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Introduction

CIRS Motion Control is an application which allows you to control the movement of CIRS Model 008A
Dynamic Thorax Phantom, CIRS Model 008M MRI-Linac Dynamic Phantom, CIRS Model 008V ViewRay®
Dynamic Phantom, CIRS Model 008P Dynamic Pelvis Phantom, CIRS Model 008PL Dynamic Platform, CIRS
Model 18023-A Xsight® Lung Tracking “XLT” Phantom Kit, CIRS Model 18043 4D Planning “4DP” Phantom
and CIRS Model 008Z MRgRT Motion Management QA phantom. With CIRS Motion Control, you can

quickly set up a movement based on a library of pre-defined motions, including Sin, Cos4, Cos6, Sawtooth,
Sharkfin and 3D Hysteresis (models 008A, 008 M, 008V, 008PL, 18023-A, 18043-A and 008Z) or Continuous
Drift, Transient Excursion, Persistent Excursion, High-Frequency Excursion, and Irregular Movement (model
008P only). Alternatively, you can import custom motion data from any tab-delimited or comma-separated
text file. CIRS Motion Control also allows you to save any motion to easily access the same parameters for
repeated calibration and testing.

Installation

The CIRS Motion Control application requires the Trio PC Motion library, which allows the computer to
recognize the Trio controller board in the Dynamic Phantom or Platform. To install the Trio PC Motion
library, double-click InstallTrioPCMotion_2 12 0 and follow the steps in the InstallShield Wizard.

To install CIRS Motion Control, double-click MotionControlSetup or Setup and follow the steps in the
Setup Wizard. The Microsoft .NET Framework Version 3.5 is required for the application to run.

Note

Not all software commands apply to all the phantoms that are controlled by CIRS Motion Control
software. Phantom specific commands will be identified throughout this user manual.
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Interface
When you start CIRS Motion Control, you will see the following:

=Tr—— =

Motion Parameters
FaCas o Toolbox

| Zoom infZoom out
D |

: Buttons
> im0~ CIRS
Play/Pause, Motion Parameters, Motion Viewer
Stop, Loop Waveforms
Buttons

Phantom Selection

The phantom to be controlled by the software is selected from the Motion tab as shown below. The
Dynamic Thorax module controls models 008A, 008M, 008V, 008PL, 18023-A and 18043-A. The Pelvis
module controls Model 008P. The Dynamic Cardiac module controls Model 008C. The Dynamic
Piezo module controls Model 008Z MRgRT Motion Management QA Phantom.

9 ) CIRS Motion Control
File | Motion | View Help
| Phantom + | Dynamic Thorax i
Sin b Dynamic Pelvis
Cosd b Dynamic Cardiac
Cosé v || ¥ | Dyanmic Riezo
Lag

Sawtooth 3
Sharkfin 3

20 -
Hysteresis 3
Custom
Import...
Options...
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The Motion Parameters Toolbox allows you to adjust the parameters for each axis, including waveform,
amplitude, cycle time, phase shift, and start position (baseline or rotational angle).

The Motion Viewer allows you to see both the shape of each motion as you adjust the parameters and
the position of each axis as the motion runs:

For Model 008A, 008M, 008V, 008PL, 18023-A, 18043-A and 0082
®* The blue line and parameters in the graph represent the Inferior-Superior axis. The parameters
are set using the Linear tab in the Motion Parameters Toolbox.
®* The green lines and parameters in the graph represent the Anterior-Posterior and Lateral axis. The
parameters are set using the Anterior/Posterior and Lateral tabs in the Motion Parameters Toolbox.
o Thered line and parameters in the graph represent the Surrogate axis. The parameters are set

using the Surrogate tab in the Motion Parameters Toolbox.

e There is no Surrogate tab for model 008Z.

For Model 008P
e The blue line and parameters in the graph represent the Inferior-Superior axis.
e The green lines and parameters in the graph represent the Anterior axis. These parameters are
set in Motion Parameters Toolbox. Due to geometry inherent to the mechanical design, both
Inferior- Superior and Anterior parameters are in a mathematical relationship that provides the
values sent to the phantom’s Linear Actuator, which in turn provides motion to the prostate cube
insert.

For Model 008C
® The blue line and parameters in the graph represent the Inferior-Superior axis. The parameters
are set using the Linear tab in the Motion Parameters Toolbox.
e The green lines and parameters in the graph represent the Anterior-Posterior and Lateral axis. The
parameters are set using the Anterior/Posterior and Lateral tabs in the Motion Parameters Toolbox.
[J Thered line and parameters in the graph represent the Surrogate axis. The parameters are set
using the Surrogate tab in the Motion Parameters Toolbox.
[1 The orange line and parameters in the graph represent the ECG signal, which issynchronized
with the heart motion waveforms. The scale on the right side of the Motion Viewer is
calibrated to mimic ECG signal printed on graph paper in a cardiologist’s office.

The Play Button starts running a motion. Once motion started it pauses and resumes it.
The Stop Button stops a running motion and returns the axes back to their starting positions.

The Loop Button toggles between running a motion continuously (up to 1,000,000 loops) and running a
motion for the specified number of loops (up to 1000 loops).



Rev:

February 12, 2020

The Zoom in/Zoom out Buttons allow the user to choose how many cycles are displayed in the Motion
Viewer window by choosing between 1, 2, 4, 8 and 16 cycles.
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Using the Motion Library

For Model 008A, 008M, 008PL, 18023-A and 18043-A

To set up a motion from the motion library, click the Motion menu,
select the motion you want, and then click either IS, AP/LR or
IS/AP/LR. The selected motion will appear in the Motion Viewer.

A
SETREE |
|

File | Motion | View Help

Phantom » l

| sin N | 15
Cos4 » AP/LR
Cosb » IS/AP/LR |
ot
»
»

Sawtooth
Sharkfin

Hysteresis

20 -

Custom

Import...
Options...

* |S sets up movement for the Inferior-Superior and Surrogate
axes

* AP/LR sets up movement for the Anterior-Posterior/Lateral
and Surrogate axes

e |S/AP/LR sets up movement for all axes

You will not be able to set up AP/LR or IS/AP/LR movements on Dynamic Platforms (Model 008PL) without
a physical rotational axis. Custom motions are only available when motion data has been imported from a
file.

> ma- CIRS
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For Model 008P

To set up a motion from the motion library, click the Motionmenu,
select the motion you want to run. The selected motion willappear
in the Motion Viewer.

[?J CIRS Motion Controlﬁ
I File | Motion | View Help
Phantom »
5 I_.i
I Continuous Drift » [ IS/AP [ i
| Transient Excursion »

Persistent Excursion »

High-Frequency Excursion  »

Irregular Movement >
Custom

Import...

Options...

[0 IS/AP sets both IS and AP directions amplitudes of the centroid of the prostate, which are needed for
the software to calculate the correct linear motion of the phantom’s actuator.

As in the case of the Dynamic Thorax module, custom motions are only available when motion data has
been imported from a file.

e R -

o vt v v ==

>mQ|-- CIRS
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Running a Motion

To start a motion, click the Play Button. While a motion is running, you can click the Play Button to pause
and resume a motion, and the Stop Button to stop the motion. The status bar at the bottom of the main
window will indicate whether a motion is running, paused or stopped; the number of loops that have

been completed; and the running time of the motion (lower left corner). The Motion Viewer will update to
show the real-time position of all the running axes. You will not be able to adjust the parameters of a
motion while the motion is running.
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Adjusting Motion Parameters

You can adjust the parameters of any motion
using either the Motion Parameters Toolbox or
the Advanced Motion Parameters Toolbox.
You can switch between either toolbox at any
time by clicking the View menu, and then clicking
the toolbox you want to show.

