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The Motion Systems, manufacturer of Qubic System, would like to thank you for choos-
ing the ACE, an innovative product that helps you to develop highly reliable training and
entertainment solutions that reproduce key immersive elements, such as surface tex-
tures, acceleration, engine vibrations and vehicle dynamics for multiple types of land,
air or sea vehicles. Our motion system has been designed to deliver the most realistic
simulation experience. We hope you enjoy your new Qubic System!

Our experts are ready to assist you:
QubicSystem.com/contact
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1.
11.

INTEGRATION
INTRODUCTION

ForceSeatMl is a user friendly and powerful interface that allows adding a motion plat-
forms support to any application or game (referred to as SIM in the next sections). In
most applications there is no need to control the hardware directly from the SIM and
the SIM can use ForceSeatMI to forward telemetry data into ForceSeatPM for further
processing. This approach delegates the responsibility of transforming telemetry data
to actual top table motion from the SIM to ForceSeatPM. It also simplifies the error
handling that the SIM has to implement.

1.2

GLOSSARY

SIM - an application or a game that generates telemetry data (e.g. using physics
engine or reading a CSF file) and sends it to ForceSeatPM via provided set of APIs.

m top table - this is an alternative name for top frame of the motion platform.
m QubicManager - platform manager application that runs ACE and controls motion

platforms.
ForceSeatMI - API that allows the SIM to send telemetry data to the ForceSeatPM.

m ACE - an Acceleration Control Engine that implements modified classical washout

algorithm.

classical washout algorithm - it is the most widely used motion-cueing algorithm.
It creates the illusion of G-forces and acceleration by generating motion over a
limited range of actuators. Subsequently, the machine slowly and imperceptibly
returns to its neutral position, making room for the next acceleration event.

motion cues - name for accelerations, which exert forces on the user’s body. They
should convince the passengers that they are driving in a real car. The algorithms
which are responsible for generating these cues are named motion cueing algo-
rithms.

m IK - inverse kinematics.

m FK - forward kinematics.

quick tunes - mechanism in ForceSeatPM that allows end users to quickly and
safely adjust motion platform operation to their preferences without the need for
understanding how the system works under the hood.




1.3. FORWARDING TELEMETRY DATA TO THE PLATFORM MANAGER

The SIM must update FSMI_TelemetryACE periodically when vehicle physics engine gen-
erates new physics frame and then must call ForceSeatMI_SendTelemetryACE to for-
ward telemetry data to the ForceSeatPM. Once ForceSeatPM receives telemetry data, it
passes the data to ACE (Acceleration Control Engine) which calculates series of required
top-table positions (motions). The ACE usually is running at higher rate than the SIM to

guarantee smooth motion platform operation.

Simulation

N

Other tasks

Vehicle
Physics

——— ForceSeatMI

e.g. 60 FPS

ForceSeatPM/QubicManager

N

ACE

Motion
engine

Motion
platform

e.g. 250 Hz

Input
diagnostic

Output
diagnostic

The telemetry mode requires that at least following fields are filled with correct data:

m state - indicates if the motion platform should operate or enter pause mode.

m bodyLinearAcceleration - linear accelerations in vehicle coordinate system. The
accelerations might contains gravity vector.

m bodyAngularVelocity - angular rotation velocity in vehicle coordinate system.
Refer to ForceSeatMl examples to see details about fields in the telemetry structure:

Telemetry_CPP - it shows how to create structure in C++,

Telemetry_CS - it shows how to create structure in C#/.NET.

Telemetry_Matlab - it shows how to create structure in Matlab.
Telemetry_Python - it shows how to create structure in Matlab.
Telemetry_Fly_Unity - it shows how to get simple plane telemetry data in Unity.

Telemetry_Fly_Unreal - it shows how to get simple plane telemetry data in Unreal
Engine.

m Telemetry_Veh_Unity - it shows how to get vehicle telemetry data in Unity.

m Telemetry_Veh_Unity - it shows how to get vehicle telemetry data in Unreal En-
gine.
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1.4. TELEMETRY STRUCTURE

The full structure specification in C++ is presented below for reference. The same struc-
ture is available in C#, Python and Matlab formats.

struct FSMI_TelemetryACE

{
/| Put here sizeof(FSMI_TelemetryACE). NOTE: This field is mandatory.
FSMI_UINT8 structSize;
/] Only single bit is used in current version.
/]l (state & 0x01) == -> no pause
/|l (state & 0x01) == 1 -> paused, FSMI_STATE_PAUSE
FSMI_UINT8 state;
FSMI_INT8 gearNumber; /] Current gear number, -1 for reverse,
/] 0 for neutral, 1, 2, 3,
FSMI_UINT8 accelerationPedalPosition; // 0 to 100 (in percent)
FSMI_UINT8 brakePedalPosition; /] 0 to 100 (in percent)
FSMI_UINT8 clutchPedalPosition; [/l 0 to 100 (in percent)
FSMI_UINT8 dummy1;
FSMI_UINT8 dummy2;
FSMI_UINT32 rpm; /] Engine RPM
FSMI_UINT32 maxRpm; // Engine max RPM
FSMI_FLOAT vehicleForwardSpeed; // Forward speed, in [m/s]. For dashboard apps.
/| Lateral, vertical and longitudinal acceleration from the simulation.
/] UNITS: [m/s”"2]
FSMI_TelemetryRUF bodyLinearAcceleration;
/] Angular rotation velocity about vertical, lateral and longitudinal axes.
// UNITS: [radians/s]
FSMI_TelemetryPRY bodyAngularVelocity;
/| Position of the user head for accelerations and angular velocity effects
/| generation in relation to the top frame center. UNIT: [meters]
FSMI_TelemetryRUF headPosition;
/| Additional translation for the top frame. UNIT: [meters]
FSMI_TelemetryRUF extraTranslation;
/| Additional rotation for the top frame. UNIT: [rad]
FSMI_TelemetryPRY extraRotation;
/| Rotation center for the ’extra’' transformation in relation to
/| the top frame center. UNIT: [meters]
FSMI_TelemetryRUF extraRotationCenter;
/| Custom field that can be used in script in ForceSeatPM to trigger user actions.
FSMI_FLOAT userAux[FSMI_UserAuxCount];
/| Custom field that can be used in script in ForceSeatPM to trigger user actions.
FSMI_UINT32 userFlags;
b
struct FSMI_TelemetryRUF
{
FSMI_FLOAT right; [/l + is right, - is left
FSMI_FLOAT upward; // + is upward, - is downward
FSMI_FLOAT forward; // + is forward, - is backward

b

struct FSMI_TelemetryPRY

{
FSMI_FLOAT pitch; // + front goes up, - front goes down
FSMI_FLOAT roll; // + right side goes down, - right side goes up
FSMI_FLOAT yaw; [/l + front goes left, - front goes right

};




1.5. GATHERING VEHICLE TELEMETRY DATA

There are different ways of gathering telemetry data and chosen approach depends
on the capabilities and interfaces of the vehicle physics engine the SIM is using. If
it is possible, it is always recommended to get angular velocities and linear accelera-
tions directly from the vehicle physics engine. Calculating angular velocities from rol-
[/pitch/yaw changes and linear accelerations from linear velocity changes is NOT REC-
OMMENDED and should be used only if there is no other option.

1.5.1 SUBOPTIMAL SOLUTION

Below example comes from Unreal Engine 4 example. Similar example is also available
for Unity. Itis also possible to get vehicle telemetry data from CSV file and then playback
it or use Matlab to generate necessary data.

void ForceSeatMI_Vehicle::Update(float deltaTime, FSMI_TelemetryACE& telemetry)
{
const auto velocity
const auto& currentTransform
/...
auto forwardSpeed = ForceSeatMI_Helpers::toMeters(
FVector:: DotProduct(m_vehicle.GetActorForwardVector(),

m_vehicle. GetVelocity ();
m_vehicle.GetActorTransform ();

velocity));
auto rightSpeed = ForceSeatMI_Helpers::toMeters(
FVector:: DotProduct(m_vehicle.GetActorRightVector(),
velocity));
auto upSpeed = ForceSeatMI_Helpers::toMeters(
FVector:: DotProduct(m_vehicle.GetActorUpVector(),
velocity));

if (m_firstCall)
{

}

else

{

/1

ForceSeatMI_Helpers:: lowPass(
telemetry.bodylLinearAcceleration.forward,
(forwardSpeed - m_prevSurgeSpeed) / deltaTime,
FSMI_VT_ACC_LOW_PASS_FACTOR);

/...

auto rotationEulerDeg = currentTransform.GetRelativeTransform(m_prevTransform).
GetRotation (). Euler ();

ForceSeatMI_Helpers:: lowPass(
telemetry.bodyAngularVelocity. pitch,
FMath :: DegreesToRadians(rotationEulerDeg.Y / deltaTime),
FSMI_VT_ANGLES_SPEED_LOW_PASS_FACTOR);

L

11
}
m_prevSurgeSpeed = forwardSpeed;
m_prevSwaySpeed = rightSpeed;
m_prevHeaveSpeed = upSpeed;
m_prevTransform = currentTransform;

m (1) - transform object velocity from global coordinates system to vehicle coordi-
nates system.

m (2) - calculate linear acceleration as derivate of linear velocity. This is NOT RECOM-
MENDED approach. If it is possible, always get linear accelerations directly from
vehicle physics engine and only convert coordinates system.
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m (3) - calculate angular velocity as derivate of (in this case) pitch. This is NOT REC-
OMMENDED approach. If it is possible, always get angular velocities directly from
vehicle physics engine and only convert coordinates system.

1.5.2 OPTIMAL SOLUTION

In this example CarSim physics engine is used and it provides an interface that allows to
get linear accelerations and angular velocities directly from the engine. This is the best
possible way of getting correct telemetry data. Only (optional) smoothing is performed,
everything else comes directly from the vehicle physics engine.

void ForceSeatMI_CarSim:: InitializeHandles ()
{

auto movement = m_car.GetCarSimMovement();
if (movement)

/...
m_surgeAccHandle
m_swayAccHandle
m_heaveAccHandle

movement->GetOutputHandle_Implementation (TEXT("AX"));
movement->GetOutputHandle_Implementation (TEXT("AY"));
movement->GetOutputHandle_Implementation (TEXT("AZ"));

m_pitchSpeedHandle
m_rollSpeedHandle
m_yawSpeedHandle

movement->GetOutputHandle_Implementation (TEXT("AVY"));
movement->GetOutputHandle_Implementation (TEXT("AVX"));

’

movement->GetOutputHandle_Implementation (TEXT("AVZ"));

}

void ForceSeatMI_CarSim::Update(float deltaTime)
{

auto movement = m_car.GetCarSimMovement ();

if (movement)
{
/1l

if (m_firstCall)

/1
}
else
{

ForceSeatMI_Helpers::lowPass<float >(
m_telemetry.surgeAcceleration,
movement->GetFloatValue_Implementation(m_surgeAccHandle),
LOW_PASS_FACTOR_LIN_ACC);

/...

ForceSeatMI_Helpers::lowPass<float >(
m_telemetry. pitchSpeed,
movement->GetFloatValue_Implementation (m_pitchSpeedHandle),
LOW_PASS_FACTOR_ANG_VEL);

L

/1

m (1) - get handles to the vehicle physics engine properties/variables.

m (2) - get linear acceleration directly from vehicle physics engine. This is a RECOM-
MENDED approach.

m (3) - get angular velocity directly from the vehicle physics engine. This is a REC-
OMMENDED approach.




1.6. PROFILE SELECTION

In order for the system to work, a correct profile has to be active in ForceSeatPM. For
vehicle simulations it should be SDK - Vehicle Telemetry ACE (or custom profile that in-
herits from it). For flight simulations it should be SDK - Plane Telemetry ACE (or custom
profile that inherits from it).

By default all telemetry examples force ForceSeatPM to activate one of the built-in pro-
files. This is hardcoded in examples source code.

If you want the SIM to use different profile, search source code for ActivateProfile (1)
and update to use new profile name or remove completely this function call from your
source code (if you want your users to change profiles themselves).

FSMI_Handle api = ForceSeatMI_Create ();
if (1 api)

{
/1
return -1;

}

/] Activate appropriate ForceSeatPM profile. If you have dedicated app id,
/] remove ActivateProfile calls rom your code

ForceSeatMI_SetApplID(api, "");

ForceSeatMI_ActivateProfile(api, "SDK - Vehicle Telemetry ACE");

Alternatively you can configure ForceSeatPM to ignore external profile change requests
and to allow only manual profile change by users. In order to do it, click Tools and
Diagnostic, then Software Configuration and uncheck (2).

K | Software Configuration X
v Automatically display Action Center window when new issue arise (recommended) ¢° General
Settings
v Occasionally display news and new product announcements
Web
v Display built-in profiles @ EEsrars
v Group profiles by sim type s Global

+ Enable Direct Input plug-in Features

) Allow to change current profile via command line argument
d neck Help and Tutorials vish t 1ore about h
Use imperial units for velocity (mph instead of km/h)

+ Enable lector/voiceover for program messages (recommended)

Volume: 100% Test

+ Enable native system-wide overlay (OSD)

+ Enable Game Bar widget overlay (OSD)

OK

If you want to change profile from ForceSeatPM, make sure that correct view filter is
selected (3). You can also type "sdk" in search area to temporary hide other profiles (4).
Then click on profile to open details (5).
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= Exit
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% Status: Offline/Waiting for nodes [ 1G] (% ‘ ¥ > % ‘ 3 hotlon

When the profile is active, it is being highlighted and there is a check mark next to the
profile name.

To activate a profile double click on it or click Activate (6).

5DoF (4A, Traction/Su...

assetto corsa & Motion
/ & SFx
(
/ l /1 / €3 Post-Processing

Steering Wheel

y
VY
B Main

-
i)
=
= Activate Run the game Other
Below are quick settings that allow you to adjust motion effects

t t f '  Vehicle Parameters
ntensity to your preferences.

Input Diag.
Overall B3 VR HeadWay
Edit Clone Delete Boost di ti latf for all ted motions.
oost or reduce motion platform response for all supported motions 2 Tweaks
Gain 1.00 Sharpness 1.00
Rename Sharing
N Settings, Tips and
Favorite o Sl

Troubleshooting
 Body Roll (Sustained)

+ Show quick tunes description
Boost or reduce motion platform response related to vehicle body roll

TIP: To input precise quick tune value - left (angle, e.g. on hills).
click the number, enter new value and press )
Enter. To restore default value - right click the Gain 100 Sharpness 1.00
number
 Body Pitch (Sustained)
Boost or reduce motion platform response related to vehicle body
pitch (angle, e.g. on hills).
Gain 1.00 Sharpness 1.00
Back C + Turning Rate

TIP

Two sets of profiles exist: SDK - Vehicle Telemetry (under Standard + user’s
view) and SDK - Vehicle Telemetry ACE (under ACE + user’s view). The first one
is deprecated and is being kept mainly for backward compatibility. For new ap-
plications it is RECOMMENDED to use SDK - Vehicle Telemetry ACE together with
FSMI_TelemetryACE.




1.7.  BASIC DIAGNOSTIC

Once the SIM has been started to send vehicle telemetry data the next step is to con-
firm that all necessary fields are filled correctly and that correct output to the motion
platform is being generated and then sent.

