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Agenda

Nr. Datum Inhalt
1 19.03. Introduction Vehicle dynamics
2 26.03 Practical Training Vehicle Dynamics Simulation and Evaluation
3 09.04. Test and evaluation methods for vehicle attributes with practical simulation
4 16.04. Chassis components and functions with practical simulation
5 30.04. Basic vehicle dynamics calculation and vehicle models
6 18.06 Track Day
7 25.06. ESP—Functions & Application & Process
8 02.07. ESP—-Application & Hands-On Workshop
9 09.07. Project Day
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Introduction Vehicle dynamics

Major issue for customer values are the global vehicle attributes
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Introduction Vehicle dynamics
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Introduction Vehicle dynamics

“Driver — Vehicle — Environment” — a closed loop!

—_— e, )
N - DA 46: Vehicle
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Introduction Vehicle dynamics

“Driver — Vehicle — Environment” — a closed loop!

Primary Secondary
* Navigation
* Route selection

* Route correction

Course control

Speed control

Tertiary

* Phone call
* Multimedia

Predictability — Effortless — Safety Feeling — Fun to Drive
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Introduction Vehicle dynamics

Open and Closed Loop Principle

CLOSED LOOP Principle

Driver Tasks Vehicle Response

>@® DRIVER VEHICLE >T

t

A\

L/f/\/\ OPEN LOOP Principle

Steering Input i Vehicle Response
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Introduction Vehicle dynamics

Transfer to everyday situations in closed loop

Vehicle Longitudinal control Vehicle Lateral control

Typical  Following driving. « Corning driving.
ypica * Free travel. « Lane change maneuver.
maneuver * Brake maneuver. » Turn-off maneuver.
: : .  curvature of the vehicle trajectory.
Control DISEEE (el g Mg, 97 E)  Lateral deviation of the target curve
: » Speed (free travel).

variable : * Yaw error

» Acc-/Deceleration. . Lateral distance
Actuating
variable
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Introduction Vehicle dynamics

Cognitive hierarchy model based on Rasmussen

Three-Level-Model of vehicle control Target oriented behavior of the human
(Edmund Donges, 1976) (Jens Rasmussen, 1983)

Navigation Level
Possible routes

"' Knowledge base behavior

Selected routes
chronological sequence.

"Area safe command variables

-

Performance indicators, target tracking, target
speed

Control based behavior

Stabilization Level

Dynamical vehicle reaction.

Actual track, actual speed.
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Discretization

Minutes up to hours

(before drive or during driving
interupts)

1s up to 10s

Smaller as 1s

(often assumed as continuously)




Introduction Vehicle dynamics

Vehicle dynamics behavior remains very important in all driving modes

and situations Vertical Motion

v o ] 4

Longitudinal Motion
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Introduction Vehicle dynamics

What is vehicle dynamics? It describes the full vehicle motion dynamics.

Lateral Dynamics

e Stationary behavior
* Transient behavior
* Steering behavior

Longitudinal Dynamics * Body movement
* Driving Resistance * Primary Ride
* Acceleration behavior * Secondary Ride
* Braking behavior * Body acceleration
* Harshness
e Vibration

e Wheel Load Oscillation
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Introduction Vehicle dynamics

Main vehicle dynamics behavior and attributes

Longitudinal Dynamics: Drivability Behavior

Descriptions the longitudinal vehicle behavior and performance which results due to driver control input of
acceleration, speed and shifting.

Lateral Dynamics: Handling and Agility Behavior

',’; Descriptions of the way vehicles perform transverse to their direction of motion, particularly during
cornering and swerving. It also includes their stability when moving in steady state as well as in transient

- n

conditions. Vehicle dynamics are one major component of a vehicle's "active" safety.

.....