Motion Parameters Toolbox

Wie | Help
Maokion Parameters

Advanced Parameters

For Models 008A, 008M, 008V, 008PL, 18023-A, 18043-A and 0082
You can use the Motion Parameters Toolbox to adjust the basic parameters for each axis. Click the Set
Phantom Position button to move the axes to the positions shown on the Motion Viewer.

The Linear tab allows you to adjust the Inferior-
Superior axis amplitude and the cycle time for all
three axes.

The Rotational tab allows you to adjust the
Anterior-Posterior and Lateral axis amplitudes,
and the cycle time for all three axes. Adjusting
the parameters on the Rotational tab has no
effect on the Dynamic Platform (model O08PL)
due to the missing physical rotational axis.

The Surrogate tab allows you to adjust the
amplitude and phase shift of the surrogate axis,
and the cycle time for all three axes.

Motion Parameters =]
Inferior/Superior | Anterior/Posterior | Laterl | Sumogate |
Ampitude:
1 +[1272 [£]mm
0 %
Cycle Time 4000 2] sec
Set Phantom Pastion

Motion Parameters [ | Motion Parameters =]

[ Inferior/Superior | Anterior/Posterior | Lateral | Sumogate |

Amplitude:

U +275 [2]mm
0 5

Cycle Time: 4.000 |5 sec

[ Set Phantom Postion |

[ Inferior/Superior | Anterior/Posterior | Lateral | Surogate |
Ampltude:
| 0} +[361 [mm
0 5
Cycle Time: [4000 (2] sec
Set Phantom Postion

Motion Parameters =]
Inferior/Superior | Anterior/Posterior | Lateral | Sumogate
Amplitude:
J =130 [&mm
0 %
Cycle Time: 4000 [5]sec
Phase Shift:
) 0.0
-100 00 00ssc
@ Show as a percentage of cycle tims
Show as time
Set Phartom Position

10
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The Inferior/Superior tab allows you to adjust the Inferior- Superior amplitude while the Anterior/Posterior tab
allows you to adjust the Anterior-Posterior amplitude. Due to the mathematical relationship between the two
components of the prostate motion shown in the sketch below, the adjustment of one of the amplitudes leads
to automatic adjustment of the other amplitude. Either tab adjusts the cycle time for both components of the

motion.

/

Motion Parameters =1 | Motion Parameters =1
-1 4 Inferior/Superior | Anterior/Pasterior _|r.|enw/5upemr Anterior/Posterior
Ampltude: Amplitude:
] =300 =]mm =187 [=|mm
0 5 0 5
5 Cycle Time: 30.000 =] sec Cycle Time: 30.000 1] sec
34
Set Phantom Position Set Phantom Position

Inferior/Superior Anterior/Posterior
-4 4+ Waveform Continua: Waveform: Cortinuo

Amplitude: 1,00 mm Amplitude:

Cycle Time: 30.000 sec Cycle Time:

Phase Shift 0.000 sec Phase Shift

Start Position: 31847 Start Position

Current Position -3.00mm Current Position:

ROl Avg. Position:  0.90 mm RQI Avg. Postion:

ROI Total Time: 30.000 sec ROI Total Time:
5 t

-60 -20 0

11
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Adjusting the Inferior-Superior and Anterior-Posterior will set the related start position angle about which the
prostate will oscillate in order to achieve these particular amplitudes.

To freely set the start position angle within its constraining range (20° to 70°), set both the Anterior-Posterior
and Lateral amplitudes to zero then check the Lock start position box. Once the Lock start position box is
checked the adjustment of one amplitude will adjust the other one so that the relationship amplitudes —
starting angle is satisfied.

12
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Advanced Motion Parameters =] "
Advanced Motion Parameters
Inferior/Superior | Anterior/Pasterior
Irferior/Superior | Anterior/Posterior
Waveform:
0 Waveform L
[ Persistent Excursion - :
[ Persistent Excursion -
Amplitude: —
0 =237 [2]|mm pliuce:
H =[000 [2]mm
‘o 5
0 5
Cycle Time: 500.001[2] sec A
Cycle Time 5000012 sec
Phase Shift: Phase Shit:
8} 376 |2]% 8 _—
) 376 2%
-100 100 188.0sec
’ 100 100 188.0sec
Show as a percentage of cycle tine §
Show as a percentage of cydle time
Show as time -2
Show as time
Rotational Start Posttion: Rotat | Start Posit
57 =] deg ional Start Position
0 7000 [2]deg
55.67 55.67
] Lock start posi x TD
ot start pestien -3 [T Lock start position
Set Phantom Position
Set Phantom Pasttion
Inferior/Superior Anterior/Posterior
-4 Waveform: Persiste... Waveform: Persiste
Amplitude =0.00 mm Ampltude +0.00 mm
Cycle Time: 500000sec  Cycle Tme 500.000 sec
Phase Shift: 188.000sec  Phase Shift: 128.000 sec
Start Fostion 70.00 * Start Posttion 70.00°
Cument Postion: 0.0 mm Currert Postion:  9.59 mm
ROI Avg. Postion:  0.00 mm ROl Avg. Postion: 0.00 mm
ROl Total Time: ~ 0.000 sec ROl Total Time: 0000 sec
f A W
1 1
0 /\
W =
Advanced Motion Parameters [=]
14 Infenor/Superior | At
Waveform:
[ Persistent Excursion -]
Ampltude
2 =219 [2]mm
-2 4
0 23
Cycle Time: 700.001[2] sec
Phase Shit:
"] 976 2%
=T W0 2632sec
Show as a percentage of Gycle tine
Show as time
Rotational Start Position
Inferior/Superior Anterior/Posterior 3185 [ deg
-4 4 Waveform Fersiste Waveform Persiste
Ampitude: +2.19mm Ampituds +1.35mm 3165 3165
Cycle Time 700000sec  Cycle Time: 700.000 sec
Fhase Shift 128 000sec  Phase Shift 188.000 sec Lock start postion
Start Postion: 3165° Start Postion 31.65°
Current Postion: ~ -1.34mm Cumrent Postion:  1.06 mm
ROl Avg. Fostion:  0.00 mm ROl Avg_ Fostion: .00 mm Py —
ROl Total Tme:  0.000 sec ROl Total Tme:  0.000 sec
-5 } t t
500 -400

-200
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Advanced Motion Parameters Toolbox

You can use the Advanced Motion Parameters Toolbox to adjust all the parameters for each axis. Once
done, click the Set Phantom Position button to move the axes to the positions shown on the Motion

Viewer.