1.7.1 INPUT DATA DIAGNOSTIC
Open profile details and click Input Diag. (1).

5DoF (4A, Traction/Su...
assetto corsa & Motion

& SsFx

/ l 4/| } ’ - 5 Post-Processing
|4;’g/‘fli0(dﬂ$‘ h 3 \\|> -t o Steering Wheel

B Main
Activate Run the game Other

]

Vehicle Parameters

Input Diag. fensity to your preferences.
y Overall D3 VR HeadWay
Edit Clone Delete Boost or reduce motion platform response for all supported motions. -
25 Tweaks

Gain 1.00 Sharpness 1.00

Rename Sharing

o Settings, Tips and

Favorite Troubleshooting

Vv Show quick tunes description ¥ Body Roll (Sustained)
Boost or reduce motion platform response related to vehicle body roll

(angle, e.g. on hills).

Gain 1.00 Sharpness 1.00

 Body Pitch (Sustained)
Boost or reduce motion platform response related to vehicle body
pitch (angle, e.g. on hills)

Gain 1.00 Sharpness 1.00

Back + Turning Rate
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Run the SIM in windowed mode so you can still see all graphs and then make sure that
data for all mandatory fields is being received by the ForceSeatPM. If all fields are being
filled correctly by the SIM, the graphs will show changes while your are driving vehicle
in the SIM.

E Assetto Corsa Diagnostic - Qubic Manager — *
‘ : ’ |, . |
| - | B+ + m

Acc Right Pitch Ang Vel Roll Suspension Vel RL
0.0000 | [[0.0000 | [[0.0000 | [[0.0000 |
||0.0000 200/0 ms 0 ms| |0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Acc Up ’ Roll Current Wheel Angle Suspension Vel RR
! To.0000 / | [[0.0000 | [[0.0000 | [[0.0000 |
0.0000 200/0 ms lm 0.0000 200/0 ms 0 ms| |0.0000 200/0 ms 0 ms| |0.0000 200/0 ms 0 ms
| Acc Forward/ / RPM Wheel Base Gear Number
| [[0.0000 / / | [o.0000 | [[0.0000 | [[0.0000 |
||0.0000 200/0 nl /0 ms| | 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Wheel Fip Max RPM Camber Rad Diff FL Abs In Action
ooooo / / | [[0.0000 | [[0.0000 | [[0.0000 5
|| 0.0000 ZI))‘/ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| |
| Slip FR Speed Kmh Camber Rad Diff FR Tc In Action
o.00h / | [[0.0000 | [[0.0000 | [[o.0000
. OOI')/ 200/0 ms 0 ms| || 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Wheel Slip RL Steer Angle Camber Rad Diff RL Number Of Tyres Out
fo/oo0o ' { 0.0000 ' { 0.0000 ' { 0.0000
{0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Wheel Slip RR Brake Camber Rad Diff RR Input Flags
0.0000 ' { 0.0000 ' { 0.0000 ' { 0.0000
|| 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Suspension Travel FL Vel Right Kerb Vibration Data Interval (ms)
0.0000 ' { 0.0000 ' { 0.0000 ' { 0.0000
|| 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Suspension Travel FR Vel Up Dbg
0.0000 | [|0.0000 | [|0.0000
|| 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Suspension Travel RL el Forward Elevation
0.0000 ' { 0.0000 ' { 0.0000
|| 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Suspension Travel RR Ang Vel Pitch Suspension Vel FL
0.0000 ' { 0.0000 ' { 0.0000
|| 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|
Yaw Ang Vel Yaw Suspension Vel FR
0.0000

| []0.0000 | []0.0000
|| 0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms| ||0.0000 200/0 ms 0 ms|

Vehicle: -

m (1) - confirm that status changes to PAUSED when the SIM is paused and returns
back to RUNNING when the SIM resumes operation.

m (2) - confirm that Acc Right, Acc Up and Acc Forward are correct. You can left click
on the single graph view to enlarge.

m (3) - confirm that Roll, Pitch and Yaw are correct. You can left click on the single
graph view to make it bigger.

10



Once presence of the all necessary data is confirmed, double check units. Angular ve-
locities are received in [24] but display format can be changed in the ForceSeatPM to
[22d], In order to change display format, open context menu (right click) on a smaller (1)

or bigger (2)

(O—

graph and then select Convert (3).
. R
E Assetto Corsa Diagnostic - Qubic Manager — b4
[ : MERESIT
Acc Right Pitch Ang Vel Roll Suspension Vel RL

i Acc Up Current Wheel Angle Suspension Vel RR

Acc Forward Wheel Base Gear Number

I Roll - Qubic Manager — a X

Abs In Action

Reset ranges [backspace] Tc In Action
More on screen [+]

Mare on screen (x2) [2]

Mare on screen (x4) [4]

Number Of Tyres Out
More on screen (x8) [8]

Less on screen [-]

Wheel Slip RR Brake Stavicaiiop Input Flags
Auto range downscale
_ - 7 Symme"ical scale _
Bound
Suspension Travel FL Vel Right - Data Interval {ms)
_ - Freeze [SpaCEba'] _
Export
Suspension Travel FR Vel Up

Filter 4

Rad -> Deg
Suspension Tr. Vel Forward Elevation == W
m/s -» knots
Suspension Travel RR Ang Vel Pitch Suspension Vel FL knots -> m/s
oo foo oo fomosoome— .7
knots -> km/h
Ang Vel Yaw Suspension Vel FR my/s -= km/h

Vehicle: -
.

"

L
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1.7.2 INPUT DATA RECEIVING FREQUENCY

Telemetry data frequency can be checked in numerous places. First way is to check Data
Interval (1) in Input Diagnostic - it will also show how the rate fluctuates.

g ™y
E Assetto Corsa Diagnostic - Qubic Manager — [m] X
[ - | B+ + m
Acc Right Pitch Ang Vel Roll Suspension Vel RL
Acc Up Current Wheel Angle Suspension Vel RR
Acc Forward Wheel Base Gear Number
Wheel Slip FL Max RPM Camber Rad Diff FL Abs In Action
Wheel Slip FR Speed Kmh Camber Rad Diff FR Tc In Action
Wheel Slip RL Steer Angle Camber Rad Diff RL Number Of Tyres Out

@\ Wheel Slip RR Brake Camber Rad Diff RR Input Flags

Suspension Travel FL Kerb Vibration Data Interval (ms)
{55 o o oo

Suspension Travel FR Vel Up
[m— — c—

Suspension Travel RL Vel Forward Elevation
o5 o o oo [oste oo

Suspension Travel RR Ang Vel Pitch Suspension Vel FL
o5 fo s o e

Ang Vel Yaw Suspension Vel FR

E=m— ——
L\."ehu:le. = )
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Second place to check the SIM telemetry rate is Diagnostic tab in About / Support. It is
possible to check there both telemetry rate (2) but also motion-cueing algorithm (ACE)
operation rate (3).

EY | About / Support

KEngine: Process Platform Position 0 0 [Hz] ,nu General
KEngine: Process UFFB 3 0 [Hz]
KEngine: Process UED 0 0 [Hz] Changes
KEngine: Process Matrix Ok 0 0 [Hz] ¢
KEngine: Process Matrix Error 0 0 [Hz]
KEngine: Process Vector Ok 0 0 [Hz] Eﬂ Snapshot
KEngine: Process Vector Error 0 0 [Hz]
MEngine: In ing Game Data 0 0 [Hz] = .
MEn #Fire Cfg Event 3 0 [Hz] W hesot
ngine: Process FromThread 0 0 [Hz]

@ PEngine: Send Sync Platform Position 0 0 [Hz] e Privacy
PEngine: Se ync Platform Other 0 0 [Hz]
P, : Send Sync UFFB 3 0 [Hz] ﬁ 3rd Party
PEngine: Send Sync UED 0 0 [Hz]

@ PEngine: Diag Sync Generic 1053 1[Hz]
PEngine: Diag Sync Platform 313472 99 [Hz] (':j Diagnostic
PEngine: Diag Sync UFFB 313472 99 [Hz]
PEngine: Diag Sync UED 313472 99 [Hz] "P USB Tree
UEngine: Incoming Game Data 0 0 [Hz]
UEngine: Send Frequency 0 0 [Hz]
UEngine: Send Duration 0 [us]
AsyncRH: Drops 0
AsyncRH: Overwrites Ctrl Platform 0
AsyncRH: Overwrites Ctrl UFFB 0
AsyncRH: Overwrites Ctrl UED ]
AsyncRH: Overwrites Diag Platform 0

Check configuration
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1.7.3 REQUIRED TELEMETRY DATA FREQUENCY

The ACE operation frequency is independent of the SIM telemetry data rate, but there
are some requirements for telemetry data rate if the SIM wants the motion platform to
reproduce vibrations (embedded in linear accelerations) of specified frequency.

For rectangle type vibrations (rarely used), minimal required telemetry rate is 2x the vi-
bration frequency. For sinus type vibrations (the most common used), minimal required
telemetry rate is 4x the vibration frequency.

10 2\ 30 0 50 eb\ 70 0

m (1) - the frequency of the vibration is 25 [Hz] which gives period of 40 [ms].

m (2) - if the telemetry rate is equal to 1x vibration rate, the ForceSeatPM receives
constant signal - exact value (amplitude) depends on phase shift.

m (3) - if the telemetry rate is equal to 2x vibration rate, the ForceSeatPM might still
receive value that is close to zero (or at least much less than required amplitude)
- depending on phase shift.

m (4) - if the telemetry rate is equal to 4x vibration rate, the ForceSeatPM receives
some approximation of the sinus which should be good enough to reproduce it
on the motion platform.

Alternative solution is to use SFX system that allows to generate vibrations per actuator
with the main difference being that the vibrations are being generated by the motion

14



controller or by actuator/motor driver - not on PC. It means that vibrations frequency
does not depend on the SIM FPS, vehicle physics engine operation rate, telemetry data
frequency or even on the ACE operation frequency.

Below is code snippet that shows how to use SFX. Please notice that
ForceSeatMI_SendTelemetryACE3 is called instead of ForceSeatMI_SendTelemetryACE.

/...

FSMI_SFX sfx;

memset(&sfx, 0, sizeof(sfx));
sfx.structSize = sizeof(sfx);

/] Configure SFX

/] Level 2 is supported by "PS" and "QS" motion platforms,
/] Level 3 and 4 are supported by "QS" motion platforms.
sfx.effects[0].type FSMI_SFX_EffectType_SinusLevel2;
sfx.effects[0].area FSMI_SFX_AreaFlags_FrontLeft;

sfx.effects[0].amplitude 0.05f;
sfx.effects[0].frequency 0;
sfx.effectsCount 1;

/...
ForceSeatMI_BeginMotionControl(api);
while (GetKeyState('Q’) == 0)

{
/...

sfx.effects[0].frequency = (byte)(sfxlterator);

ForceSeatMI_SendTelemetryACE3 (api, &telemetry, &sfx, nullptr, nullptr);

++sfxlterator;

if (sfxlterator > 50)

{

}
/1

sfxlterator = 0;

}

ForceSeatMI_EndMotionControl(api);
/1l

WARNING

The SIM FPS, vehicle physical engine operation frequency and in the result
telemetry sending frequency might be different when the SIM is executed un-
der Unreal Engine editor, Unity editor or other editor. It is recommended to run
the SIM as standalone pre-build release binaries when motion cueing algorithm
is being tuned.
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1.7.4 OUTPUT DATA DIAGNOSTIC

Result of the motion cueing algorithm operation can be checked in following places -
Script Debug Graphs (1) or in Platform Diagnostic (2).

F. | QUBICMANAGER Q _ - Motion Compensation (VR/ScreenWay)
ScreenWay Overwrite

Tactile Audio Based Feedback Configuration

Tactile Audio Based Feedback Diagnostic

oﬁ

Tools and

Dashboard Window
Accessories & DIY Configuration Diagnostic
Game Data Playback

Games
Integration

ACE Editor e

Kinematics Diagnostic Help and

Blackbox

Tutorials
Wheels Effects Diagnostic

Aircraft Effects Diagnostic
Action

Script Debug Graphs
2 9 i Center

VR Debug Graphs =8
]

Platform Diagnostic Community
Profiles

Steering & Controls Diagnostic |

FFB Testing g
Exit
program
Seat Belt Tensioner Diagnostic
OBD-II Simulator Configuration

_ . powawoaty
%, Status: Offline/Waiting for nodes Sl 3 i . 4 Motion

In Script Debug Graphs you can check output to the motion platform (1). The ACE di-
agnostic is covered in another chapter. The output to the motion platform does NOT
indicate if the requested motion combination is within the work envelope - this can be
checked only in Platform Diagnostic.

E Script Debug Graphs - Q... - * Dogs I O

; } 0.0000 0.0000

| Running | # 0.0000 200/0 ms 0 ms| || 0.0000 200/0 ms 0 ms|
Parameter Set Output Roll Dbgé Motion SFX#1

0.0000
0.0000 200/0 ms 0 ms

0.0000
|| 0.0000 200/0 ms 0 ms|

0.0000 | [Jo.0000 |
[0.0000 200/0ms  0|[0.0000 200/0ms O ms|

Process Tiw Output Pitch Dbg7 Motion SFX#2

0.0000 | ||o.0000 0.0000
0.0000 200/0ms  Oms| ||0.0000 200/0ms  Oms| ||0.0000 200/0ms  0ms
Output Heave Dbga Motion SEX#3
il 0.0000 [ 0.0000 [ 0.0000
000 200/0 ms 0 msT_ 0.0000 200/0 ms 0ms| |]0.0000 200/0 ms 0 ms| || 0.0000 200/0 ms 0 ms|

Output Yaw SBT - Vertical Motion SFX#4
0.9QQ0 0.0000 | ||0.0000 0.0000
{o.oomoom 0ms| ||0.0000 200/0ms 0 ms| [ 0.0000 200/0ms  Oms [ 0.0000 200/0ms  Oms
3 Output Surge SBT - Road left SET - Road right
[ 0.0000 AN 0.0000 ' [ 0.0000 [ 0.0000
||0.0000 200/0 ms \0 ms| ||0.0000 200/0 ms 0ms| []0.0000 200/0 ms 0 ms| || 0.0000 200/0 ms 0 ms|
Dbg4 Output Sway SBT - Acc./Deceleration Motion Max Speed
[ 0.0000 0.0000 ' [ 0.0000 [ 0.0000
|0.0000 200/0 ms O ms||[0.0000 200/0ms  Oms| [|0.0000 200/0ms  Oms| ||0.0000 200/0ms O ms|

The Platform Diagnostic is able to perform different tests on the motion platform to
determinate if the motion platform is operating correctly, but from the motion-cueing
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algorithm point of view the most important components are IK Roll, IK Pitch, IK Yaw,
IK Heave, IK Sway and IK Surge from Actuators Position tab. These graphs display how
requested position (orientation and translation) of the top table changes over time (1).

