17.4.4.6)

[] Edit 3D Data (optional) (Sec. 17.4.4.7)

17.9.5 Inverse Dynamics (Sec. 17.5)

[1 Calling the inverse dynamics

[1 Selecting the model

[] Include static and dynamic data

[J Select force data for left/right leg

[] Providing patient data

[] Setting of filter and interpolation properties
[1 Selecting threshold and marker radius

[] Inserting the frequency of computation

[1 Selecting output options

[1 Compute inverse dynamics

17.9.6 Gait phases and report

[1 Select phase model (Sec. 17.6.1)
[] Adding a phase

[] Create a report (Sec. 17.6.2)

17.9.7 Control of data (Sec. ??)

[] Pull desired camera in the working environment

[1 Open video mix and -overlay
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[1 Choose dynamic 3D coordinates new for 3D-overlay

[] Activate stick view

[J Compare video mix and -overlay and stick view

17.9.8 Finishing the project: Moving and compressing videos (Sec. ??)

[] Move video files and recompress
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