For Models 008A, 008M, 008V, 008PL, 18023-A, 18043-A and 008Z

The Linear tab allows you to adjust the waveform,
Inferior-Superior amplitude, cycle time, phase

shift and start position (baseline) for the linear ":f”e*””"' |
. in -
axis.
Amplitude:
r/l + 10,00 = mm
Any adjustment to the start position will also ; -
reduce the maximum Inferior-Superior amplitude
. . Cycle Time: 4000 =sec
because of the mechanical constraints of hsce S
the Dynamic Phantoms or Platform. 9] 00 2%
-100 100 0.0sec
@ Show as a percentage of cycle time
) Show as time
Start Position:
r/} 0.00 == mm
25 25
The Rotational tab allows you to adjust the
waveform, Anterior-Posterior and Lateral FuERanCE RO Parameists =

amplitudes, cycle time, phase shift and start

position (rotational angle) for the rotational axis. i‘::e*“”: )
Adjusting the Anterior-Posterior and Lateral Amﬂ'jm”de « 00
amplitudes will set the related start position angle ) ;

and allow you to select which quadrant to Syl T 1000 o] sec
position the movement in. If you click the Lock Bhose Shit.

start position checkbox, an U 00 %
adjustment to either the Anterior-Posterior or 100 100 00sec

Lateral amplitude will set both amplitudes at the
same time in order to hold the start position
angle. To freely set the start position angle, set
both the Anterior-Posterior and Lateral
amplitudes to zero.

Advanced Motion Parameters ®

Inferior/Superior | Antesior/Posterior | Lateral | Sumogate | Gating |

fatr/Supetor | Aricir Posen

@ Show as a percentage of cycle time

) Show as time

Rotational Start Position:
|_/} 000 |[2|deg

-125 125
[ Lock start position

100% coverage

Research Mode:

Enable the anterior/posterior and lateral waveform and
phase shift to be set independenthy

Set Phantom Position

14
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The Surrogate tab allows you to adjust the

amplitude, Cycle tlme and Advanced Motion Parameters Bl
phase Shlft Of the Surrogate aXiS (nOt | Inferior/Superior | Anterior/Posterior I Lateral | Sumogate | Gating
. V "
applicable for model 0082). [:amm ]
in i
Amplitude
r/} + (000 2 mm
0 25
Cycle Time: 4000 = sec
Phase Shift:
r/} 0.0 = %
-100 100 0.0sec
@) Show as a percentage of cycle time
() Show as time
Start Position:
r/} 000 2| mm
25 25

Set Phantom Position

For Model 008M

Motion controllers with the “P824” alphanumeric group in the serial number are able to output an electrical
signal to be used as a means to check the gating of the RT beam. The gating signal has a value of +5 V when the
Inferior-Superior amplitude is equal or greater than the “Gate On” value for positive amplitudes. When the
Inferior-Superior amplitude is smaller than the “Gate On” value the gating signal has a value of O V.

15
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E]

Advanced Motion Parameters

| Inferior/Superior | Anterior/Posterier | Lateral | Sumogate | Gating
Enable Gating [ tnvert
Gate On
Amplitude
: Ij 939 mm
75 25
@ Increasing Decreasing
@ Increasing Decreasing

Set Phantom Position

16
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On” value for negative amplitudes. When the Inferior-Superior amplitude is greater than the “Gate On” value

the gating signal has a value of 0 V.

Advanced Motion Parameters =]

| Inferior/Superior | Anterior/Posterior I Lateral I Sumogate | Gating

Enable Gating [ Invert
Gate On
Amplitude
r/} -939  [&|mm
25 25
@ Increasing Decreasing
@ Increasing Decreasing

[ Set Phantom Position ]

When the Invert box is checked the effects of “Gate On” are reversed.

Effect of
checking
Invert

Advanced Motion Parameters =]
| Inferior/Superiar I Anterior/Posterior I Lateral I Sumogate | Gatigg _
Enable Gating Invert (
Gate On
Amplitude
U 5935 = mm
-25 25
@ Increasing Decreasing
@ Increasing Decreasing

Set Phantom Position ]

Marks
showing
Gate On

16
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Advanced Motion Parameters Toolbox — Research Mode

The Research Mode is available only from Advanced Motion Parameters Toolbox and allows the
user to select different waveforms for Anterior/Posterior and Lateral amplitudes, which are used to
calculate the Rotational Start Position and the oscillation angles about this starting angle.

9) CIRS Motion Control TN T T 3, CIRs Motion Contrct TR T T
= — f -
File Motion View Help | Adyanced Motion Parameters =] File  Motion View Help | Advanced Motion Parameters [=]
| Lateral | Sumogate | - T [l uperior | Anteror/Posterior | Lateral | Sumogate |
Wavefom: Wavefom
B3 - [shardin -
Ampltude Ampltude
§ =B EHmm 0 L] fm
20 20
0 5 0 5
Cycle Time: 4000 2] sec Cycle Time: 4000 [£]sec
Phase Shét Phase Shit
0] o B 5} 79
<100 100 0.0sec -100 100 0.0sec 2 2
© Show as a percentage of cycle time @ Show as a percentage of cycle time Oscillation angle
Showastine ) Show astine (sent to controller)
Rotational Start Posttion: Rotational Start Postion:
O 59.46 |2 deg 5} 45.00 3] deg
10 10
5946 594 12054 97%coverage 45.00 4500  85Y%coverage
] Lock start posttion [ Lock start posttion
Research Mode: esearch Mode: i
| Enable the anterior/posterior and lateral wavefom and [¥] Enable the anterior/posterior and lateral wavefom and 7 \
phase shift to be set independently phase shift to be set independently £ X
Set Phantom Postion Set Phantom Postion
0 / \
/ \

10 + 10
A/P - Sine LAT - Sharkfin
Inferior/Superior i
-20 + Waveform: Custom -20 + Wavefom: Custom
Amplitude: 00 mm Amplitude: +0.00 mm
Cycle Time: 44,000 sec Cycle Time: 44,000 s¢ =
Phase Shift: 0.000 sec Phase Shift: 0.000 sec Phase Shift
Start Position: 0.00 mm Start Posttion: 0.00mm Start Posttion:
Current Position: 0.00 mm Current Posttion: 0.00mm Cure n:
ROI Ava. Position: 0.00 mm 0.00mm ROI Avg. Postion:  0.00 mm ROI Avg. Position:
ROI Total Time: 44000 sec ROI Total Time: 44.000 sec ROI Total Time: 44,000 sec ROI Total Time:
-20 -10 -20 -10

>lmja) SOCEE

Selection start: -26.68 mm Selection start: -26.33 mm

The Research Mode calculates and defaults to the best scenario (angle to oscillate about) so that the
maximum volumetric coverage of the real volume due to the tumor motion is achieved by the volume
generated by the motion of the phantom’s target. To perform the calculations the algorithm takes into
account the current tumor position, the closest position achievable by the phantom’s target for that point in
time, along with the Target Distance and Target Size (which are setup in Options menu).

Selecting the same waveform for Anterior/Posterior and Lateral amplitudes will provide the same results as if
the Research Mode were not selected.

Due to symmetry of the arc of circle on which the phantom’s target can rotate, there are either two or four possible
angles about which the target can rotate to achieve the Anterior/Posterior and Lateral amplitudes. Due to mechanical
limitation of the phantom’s design, if two symmetry angles fall into the safe zone of the moving rod rotation, which is
located each side of 180° (0° is at zenith), then only two Rotational Start Position angles are available.