W Platform Diagnostic - Qubic Manager - X

OF FLINE/WAITING FOR NODES |

Actuators

s Position

C1: Top Table Dynamics (FK)  C2: Top Table Dynamics (FK) ~ General Information  Actuators Load  C1: Load Details  C2: Load Details
Cluster #1: IK Roll [deg] Cluster #2: IK Roll [deg] Motor 1 Position Motor 1Speed
.0000 0.0000 ||0.000: 0.0000 |0.0000 0.0000/ || 0.0000 0.0000|
0.nnnA 0 AnAn 0 Anan
0.0000 200/1991 ms. 0.0000 200/1991 0.0000 200/1991 ms. 10 ms| [{0.0000 200/1991 ms. aloms|
Cluster #1: IK Pitch [deg] Cluster #2: IK Pitch [deg] Mator 2 Position Motor 2 Speed n
.0000 0.0000 (| 0.0000 0.0000] (| 0.0000 0.0000| (| 0.0000 0.0000)
0 o.nnnn 0 AnAn 0 Anan
0.0000 200/1991 ms. LY 0.0000 200/1991 ms 0.0000 200/1991 ms. 10 ms| [{0.0000 200/1991 ms. 10 ms|
Cluster #1: IK Yaw [deg] Cluster #2: IK Yaw [deg] Motor 3 Position Motor 3 Speed
0.0000 0.0000 (| 0.0000 0.0000] (| 0.0000 0.0000| (| 0.0000 0.0000)
0 nnnn 0 nnan
0.0000 200/1991 ms. 0.0000 200/1991 ms 0.0000 200/1991 ms. 10 ms| || 0.0000 200/1991 ms. 10 ms|
Cluster #1: IK Heave[mm] Cluster #2: IK Heave[mm] Motor 4 Position Motor 4 Speed
0.0000 0.0000] (| 0.0000 0.0000] (| 0.0000 0.0000| (| 0.0000 0.0000)
0.nnnn 0.nnnn 0.nnnn 0.nnnn
0.0000 200/1991 ms. 10ms | 0.0000 200/1991 ms 0.0000 200/1991 ms. 10 ms| || 0.0000 200/1991 ms. 10 ms|
Cluster #1: IK Sway [mm] Cluster #2: K Sway [mm] Motor 5 Position Motor 5 Speed
0.0000 0.0000] (| 0.0000 0.0000] (| 0.0000 0.0000| (| 0.0000 0.0000|
0.nnnn 0.nnnn 0 .nnnn
0.0000 200/1991 ms. 0.0000 200/1991 ms 0.0000 200/1991 ms. 210 ms| [ 0.0000 200/1991 ms. 10 ms|
Cluster #1: IK Surge [mm] Cluster #2: IK Surge [mm] Motor 6 Position Motor 6 Speed
.0000 0.0000 |0.0000 0.0000 |0.0000 0.0000) || 0.0000 0.0000
0.nnnn 0.nnnn nnnn 0 nnnn|
.0000 200/1991 ms. 10 ms | 0.0000 200/1991 ms. 0.0000 200/1991 ms. 210 ms| [{0.0000 200/1991 ms. 10 ms|
Motions {IK)  Motions {Legacy) ~ Motor Position  Sinus Motions {IK}  Sinus Motor Position  Acc. from Center  Const. Vel. Mation
C1Roll (left, right) [deg]: I 0.00 Max: 9,5500 + Geo: -9.55/9.55 #
C1Pitch (front, rear) [deg]: I 0.00 Max: 6,1000 : Geo: 610/ 610 #
C1Yaw (right, left) [deg]: [ | 0.00  Max: 71000 2 Geo: -70/70 | #
C1Heave (down, up) [mm]: I 0.00 Max: 50,0000 < Geo: -50.0 / 50.0 #
€1 Sway (left, right) [mm]: 0.00 Max: 0,0000 : Geo: 0.0/00 #
C1Surge (rear, front) [mm]: I 0.00 Max: 50,0000 < Geo: -50.0 / 50.0 #

() Stay inside work envelope (downscale if needed) Acc.Profile: Auto ~ | MaxSpeed [%]: 100 S Status: -

Rotation center (6dof only): Sway [mm]: 0,0000 3 Surge [mm]: 0,0000 3 Heave [mm]: 0,0000 3

Once the ACE generates required top table position, then the kinematics processor cal-
culates required actuators extends (sometime named also as actuator position or arm
angle).

& Platform Diagnostic - Qubic Manager = X

OFFLINE/WAITING FOR NODES | Platform Diagnostic has exclusive control, close this window to give the control back to games ‘

Actuators Position €1 Top Table Dynamics (FK) ~ €2: Top Table Dynamics (FK) ~ General Information  Actuators Load ~ Cl: Load Detals  C2: Load Details

Cluster #1: IK Roll [deg] Cluster #2: IK Roll [deg] Motor 1 Position Motor 1Speed G
65176.0000 55176 oooo 3442 3267 10.0000)|
"0 NN #
200/1990 ms -3442.3267 200/1990 ms ,\10 ms|
Cluster #1: IK Pitch [deg] Cluster #2: K Pitch [deg] Motor 2 Position Motor 2 Speed n
'80978.0000— ____ 56779.0000| | 3442.3267 10.0000)|
0.0nnn 0.nnnn)
200/1990 ms Q0 ms |-3a42.3267 20011990 ms 10 ms|
Cluster #1: [K Yaw [deg] Cluster #2: IK Yaw [deg] Motor 3 Position Motor 3 Speed
358

Cluster #1: IK Heave[mm] Cluster #2: IK Heave[mm] Motor 4 Position Motor 4 Speed

3442.3267 10.0000|
-0 nnnn|
-3442.3267 200/1990 ms 'IO ms|

Motor 5 Speed

32356.0000 0000 3442.3267 10.0000)|

-0.nnnn|
0.0000 200/1990 ms Oi8ms ms -3442.3267 200/1990 ms oo ms
Lazase .0000 8755. oooo} [

"0.0000™—200/1990 ms’ ,‘10 ms|

Motor 5 Position

Cluster #1: IK Sway [mm] Cluster #2: K Sway [mm]

32767.0000 32767.0000| (| 0.0809 0.0000
0 nnnn 0 nnnn
200/1990 ms 10 ms| ||0.0000 200/1990 ms 10 ms|
Cluster #1: IK Surge [mm] Cluster #2: IK Surge [mm] Motor 6 Position Motor 6 Speed
32767.0000 32767.0000| [|0.0809 0.0000
0.nnnn 0 nnnn
0.0000 200/1990 ms 10 ms| ||0.0000 200/1990 ms 10 ms|

Motions (IK)  Motions {Legacy) ~ Motor Position  Sinus Motions {IK}  Sinus Motor Position  Acc. from Center  Const. Vel. Motion

C1Roll (left, right) [deg]: ] 825 Max 9,5500 $ Geo: -9.55 /955 | #

C1 Pitch (front, rear) [deg]: ] 527  Max: 6,000 4 Geo: -610/610 #

C1Yaw (right, left) [deg]: I 0.00 Max: 71000 % Geo: 710 / 710 #

C1Heave (down, up) [mml: | | 0.00  Max 50,0000 7 Geo: -50.0 / 50.0 #

C1Sway (left, right) [mm]: 0.00 Max: 0,0000 Z Geo: 0.0 / 0.0 #
@ C1 Surge (rear, front) [mm]: I 0.00 Max: 50,0000 < Geo: -50.0 / 50.0 #

[ Stay Inside work envelope (downscale If needzd)  ACCPrOTE, MU TSy e s s: Out of range

Rotation center (6dof only): Sway [mml: 06,0000

< Surge [mm]: 0,0000 < Heave [mm]: 0,0000 B8

If the specified combination of motions is outside of the top table’s work envelope,
the motion is downscaled back to work envelope boundaries. The Platform Diagnostic
indicates occurrence of this event by displaying IK graphs in ORANGE (2) and displaying
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"Out of range" status (3). Each graph contains two plots, first is required IK position,
second is downscaled achievable IK position that is going to be used.

It is perfectly acceptable if out-of-work-envelope issue occurs once in a while in
some extreme cases (e.g. vehicle hits a wall). However if this case starts to occur
too often, the motion-cueing algorithm parameters might require some adjusting.

1.7.5 SOFTWARE LIMITATIONS

¥O,

i
Scale and limit integration integration Smoothing Scale and limit
Lateral Input scale . . Output Output scale
ineral ) || andrange || (hesseation] | velocty || vl | || owgass || L] andrange |
accele- imi er
ration (optional) filter filter filter (optional) (optional)
\ -asin
Input scale . Output Output scale
and range Aclceleratlon An%le lowpass | | | | and range
limit °¥I"ltpass > l'fa ?t filter limit
(optional) er imi (optional) (optional)
integration
follate | [Iaputscele vetocty | [ angte | | [Quinit | || [Puteutecete
(angular limitg high pass [—| high pass |—» ﬁltF::r s limitg —
velocity) (optional) filter filter (optional) (optional)

Not all tunes are available for all motion platform models. Gain (3 - Scale and Limit
functional block) is a coefficient that is applied to the output of the ACE to amplify the
signal. Sharpness (4 - Smoothing functional block) controls low-pass filter applied to
the output signal. More detailed description can be found in the chapter about the ACE
Editor.

1.7.6 BUILT-IN PROFILE WITH CUSTOM NAME

If it is required to hide all games profiles and other built-in profiles, there are a few
steps that will help you to adjust the ForceSeatPM GUI to your needs.

First step is to clone built-in profile (1)
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5DoF (4A, Traction/Su...

assetto corsa

Y

45 Motion
& SFX
) Post-Processing

SSETT RSA St Wheel
ASSETTO CORSA eering Wheel

© Mmain
Activate Run the game Other
intensity t W Vehicle Parameters
Input Diag. S
Overall B3 VR HeadWay
Edit Clone Delete Boost or reduce motion platform response for all supported motions. =0
33 Tweaks
Gain 1.00 Sharpness 1.00
Rename Sharing
y Settings, Tips and
Favorite o o

Troubleshooting
Vv Body Roll (Sustained)

Boost or reduce motion platform response related to vehicle body roll

(angle, e.g. on hills).

+ Show quicj tunes description

e — - . Gain 100 Sharpness 1.00

+ Body Pitch (Sustained)
Boost or reduce motion platform response related to vehicle body
pitch (angle, e.g. on hills).

Gain 1.00 Sharpness 1.00

Back + Turning Rate

It is suggested to keep it a shallow copy (2). The shallow copy:

it keeps reference to original built-in profile;
it uses motion scripts and all other configuration from original built-in profile;
only quick tunes values are unique for the new profile.

changes to original profile apply also to the cloned one

When shallow copy is used then the new profile is automatically updated when the
ForceSeatPM is updated. If you do not plan to edit the motion script, we RECOMMEND

to use shallow copy profiles.

LY | Profile Cloning X

Please enter profile name:

| Assetto Corsa,testl I

v Shallow copy

Vv Activate new profile
Open editor for new profile
Clone scripts

Create shallow copy if you only want to adjust tunes
(99% cases). If shallow copy is used, the cloned profile
will be automatically updated when base profile is
updated, e.g. during new software installation.

If you want a future software update to not affect your
profile, uncheck the shallow copy option to create a full,
independent copy.

OK Cancel

Next go to Tools and Diagnostic (3) and open Software Configuration (4).
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About / Support

-
Software Configuration
‘ Joystick & Keyboard Monitor Configuration

Games Integration Qﬁ

Community Profilas Tools and

Motion Compensation (VR/ScreenWay)
ScreenWay Overwrite

Tactile Audio Based Feedback Configuration

Diagnostic

mes
Integration

Tactile Audio Based Feedback Diagnostic e
Help and
Dashboard Window Tutorials

Accessories & DIY Configuration

Action
Center

2
E.

Game Data Playback
Blackbox
ACE Editor
Community
Profiles
Kinematics Diagnostic
1
Wheels Effects Diagnostic U
Exit

Aircraft Effects Diagnostic
program

e Script Debug Graphs

VR Debug Graphs
W, Status: Offline/Waiting for nodes

In Software Configuration you can find following parameters you might want to change:

m (5) - uncheck to hide all built-in profiles and leave only your custom profiles.
m (6) - uncheck to disable option to control motion platform with joystick.
m (7) - uncheck to make sure that the SIM won’t change the active profile.

[ =] | Software Configuration X

v Automatically display Action Center window when new issue arise (recommended) Qo General
Settings
' Occasionally display news and new product announcements
‘Web
+ Display built-in profiles @ BEsiace
 Group profiles by sim type Global
* Features

+ Enable Direct Input plug-in
+| Allow to change current profile via command line argument

k Help and Tutorials vish to learn more about how to control Qubic Manager from 3rd part

Use imperial units for velocity (mph instead of km/h)

\ k tunes (when possible) and in dashboards

+ Enable lector/voiceover for program messages (recommended)

tu system lector function to info k gram state changes, e.g
jure. Be awal > onnection might be required for this fur

Volume: 100% Test
v Enable native system-wide overlay (OSD)

v Enable Game Bar widget overlay (0SD)

jed 1t stick tk 3utton-B: utton) 1 you can

OK
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After QubicManager restarts, there will only be user’s cloned profiles on the list:

Y | cvmicvnacer . M I CTT
=

/|
A FiitSimusor " -
VALY — ) iRacing
I/'/ s
ASSETTO CORSA - - a?
Assetto Corsa_test Vs Flight Simulator 2024 test iRacing_test Tools and

Diagnostic

——
-

: rd :
2 LF MANS ~ oames
. g SR k k

L]
Le Mans Ultimate test New Profile Import Profile 6

Help and
Tutorials

Community
Profiles

Exit
program

W, status: Offline/Waiting for nodes ™M 2. W ‘ nMx ‘E: ‘ =

Now you can start adjusting quick tunes in the created profile - the procedure is exactly
the same as described in the previous section.

1.7.7 EDITING PROFILE WITH ACE EDITOR

The ACE configuration is stored in JSON format embedded in motion script. In order to
modify it, full copy of the profile has to be made, including motion scripts cloning. The
new profile will not be updated automatically when there are changes introduced to the

original profile.

Please enter profile name:

IAssetto Corsa,tesﬂ I

B

.

+ Shallow copy
+ Activate new profile

5 4 Open editor for new profile

y Clone scripts

Create shallow copy if you only want to adjust tunes
(99% cases). If shallow copy is used, the cloned profile
will be automatically updated when base profile is
updated, e.g. during new software installation.

QQOP

If you want a future software update to not affect your
profile, uncheck the shallow copy option to create a full,
independent copy.

OK Cancel

m (1) - uncheck Shallow copy

m (2) - check Activate new profile

m (3) - check Open editor for new profile
m (4) - check Clone scripts
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Once you click OK, the Profile Editor will be opened.

E Profile Editor - Qubic Manager X
Profile: Assetto Corsa_not_shallow

bputplugn:  AssetioCorsaPlugin .
Acc.Profile: Auto ~

Maximum speed: ]

Transformation type: Script (C++) ~

Mapping Motion Scripts Other

Scripts system uses small .cpp programs to transform data from games into motion platform
movements. There can a script that works with ‘Any" platform or list of scripts dedicated to specific
platform families (e.g 3DoF, 6D0F). The pragram will choose the most suitable script from the list

below.

Device C: | 3DoF (NFI) ~

Device C2: Any v

Script file: ‘orceSeatPM\Scripts\Assetto_Corsa_not_shallow-3DoF (NFI)-Any.cpp ... X

Learn more ' View = Run | ACE | Code

Device C1: 6DoF (NE
S Any

Script file: ‘orce

earn more View  Run | ACE | Code

Script file: _gp#eatPM\Scripts\Assetto_Corsa_not_shallow-NLR Traction Plus-.cpp ... X

Learn more  View Run ACE Code

PRIRKK

Device CI:  NLR V3 + Traction Plus v
Device C2: QS-H13 ~
Add Fields
a g
' & Close Save Discard

(1) - it is the path to the motion script. There can be more than one motion script
if different motion platform types (e.g. HS-xxx, QS-xxx, PS-xxx) require slightly
different parameters. Having multiple motion scripts is typical scenario for games.