Vertical Dynamics: Ride & Comfort Behavior

- Descriptions annoying driver or passenger impact dynamic due to driver effort, road excitation and vehicle
== vibrations, which negative influence the work load, effort, comfort feeling and healthiness.
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Introduction Vehicle dynamics

The vehicle motion dynamics is a result of external forces & moments
and leads to internal forces & moments!
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Introduction Vehicle dynamics

Tire lateral characteristics: side slip behavior

Source: Subaru
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Introduction Vehicle dynamics

Tire lateral characteristics: side slip behavior
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Introduction Vehicle dynamics

Combined tire characteristics: dynamic load distribution

Vertical Load Frc W.z: 2000 N .. 6000 N, mu; 1.00
75007
: /'\\ ide Slip Stiffness
5000 —TN
—
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| \
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-30 -20 -10 0 10 .20 0
Side Slip Angle [deg]3
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SLR

Sy

A drive living

Coulombsche Friction Rule, but u for
tire & road are strongly non-linear

Fpr <u *F,

o= ar= const.

Dynamic wheel load and side force
demand at one axle.

- Total side forces are reduced

'PZL +P2R

T

Kurveninnenseite Kurvenaulenseite

Vehicle Dynamics Rule No. 1:

Avoid wheel load variation

Pz ro £PzLR
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Introduction Vehicle dynamics

Tire lateral characteristics: side slip behavior

Description the change in the 3D wheel position which
occur due to suspension compression, rebound and by
steering movements.

e.g. compression S,

[ ] [ ] [ ] V =
Compliance (elastokinematic)
Bushing

Description the change in the 3D wheel position, which
occur due to the forces and torgues on the wheel / tire @\&

under targeted elastic interpretation of suspension e il -
Yy
parts.

e.g. compliance under side forces
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Introduction Vehicle dynamics

The suspension has the task of making the tire work.

Vehicle Dynamics Rule No. 2:

Produce a harmonic foot print
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Introduction Vehicle dynamics

Vehicle dynamics behavior is impact by humerous components

Masses
Dimension
Inertia
Stiffness

Vehicle area
Coefficients
Wings, under-floor

Brake Control (ESC)
Steering Control

Axle Suspension Control
Spring Drivetrain Control
Damper Engine Control
Stabilizer

Bushing

) , Brake System

Actuation

Steering System

Rack Hydraulic

Column e Caliber
Wheel P train Svst e Disk

; owertrain System
Power Unit e Valves

- Engine
Tires & Wheels s Clutch
' ' Transmission
o Tire iveli
Driveline

Wheel
TPMS
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Introduction Vehicle dynamics

What is a test?

Ein Test ist ein Versuch, mit dem Sicherheit daruber gewonnen werden soll, ob ein
technischer Apparat oder ein Vorgang innerhalb der geplanten Rahmenbedingungen

funktioniert beziehungsweise ob bestimmte Eigenschaften vorliegen.

Nachbildung des realen Einsatzes im Fahrversuch, Prifstand oder Simulation.

Im Allgemeinen kein Beweis! Nicht absolut glltig sondern stellt ,nur” eine Naherung dar.

20/09.06.20 A drive ivinglab Kempten University of Applied Sciences


http://www.sptimes.com/News/webspecials/firestone/graphics/deadly-combosig-1.jpg

JO’"IB. Kenne --.j""‘ orts -

"LOOKING FOR TROUBLE" =35
- BEFORE IT LOOKS FOR
YOU, IS ANOTHER BIG JOB

IN THIS ONE INDUSTRY j




Vehicle dynamics attributes and their target conflicts

Testing and evaluation methods

Driving Tests with subjective evaluation of vehicle behaviour = ,,Closed Loop*

Driving Tests with subjective evaluation of vehicle behaviour - ,,Open Loop*

(

Driving Tests with measurement & analysis of vehicle response = ,,Closed Loop*

Driving Tests with measurement & analysis of vehicle response = ,,Open Loop*

Simulation & analysis of vehicle response = ,,Closed Loop”

Simulation and analysis of vehicle response - ,,Open Loop*“
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Vehicle dynamics attributes and their target conflicts

Subjective Language

Subjective evaluation

Subjective evaluation
criteria in a rating system

Center Point Feeling
Force Feedback

Road Surface Contact
Roll Behaviour

Spring / Damper Balance
Steering Effort

Customer Wishes

Objective Language

Objective
measurement data

Characteristic values for
vehicle behavior

Yaw Gain
Understeer Gradient
Roll Stiffness
Frequency Response
Maximum Force
Linearity