17
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- == T
IRS Motion Control TETE————

0 5
Cycle Time: 4000 5] sec
Phase Shift:
w
100 100 00sec
© Show as a percentage of cycle time
© Show astime

Rotational Start Posttion:

-36.94 3694
Lock start position

——
y -

[¥] Enable the agferior/posterior and lateral wavefom and
phase. setindependently

File Motion View Help | Advanced Motion Parameters
T Inferior/Superior | Anterior/Posteror | Lateral | Sumogate|
Wavefom:
[Sharin =
|
Amplitude:
r—@ +[500 [&|mm
20 1 e Y
0 5 ‘
Cycle Time:
Phase Shift:
-100 100 0.0sec
@ Show as a percentage of cycle time.
© Show as time
Rotational Start Position:

Yellow - Simulation Envelope \

Red - 3D Volume
Red - 3D curve

Black - 3D AP curve
Green - 3D LAT curve

Blue - 3D Simulated Volume
Blue - 3D Simulated curve

Center of Lung Rod
inThoraxBody

18
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For Model 008C

The ECG tab allows you to select the desired Lo =
beats per minute rate (BPM). If no adjustments BOG | Infetor/Superor | Arteron/Posterr | Latera [ Surogate]

are made to the BPM the phnatom will run at 60
BPM Beats Per Minute:

@ Use Defautt Cardiac File

The ECG tab also allows the end user to import 0 P
Custom Cardiac files that can be created to . b

simulate various abnormal ECG signals. The rules Gyele Time: 1000 ) sec
and suggested way to create such Custom Cardiac

files are presented in the 008C Apendix © Use Custom Cardize Fie

Load Custom Cardiac File

Cardiac File:
Cardiac Duration:

The Linear Inferior/Superior tab allows you to s =
adjust Inferior-Superior amplitude of the motion |Eg | ifenor/Supstor | Artoir/Posotor | Ltoral | Sumgete
- - Amplitude:

profile of a heart region, Aorta, Apex (default) 0[S Emm
and Center respectively. . ;

Heart Region

1 Aorta @ Apex () Certer
Breathing

|71 Include Breathing
Sin

10.00

annn

@ 4.000sec 4.000 sec

Set Phartom Postion

19
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The Linear Inferior/Superior tab allows also the user account for the movement of the heart due to the

breathing.

hesen Faamten Gl
B | e Som | taas omass | s | v
Seviste
L8
i g

[
ek B

o i Pk, ]

Breathing nat included

CIRS

s Ponses | e | Sy

] sfm alem

P

Breathing included

wla

CIRS

When the Include Breathing is selected in the Breathing section of the Inferior/Superior tab the heart moves in
Inferior/Superior direction based on a waveform that is resulting by adding the motion waveform due to heart
beating to a built-in waveform specific to the Dynamic Thorax. The built-in breathing waveform is selected from
a drop down box. User can adjust the amplitude and the cycle time of the breathing. Based on breathing cycle
time and heart rate (BPM) the actual possible cycle time is calculated automatically.

Breathing

Include Breathing

Signal:

[Sawtooﬂ] v]
Sin

Cosd

__ mm
Sawtooth

Sllarldin

=

Desired Breathing Cycle Time: 4000 =sec

Actual Breathing Cycle Time:

@ 4.000sec 4000 s=c

20
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Breathing Breathing
(V| Include Breathing Include Breathing Beats Per Minte:
Signal Signal: r/}
[Sautooth -] [sawtoctn - “ .
Co. Ampltud
Cosd pltude: _
mm { =[10.00 | mm Cycle Time: 0833 [2]sec
Sawtooth
Sharidin

Desired Breathing Cycle Time:

Actual Breathing Cycle Time:
@ 4.000sec 4

4.000 sec

4.000

seC

0
Desired Breathing Cycle Time

Actual Breathing Cycle Time:
@) 3.333sec

) 4167 sec

25
4000 [ secg

Possibile actual Breathing Cycle Time depends on the Desired Breathing Cycle Time

and Beats Per Minute

Note: There might be cases when the waveform to be run that when Include Breathing is selected requires
accelerations/decelerations greater than the ones supported by the linear step motor and as such for such

cases the user is presented with a Modifications Needed message windows upon pressing the Play button.
There are two choices available.

1.

Select Yes: Heart rate (BPM) is preserved while the amplitude is adjusted so that

accelerations/decelerations required by running the waveform are less than maximum supported by

the hardware.

Select No: Heart rate (BPM) is adjusted while the amplitude is preserved so that

accelerations/decelerations required by running the waveform are less than maximum supported by the

hardware.

Modification Meeded

Hardware cannot suppert the current cenfiguration. Do you wish to adjust the
amplitude to suppert it? If no, the beats per minute will be adjusted

L= JI

Mo

The Rotational tabs allows you to adjust the
Anterior-Posterior and Lateral amplitudes.

Motion Parameters =

ECG I Inferior/Superior | Anterior/Posterior | | ateral I Sumogate
Amplitude
U + 800 = {mm

] 8

Motion Pararneters =|

|ECG IInfeﬁorfSupeﬁur Meﬁur/?usteriarl Lateral |Surmgate|

Amplitude
U 600 = mm
] &
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The Surrogate tab allows you to adjust the amplitude, cycle time and phase shift of the surrogate axis similar. The
built-in breathing specific waveforms (The very same waveforms that are built-in for the model 008A Dynamic
Thorax) can be selected from the drop down box. In addition you can select to have the Surrogate axis run the
same waveform and parameters as the ones for the Inferior/Superior breathing by checking the Sync
Surrogate waveform to I/S Breathing providing that the Include Breathing was selected in the

Inferior/Superior tab.

Motion Parameters

[ Syne Sumogate waveform ta 1/5 Ereathing

() Show as time

@ Show as a percentage of cycle time

Waveform:
[Sin
Amplitude:

U +|0.00 mm

0
Cycle Time: 1.000 sec
Phase Shift:

U 0.0 ={ %

-100 0.0zec

| ECG I Inferior/Superiar I Arterior/Posteror I Lateral | Sumogate

=

Sync Sumogate waveform to 115 @

Waveform:

|5in 7]
Sin

Cosd

Sawtooth k

Shandin
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Models 008A, 008M, 18023-A, 18043-A and 008Z Options

The options menu is launched from the tab Motion and contains overwriting parameters, which are
read by the Dynamic Thorax module of the software in order to perform the correct simulations and
tumor position calculations.

Options
Target Distance Target Size
@ Standard Dosimetry Rod @ Standard
4D CT QA Rod Custom: |20.000 ||| mm = | BE
Custom: [15.000 /| mm 68°

Sumogate Simulation

@ Chest \

TR = 5 mm
Diaphragm LR T |

Moving Rod

e Target Distance sets up the distance between center of target and longitudinal axis of moving rod
(Rotation axis)

- Standard Dosimetry Rod is the distance used for all moving rods except for the 4D CT QA Rod. The
default value of this parameter is 15mm. The default value of this parameter is 10mm for the
moving rod of Model 008Z.

- 4D CT QA Rod is the distance from axis of rotation to cylindrical surface of inner moving rod, top
of high contrast fiducial respectively. The default value of this parameter is 22.825mm.

- Custom can take any value between 10mm and 100mm and is designed for research purposes.

e Surrogate Simulation allows the surrogate platform to simulate the chest when the surrogate actuator is
attached in a vertical position to the liner actuator or the diaphragm when it is attached in a horizontal
position. The appropriate selection of this parameter will ensure that the surrogate platform moves in the
correct direction for a supine orientation.

e Target Size is used by the Research Mode algorithm to calculate the volumetric percentage coverage.
The default value of this parameter is20m.

Note:-  Model 008M doesn't use a 4D CT QA Rod or allows for Custom ones. Therefore, the Standard
Dosimetry Rod should be checked only for this phantom.