(2) - it opens Windows Explorer in the directory containing the motion script.
(3) - it runs the script to check if there are any errors.
(4) - it loads current script to the ACE Editor.

(5) - it opens the motion script in Visual Studio Code. This function is not used
when ACE Editor is used to edit motion-cueing algorithm parameters. You can
find more about Visual Studio Code in an appendix to this document.

m (6) - it saves changes (if there are any) and closes the editor.

Click ACE (&) and then switch back to the Profile Editor and click Save & Close (5) - the
Profile Editor will not be needed anymore.

You can also open the ACE Editor for the current motion script by pressing Win + Shift +
Q. Check an appendix to this document to learn more about keyboard hotkeys.
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Third way to open ACE software is directly from ForceSeat ("Tools and Diagnostics" (1)

-> "ACE Editor" (2)):

Devices

About / Support

Software Configuration

- =
- ‘ Joystick & Keyboard Monitor Configuration
Games Ineyiauoii

- o a
Community Profiles

- Motion Compensation (VR/Screen\Way)
-
ScreenWay Overwrite
- Integration
- Tactile Audio Based Feedback Configuration
Tactile Audio Based Feedback Diagnostic e
Help and
Dashboard Window Tutorials

Accessories & DIY Configuration
Acti
Game Data Playback ction
Center

Blackbox !.
I .
Community
Profiles
Kinematics Diagnostic
1
Wheels Effects Diagnostic U
(204
Aircraft Effects Diagnostic
program
Script Debug Graphs

VR Debug Graphs powaredby
K4 Molion:

L. e
M@ | M

W, Status: Offline/Waiting for nodes

Click on "Load script file.." (3) and pick the right profile from "DefaultScripts" folder (),

click "Open" (5):

Dsfaultsripts

n
a
© *

Program Files > MotionSystems » ForceSeatPh s

Scripts (".pp "jsonl

Next, select "Cluster #1" for all QS- and PS-series devices or "Cluster #2" for QS-H13 and
HS-2100 specifically.

Select cluster configuration to load:

Cluster #1 Cluster #2 Cancel
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Once you change parameters, click Save (1) and ForceSeatPM will automatically reload
the motion script and apply new parameters. It gives you the possibility to check how
the new configuration works with the SIM without closing ACE Editor. Please check ACE
Editor chapter to learn more about the editor.

¥ ACE Editor - [Cluster #1] - Qubic Manager = [=] X
Lateral Longitudinal Vertical - ® ot
ERTNUREUNY accelerationand  accelerationand andy‘(ch DoF mixer Enhancer Understeer lexer Options. -
roll rate pitch rate yaw rate o - et #2

Output filter Limit

] of: 9.55 [deg]

Partial Roll
[deg]

Cluster #1

Shortcut Win + Shift + Q will always open the ACE Editor for currently selected motion
script. If there is more than one script attached to the profile, you can check which one
is used with your motion platform (when it is connected to PC) by hovering the mouse
cursor over the chip icon (1):

[ | avcunocr o, CETEE U CTTT

"x" -

.. -‘. -

‘ ‘
’ - Integration

e

Help and
Tutorials

Action
Center

12
E-

Community
Profiles

O]
Exit
program

A ———— —

poweredby

W, Status: Offline/Waiting for nodes o I B ‘ n M > &6 1 Mollon
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1.7.8 PARAMETER SETS

Lateral
acceleration and
rollrate.

Parameter set separates settings for different scenarios in various game/simulations.
ACE interpolates values between parameters set during transition from ground to air
and back. All check boxes, filter types and limits type are shared between parameters
set, only numerical values can be different.

Param set #1 - For all vehicle and flight simulations. In flight simulation this allows you
to set parameters for in-the-air scenario only.

Param set #2 - Only for flight simulations - allows you to set parameters for on-the-
ground scenario.

Keep the values of the same polarization for smooth transition between in-the-
air and on-the-ground scenarios (both param sets in + or both in -).

1.7.9 INSIDE MOTION SCRIPT

This document does not cover manual editing of the motion script. As a result, descrip-
tion of the motion script content in this section is general - its purpose is just to show
what to expect in the script.

Motion script source code is kept in text file so it can be easily edited, even in
basic notepad application. However once ForceSeatPM is ready to load the mo-
tion script, it compiles the C++ source code into native DLL and then uses only
the DLL. This approach allows to combine easiness of motion script editing with
high performance of C++ code compiled to native binary.
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#tinclude "GameSpecific.h"
#tinclude "ScriptsAPIl.h"

namespace

{
static const char* const CONFIGURATION = R"ACE ({
"algorithm": {

.

"lateral_acceleration_and_roll_rate": {

MOSY_SCRIPT_API_EXPORT void setup(MSSA:: Conte
{

}

MOSY_SCRIPT_API_EXPORT void process(MSSA:: Context& ctx, MSSA::System& sys)
{

MSSA : : System& sys)

sys.ace.setup (CONFIGURATION );

auto& in = ctx.input.fromGame.named;
/...
if (sys.mpu.fsmiHandleParking(ctx))
{

return;

}

auto pitchRateValue
auto rollRateValue
auto yawRateValue
auto surgeAccValue
auto swayAccValue
auto heaveAccValue

in.FieldPitchVelocity;

in.FieldRollVelocity;

in.FieldYawVelocity;
MoSy_ApplyWeightTransferBias(in.FieldLinearAccelerationF);
in.FieldLinearAccelerationR;

in.FieldLinearAccelerationU;

<

D

5
ACE_Experimental_ApplyQuickTunes6DoF (); ( :)
0,

sys.ace.updateWorkEnvelope(ctx.singleExcursionsWorkEnvelope, 100);

sys.ace.process(ctx, ctx.systemTime_us, _
surgeAccValue, swayAccValue, heaveAccValue,
rollRateValue, pitchRateValue, yawRateValue);

/1

(1) - the ACE configuration in JSON format is embedded in motion script. The ACE
Editor can extract it from the motion script and then put it back.

m (2) - setup is called when the motion script is reloaded - e.g. when ACE configura-
tion is changed - and in this case it configures ACE to use specified JSON configu-
ration.

m (3) - process is called every ACE loop tick (not telemetry loop). This function takes
telemetry data (if no new data arrived, historical are used) and then process them
according the implementation. In this example, at the beginning the motion script
checks if ForceSeatMI has sent parking command and if yes, there is no need to
run further steps.

m (4) - assigning telemetry data to local variables is for convenience only to make
optional units conversion and weight transfer bias application easier.

m (5) - it loads current values of quick tunes into ACE.
m (6) - it loads motion platform work envelope limits and scale (100%) into ACE.
m (7) - it runs the ACE.

26



2. ACCELERATION CONTROL ENGINE
21. INTRODUCTION

ACE is an implementation of motion-cueing algorithm known as classical washout. The
description of the classical washout algorithm is beyond the scope of this document. If
you want to learn more, please check list of recommended articles.

From https://en.wikipedia.org/wiki/Motion_simulator:

"The classical washout filter is simply a combination of high-pass and low-pass filters;
thus, the implementation of the filter is compatibly easy. However, the parameters of
these filters have to be empirically determined. The inputs to the classical washout filter
are vehicle-specific forces and angular rate. Both of the inputs are expressed in the
vehicle-body-fixed frame. Since low-frequency force is dominant in driving the motion
base, force is high-pass filtered, and yields the simulator translations. Much the same
operation is done for angular rate.

[...] Since the human vestibular system automatically re-centers itself during steady
motions, washout filters are used to suppress unnecessary low-frequency signals while
returning the simulator back to a neutral position at accelerations below the threshold
of human perception."

Scale and limit integration integration Smoothing Scale and limit
Lateral Input scale Acceleration Velocity Travel Output Output scale|
lineral and range : . . low pass and range
accele- limit high pass high pass high pass filter limit —
ration (optional) filter filter filter (optional) (optional)
\ -asin
e peceteration] | angi o] || e
limit 101‘4[1 pass fate filter limit
(optional) ter imit (optional) (optional)
integration
Input scale . Output Output scale
Roll rate and range Velocity Angle low pass and range
e limit high pass high pass filter limit~ [
velocity) (optional) filter filter (optional) (optional)

2.2. RECOMMENDED READING

In alphabetical order:

m Control of a Dynamic Driving Simulator: Time-Variant Motion Cueing Algorithms
and Prepositioning; Cornelius Weil3

m Development of a Full-flight Simulator for Ab-initio Flight Training with Emphasis
on Hardware and Motion Integration; Jonathan Plumpton

m Implementation of a washout filter used in stewart platform; Rodrigo Lemes, Mor-
eira De Souza, Ricardo Afonso Angélico, Ricardo Breganon, Caio Barbosa

m Motion cueing algorithms for a real-time automobile driving simulator, Zhou FANG,
Andras KEMENY
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m Motion Cueing Algorithms for Small Driving Simulator; Lamri Nehaoua, Hichem
Arioui, Hakim Mohellebi, Stéphane Espié

2.3. DIFFERENCES

The main difference between classical washout and ACE from the functionality point
of view, is a presence of additional path that is not available in the classical washout
algorithm. This vertical linear acceleration to pitch transformation has been introduced
by MotionSystems to enable simulation of sustained vertical G during maneuvers in
flight simulations (e.g. turning). It supports both positive and negative G.

Scale and limit integration integration Smoothing Scale and limit
Vertical Input scale . . Output Output scale)
linear and range Acceleration Velocity Travel low pass and range
accele- limit high pass high pass high pass filter limit
: : filter filter filter : ;
ration (optional) (optional) (optional)
Simulates sustained vertical G in flights
\ (Unique to ACE, not part of classic washout algorithm)
-asin I
Input scale . Output Output scale)
and range Aclceleratlon Angle low pass and range pitch
limit oyl hass Jate filter limit e
(optional) ter imit (optional) (optional)
integration
Input scale . Output Output scale|
Yaw rate and range Velocity Angle low pass and range
(angular i high pass high pass e —
velocity) limit Al Hilt filter limit
Y (optional) er er (optional) (optional)

2.4. ACE AND FORCESEAT RELATION

In order to create a new profile, the user must create a clone of a Input signal generated
by the game or simulation is received by the ACE software.

In order for this extra path to operate correctly, the natural vertical 1g has to be removed
from the vertical acceleration to avoid constant top table pitch on ground and during
stable flight. This can be done inside the motion script or with usage of G1 and G2
options.

MOSY_SCRIPT_API_EXPORT void process(MSSA:: Context& ctx, MSSA::System& sys)
{
/| Remove gravity downward force from heave to get rid of
/] constant motion platform pitch on ground
auto tmpAccY = in.FieldAccYy - 1.f;
/...
auto heaveAccValue = tmpAccY * 9.81f;
/Il
sys.ace.process(ctx, ctx.systemTime_us,
surgeAccValue, swayAccValue, heaveAccValue,
rollRateValue, pitchRateValue, yawRateValue);

/11

This feature is not used (or even needed) in vehicle (car) simulation applications.
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ACE is a motion-cuing software that creates the base profile and defines what type of
motion is available and calibrates it. ForceSeatPM profile tuning capabilities are based
on that profile and can only reduce or increase already specified output signal. It is
possible however to disable certain motion effect in ForceSeatPM which will result in
disabling the inputs on ACE software.

Input
signal

ACE ForceSeatMI

Motion
platform

Therefore before calibrating any profile in ACE software it is strongly recommended to
restore ForceSeatPM all tuning settings to default.

While in profile settings click Default (1) and confirm by clicking Yes to all.

Before calibrating any profile on ACE - Activate it (2).

assetto corsa

VY

/ Activate

Input Diag.
Edit Clone

Rename

Favorite

TIP: To input f

ASSETTO CORSA

Run the game

n

Delete

« Show quick tunes description

umber, enter new value and press

Vertial G-Force

Overall
Boost or reduce motion platform response for all supported motions.

Gain 1.00 Sharpness 1.00

+ Body Roll (Sustained)
Boost or reduce motion platform response related to vehicle body roll
(angle, e.g. on hills)

Gain 1.00 Sharpness 1.00

 Body Pitch (Sustained)
Boost or reduce motion platform response related to vehicle body
pitch (angle, e.g. on hills).

Gain 1.00 Sharpness 1.00

+ Turning Rate

5DoF (4A, Traction/Su..
48 Motion

& SFX

€3 Post-Processing
Steering Wheel

B Main

Other

W Vehicle Parameters

B3 VR HeadWay

0

Tweaks

Sharing

Settings, Tips and
Troubleshooting

2
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3. ACEEDITOR
31. MAIN WINDOW

The main editor's window consists of 4 tabs, Save button and parameters set switch.

o x

B AcEjitor - ' v v [Cluster # ubic Manager ‘
|

PPPPRIAR XX

Output filter Limit

Partial Rol
[deg]

[deg/s]

Cluster #1

m (1) - switches to lateral acceleration and roll rate parameters.

m (2) - switches to longitudinal acceleration and pitch rate parameters.
(3) - switches to vertical acceleration and yaw rate parameters.

(4) - switches to body roll and pitch parameters

(5) - switches to degrees of freedom mixer parameters

(6) - switches to enhancer parameters

(7) - switches to understeer parameters

(8) - switches to multiplexer parameters

(9) - shows global options.

(

10) - saves changes to file, which the ForceSeatPM detects and automatically
reloads the motion script. You can also use Ctrl + S to save the parameters.

m (11) - switches between parameter sets. For vehicle simulations only first param-
eters set (#1) is used. For flights, the first parameter set (#1) is used for in-the-air
scenario and the second parameters set used for on-the-ground scenario (#2).
ACE interpolates values between parameters set during transition from ground
to air and back. All check boxes, filter types and limits type are shared between
parameters set, only numerical values can be different.
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In flight simulations "Param set #1" and "Param set #2" should not be polarized
into negative and positive value - the transition between runway and after take-
off (in-the-air scenario) will be incorrect (for example: negative values in Factor
will inverse platform’s movement).

3.2. GENERAL GUIDELINES

This section provides general guidelines and best practices to help users create a com-
plete, accurate, and effective profile.

ACE window - single tab overview:

Input telemetry modifiers for Partial Sway
derived from lateral acceleration)

mputdaaF — —— —— e e m e e e e e e e = = = .
from the I Input limitation I

SIM Acceleration filter Velocity filter Travel filter Output filter Limit
e Highpass Highpass Highpass DoF

! off freque equenc . Cutoff freque N
o—> 500 e ‘ i 9 |
— o> ot recuency i) & 7o [
v \
A ; r=n" r=na 7 |
- [ | 171 f
o L—a L—J o> Output
) Integral Integral - y | top frame
. used bypassed S . | calculations
for the
________________________________________ motion
Acceleration filter Angle rate limit Output filter Limit platform
Lowpass . .
Path - l '
enabled s
e r== ° Cutoff frequency [Hz et
ot — =V — — — . — — — ——— =T ———— = = — —
o eemd - > -
nited to 1G (asin oT: 9.55 [deq]
Output combined
from two input
Input limitation telemetry
path parameters
disabled
e r=n"
Fomoom = = e o e e e - — —— = 4
L ~ b e=d

m The path from Input data to Output signal: adjusting a specific type of motion cue
starts with the input parameter on the left (in this case Lateral Acceleration). It
comes directly from the SIM and passes through all the blocks from left to right.
Every block modifies the signal and proceeds it to the next one. Final output signal
(sent to the motion platform) is symbolized by an orange circle on the right (output
data).