Correlation and linkage between both languages are important

23/09.06.20
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Vehicle dynamics attributes and their target conflicts

KPIl and target matrix within a consistent development process

Criteria Veh1l Veh?2
= oo EESEEERIE T Brand specific
a2 | [as| | . || >36580
= ~ B
R
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Vehicle dynamics attributes and their target conflicts

Subjective Customer Level

Subjective Expert Level

Objective Level
Linkage Subjective & Objective
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Vehicle dynamics attributes and their target conflicts

Subjective Customer Level

Subjective Expert Level

w

o Rl |

o |- K
w

Objective Level
Linkage Subjective & Objective
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Vehicle dynamics attributes and their target conflicts

Continuous attribute validation during the development

o

e eia *-———— - - a—————— <«-----—===- - -
Target Definition Validation
Simulation Studies ——— ,’/ N e
5 = / . = -
- @ Vehicle v ,; \7 Vehicle test =
/ =1l I'V D @y
4 | &
/ % =
, E
@ Model-in-the-Loop S S em-in-the-Loop ~
} @ Sub-system v V Test bed
by 5 g Vs
Software-in-the-Loop /
- @ Component ’av HIL test @ S |
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Vehicle dynamics attributes and their target conflicts

What is the difference between verification and validation?

Verification = Have we done the things right?

mp Fulfillment of specification without errors. *i(

Validation = Have we done the right things?

D) N

mp |s the customer happy with the driving behavior of the car?
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Vehicle dynamics attributes and their target conflicts

KPI’s as an enabler for simulation use, efficient development & comparison

Model-in-the-Loop Hardware-in-the- Driving Cube Public Road Test

! Proving Ground Test .
Software-in-Loop Powertrain Test Bed (Test Field)

Objective Objective Objective Objective Objective
Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's
Expected Result Expected Result Expected Result Expected Result Expected Result
(passed/failed) (passed/failed) (passed/failed) (passed/failed) (passed/failed)

29/09.06.20 A drive ivinglasb Kempten University of Applied Sciences



Vehicle dynamics attributes and their target conflicts

-

S
Vehicle Target Behavior Su bjective Vehicle Target Behavior
in realistic driving situation . in realistic driving situation
Customer Wishes
Driving Maneuver Driving Maneuver Driving Maneuver
| : ' Al
= - ol Ll . I
Driver VI : Track -Driver 'i Track Driver ) Track

Virtual Vehicle Virtual Vehicle with real systems Real Vehicle

Objective Objective Objective
Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's

Expected Result Expected Result Expected Result
(passed/failed) (passed/failed) (passed/failed)
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Vehicle dynamics attributes and their target conflicts

Summery of testing and evaluation methods

o Subjective Evaluation Objective Evaluation

e Simulation Road Test

e

Open Loop Closed Loop
Maneuver Maneuver

0600 000

Open Loop Closed Loop
Maneuver Maneuver

0060 600

Eval 1 Eval 2 Eval 3 Eval 1 Eval 2 Eval 3 Eval 1 Eval 2 Eval 3 Eval 1 Eval 2 Eval 3
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Vehicle dynamics attributes and their target conflicts

What will be the impact of any change in terms of agility, safety, comfort, emission
and costs? Which global vehicle attributes cab lead to a target conflicts?

Handling Performance / Driveability
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Vehicle dynamics attributes and their target conflicts

Lateral Dynamics: Handling and Agility Behavior

—&N° W f?g_u(g) GfF_(R)

X = const. a, <0

Acceleration Behavior Straight Running Behavior Braking Behavior
la,| > 0 V.>0 Cp '

S > 0
V, = const. T 0 dt \ x N
Steering Behavior Cornering Behavior
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Vehicle dynamics attributes and their target conflicts

Lateral Dynamics: Stationary and transient behavior

- Idw,| Ida,| Id3,|
= z >0
€D o1 g 1l 10

Stationary Behavior }

V, = const.

w, = const.

a,~0

X

Tran5|ent behawor

ay = const.