- Model 008Z doesn’t need a Surrogate since it is designed for real time motion tracking with MR
imaging and as such there is no Surrogate Simulation for it. Also, the Standard Dosimetry Rod
for model 008Z is 10mm due to the simulated tumor sizes.

- Because the Target Distance is not changed when a new phantom is selected it is recommended
that the desired Target Distance is setup in the Options every time a new phantom is selected.
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Importing Motions

You can import motion data from any tab-delimited, comma-separated or fixed column format text file.
To import motion data, click the Motion menu and then click Import. First, select the file you want to
import motion data from and then click the Open button. You can view any column of data that appears

in the file in the Import Motion Data window:

9 ) Import Mation Data

1.5 T T

00 -
_0_5 _

A0 4+

Click + Drag to select, Cid + Click to pan Mirror waveform:

15 — s —
0 100 200

Import data from column: | 1 | Smoothing: |10 = Sample Rate: 30

Selection time: 500 sec

300 400 500

MName: Custom 1 QK | | Cancel

b

Because the software allows different waveforms to run for each of the phantom’s axes, the user has to
import the data from each column that contains tumor positions in a 3D space separately in order to be
able to select the appropriate waveform for each of the phantom’s motions.

If the file has more than one column of data, you can select which column to view by clicking the Import
data from column drop-down box. The gray line in the graph represents the actual data from the file.
The blue line represents the data that has been smoothed. The data is smoothed using a rolling average,
and you can adjust the amount of smoothing (from degree 0, which is equal with the raw data to 100),

which is set by default to 10.
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When importing only a portion of the patient specific recorded data it is recommended that user selects the
START and END points so that they have close amplitudes. Selecting START and END points with very

different amplitude will cause the system to fill-in between the END and START points when the looping
function is used (see the next two screenshots).
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-

@) Import Motion Data

1.5 T T T et —
] i START of portion to ]
10 1 A/ i P ]
: be looped
os 1 ; ]
0.0 ]
0s] |
10T V\ END of portionto | ]
1 : be looped
1 Click + Drag to select, Cid + Click to pan Mirror wawveform: [ H J
-1.5 + + } + + + t + B R L bommm- == } }
380 400 420 440 460
Import data from column: Smoothing: m Sample Rate: 30 Iil MName: Custom 1 [ QK ] [ Cancel 1
Selection time: 105.58 sec

Fle  Moton  View M
)

Lrew | Rotwced | Surogte

L : | e
"N ~ A ~ ™S N = S Pk Porten
\ \ / Xod \ _‘\ \ / 8 T
\« \ ) \ / i
\ \ / \ | f
\ A= \ I ‘\ { \ [
i \ J \ J S\ } \ J
= / . / NSNS/ = 1
Y i el W X Y Rt W'
\\_/ \ }I N/ N\ / WL | L \ ;l
| ol \ |
- \ VR, \ \/
Section filled-in by the system
: P to make the looping possible
o2
0 -10 0 10 20 30 40

CIRS |
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This fill-in will therefore modify the original data and such its extent should be minimized as much as
possible. If the left mouse button is kept pressed when the START point is selected a horizontal line is
created, which crosses the data at the same amplitude. Counting either side of the START point all even
intersection points are therefore good candidates for being the END point. Keep the left mouse button
pressed while moving along the horizontal line to select an END point, which is done by releasing the mouse

left button.

P

9 ) Import Motion Data

IEI—Zh1

1.5 .

Click + Drag to select, Ctd + Click to 'pan
A5 4 vy

210 220 230

Import data from column: Smoothing: {10

Mimror waveform:

S Py

240 250 260

a

= Sample Rate: |30 = Mame: Custom 1

] [ Cancel

Selection time: 87.229 sec
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The Sample Rate is the sampling rate of the Motion Control software and represents the number of
points used to reconstruct the original waveform. If the sampling rate of the recorded data is specified
in the file header that contains the tracking data, then the software will read that value and default to
it. If this sampling rate is not specified, then the software will default to 30 samples per second. It is
recommended that the user identify the actual sampling rate of the original recorded data and input it
into the Sample Rate box so that the correct cycle time is calculated for the imported waveform.

r
9) Import Motion Data

oy

[9) import Motion Deta

15

15

05 1

00

05 -

00

T W

Cick + Dragto sslect, Od + Cick topan  Mimor wavefom. [

JA-MWVWMWWWWWW‘WWMM HW

Cick + Drag to select, Cuf + Cicktopan  Mimec wavefom. [T

®
500,

0 1 400

400 500 600

00 200 300 0 100 200 300 700 800
Impor deta from column: (1 »| - Smocthng: 10 |3 Nm Custom 1 [Lox ][ coneed ] impot detafromcobumn: (1. v Smosthing: 10 5 .mm-zu 3| Yame: Custom 1 [ ok ][ Concel
Selection time: 500 sec i Selection time: 800 sec
The import function also allows for assigning custom or default names to the imported waveforms.
At the bottom of the Import Motion Data graph window there is a Mirror Waveform check box,
which when checked will mirror the waveform about the time axis:
9 Import Motion Data =5 [ ("3 mport Motion Data Lo 20

15

05 J
00

05

‘umwwmuw\A.Mwmwmewmw M ‘

Y P e W

Cick + Dragto select. Qi « Oicktopan Mo wavefor:

00

05 4

de&sgxosd«mﬂd-ﬂckwmm

0 100 200 300 400 500

inport data from cokmn: [1..w] Seocthing: (10 15| SampleRete:[30  [2] MName: Custom 1 [ok ) [ coesl ]

Selection time: 500 sec

| || | Selection time: 500 sec

-15

0 100 200 300 400 500

Wepot datafomcobem: (1 v Smoothing:[10 = SampleRate: 30 2| MName: Custom 1 oK | [ Concel ]

This function could be useful for cases when the export of the original waveform was done “upside down”.
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To zoom in on the graph, or to select a region of data to import, click and drag the mouse in the graph. A
marquee appears around the selected region, and a gray horizontal line shows all the amplitudes that

match where you started your selection, to assist you in creating a suitable loop:

e

9 ) Import Motion Data

15 , S — S — P — :
.

1.0 +

0.5 4

0.0 ;
05 4

: Click + Drag to select, Ctd + Click to pan I'\"Iirrof wavefom: E
1.5 ) I ' } ' L g ! } 4 ,_ - | I P 1

e —— p—— e
400 410 420 430 440

Import data from column: Smoothing: (20 = Sample Rate: |30 = Mame: Custom 1 QK

l [ Cancel

Selection time: 54,178 zec

b

To pan the selected region, hold down the Ctrl key and then click and drag the mouse. When you are

ready to import the data that appears in the graph, click the OK button. The selected region is

normalized from -1 to 1, the starting and ending points are adjusted to match, and the custom data is

loaded into the Motion Viewer.

You can also zoom in or out on the graph using the mouse wheel. Left click inside the import window

and use the mouse wheel.
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After data is imported from a file, the Custom menu option in the Motion menu becomes available.