Keep in mind that the integrals are computed by default and can be bypassed -
more details in section 3.3 on page 34.

m The input parameter modifier path is marked by line-connected blocks: in this
case a Partial Roll motion cue - the effect is combined from two input parameters
- Lateral acceleration and Roll rate data. The modifying blocks affect the Partial
Roll only if the path is enabled. A gray title inside an orange circle indicates that
the effect is disabled (input data blocked).
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In this case, with Roll rate path disabled - the Partial roll motion cue draws only
from Lateral acceleration input data.

[ | the DoF mixer circle marks the
signal export location from which modified data (in this case Raw sway) is sent to
a separate tab to be further processed.

Keep in mind that all modifying blocks are also influenced by optional transfor-
mations (+ T1, + T2, etc.). Go to Options tab to enable or disable them.

The parameter tuning general guidelines are as follows:

m Work in small steps - change one parameter at a time and test the result (they
apply instantly after clicking "Save" button).

m Disable all output filters and limitations if you are tuning low-pass filters.

m Make sure to scale input correctly, especially for tilt coordination (e.g. lateral ac-
celeration to roll transformation).

m Tune each path individually and then start combining them. Very often each path
separately works correctly but once combined - the output motion is outside of
the available work envelope or too strong.

m Use graphs to visually compare input (blue line) and output (green line) signal.
Right-click on the graph and select "Stay on top" to see it during gameplay/simu-
lation.

m Start working from Input limitation block just to appropriately scale the input sig-
nal for the platform. Fine tune it using specific filter blocks later.

m Keep in mind that QubicManager and ACE interact - make sure the profile you work
on is cloned and with tuning sliders in default setting (only exception is Violent
Movement Suppressor - disable it to know how the platform reacts to your changes
with no blockage).

3.3. LATERAL ACCELERATION AND ROLL RATE

This view allows to configure parameters for each block of the classical washout algo-

rithm.
Scale and limit integration integration Smoothing Scale and limit
Vertical Input scale . . Output Output scale
linear and range Aﬂ;eLeratlon h\{eLocnty h.T':“"EL low pass and range
accele- limit 1gh pass igh pass Igh pass filter limit. [
ration (optional) filter filter filter (optional) (optional)
Simulates sustained vertical G in flights
\ (Unique to ACE, not part of classic washout algorithm)
-asin
Input scale . Output Output scale)
and range Aclceleratwn Angle low pass and range pitch
limit 01‘4’1 pass l'.at? filter limit
(optional) ter imit (optional) (optional)
integration
Input scale . Output Output scale
{:r‘:v {ualg? arFl,d range h".’eL“'tV h_Angle low gass angl range | |
valotity) limit '8 pass I pass filter limit
Yy (optional) ter ter (optional) (optional)
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There are 3 paths that transform and combine lateral acceleration and roll rate into
sway and roll:

m lateral acceleration to sway;
m lateral acceleration to roll - known also as tilt coordination;
m roll rate to roll.

Each path can be enabled or disabled individually (1), (2) and (3). It is recommended to
tune one path a time and then start combining them.

vvvvvvvvvvv
HHHHHHHH

m (1) - enables lateral acceleration to sway transformation. There are optional trans-
formations that can be applied (T1, T2, T3, G1 and G2) - go to Options tab descrip-
tion to learn more.

m (2) - enables lateral acceleration to roll transformation. This path is also called
tilt coordination.

m (3) - enables roll rate (angular velocity) to roll transformation. There are optional
transformations that can be applied (V1, V2 and V3) - check Options tab descrip-
tion to learn more.
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There are also crucial operations that cannot be parametrized nor disabled.

B ACE Editor - - Qubic Manager - B x

Lateral Lor
acceleration and IR
roll rate* pi

Velocity filter Travel filter Output fiter Limit
Highpass. Highpass DoF .

m (4) - it computes integral of acceleration to get instantaneous velocity. In other
words, it uses acceleration and time interval (4ms for 250Hz rate) between ACE
loop calls to calculate velocity.

0.004[s]
v = / a(t) dt
0

m (5) - it computes integral of velocity to get instantaneous travel. In other words,
it uses velocity and time interval (4ms for 250Hz rate) between ACE loop calls to

calculate travel.
0.004[s]
s = / v(t) dt
0

m (6) - check these boxes to bypass the integrals.

WARNING

Bypassing integration may result in unstable and unpredicted
platform movement. In the worst scenario machine may reach
end of the work envelope and stop. Are you sure you want to

continue?

Yes Cancel

If you decide to bypass the integral, keep in mind the movement of the
platform may become abrupt and intense. Examples before and after:

& Angular Vel. - Velocity To Angle - ForceSeatPM — O X & Angular Vel. - Velocity To Angle - ForceSeatPM — O X

7.9935 7.9935

1\ /\/\/\MAJAA
N

-61210 2600/10404 ms 4ms -61210 2600/10404 ms 4ms
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m (7) - it calculates angle of gravity vector to figure out what top table roll is required
to simulate lateral force with usage of gravity force. This bases on assumption
that human senses are not perfect and people are used to feel and ignore gravity
when it points down. Once the gravity is felt at angle, it can be easily mistaken
with lateral acceleration. This is the trick that tilt coordinate block uses.

a
a = —asin(-)
g

m (8) - it computes integral of angular velocity to get instantaneous angle. In other
words, it uses angular velocity and time interval (4ms for 250Hz rate) between ACE
loop calls to calculate angle.

0.004[s]
S / w(t)dt
0

WARNING

The physics behind tilt coordination implies that the absolute theoretical max-
imum sustained lateral acceleration the motion platform is able to simulate is
1g (arcsin argument maximum value). This is for motion platform that offers 90°
roll as work envelope. For motion platform that offers 20° roll, the maximum lat-
eral acceleration is 3 [3]. For 10° roll, the value is limited to 1.5 [5]. If the SIM
generates sustained accelerations greater than the motion platform is able to
handle, Input limitation block must be used to scale down and limit the input
acceleration.
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3.3.1 INPUT LIMITATION
This block has exactly the same function for all 3 paths, the difference is only in units.

Input limitation

m (1) - defines type of the limitation function. Following options are available: None

and Logistic. It is recommended to use Logistic as limitation function as it offers
smooth close to boundaries experience. You can click Illustrate to check how
Factor and Maximum value affects the input signal.

-2
factor

f(2) = maz -

2x-
1+e max

(2) - defines first parameter for limitation function. You can click Illustrate to check
how it affects the input signal. Use negative factor to inverse the signal and fix
incorrect polarity.

(3) - defines second parameter for limitation function. You can click Illustrate to
check how it affects the input signal. Due to Exp function characteristic, some-
times it is necessary to use greater maximum value than normally required. You
can click Illlustrate to check how it affects the input signal.

(4) - opens a pop-up with graph that plots input (blue) and output (green) of the
block. When the SIM is running in the background, you can see how Input limita-
tion block alters the original signal.

B Travel - Acc Limit - Qubi... = O x

1.7264 0.1173
0.1759

-1.7264 200/797 ms 4 ms

m (5) - it opens a graph that shows how the selected limitation function modifies

incoming data. Use Ctrl + mouse scroll to zoom the view. Example below is for
Factor = 1.5 and Maximum value = 20.
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E Translational channel input limitation - Q... - X

MAX: 20.00000

MIN: -20.00000

Input: 11.166 -> Output: 13.689

m (6)-itresetsall parametersinthe block to values stored in the file (recently saved).

WARNING

Correct selection of Factor and Maximum value are crucial for tilt coordination
component (lateral acceleration to roll transformation) to operate correctly. In-
put limitation together with Acceleration low-pass filter must reduce input ac-
celeration to value which after being processed by asin and transformed into roll
is within motion platform’s work envelope.

3.3.2 HIGH-PASS FILTER: ACCELERATION, VELOCITY, TRAVEL, ANGULAR VELOCITY
AND ANGLE

All high-pass filters blocks work exactly the same way. The only difference is in input
data units which are irrelevant for filtering algorithm. The only required parameter is
cutoff frequency [Hz].

Acceleration filter
Highpass

m (1) Cutoff frequency (Hz) - defines the cutoff frequency for the high-pass filter. The
filter is implementation of the following formula:

Xn — Xn-1— 27f xdt — 1) * yn_1
2nf x dt + 1

Yn =

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.
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m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green) of
the block. When the SIM is running in the background, you can see how High-pass
filter block alters the original signal.

E Travel - Acc Fil... — O X

3.331 0.0281
1.3405

3331{ 200/796 ms 4 ms

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

3.3.3 OUTPUT FILTER

Output filter block is just a filter, usually low-pass, that smooths the output data before
is it being processed by the next functional block.

Output filter

m (1) Type - defines the type of the filtering function. Following options are available:
None (no output filter), Low-pass (recommended when smoothing is required).

m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:

dt T 1
=X— +Yn_
dt + 7 n-1

dt+r 2rf

Yn

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how Output
filter block alters the original signal.

1 output Travel Filter - Qubic... - [m] X
0.00p4 0.0004
0.0002
T ————
[~
\""-
-0.0ps4 200/796 ms 4 ms
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m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

3.3.4 LIMIT AND ANGLE LIMIT

Limit and Angle limit blocks work the same way as Input limitation block with two main
differences:

m they are used on output data, NOT on input data;
m the maximum value is read automatically from the connected motion platform
and cannot be changed.

Refer to Input limitation description to learn more about limitation function types and
parameters.

3.3.5 ACCELERATION LOW-PASS FILTER

This low-pass filter is used only in tilt coordination path and its role is to smoothen
sustained acceleration before it is transformed into rotation.

Acceleration filter
Lowpass

m (1) Cutoff frequency (Hz) - defines the cutoff frequency for the low-pass filter. The
filter implements the following formula:

T 1
+ ¥Yn-1 T =

Yn dt+7 " 2nf

= XGrr
where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input

andy is output.

m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how filter
block alters the original signal.

E1 Titt Coord. - Acc Fil..  — O X

bo.1215 11042
e 0.1102

0.0094 200/796 ms 4 ms

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).
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3.3.6 ANGLE RATE LIMIT

Tilt coordination uses the fact that the vestibular system cannot distinguish between
inertia force produced by a linear acceleration and the effect of gravity. Since humans
are very sensitive to the tilt rate, the rate should be within user’s perception threshold.
Good starting point is 2~4 [2], however very often this value is too limited to repro-
duce a realistic driving simulation and has to be tuned (increased). This block allows to
configure tilt rate with Maximum rate parameter.

Angle rate limit

Maximum rate [deg/s]
0,5

Lrap

m (1) Maximum rate (deg/s) - defines maximum tilt rate. The block implements fol-
lowing generic (simplified for better readability) formula:

Yn_1 +rate-dt, ifx, >y, 1+ rate-dt
Yn =X yn_1—rate-dt, ifx, <y,_1—rate-dt
T, otherwise

where dt is interval between calls, usually 0.004 [s], rate is the maximum rate, X is
input and y is output.

m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green)

of the block. When the SIM is running in the background, you can see how Angle
rate limit block alters the original signal.

| E Tilt Coord. - Angle Rate...  — (m] X
0.6219 0.3867
0.4174
\/\t) P
A
0.2566 200/797 ms 4ms

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).
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TIP

For Acceleration Filter Lowpass general range of 0.1-10.0 Hz is advised. Filtering
values act as follows:

m if 0.1 > less dynamics and less sharp
m if 10.0 & more dynamic and more sharp

For Angle rate limit a maximum value is generally a better choice.
For the Output Filter general range of 0.1-10.0 Hz is advised. Filtering values act
as follows:

m if 0.1 > less sharp and less travel
m if 10.0 - more sharp and more travel

These values serve as guidelines - the boundaries are sufficient for signal filtering, though exceed-
ing them is permissible.

3.4. LONGITUDINAL ACCELERATION AND PITCH RATE

This view allows to configure parameters for each block of the classical washout algo-
rithm related to longitudinal acceleration and pitch rate. Parameters and functions are
analogical to Lateral acceleration and roll rate component and are described in previ-
ous chapter.
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3.5. VERTICAL ACCELERATION AND YAW RATE

This view allows to configure parameters for each block of the classical washout algo-
rithm related to vertical acceleration and yaw rate. Parameters and functions are ana-

logical to Lateral acceleration and roll rate component with one exception - Vertical
acceleration to pitch rate path is unique.

Scale and limit integration integration Smoothing Scale and limit
Vertical Input scale . . Output Output scale)
linear and range Acceleration Velocity Travel low pass and range
accele- limit high pass high pass high pass filter limit
ration (optional) filter filter filter (optional) (optional)
Simulates sustained vertical G in flights
\ (Unique to ACE, not part of classic washout algorithm)
-asin I
Input scale . Output Output scale)
and range Aclceleratmn Angle low pass and range
limit O Pass lr.at? filter limit
(optional) ter imit (optional) (optional)
integration
Input scale . Output Output scale|
Yaw rate and range Velocity Angle low pass and range
(angular it high pass high pass imi B
velocity) limit Hilt Hlt filter limit
Y (optional) er er (optional) (optional)

This additional path is not part of the classical washout algorithm and has been intro-
duced to enable simulation of sustained vertical G during maneuvers in flight simula-

tions (e.g. turning). It includes both positive and negative G.
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TIP

For Acceleration Filter Highpass (and Angular velocity filter) general range of 0.1-
10.0 Hz is advised. Filtering values act as follows:

m if 0.1 > more dynamics and more tavel
m if 10.0 - less dynamic and less travel

Velocity Filter Highpass is a washout filter (Angle filter highpass works similarly).
General range of 0.1-10.0 Hz is advised. Filtering values act as follows:

m if 0.1 > more dynamic and less sharp
m if 10.0 - less dynamic and more sharp

For Travel Filter Highpass general range of 0.1-10.0 Hz is advised. Filtering values
act as follows:

m if 0.1 > less sharp and more travel
m if 10.0 > more sharp and less travel

For Output filter general range of 0.1-10.0 Hz is advised. Filtering values act as
follows:

m if 0.1 > less sharp and less travel
m if 10.0 - more sharp and more travel

These values serve as guidelines - the boundaries are sufficient for signal filtering, though exceed-
ing them is permissible.

3.6. BODY ROLL AND PITCH

This view allows to configure parameters for body roll and pitch. As opposed to Longi-
tudinal and Lateral acceleration and pitch rate which imitates G-forces, body pitch and
body roll translates vehicle in-game position in relation to x and z axis into platform
sustained angled position (e.g. on a hill or a steep banked turn or flight sim during turn
inclination).
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3.6.1 BODY ROLL

This parameter allows for sustained body roll configuration (e.g. vehicle on a steep
banked turn). It is combined of input signal limitation, output filter and output limit.

Modifying settings has an instant effect on platform’s motion characteristic as
long as the changes are saved (right top tab in ACE window or keyboard shortcut
"CTRL+S").

3.6.2 INPUT LIMITATION

Input limitation options block adjusts telemetry data from the game/simulation before
it is translated into output data for the platform.

Input limitation

m (1) Type: none - no limitation.
Type: gain - more intense input with abrupt freeze at endpoint.
Type: exp - exponential increase or decrease of the input data.

m (2) Factor - overall signal gain, exponentially increases (or decreases) input data
from the game/simulation (visualized in "Illustrate"). Set to negative inverts the
input data.

m (3) Maximum value [deg]: limits the input data on a maximum available degree
angle (visualized in "Illustrate").