St Pt Pt

> B Q

CIRS

For Model 008A, 008M, 008V. 18023-A, 18023-A, 008PL and 008Z

If the tracking motion file header specifies the scale factor used, then the actual amplitudes are imported
providing that they are not larger than the mechanical limits of the phantom’s motion. In that case, the
larger amplitudes are scaled to the limits of motion range. When the recorded breathing waveform files do
not have a specified scale factor the imported Linear and Surrogate amplitude are scaled by default to

+/-10mm while the Rotational amplitudes are scaled also by default to +/-2.50mm for Anterior/Posterior,
respectively to +/-1.00mm for Lateral

For Model 008P

If the tracking motion file header specifies the scale factor used, then the actual amplitudes are imported
providing that they are not larger than the mechanical limits of the phantom’s motion. In that case the
larger amplitudes are scaled to the limits of motion range. The algorithm that calculates the angle about
which the prostate oscillates in order to achieve the Inferior-Superior and Anterior-Posterior amplitudes is
such that the Inferior-Superior amplitude is the one equal to the maximum amplitude from the imported
waveform or scaled to the maximum mechanical limit of prostate’s motion while the other one is
calculated based on the mathematical relationship between the amplitudes and rotational starting angle.
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Info about the parameters of the imported waveforms is presented (color coded) in the lower left corner
of the Motion Viewer window of Motion Control GUI.

Model 008A & 008PL Model 008P
Inferior/Superior Anterior/Posterior Lateral Surrogate Inferior/Superior Anterior/Posterior
Wavefom: Custom Waveform: Sin Waveform Sin Wavefom: Custom Waveform: Custom Waveform: Custom
Amplitude: +4 68 mm Amplitude: +4 68 mm Amplitude n Amplitude: +4 68 mm Amplitude: =1.11mm Amplitude: +0.50mm
Cycle Time: 44000 sec Cycle Time 4.000 sec Cycle Time Cycle Time: 44000 sec Cycle Time: 62.200 sec Cycle Time 62.200 sec
Phase Shift: 0.000 sec Phase Shift 0.000 sec f Phase Shift: 0.000 sec Phase Shift: 0.000 sec Phase Shift: 0.000 sec
Start Position: 0.00 mm Start Posttion -77.94° St sition Start Posttion: 0.00 mm Start Posttion: 24147 Start Position 2414°
Current Postion: ~ -1.27mm Cument Posttion: ~ 0.00mm sition Curent Postion: ~ -1.27mm Cument Postion: ~ -0.33mm Curent Postion 0.10 mm
ROI Avg. Posttion:  -0.65mm ROl Avg. Position:  0.00 mm { g. Posttion ROI Avg. Posttion:  -0.65 mm ROl Avg. Posttion:  -0.19mm ROI Avg. Position:  -0.09 mm
ROI Total Time: 44000 sec ROI Total Time: 4.000 sec RO Total Time: ROI Total Time: 44000 sec ROI Total Time: 62.200 sec ROI Total Time: 62.200 sec
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Save/Save As of Imported Motions

Even though the user could use an unlimited number of imported motions as custom motions
(waveforms) during one session these imported motions are not automatically saved.

O CIRS Motion Control

:: o ﬁg :swi c:ume : : :::)::’:
ISIAPAR Phass Shat
N . f , o
i ! A i S Posn
| A f r \ | 9 ey o
. ‘ | LD \ | -
w ; I " A \ , % |
AAN A A A A A H W h ‘\ i P
iR IN—F1 N N =7 N — 1K1 1
*\\H( Pt sl el ) o] IS i ‘.'f’wl I N »’\ f]ﬂ’,‘x -
& \ { (| \ [ f | I \s [ A 1 \ Y \ ‘\ \\ Fa ( \ [; \L | \ [ | e
If |\ J \ H ‘\ | \\ | 5\ ‘J ‘\ - | "‘s “f \ 1 ]\} \\ J’ \ f \ } \ I \ " \ f\ ‘ Ji ‘y\ JI ‘.\ | \\J K
/ \ ’/‘ \\j \ J N \_j \\ / \\ ;‘: \J J v d \r’ \». J \J \\j \J ‘\\J \\ / \ f \ J \\j \ \
3 3 = a8
DR CRS .

When Save Motion is used for the first time the user is prompted for a name and a location for the file.
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Once a file is saved it becomes available to be open using either Open Motion or Recent Motions.

© TEST.mc - CIRS Motion Control

File | Motion  Wiew  Help

Mew Mation

Open Motion, .
Save Mokion

Save Mokion As...

Recent Moltions » TEST.mc

zrF TEST Mathan,me
Save As 444 _555.mc
Save As TEST 2.mc

Save As TEST.mec

If modifications are performed to a motion in a saved file and the user wishes to keep both the original
motion and the modified one then Save Motion As should be used instead of Save Motion, which will save
the modifications without prompting the user to give a new name to the file. Like in most other Windows
applications Save saves the modifications without warning.
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Region of Interest (ROI) Waveform Analysis

In addition to displaying the Linear, Rotational and Surrogate parameters, the Motion Viewer also
displays the ROI Average Position and ROI Total Time. To select a ROIl, move the mouse over the graph
and either click-and-drag the mouse, or click once to set the starting amplitude and then click again to

set the ending amplitude. The status bar displays the position of the mouse cursor in the graph. To

adjust the size of the ROI, you can click-and-drag either of the two lines to a new position. To unselect

the ROI, click anywhere else on the graph. When no selection is visible, the ROl is assumed to be the

entire region of the graph.

File Motion View Help

oA AnAaAABl A
Vo T 7V v

10 +
Inferior/Superior Anterior/Posterior Lateral Surrogate
Waveform Custom Wavefom: [ Waveform
Amplitude: £1000mm  Ampltude: * Amplitude:
Cycle Time: 59.200sec  Cycle Time: 5 Cycle Time:
Phase Shift: 0.000 sec Phase Shift Phase Shift:
Start Position: 0.00mm Start Posttion 6 Start Posttion:
-20 + Curent Position: 3.86mm Current Position: 0 Current Posttion: q
ROI Average Posttion: 1.24 mm ROI Average Postion: 1 ROI Average Posttion: 1.24 mm BD
ROI Total Time: 21.667sec ROl Total Time: 5¢ ROI Total Time: 21,667 sec %
4 4 4 4
+ + T + +
20 -10 0 10 20
sec

> @)@ CIRS

Tissue Simulation & Phantom Technology

Selection start: -4.70 mm, Selection end: 5.00 mm

) CIRS Motion Control [ [ B [
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Beam Latency Testing for Models 008V and 008Z

1. Make sure the Dynamic Thorax module (for Model 008V) or Dynamic Piezo module (for Model 008Z) is
selected in the Motion Control software (see below)

2| €IRS Motion Contrel 2] CIRS Mation Contral

File | Mation | View Help File | Motion | View Help
Pﬁr""ﬂ"" U™ | Dyramic Thira | Phantom - Drymiamic Thorax
S " Dyramic Pehis Gin ¥ Dymnamic Patvis
Cosd v Dyramic Candiac Cosd " Cynamic Cardiac
Cosb ] Byvanmic Pizeo Cosh ¥ “_ Drranmic Ei}m
Sawiaath ¥ Sawtonth L]

20 Sharkifin b 20 Sharkfin »
Hysteregis ] Hysleness F
Impart_. g
Options... Dptiongs

2. Chose a built-in waveform to run for the Beam Latency testing. CIRS strongly suggest that Cos4 waveform is
chosen to do the gating of the Inferior/Superior motion and subsequently the Beam Latency testing due to its
profile, which resembles a human breathing closer than the other built-in waveforms.

3. Chose the IS option for the waveform as this option will have no rotation component for the target motion.

2 ) CIRS Motion Control
File | Motion | View Help
Phantom 4
T
- Sin 3
Cos4 2 EEN
1 Cos6 * APAR =
Sawtooth 4 IS/AP/LR
20 A Sharldfin 4
Hysteresis 4
Custom
_ Import...
Options...
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4. For Model 008V adjust the Surrogate amplitude to 0 if desired. Adjust the amplitude of Inferior/Superior to
achieve a desired range of motion for the target.

Inferior/Superar | Anterior/Postenor | Lateral | Sumogate | Gating
Waveform:
Cosd =)
Amplitude: =
+000 [ mm
0 25
Cycle Time: 4000 1 sec B
Phase Shift S ' e X - =
8} - oo E% i rfedor/Supedor | Anterior/Postenior | Lateral [ Surogate [ Gatng
-100 00  00sec Waeloim.
© Show as a percentage of cycle time [C“‘ "]
) Show astime Amplitude:
5 00 =
Start Position: ) 0} +P000 - mm
- 000 = mm 0 25
-25 25 Cycle Time: 5101 % sec
Phase Shift
00 H%
0 -100 100 0.0sec
© Show as a percentage of cycle ime
©) Show astime
Set Phantom Position Start Position: )
- . 000 = mm
25 25
-10 4+
Inferior/Superior Anterior/Posterior Lateral Surrogate
20T Waveform: Cosd Waveform: Cosd Waveform Cost Waveform: Cosd
Amolitude: +2000mm  Amolitude: £0.00 mm Amolitude. =0.00 mm Amolitude: +0.00 mm
Cycle Time: 5.101 sec Cycle Time: 4.000 sec Cvcle Time 4.000 sec Cvcle Time: 4.000 sec
Phase Shift: 0.000 sec Phase Shift 0.000 sec Phase Shift 0.000 sec Phase Shift 0.000 sec
Start Position: 0.00 mm Start Position: 000° Start Position 0.00* Start Position 0.00 mm
Current Position: 20.00 mm Current Position: 0.00 mm Current Position: 0.00 mm Current Position: 0.00 mm
ROI Ava. Position: -5.00 mm RO Ava. Position: 0.00 mm ROI Ava. Position: 0.00 mm ROl Ava. Position: 0.00 mm
ROl Total Time:  5.101 sec ROI Total Time:  4.000 sec ROl Total Time:  4.000 sec ROI Total Time:  4.000 sec
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5. To put the target in the position where you want to deliver the beam you can either:

=  Start the motion and use the pause button to pause the motion on the bottom plateau regions of the
waveform

\ / \ / :
\ . \ / Plateau regions of

\ / \ / waveform
@ 1 <3 recommended for
_ Gating/Beam
& B Qoo 0 Latency testing

Send the target to the amplitude corresponding to the plateau regions from Start Position slider bar/entry
box (see below). Before doing this make the amplitude of Inferior/Superior zero.

Advanced Motion Parameters E'
Inferior/Superior | Anterior/Posterior | Lateral | Sumogate | Gating |
Waveform:
[Cose 3
Amplitude:
0 13
Cycle Time: 5101 5 sec
Phase Shift:
\ U 0.0 =73
-100 100 0.0sec
@ Show as a percentage of cycle time
25
Set Phantorn Position
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Acquire images of the target in the spatial position where the motion is to be gated, contour the target and
establish the boundary for the beam ON. To find the exact location where the beam is to be cut off (Beam Off)
use again the Start Position to move the target (in blue ) like is shown in the right pictorial below. Note the
Start position for which the target overlaps the Beam ON boundary.

7. Bring the Start Position back to zero and setup back the amplitude of the waveform that was chosen at the
beginning.
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Setup the gating window so that it starts and ends at the desired amplitudes (this amplitude is known from
previous step; the Beam On and Beam Off can be setup with the same amplitude or with different ones; the
interface of the Gating tab should be self-explanatory). For example if the amplitude of the waveform was

chosen to be -/+20 and the target overlaps the Beam ON boundary at -12.5 then the gating should be setup as

shown below (notice the two markings on the waveform corresponding to an amplitude of -12.5 and the
' o

gating square waveform in orange on the image below).
e

L
|

Advanced Motion Parameters
ferior/Supesior | Anterior/Postence | Lateral | Sumogate | Gating
7] Enable Gating Invert
Gate On
Amplitude
b 1250 5 mm
1| 2 2% \ \ [
sing ® Decreasing \
Gate Off \ ;[
{
Amplitude \
) 1250 4 mm \ /
25 2 /
\ I
o | g Decreasing /
\ /
[
\ //
| /
/ /
/
Set Phantom Position \\ /
/ ’
/ \\ % Xe. /
4/ \—/ e
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9. Start the real time imaging/motion tracking of the MRI-Linac and then start the motion of the phantom. The
Beam Latency (in ms) is displayed next to the run command buttons in the ribbon of the display window of
Motion Control software (see below). The values are averages of the Time Delay On (or Off) for the cycles of
the waveform that were already executed. If one wants to look at individual time delays for individual cycles
of the waveform then one needs to first stop the motion and then click on the ellipsis button for either Time
Delay On or Time Delay Off.

File Motion View Help

T
Inferior/Superior ~ Anterior/Posterior Lateral Sumogate Gating / I\
20 [
Enable Gating [ invert The following are the Delay times recorded:
3
3
Gate On 3
3
10 Amplitude 3
' -20.68 |4 mm 2
2
2
25 25 2 F
O Increasing (® Decreasing g
4 E_
Gate Off g
Amplitude g
. -20.63 [3|mm >
3
-25 25 3
-10 4
® Increasing (O Decreasing srior g
Sharkfin 3
+0.00 mm 2
4.000 sec 3
0.000 sec 3
-20 0.00 mm %
n: 0.00mm 2
4.000 sec 3
1. . .
-5

Time Delay (ms)

’ . Q 10 + | Time Delay On Average:
Time Delay Off Average: 2 lr%_]

Selection start: -30.97 mm
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It is not recommended to do Beam Latency testing such that the Gating Signal, respectively the
square-wave generated by the software (based on selected gating amplitudes), against which
the Beam On, Beam Off signal coming from the MRI-linac is compared to compute the Beam
Latency is already on when the motion of the phantom is started. In such cases the software
algorithm cannot distinguish between Beam On and Beam Off time delay and as such wrong
information regarding theses parameters could be provided.

Lo LN ;

NO testing
set

Start of the motion of the phnatom

ANVA

YES testing setup
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- Beam Latency testing can be also performed on patient specific breathing waveforms. Of course, such
waveforms are not recommended for commissioning or ongoing QA testing since irregular waveforms will
have various speed profiles which will lead to different values for Beam On and Beam Off time delays
depending on where the gating window intersects the waveform. In case of use of an irreqular waveform one
must pay attention that the Gating Signal is not on when the motion of the phantom starts (see above note).
Also one must be aware that one must look at the individual Beam On and Beam Off time delays computed
when the Gating Signal intersects the irregular waveform in the same regions for each loop cycle executed
rather than the average calculated by the software. Therefore, one should look at the values shown in the
pop-up windows that appears in the main display after clicking on the ellipsis button (see page 42 and below).

ividual cycles
the average

regions fori
rather than
Look at corresponding
regions for individual cycles
rather than at the average
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008C Apendix

Under a normal installation the Motion Control software installs in “C:\Program Files
(x86)\CIRS\MotionControl”. The cardiac data, ECG signal and heart motion profiles respectively are
stored in “Cardiac.csv” in “C:\Program Files (x86)\CIRS\MotionControl\Reference”.