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
Input limitation block alters the original signal.

E Absolute - Roll In Limit - Qubic M...  — 0O X

56.2381 g g -0.7595
Q‘A A o
-56.2381 4000/15997 ms 4ms
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m (5) lllustrate - opens up a graph that shows how the Factor (blue line) and
Maximum value (red lines) limitation function modifies incoming data. Use Ctrl +
mouse scroll to zoom the view. Below are examples of Factor exponential
mcrease From the left: 015 0.35, 0 7,2.0 and MaX|mum value in degrees 20

‘ﬂ input imitation - Qubi X B Roll channel input limitation - Qubic Man... x [ﬂmu inel input limitation - Qubic Man. X ‘ﬂ input limitation - Qubic Man... X

Input: -26.108 -> Output: -3.867 Input: -17.570 -> Output: -5.963 Input: 27.258 > Output: 14832 Input: -28.079 -> Output: -19.855

m (6) Rest. - restores all parameters in the block from a previously saved file.

3.6.3 OUTPUT FILTER

Output filter block is just a filter that smooths out or sharpens the output data before
it is being processed by the next functional block.

Output filter

5000

O
OV
@\/@

m (1) Type - defines the type of the filtering function. Following options are available:
None (no output filter), Low-pass (recommended when smoothing is required).

m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:

T 1
+ ¥n-1 T =

Yn = dt+ 7 2nf

T
where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how Output
filter block alters the original signal.

m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).
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In order to better understand the output filter influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 2.0 Hz

B Output Travel Filter - Qubic Manager = o X

m Low-pass cutoff frequency - 1.0 Hz

B Output Travel Filter - Qubic Manager = o X

m Low-pass cutoff frequency - 0.3 Hz

[ B Output Travel Filter - Qubic Manager - o X

m Low-pass cutoff frequency - 0.1 Hz

[ IE1 Output Travel Filter - Qubic Manager - o X

3.6.4 umiT

Limit block works the same way as Input limitation block with two main differences:
m they are used on output data, NOT on input data;

m the maximum value is read automatically from the connected motion platform
and cannot be changed.

Limit
Type
Gain v
Factor ,
Partial Roll
2 [deg]

100

m (1) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential (more smooth output).




m (2) Factor - overall extent of the limitation on the output data.

m (3) % of maximum available degrees of sustained roll (software provides the maxi-
mum degree value automatically) - limits the output data on a maximum available
degree angle.

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (5) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output limit influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Exponential limit, factor 0.5, 100% of degrees

E1 Absolute - Rall Output Limit - Qubic Manager = o X

45.9999 -16.0384)
-13.2247)

49,9399 4000/15997 ms 4ms

m Exponential limit, factor 0.5, 50% of degrees

B 2bsolute - Roll Output Limit - Qubic Manager = [u] X

49.9999 0.1999
0.

259999 4000/15997 ms 4ms

m Gain limit, factor 0.5, 100% of degrees

E1 Absolute - Rall Output Limit - Qubic Manager = o X

49.9999 0.1321
0.1651

-49.9999 4000/15996 ms 4ms

m Gain limit, factor 2.0, 100% of degrees

B 2bsolute - Roll Output Limit - Qubic Manager = [u]

49.9999 0.071

49,9999 4000/15997 ms ams

3.6.5 BODY PITCH

This parameter allows for sustained body pitch configuration (e.g. vehicle on a steep
hill, plane diving). It is combined of input signal limitation, output filter and output
limit.

Modifying settings has an instant effect on platform’s motion characteristic as
long as the changes are saved (right top tab in ACE window or keyboard shortcut
"CTRL+S").
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3.6.6 INPUT LIMITATION

Input limitation options block adjusts telemetry data from the game/simulation before
it is translated into output data for the platform.

Input limitation

Logistic (Sigm...

m (1) Type: none - no limitation.
Type: gain - more intense input with abrupt freeze at endpoint.
Type: exp - exponential increase or decrease of the input data.

m (2) Factor - overall signal gain, exponentially increases input data from the game/sim-
ulation (visualized in "Illustrate"). Set to negative inverts the input data.

m (3) Maximum value [deg]: limits the input data on a maximum available degree
angle (visualized in "lllustrate").

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
Input limitation block alters the original signal.

] Absolute - Pitch In...  — o X

[0.0000 -2,2253
" "-0.7734
/—w—/\x

-3.4890 200/796 ms 4ms

m (5) lllustrate - opens up a graph that shows how the Factor (blue line) and
Maximum value (red lines) limitation function modifies incoming data. Use Ctrl +
mouse scroll to zoom the view. Below are examples of Factor increase. From the
left: exp 0.35, exp 0.8, exp 2.0, gain 2.0 and Maximum value in degrees = 15.
Bl itch channel input limitation - Qubic Ma...  — X | | B Pitch chamnel input imitation - Qubic Ma..  — X QubicMa..  — X input mitation - Qubic Ma..  —

Bl Pich chamel nput imitation - B pich chanmel x

m (6) Rest - restores all parameters in the block from a previously saved file.
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3.6.7 OUTPUT FILTER

Output filter block is just a filter that smooths out or sharpens the output data before
it is being processed by the next functional block.

Output filter

m (1) Type - defines the type of the filtering function. Following options are available:
None (no output filter), Low-pass (recommended when smoothing is required).

m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:

dt T 1

Xt Yl T T o

Yn =

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how Output
filter block alters the original signal.

m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output filter influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 4.0 Hz

B Absolute - Pitch Lowpass Filter - Qubic Manager

N N N

-15.1617 05015957 me. “ms

m Low-pass cutoff frequency - 1.0 Hz

EADH - Pitch Lowpass Filter - Qubic Manager

~A5. 1607 000/15957 ve. “vs
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m Low-pass cutoff frequency - 0.35 Hz

B 2bsolute - Pitch Lowpass Filter - Qubic Manager = [u]

15,1647 00015938 re. “me

m Low-pass cutoff frequency - 0.15 Hz

B rbsolute - Pitch Lowpass Filter - Qubic Manager = [u] X

~15.1647 A020/15957 ve. 4ms

3.6.8 LimiT

Limit block works the same way as Input limitation block with two main differences:

m they are used on output data, NOT on input data;

m the maximum value is read automatically from the connected motion platform
and cannot be changed.

Limit

m (1) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential (more smooth output).

m (2) Factor - overall extent of the limitation on the output data.

m (3) % of maximum available degrees of sustained pitch (software provides the
maximum degree value automatically) - limits the output data on a maximum
available degree angle.

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (5) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output limit influence on output signal, refer to illus-
trations below (blue is input data, green is output data):
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m Exponential limit, factor 0.3, 100% of degrees

B Absolute - Pitch Output Limit - Qubic Manager = [u] X

m Exponential limit, factor 1.0, 50% of degrees

&1 Absolute - Pitch Output Limit - Qubic Manager = o X

m Gain limit, factor 0.3, 100% of degrees

B Absolute - Pitch Output Limit - Qubic Manager - o X

m Gain limit, factor 1.0, 100% of degrees

B Absolute - Pitch Qutput Limit - Qubic Manager = ] X

3.7. DOF MIXER

This parameter allows for configuration of the substitution of a missing degree of free-
dom. If the motion platform lacks certain motion capability, it can be substituted with
a similar one to give the impression of that movement. All of the DoF mixer parameters
are independent of each other.

It is unnecessary to enable DoF mixer block on the platform that is already able to
generate certain degree of freedom - it will be redundant with the original (raw)
effect and will not affect the motion of the platform.
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It is possible to transform:

m Raw sway into Partial roll

m Raw yaw into Partial roll

m Raw surge into Partial pitch

m Raw heave into Partial pitch

m Road harshness into Partial pitch
m Road harshness into Partial surge

Output filter Limit Output filter Limit
Type Type Type Type
a Ga pas Ga
Raw Swat v y [Hz Partial Rol Raw Surge 7 Cutoff frequency [Hz Partial Pitch
m e m 1,0000 deg
deg 5000 g
[%] of : 9.55 [deg] [%] of: 6.10 [deg]
Output filter Limit Output filter Limit
Type Type Type Type
None Gai Not None
Raw Yaw Cutoff frequency [H Partial Rol Road Cutoff frequency [Hz Factor i
v Surge
[deg] [deg] harshness =
[%] of: 0.05 [m
Output filter Limit Output filter Limit
Type Type Type Type
pas: pas Logistic (Sigmo.
Raw Heave cy [Hz Partial Pitch cy [Hz Fac partial Pitch
v v et

deg]

610 [deg]

In order for the DoF mixer to work, the path of the Raw Effect must be activated and
adjusted. For example, for the "Raw yaw into Partial roll" effect to work, go to Vertical
acceleration and yaw rate tab, activate bottom "Yaw rate" effect (1) and adjust every
filter that generates calculations for "DoF mixer" Raw Yaw effect (2).

Input limitation o i
_ Angular velocity filter Angle filter
ype Highpass Highpass DoF

ogistic (Sigm Cutoff frequency [Hz] Cutoff frequency [Hz] mixer
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3.7.1 OUTPUT FILTER AND LIMIT
All parameters are combined of output filter and output limit block.

K Output filter Limit
None None

CritetE Fram amey [ actor . -
Road Cutoff frequency [Hz] aClC Partial Pitch

A

\k
A A

\arapn ar

bbb b

m (1) Type - defines the type of the filtering function. Following options are available:
None (no limitation) and Low-pass (recommended when smoothing is required).

m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:

Output filter block:

dt 4 T 1
= X—- _ ’7‘:
dt + 71 Yn-1 2 f

Yn

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

Limit block:

m (7) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential (more smooth output).

m (8) Factor - overall extent of the limitation on the output data.

m (9) % of maximum available interval in degrees (software provides the maximum
value automatically) - limits the output data on a maximum available movement.

m (5) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (6) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).
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Ensure that the demanded raw effect is enabled first, since it transmits input
data into the DoF mixer block. For example in order for the Road harshness into
partial pitch parameter to work, road harshness (from Enhancer menu) must be
activated and set correctly. Open the Output filter graph to check if the input
data is available (blue line).

In order to better understand the output filter influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 0.5 Hz

1 Mixer Sway to Roll - Output Filter - Qubic Manager = o X

m Low-pass cutoff frequency - 1.9 Hz

B3 Mixer Sway to Roll - Output Filter - Qubic Manager = [u] X

m Low-pass cutoff frequency - 3.0 Hz

IE Miser Sway to Roll - Output Filter - Qubic Manager = [u] X

In order to better understand the output limit influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Gain limit, factor 0.5, 100% of degrees

IE1 Mixer Sway to Roll - Output Limit - Qubic Manager = o X

m Gain limit, factor 1.0, 100% of degrees

& Mixer Sway to Roll - Output Limit - Qubic Manager

m Gain limit, factor 4.0, 100% of degrees

I Mixer Sway to Roll - Output Limit - Qubic Manager = o X
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m Exponential limit, factor 4.0, 100% of degrees

B Mixer Sway to Roll - Output Limit - Qubic Manager = [u] X

34520 05|
:‘ : -1.3667
314520 : 4000/15997 ms.

3.8. ENHANCER - ROAD HARSHNESS

This parameter allows for configuration of the road harshness into intermittent heave
action. In "Param set 1" it only applies to vehicles (for flight configuration e.g. landing
strip harshness - go to "Param set 2" in top right corner).

As opposed to Vertical acceleration it only communicates uneven texture of the road
(e.g. driving over patched tarmac, over a curb, grass) and will not heave the platform to
simulate change in vehicle’s weight (g-force).

Enhancer is an autonomous effect that can be configured with every other effect dis-
abled.

Modifying settings has an instant effect on platform’s motion characteristic as
long as the changes are saved (right top tab in ACE window or keyboard shortcut
"CTRL+S").

3.8.1 INPUT LIMITATION

Input limitation options block adjusts telemetry data from the game/simulation before
it is translated into output data for the platform.

Input limitation
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m (1) Type: none - no limitation.
Type: gain - more intense input with abrupt freeze at endpoint.
Type: exp - exponential increase or decrease of the input data.

m (2) Factor - overall signal gain, exponentially increases input data from the game/sim-
ulation (visualized in "Illustrate"). Set to negative inverts the input data.

m (3) Maximum value [m] - limits the input data to a specific number metres (0.XX
for centimeters) number (visualized in "lllustrate").

m (4) Graph - opens a pop-up with graph that plots left input (blue), right input (yel-
low), left output (green) and right output (orange) data of the block. When the
SIM is running in the background, you can see how Input limitation block alters
the original signal.

ﬂ Road Harshness - In Limit - Qubic Manager - (m] X
1.5069 -0.0030
0.0000
0.0063
0.0001

AL | AR O [t 41 ) l“!

f .' T e ity 1= “"]
|-1.5069 4000/15997 ms 4ms,

m (5) lllustrate - opens up a graph that shows how the Factor (blue line) and
Maximum value (red lines) limitation function modifies incoming data. Use Ctrl +
mouse scroll to zoom the view. Below are examples of Factor increase. From the

left: exp -0.15, exp -0.6, exp 0.5, gain 1.2 and Maximum value in meters = 0.05 m.

En x| Bmputimitay X || B nputimitaton - Qubic X || B inputimtaton - aubic

| Tk 0064-> Ouput: 009 Input: -0.061 -> Output: 0.031 | 1t 0071> Output: 0031 Input: -0.063 -> Output: -0.050

m (6) Rest. - restores all parameters in the block from a previously saved file.

3.8.2 HIGH-PASS FILTER

High-pass filter attenuates the low-frequency components and preserves the high-frequency
components. It acts as a gateway for the input data - lower cutoff frequency in high-pass
means that more detailed information is preserved for the next block. Higher cutoff fre-
quency means that only the more noticeable stronger input data comes through to the
next block and the details are reduced.
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Highpass filter*

O, O

Graph Restore saved

m (1) Cutoff frequency (Hz) - defines the cutoff frequency (Hz) for the high-pass filter.

m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green) of
the block. When the SIM is running in the background, you can see how High-pass
filter block alters the original signal.