To create Custom Cardiac Files the following rules must be followed:

1. Each individual ECG signal (PQRST wave) must be formed with 30 sample points for both the ECG
and the motion data (see example below). There are no limitations with respect to the length of
the created data as long as the total number of points is a multiple of 30 (the software is
designed to count each 30 data points as one second).

A B C D E F G

1 BPM AORTA  APEX CENTER AP LAT ECG

z 60 -1.045 0.428 -0.488 7976 6.224  36.195
3 60 -0.481 0313 -0.079 7.53 5.69 -13785
4 60 -0.01 -0.044 0.255 B6.775 4.816 -0.045
5 60 0.364 -0.733 0.787 5.895 3.844 -0.005
6 60 0.571 -1707 1.416 5.212 3.132 o
7 60 0.783 -2512 1969 4224 2.175 o
8 60 1.036 -3.199 2.421 1797 0.028 o
9 60 1.191 -3.861 2.763 -1.214 -2.336 213
10 60 1.376 -4571 2974 -2.703 -3.402 7.83
11 60 1.523 -4.998 2963 -3.309 -3794 10115
12 60 1.559 -493 2.748 -4.486 -4.506 6.745
13 60 1.426 -4.257 2271 -5.447 -5.608 141
14 60 1.164 -3.318 168 -7.823 -6.331 017
15 60 0.813 -2328 1.044 -8.138 -6.489 144
16 60 0.362 -1.15 0.5 -7.694 -6.271 0.225
17 60 0.176 -0.64 -0.156 -7.079 -5954 0.025
13 60 -0.136 -0.102 -0.452 5733 -5.191 -0.1
19 60 -0.734 0.359 077 -2.512 -3.195 0.2
20 60 -1.563 0.507 -1.109 0721 -0.874 -0.275
21 60 -2.583 0535 -1.674 2772 0.819 -0.335
22 60 -3.559 0538 -2.223 4.095 2.028 -0.365
23 60 -4.491 0.64 -2.769 4.607 2.519 -0.33
24 60 -5.469 0633 3.17 4592 2.503 -0.19
25 60 -6.324 0.599 -3.649 4.463 2.376 0.415
26 60 -6.685 0613 -2.757 431 2226 4735
27 60 -6.266 0593 -3.391 4.254 2172 0.575
28 60 -5.269 0622 -2.731 4.424 2341 0.045
29 60 -4.12 0534 -2.094 5.329 3.27 o
30 60 -3.126 0.414 -1.518 65.938 5.03 o
31 60 -2.143 0.347 -0.925 7982 6.236 -4.86
32 60 -1.045 0428 -0.488 7976 6224 36.195
33 60 -0.481 0313 -0.079 7.53 569 -13785
34 60 -0.01 -0.044 0.255 6775 4816 -0.045
35 60 0.364 0733 0.787 5.895 3.844 -0.005
36 60 0.571 -1.707 1.416 5.212 3.132 o
37 60 0.783 -2.512 1969 4224 2175 o
38 60 1.036 =2:100) 2.421 1797 0.028 o
39 60 1.191 -3.861 2763 -1.214 -2.336 213
40 60 1.376 -4571 2974 -2.703 -3.402 7.83
41 60 1.523 -4.998 2963 -3.309 -3.794 10115
42 60 1.559 -493 2.748 -4.486 -4.506 6.745
43 60 1.426 -4.257 2271 -6.447 -5.608 141
44 60 1.164 -3318 1.68 -7.823 -6.331 017
45 60 0.813 -2.328 1044 -8.138 -6.489 laa
46 60 0.362 -1.15 0.5 -7.694 -6.271 0.225
a7 60 0.176 -0.64 -0.156 -7.079 -5.954 0.025
48 60 -0.136 -0.102 -0.452 -5.733 -5.191 -0.1
49 60 -0.734 0.359 077 -2.512 -3.195 -0.2
50 60 -1.563 0.507 -1.109 0721 -0.874 -0.275
51 60 -2.583 0535 -1.674 2772 0.819 -0.335
52 60 -3.559 0538 2L 2 4.095 2028 -0.365
53 60 -4.491 0.64 -2.769 4.607 2.519 -0.33
54 60 -5.469 0.633 3.17 4.592 2.503 -0.19
55 60 -6.324 0.599 -3.649 4.463 2.376 0.415
56 60 -6.685 0613 -2.757 431 2226 4735
57 60 -6.266 0.593 -2.391 4.254 2172 0.575
58 60 -5.269 0622 -2.731 4.424 2.341 0.045
59 60 -4.12 0.534 -2.094 5.329 327 o
60 60 -3.126 0.414 -1.518 6.938 5.03 o
61 60 -2.143 0.347 -0.925 7982 6.236 -4.86
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Note: the original cardiac data that is stored in “C:\Program Files
(x86)\CIRS\MotionControl\Reference\Cradiac.csv” can be used as a template. If the original
“Cradiac.csv” is used as template make sure you save it under another name before you start
modifying it.

2. All columns must contain data even if the data is null.

3. Save your newly created cardiac data (or data created by modifying the original “Cardiac.csv”) as
a CVS (Comma Separated Values) files using any name except for Cardiac and store it in
C:\Program Files (x86)\CIRS\MotionControl\Reference (or in the custom installation folder if a
custom installation of the software was performed). If by mistake the content of the original
“Cardiac.csv” was overwritten it can be restored by un-installing Motion Controll software
followed by a re-installation.

An example of how to create a custom 4 second long ECG signal (missing the second PQRST wave)
and the associated heart motion profiles starting from the original “Cardiac.csv” file is presented
below:

1. Anew ECG is added next to the orgginal ECG.

Original data (4 Seconds)
BFM AORTA APEX CENTER AP LAT ECG
60 -1.045 0428 -0.488 74976 5.224 36.185 36.185
60 -0.481 0.313 -0.079 7.53 569 -13785 -13.785

2. The second PQRST wave is modified so that it is missing.

3. Aratio between the new ECG and old ECG is calculated for the missing PQSRT wave (second
PQRST wave). This can be accomplish with a formula like
“=IF(AND(ECG=0,New ECG=0),0,(New ECG)/ECG). Make sure that if ECG = 0 the New ECG is
also = 0 so that to avoid a division by 0. For the un-modified PQRST waves don not do the ratio;
assign the value of 1 instead to of calculating the ratio.

4. Copy the original data header to be used for calculations (see belwo Modified data).

Original data 4 Seconds) Modified data (4 Seconds)
EFM ACRTA APEX  CEMTER AP LAaT ECG Mew ECG Ratia (Mew ECSECT] EPM A0RTA APEX  CENTER AP LaT ECG
B0 -1045 0423 -0483 7976 6224 36135 36.135 1 60 -1045 0423 -0483 7976 E224 36135
B0 -0.481 0313 -0.073 T.53 563 -13.73 -13.785 1 60 -0.481 0313 -0.073 753 563 -13.73

5. Make BMP of “Modified data” equal with BMP of “Original data”.

6. For all the other columns from “Modified data” multiply the value from the column “Ratio (New
ECG/ECG)” with the value from the corresponding column from the “Original data”.

7. Save all the “Modified data” as a “.csv” file and then make sure you have a copy of it in
“C:\Program Files (x86)\CIRS\MotionControl\Reference”.

For your conveneinece the “Custom Cardiac File_Calculation Spreadsheet” template used for this
example is provided on the USB drive on which the CIRS motion Control was shipped.
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