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the high-pass filter on output signal, refer to illustrations
below (blue is input data, green is output data):

m Cutoff frequency - 0.2 Hz

| E Road Harshness - Highpass Filter - Qubic Manager - [m] X
0.0136 -0.0001
-0.0000
i ﬁ ﬂ 0.0000
a1 \',\/\,J\/\/\. R e Al NPT P WP f’\f\f\—_v.v VV"V(J o \.,"S,,__«,n. V.—»‘..__.W,ogogo
-0.0136 4000/15997 ms 4ms,
m Cutoff frequency - 0.8 Hz
| E Road Harshness - Highpass Filter - Qubic Manager - [m] X
|0-0228 -0.0003
-0.0003
-0.0005
o A o B Bt B s o e e PPV NN AN I SR Vf-—.#’,..“fw\vlsd\.- — A \ et 0,0004
-0.0226 4000/15997 ms 4ms,
m Cutoff frequency - 2.0 Hz
- [m] X

| E Road Harshness - Highpass Filter - Qubic Manager
|[00226

-0.0226 4000/15997 ms 4 ms|

3.8.3 OUTPUT FILTER

Output filter block is just a filter that smooths out or sharpens the output data before
it is being processed by the next functional block.
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Output filter

O~
@\ /@

Graph

m (1) Type - defines the type of the filtering function. Following options are available:
None (no output filter), Low-pass (recommended when smoothing is required).

m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:
dt T 1

Yo =X T T Ye1 T

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how Output
filter block alters the original signal.

m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output filter influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 4.0 Hz

| m Road Harshness - Lowpass Filter - Qubic Manager - (m] X
|0.0077 -0.0000
-0.0000)|
o P P NPT N S = S Y SN o N YN, W WP ..=-"0.0000
— — s - AR~ W G £ \\ f % ¥ WF = -0.0000
‘ -0.0077 4000/15997 ms 4ms

m Low-pass cutoff frequency - 1.0 Hz

| E Road Harshness - Lowpass Filter - Qubic Manager - a X
|0.0083 0.0001

‘ -0.0083 4000/15997 ms 4ms

m Low-pass cutoff frequency - 0.3 Hz

| m Road Harshness - Lowpass Filter - Qubic Manager - o X
0.0083 -0.0000,
-0.0000|
A oL e AN fooahd ﬁr; AAsa AT J\f\f\i& AL o A e e~ _-00001
TN 7 YUY YT VAV WY \,i"v“’\J N W R = ‘ -0.0000
-0.0083 4000/15986 ms 4 ms|
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3.8.4 umiT

Limit block works the same way as Input limitation block with two main differences:

m they are used on output data, NOT on input data;

m the maximum value is read automatically from the connected motion platform
and cannot be changed.

Limit

®/ Logistic (Sigmo..
Partia
racio Heave
1.0000 Left/Right
fe .05 [m

[m]

m (1) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential (more smooth output).

m (2) Factor - overall extent of the limitation on the output data.

m (3) % of maximum available interval in meters (software provides the maximum
degree value automatically) - limits the output data on a maximum available heave
movement.

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (5) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output limit influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Exponential limit, factor 0.3, 100%

E Road Harshness - Qutput Limit - Qubic Manager - O X

|l0.0035

|-0.0035
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m Exponential limit, factor 1.0, 100%

E Road Harshness - Qutput Limit - Qubic Manager - O X

m Exponential limit, factor 5.0, 100%

E Road Harshness - Qutput Limit - Qubic Manager - O X

m Gain limit, factor 10.0, 100%

E Road Harshness - Qutput Limit - Qubic Manager - O X

TIP

For Highpass filter general range of 0.1-20.0 Hz is advised. Filtering values act as
follows:

m if 0.1 > more travel and less dynamic
m if 20.0 - less travel and more dynamic

For Output Filter general range of 0.1-10.0 Hz is advised. Filtering values act as
follows:

m if 0.1 > less sharp and less travel
m if 10.0 - more sharp and more travel

These values serve as guidelines - the boundaries are sufficient for signal filtering, though exceed-
ing them is permissible.
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3.9. ENHANCER - SIDE SLIP INTO PARTIAL YAW AND SWAY

This parameter allows for configuration of side slip (oversteer grip loss) of the vehicle
translated into both yaw and sway movement. It is combined of input signal limitation,
rate limit, output filter and output limit.

Enhancer is an autonomous effect that can be configured with every other effect dis-
abled.

Modifying settings has an instant effect on platform’s motion characteristic as
long as the changes are saved (right top tab in ACE window or keyboard shortcut
"CTRL+S").

Before starting configuration on sideslip parameters - Roll to yaw Balance slider
must be set in QubicManager:

m For yaw configuration - set the Balance to -1

v Side Slip

Boost or reduce motion platform response to oversteer, traction loss
and side slip - it can be simulated by roll if yaw motion is not
available. Balance configures effect interpolation between yaw (-1)
and roll (1).

Gain 1.00 Sharpness 1.00 Balance -1.00

m For roll configuration - set the Balance to +1

Gain 1.00 Sharpness 1.00 Balance 1.00
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3.9.1 INPUT LIMITATION

Input limitation options block adjusts telemetry data from the game/simulation before
it is translated into output data for the platform.

Input limitation

m (1) Type: none - no limitation.
Type: gain - more intense input with abrupt freeze at endpoint.
Type: exp - exponential increase or decrease of the input data.

m (2) Factor - overall signal gain, exponentially increases input data from the game/sim-
ulation (visualized in "Illustrate"). Set to negative inverts the input data.

m (3) Maximum value [deg]: limits the input data on a maximum available degree
angle (visualized in "lllustrate").

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
Input limitation block alters the original signal.

1 sideslip Yaw - In Limit - Qubi... — m] X

| -30.0000 4000/15997 ms 4ms

m (5) lllustrate - opens up a graph that shows how the Factor (blue line) and
Maximum value (red lines) limitation function modifies incoming data. Use Ctrl +
mouse scroll to zoom the view. Below are examples of Factor increase. From the
left: exp -0.15, exp -0.45, exp 0.15, exp 1.0 and Maximum value in degrees = 30
B input imitation - Qubic Manager = X | B mput timitation - Qubic Manager = X | [ IB8 mput imitation - Qubic Manager - X Input imitation - Qubic Manager =

= [0

x

m (6) Rest - restores all parameters in the block from a previously saved file.
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3.9.2 RATE LIMIT
Rate limit configures the output velocity of platform movement during a side slip event
in degrees per second. The higher the value, the quicker is the platform’s movement.

Rate limit

O
O, O

-J_l;l._.'ll

m (1) Maximum rate (deg/s) - overall velocity gain of platform yaw and sway move-

ment.
m (2) Graph - opens a pop-up with graph that plots only the output (green) data of
the block.
o Sid_eslip _Roll_f Ma_ximum Rate - Qubic..  — m] X
I 0.0001
0.0001
- A
NS — ——
-4.4665 4000/15998 ms 4ms

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

3.9.3 OUTPUT FILTER

Output filter block is just a filter that smooths out or sharpens the output data before
it is being processed by the next functional block.

Output filter
Type
~h. Low pass

Cutoff frequency [Hz]
1,0000
-:l;[__."l

m (1) Type - defines the type of the filtering function. Following options are available:
None (no output filter), Low-pass (recommended when smoothing is required).
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m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:

_ dt n T 1
~Xat g7 Y

dt+ 7 2nf

Yn

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how Output
filter block alters the original signal.

m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output filter influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 0.2 Hz

I Sideslip Roll - Lowpass Filter - Qubic Manager - o X

m Low-pass cutoff frequency - 0.9 Hz

& sideslip Roll - Lowpass Filter - Qubic Manager = [u] X

m Low-pass cutoff frequency - 3.0 Hz

I sideslip Roll - Lowpass Filter - Qubic Manager = o X

m Low-pass cutoff frequency - 10.0 Hz

& Sideslip Roll - Lowpass Filter - Qubic Manager - o X

3.9.4 umiT

Limit block works the same way as Input limitation block with two main differences:

m they are used on output data, NOT on input data;
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m the maximum value is read automatically from the connected motion platform
and cannot be changed.

Limit

Partial Yaw

m (1) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential (more smooth output).

m (2) Factor - overall extent of the limitation on the output data.

m (3) % of maximum available degrees of yaw (software provides the maximum de-
gree value automatically) - limits the output data on a maximum available degree
angle.

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (5) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output limit influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Exponential limit, factor 0.3, 100% of degrees

E Sideslip Roll - Output Limit - Qubic Manager - [u] X
s

- e
~—F ~ &« = 7

|40 400015938 ve “ms

m Exponential limit, factor 1.0, 50% of degrees

E Sideslip Roll - Output Limit - Qubic Manager - [w] X

8434 0015957 ve. “me
m Exponential limit, factor 3.0, 100% of degrees

IE Sideslip Roll - Output Limit - Qubic Manager 7 - u] X

‘ —= S —~ — AV

|40 400015957 Te “ms
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m Exponential limit, factor 6.0, 100% of degrees

E Sideslip Roll - Output Limit - Qubic Manager - [w] X

s Qo
aove
243085 400015937 me “ms

Ensure that the settings are balanced correctly and not set too high - the effect
will become unpleasant for the user and the sideslip configuration can activate
platform’s movement even before the in-game vehicle looses traction, which will
be misleading.

3.9.5 PIvOT POINT

Pivot point configuration allows for moving the static point forward and modifying the
movement geometry characteristic. This setting must be matched precisely into differ-
ent motion platforms since they are constructed differently.

Pivot point

m (1) Forward offset (m) - distance of center pivot point shift forward in meters.

m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
the pivot point setting alters the original signal.

I sideslip - Partial 5. — m] X

0.9637

1-0.9637 4000/15998 ms 4 ms

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).
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Setting it to zero will cause the platform to rotate around its center point. In order for
the platform to swing its front - set it forward for the platform to swing its back to feel
more realistic oversteer.

3.9.6 SIDESLIP INTO PARTIAL ROLL

Input limitation - ) ) ) .
Rate limit Highpass filter Output filter Limit

ype

te [deg/s] Cutoff frequency [Hz] Type Type

ogistic (Sigm...

0,0000 Low pass ogistic (Sigmo...

Cutoff frequency [Hz] Factol Partial Ro

5.0000 1,0000 [deg]

Graph lllustrate

This parameter allows for configuration of side slip (oversteer grip loss) of the vehicle
translated into partial roll movement (independent of the yaw and sway). It is com-
bined of input signal limitation, rate limit, output filter and output limit (no pivot point
setting).

It is configured the same way as the Sideslip into yaw and sway - refer to the previous
section for details.

Enhancer is an autonomous effect that can be configured with every other effect dis-
abled.
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TIP

For Angle Rate Limit a maximum value is generally a better choice - 100 deg/s.
For the Output Filter general range of 0.1-10.0 Hz is advised. Filtering values act
as follows:

m if 0.1 > less sharp and less travel
m if 10.0 - more sharp and more travel

These values serve as guidelines - the boundaries are sufficient for signal filtering, though exceed-
ing them is permissible.

3.10. UNDERSTEER

This parameter allows for configuration of understeer grip loss (front wheels) of the
vehicle translated into both yaw, sway and roll movement. It is combined of low-pass
filters, rate limit, output filters and output limits.

Mathematical formula for Understeer is:

Understeer = front_wheel_steering_handle — arctan (wheel_base ' yaw_rate)

forward_speed

SWAY

Yaw rate, then combined with speed parameter meets with Front wheels angle and al-
lows to configure combined output signal in Rate limit. Then it is filtered and limited
into Yaw and Sway movement. Same output from Rate limit then is filtered and limited
into Roll movement and works independently.
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Lowpass filter Rate limit Output filter Limit

1 J
v
4. 7.10
1 Pivot point
3 offset (m]
i ard offs
Partial S
[m]
Lowpass filter Lowpass filter Output filter Limit
LsD toff f z
..... * J
[ F
v
= o

Wheel
base

Before starting configuration on understeer parameters - Roll to yaw Balance
slider must be set in QubicManager:

m For yaw configuration - set the Balance to -1

v Side Slip

Boost or reduce motion platform response to oversteer, traction loss
and side slip - it can be simulated by roll if yaw motion is not
available. Balance configures effect interpolation between yaw (-1)
and roll (1).

Gain 1.00 Sharpness 1.00 Balance -1.00

m For roll configuration - set the Balance to +1

o

Gain 1.00 Sharpness 1.00 Balance 1

3.10.1 YAW RATE, SPEED, AND FRONT WHEELS ANGLE

Low-pass filter blocks for Yaw rate, Speed, and Front wheels angle allow for filtering
configuration of the input data. The Yaw rate influenced by understeer input data from
game/simulation is then combined with speed and is filtered again. Front wheels angle
is filtered as well and then combined with the prior mentioned.

69



ACE

LSD stands for "Low speed dampening".

Low-pass filter is recommended for smoothing the output data. Opening the graph
shows the difference between input data (blue) and output data (green).

Lowpass filter

Cutoff frequency [Hz]
ONE
-’:[;L_.'ll

m (1) Cutoff frequency (Hz) - defines the cutoff frequency (Hz) for the low-pass filter.
It implements the following formula:

T
Yn + Yn-1 y T =
T

:th—|—7' 2rf

where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green) of
the block. When the SIM is running in the background, you can see how Low-pass
filter block alters the original signal.

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the input low-pass filter influence on output data, refer
to illustrations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 1.0 Hz

E1 Actual Turning Curve - Lowpass Filter - Qubic Manager = o X

[

e
1]

N ;
-

<03 1E024ms 4me

a.4179

m Low-pass cutoff frequency - 0.3 Hz

B Actual Turning Curve - Lowpass Filter - Qubic Manager = o X

[T €.9837
14725

e e
W

[4m 400317950 s “4ms
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m Low-pass cutoff frequency - 0.1 Hz

B Actual Turning Curve - Lowpass Filter - Qubic Manager = o X

e

%m

T ——— "

|41 4003 17957 s 4mws.

3.10.2 RATE LIMIT

Rate limit configures the output velocity of platform movement during an understeer
event in degrees per second. The higher the value, the quicker is the platform’s move-
ment.

Rate limit

:I';L_.'ll

m (1) Maximum rate (deg/s) - overall velocity gain of platform yaw, sway and roll
movement.

m (2) Graph - opens a pop-up with graph that plots only the output (green) data of
the block.

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

3.10.3 UNDERSTEER INTO YAW AND SWAY - OUTPUT LOW-PASS FILTER

Output filter block is just a filter that smooths out or sharpens the output data before
it is being processed by the next functional block.

Output filter
Type
~h. Low pass

Cutoff frequency [Hz]
1,0000
-’:l;l._;ll

m (1) Type - defines the type of the filtering function. Following options are available:
None (no output filter), Low-pass (recommended when smoothing is required).

m (2) Cutoff frequency (Hz) - defines the cutoff frequency for the Low-pass filter. It
implements the following formula:

dt 4 T 1
= X—— _ 77’:
Yn dt + 7 yn Yat+ 7 2rf
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where dt is interval between calls, usually 0.004 [s], f is cutoff frequency, x is input
andy is output.

m (3) Graph - opens a pop-up with graph that plots input (blue) and output (green)
of the block. When the SIM is running in the background, you can see how Output
filter block alters the original signal.

m (4) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output filter influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Low-pass cutoff frequency - 3.0 Hz

| B understeer - Yaw Output Filter - Qubic Manager — o X

a7mm <.0%05
.00

m Low-pass cutoff frequency - 0.9 Hz

| B understeer - Yaw Output Filter - Qubic Manager — o X

nnm 6068
1.0873

m Low-pass cutoff frequency - 0.15 Hz

| B Understeer - Yaw Output Filter - Qubic Manager — a

amm €.0060

3.10.4 UNDERSTEER INTO YAW AND SWAY - LIMIT
Limit block works the same way as Input limitation block with two main differences:

m they are used on output data, NOT on input data;

m the maximum value is read automatically from the connected motion platform
and cannot be changed.

Limit

@\ Logistic )
@\ — Partial Yaw
@\ b -
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m (1) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential (more smooth output).

m (2) Factor - overall extent of the limitation on the output data.

m (3) % of maximum available degrees of yaw (software provides the maximum de-
gree value automatically) - limits the output data on a maximum available degree
angle.

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (5) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

In order to better understand the output limit influence on output signal, refer to illus-
trations below (blue is input data, green is output data):

m Exponential limit, factor 0.15, 80% of degrees

I Understeer - Yaw Output Limit - Qubic Manager — o 4

m Exponential limit, factor 3.0, 80% of degrees

| 1 Understeer - Yaw Output Limit - Qubic Manager - o X

m Gain limit, factor 0.5, 80% of degrees

& Understeer - Yaw Output Limit - Qubic Manager - o X

m Gain limit, factor 3.0, 80% of degrees

G Understeer - Yaw Output Limit - Qubic Manager = a X

(Bhe) Fout [deg) = 0 5100
(Grwen) Dhitrast [rleg] = 15901
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Ensure that the settings are balanced correctly and not set too high - the effect
will become unpleasant for the user and the understeer configuration can acti-
vate platform’s movement even before the in-game vehicle looses traction, which

will be misleading.

3.10.5 PIvOT POINT
Pivot point configuration allows for moving the static point forward and extending the
simulation of oversteer. Also it must match every motion platform’s dimensions since

they are build differently.

Pivot point

o

m (1) Forward offset (m) - distance of center pivot point shift forward in meters (for
backwards pivot point - set it to negative value).

m (2) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
the pivot point setting alters the original signal.

[l understeer - Partial.. — O X

N
v \/ \ I '

-9.8000 4000/15996 ms

—_—

4 ms||

m (3) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).
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Leaving it at zero will cause the platform to rotate around its center point. Set it back-
wards for the platform to swing its front to feel more realistic understeer.

— 7

— v

3.10.6 UNDERSTEER INTO ROLL

Partial roll action is generated the same way, as the yaw and sway action, only without

the pivot point configuration. Refer to the section before the previous one for detailed
information.
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311. MULTIPLEXER

Limit Limit
Logistic (Sigmo.. Logistic (Sigmo
Partial actor Partial actor
Cui I_r s Facto Surge :\'(:)'"" s Facto! Pitch
- ngf“ 1,0000 [m) Hﬂ? 1,0000 [deg]
Graph S Graph [%] of: 6.10 [deg]
10 00
Limit Limit
Logistic (Sigmo. Logistic (Sigmo.
Partial actor Partial actor
a 5 i Sy Rolls b i -
{m] 1,0000 [m] (e 1,0000 [deg]
Graph [%] of: NJA Graph [%] of: 9.55 [deg]
100,0000 1 00
Limit Limit
Logistic (Sigm
#a;t\a\ 5 Factor Heave #\Zm?‘ s Yaw
[ 1,0000 [m] \dewgd 1,0000 deg]
Graph %] of: 0.08 [m] Graph [%] of: 710 [deg]

100,0000 100,0000

This parameter allows for boosting or decreasing all of the existing degrees of freedom
separately, without the interference with already perfected settings.

It is combined of independently configured surge, sway, heave, pitch, roll and yaw. All
of which are enhanced/decreased via exponential limit factor or gain limit factor and
restricted via specifying a percentage of available degrees of movement.

Limit

Logistic (Sigmo... <+ @
Partial Factor
Rolls z AM
1,0000
sraph [%] of: 9.55 [dedq] 4/@

m (1) Sigma graph - opens a pop-up with graph that plots inputs from all available
degrees of freedom in the platform (colors are described in the illustration below).
When the SIM is running in the background, you can see how the input signal draws
the line on the graph.
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& Roll - Sumator - Qubic Manager - O X

14.4467 0.0000
0.0000
-0.3553
0.0000
0.0000
0.0000

-14.4467 4000/15997 ms 4ms

m (2) Type - defines the type of the limiting function. Following options are available:
None (no limitation), Gain (more intense output with abrupt freeze at endpoints)
and Exponential enables

m (2) Factor - overall extent of the limitation on the output data.

m (3) % of maximum available angle degree (software provides the maximum degree
value automatically) - limits the output data on a maximum available movement.

m (4) Graph - opens a pop-up with graph that plots input (blue) and output (green)
data of the block. When the SIM is running in the background, you can see how
output limitation block alters the original signal.

m (5) Restore saved - resets all parameters in the block to values stored in the file
(recently saved).

3.11.1 EXAMPLE OF USE - PARTIAL ROLLS INTO ROLL

Since all of mentioned parameters are adjusted in an identical way - body roll will serve
asan example. In order to better understand the output limit influence on output signal,
refer to illustrations below (blue is input data, green is output data):

m Exponential limit, factor 1.5, 100% of degrees

E Roll - Output Limit - Qubic Manager

N T N N\

149726 00015957 e “ms

m Exponential limit, factor 1.5, 35% of degrees

| E Roll - Output Limit - Qubic Manager = o X
1 Se1|

":5 \wf \\wm_h_/f 57“

m Exponential limit, factor 0.5, 100% of degrees

E Roll - Output Limit - Qubic Manager

S N AA =

14,7058 00015957 ve. sms
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m Gain limit, factor 0.5, 100% of degrees

(ﬂ Roll - Output Limit - Qubic Manager o X

m Gain limit, factor 1.5, 100% of degrees

I Roll - Output Limit - Qubic Manager - o X

m Type: none

ﬂ Roll - Output Limit - Qubic Manager - [u] X

312. OPTIONS
All global options can be found in the Options tab.

All changes must be saved in order for them to take effect.

Lateral Longitudinal Vertical Bod (@ Param set #1
ion and ion and ion and roll an dy itch DoF mixer Enhancer Understeer Multiplexer Options
roll rate pitch rate yaw rate Lo O Param set #2

nsformations

a
8

i

T1: Enable linear accelerations transformations.

=
=l

as

atrix (by point of sense) after transforming acceleration forces

| V1: Enable anguiar velocity transformation matrix

o

G correction base on actual top frame's position

‘7‘ GT: Enable G corrections.

D G2: Input linear accelerations do NOT contain gravity componer

Misc.

|/ Highpass filters use only fresh data

3.12.1 T1: ENABLE LINEAR ACCELERATIONS TRANSFORMATIONS

When this option is enabled, the input linear accelerations vector is transformed by the
current top frame orientation - roll, pitch and yaw output from previous ACE run.

az =R -a

Rq is rotation matrix generated from the most recent top table roll, pitch and yaw. a,
is a vector containing input linear accelerations. a; is a vector containing transformed
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linear accelerations that is going to be used for further processing.

rh Tro T3 0

Alongitudinal ry s 16 0

ax = Qlateral JR1 = re g 19 0
Qyertical 0 0 0 1

3.12.2 T2/T3: TRANSLATE ACCELERATION MATRIX BY POINT OF SENSE
Both T2 and T3 have to be turned on to enable point of sense shift for liner accelerations.

3.12.3 v1i: ENABLE ANGULAR VELOCITY TRANSFORMATION

When this option is enabled, the input angular velocities vector is transformed by the
current top frame orientation - roll and pitch (yaw is not used here) output from previ-
ous ACE run.

wo = R2 W1

R, is rotation matrix generated from the most recent top table roll and pitch. wq is a
vector containing input angular velocities. w, is a vector containing transformed linear
accelerations that is going to be used for further processing.

1 sin(roll)tan(pitch) cos(roll)tan(pitch) 0

Qlongitudinal 0 COS(’I"O”) —S’in(?“Oll) 0

ay = Qlateral ,Rop = 0 sin(roll) cos(roll) 0
Qyertical cos(pitch) cos(pitch)

0 0 0 1

3.12.4 v2/v3: TRANSLATE ANGULAR VELOCITY TRANSFORMATION MATRIX BY
POINT OF SENSE
Both V2 and V3 have to be turned on to enable point of sense shift for angular velocities.

3.12.5 G1: ENABLE G CORRECTION

When this option is enabled, the gravity vector is subtracted from the linear accelera-
tions vector (calculated by T1). The gravity vector is being calculated using current top
frame orientation - roll and pitch output from previous ACE run.

ag = a2 — g1

g, is gravity vector generated from the most recent top table roll and pitch. a; is a vector
containing linear accelerations, transformed by T1 if it was enabled. a5 is a vector con-
taining transformed linear accelerations that is going to be used for further processing.

9.81@25in(pitch)
Qlongitudinal m S
ay = Qlateral ,g1 = |9.81—sin(roll)cos(pitch)

Quertical 9.81—2005(roll)cos(pitch)
s
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Using G correction is OPTIONAL and decision if this option should be enabled
depends on end user preferences.

3.12.6 G2: INPUT LINEAR ACCELERATIONS DOES NOT CONTAIN GRAVITY
COMPONENT

If G1is enabled and top table roll and pitch are close to 0 (zero), the g; vector equals

to:
0

0

m
9.81—
52

g1 =

It is perfectly fine if input linear accelerations contains gravity component. Otherwise
top frame and motion cues are shifted in space. G2 option helps to compensate it but
removing this 1[g] constant from the gravity correction vector g;.

azg = a2 — g1+ 82

Where:
9.81@28in(pitch) 0
QAlongitudinal m S
ay = Qlateral ,g1 = |9.81—sin(roll)cos(pitch) | , gz = Om
Gvertical 9.81— cos(roll)cos(pitch) 9'81?
s

3.12.7 HIGHPASS FILTERS USE ONLY FRESH DATA

When this option is enabled, highpass filter will use input data directly from the game/sim-
ulation, instead of ForceSeat (which is transmitted at several times higher frequency).
That will result in a smoother platform operation (for flight simulations mainly).
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4. APPENDIXES
4. VISUAL STUDIO CODE AS MOTION SCRIPT EDITOR

This short tutorial shows how to use Visual Studio Code to edit motion scripts associ-
ated with profiles in the ForceSeatPM. Using Visual Studio Code enables code comple-
tion (IntelliSense), syntax highlighting and contextual help. It allows also to browse API
classes and functions directly from the editor.

This tool is NOT REQUIRED to use ACE Editor. It is useful only in cases when motion
script needs to be enhanced or heavily modified.

4.1.1 INSTALLATION AND CONFIGURATION

Download and install Visual Studio Code: https://code.visualstudio.com/. Next
start the program, go to File, Preferences, Extensions and install C/C++ extension.

Wait until the extension and all dependencies are installed and then close the program.
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4.1.2 USAGE
Clone the selected profile, e.g. SDK - Vehicle Telemetry:

m disable Shallow copy

m enable Activate new profile

m enable Open editor for new profile
m enable Clone scripts

Y | Profile Cloning X

Please enter profile name:
SDK - Vehicle Telemetry ACE
Shallow copy
+ Activate new profile
[¥) Open editor for new profile
+ Clone scripts

Create shallow copy if you only want to adjust tunes
(99% cases). If shallow copy is used, the cloned profile
will be automatically updated when base profile is
updated, e.g. during new software installation.

If you want a future software update to not affect your
profile, uncheck the shallow copy option to create a full,
independent copy.

OK Cancel

In Profile Editor go to Motion Scripts tab and find a script that matches your motion
platform:

m Select Acceleration profile (1): Auto, Rapid, Balanced, Smoothest. It regulates how
fast will the motion platform perform.

m Set Maximum speed of the motion platform (2) to any value - machine will not
exceed that speed at any point.

m Press Run button (3) next to the script to verify that the script works correctly and
there are no errors in the the output console.
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Profile SDK - Vehicle Telemetry ACE_clone

( : ) Input plugin: ForceSeatMIPlugin_ACE v Diagnostic Configure
Acc.Profile: Auto v

Maximum speed:

fon type:  Script (C++) 2

Mapping Motion Scripts Other

Scripts system uses small .cpp programs to transform data from games into motion platform
movements. There can a script that works with ‘Any* platform or list of scripts dedicated to specific
platform families (e.g 3DoF, 6DoF). The program will choose the most suitable script from the list
below.

Device C1:  Any ~
Device C2:

w

Script file: \ForceSeatPM\Scripts\SDK_-_Vehic] CE_clone-Any-Any.cpp .. X

Learn more View = Run  ACE  Code

E Script Console - Qubic Manager - o X

Executing: C:
\Users\mvo\Documents\MotionSystems\ForceSeatPM\Scripts\SDK_-
_Vehicle_Telemetry ACE_clone-Any-Any.cpp

Took (first,avg,min,max) 250219us 35us 21lus 7lus
ScriptRunner: Message sent to kinematic engine
C1: Roll rad: @

C1: Pitch rad: @

Cl: Yaw rad: @

C1l: Heave mm: @

C1: Sway mm: ©

Cl: Surge mm: @

C2: Roll rad: @

C2: Pitch rad: @

C2: Yaw rad: @

C2: Heave mm: @

C2: Sway mm: @

C2: Surge mm: @

Max Speed: 8191

Save & Close Save Discard

m Click Code (4) to open the script in Visual Studio Code/

At this point there are two scenarios:

m If you are editing the script when the game is running in the background and you
plan to switch (Alt+Tab) to the game to check your changes (e.g. changed filter pa-
rameters) - you can close the Profile Editor. ForceSeatPM will detect any changes
made to the script and reload it. If there is any syntax error in the script, details
will be displayed in Action Center.

m If you are editing the script without the game running in the background or you
want to check the script manually and see results in the output console, then don’t
close the Profile Editor - you will be clicking Run button later.
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Code completion and context help can be used normally during script development. All
headers (with embedded comments/documentation) that define scripts API are located
in:

C:\Program Files (x86)\MotionSystems\ForceSeatPM\ScriptsAPI

You can browse them from Visual Studio Code.

When you finish making changes to the script, save it and then go to Profile Editor and
click Run (or switch to the game). If there is any error, it will be displayed in Action
Center or in output console (if you clicked Run button).

E Script Console - Qubic Manager

Took (first,avg,min,max) @us @us @Gus Ous

Script Engine:: SDK_-_Vehicle_Telemetry_Work-Any.cpp, Error: C:
SDK_-_Vehicle_Telemetry_Work-Any.cpp(92,31):

error: too few arguments to function call, single argument 'x' was not specified

B N P N P T
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4.2. LIST OF KEYBOARD HOTKEYS

Current list of keyboard hotkeys is always displayed in the ForceSeatPM in Software
Configuration. Go to Tools and Diagnostic, Software Configuration and then Keyboard
Hotkeys tab. It is not possible to change keys binding, it is possible only to disable all

hotkeys if they interfere with other applications.

:! [ Joystick & Keyboard Monitor Configuration ?2 _0OX I
g Lok
Predefined keyboard hotkeys Comgtel
Jo
¥ Enable global keyboard hotkeys snang
i :Zf“s:ck :uuons
Motion Platform: Toggle pause mode Scroll Lock s
Joystick Gear
Motion Platform: Toggle pause mode Win + Shift + Esc B cecton
Motion Platform: Toggle parked position ~ Win + Shift + A g Kevbosra
Hotkeys
Motion Platform: Toggle center position  Win + Shift + L
o Favorte
Motion Compensation: On/Off Win + Shift + U " Quick Tunes
Motion Compensation: On/Off Shift + Scroll Lock
VR HeadWay: Map coordinate system Win + Shift + O
App: Open Input Diagnostic Win + Shift +1
App: Edit current profile Win + Shift + E
App: Open Platform Diagnostic Win + Shift + D
App: Bring main window to front Win + Shift + F
App: Freeze all graphs Win + Shift + H

OK

Software Configuration
Joystick & Keyboard Monitor
Games Integration

Community Profiles

Motion Compensation (VR/ScreenWay)
ScreenWay Overy
Tactile Audio edback Configuration
Tactile Audio Based Feedback Diagnostic
oard Window

&DIY Configuration

ACE Editor

Kinematics Diagn
Wheels Effects Diagno:

Aircraft Effects Diagnostic

Script Debug Graphs

VR Debug Graphs

Tools and
Diagnostic

Gami
Integration

Action
Center

Community
Profiles

o
Exit
program
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