Statlonary behavior ' L 5H = const.
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Vehicle dynamics attributes and their target conflicts

Acceleration Behavior

~ * Steering drift @*“
| i —n
= | __ D
g  Start swing md/_\/\_
a,>0
+ Startretracting e
* Traction

* Wheel hopping ,\/\A
D

* Steering wheel reaction @ &
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Vehicle dynamics attributes and their target conflicts

Straight Running Behavior

, (%) Stability even road /ﬁ": /_\/A\_
e "

a,=0 V,=const. * Power-off reaction N 55*—‘

H/\/\/\/
Straight Running Behavior (Y)
* Steering swing = /A\_/\_

* Self-steering @y

e Cross wind behavior /ﬁ—:ri,———’—/——t
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Vehicle dynamics attributes and their target conflicts

Braking Behavior

(D

L —— e

a,<o0

Braking Behavior

37/09.06.20

Brake drift

Braking stability straight

Braking behavior cornering

Braking swing

Brake pitch

Steering wheel reactions

A drive ivinglab
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Vehicle dynamics attributes and their target conflicts

e

{

2 N — =
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Vehicle dynamics attributes and their target conflicts

Steering Behavior

* On-Center Feeling

a [ . .__®

a,"~0 . -
Vo \ * Turnin ability

Steering Behavior

e Precision

* QOver-shooting

» Steering wheel return ability fi®

* Road surface contact e fz”k'_ ‘
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Vehicle dynamics attributes and their target conflicts

Cornering Behavior

Cornering Behavior

40 /09.06.20

Understeering behavior

Power-off reaction

Tracking stability

Controllability at the limit

Absolute roll angle

Rolling behavior

Self steering during cornering

A drive ivinglab
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Vehicle dynamics attributes and their target conflicts

Lateral Dynamics: Steering Comfort
O, = high effort

&, -/

O, = high effort
M,, = high effort

dM, > 0
) dt

Ay > 0

(Steering virbration)

®

O, = high effort M, = high effort
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Vehicle dynamics attributes and their target conflicts
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Vehicle dynamics attributes and their target conflicts

Vertical Dynamics: Ride & Comfort Behavior

Body Movement (Primary & Secondary Ride)

Ide I a >0
>0
z(HA
l{l % S: (v <0 é»
=
®
. L ;% ,g» : _
a, < 0 1de,| .
dt
Body acceleration (Harshness, Vibration) Sprung Mass (M) ;
::;If:iss(Kz]g EL_l:IjJ-l___E Damper (C;)
Tire (M;)
I x

Tire Stiffness (K;)
J Xo
Ground
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Vehicle dynamics attributes and their target conflicts

Open and Closed Loop Principle

N Vibrationen >{Reuig|  Gerausche

100
0/0 - - [} .
Ubergangskereich Power off reaction
horbare
Schwinguni

gen

VEIHE N |
[fuhibare » Brake
Schwingungen litter

@
(=]

[+
(=]

Wahmehmungsanteil
H
=

N
=3

Steering e
Vibration

-

0" 1 10 10 10* Hz

2 10)
Frequenz

Freeway Axle Roarin
Hop Osc. &

Body
Movement / Oscillation

Axle
harshness

Vibration

Primary
Ride

[y
N
D
(0]

16 32 64 128 256 512 Hz
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Vehicle dynamics attributes and their target conflicts

Different groups of ride & handling behavior
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Test and evaluation methods for vehicle attributes

Subjective (quasi-objective) evaluation methods

Subjektive Bewertung Onroad Fahrdynamik
|~. Vehicle = Type T Load § km _—— Bewertung BeobachteriMéngel
] T = — — = = 10 Derzeit optimal  von Experten nicht wahrnehmbar
W Golf7 GTI = } (state of the ar)
BMW 325 T —— - 9 Sehr gut o Experten I»f:aum wahrrjehmbar
S 77 C;?: E;ﬂ*:’-__ﬂ‘:"‘ﬂ'";;'“‘w" S (Sut von Experten aulerst gering wahrnehmbar
[ ?) B 7 Befriedigend von kritischem Kunden gering wahrnehmbar
P e 6 Moch akzeptabel von kritischem Kunden wahrmehmbar
- 8 00 | 5 Unbefriedigend  von Normalkunden gut wahrnehmbar
e GRENZFALL
ey S 4 Mangelhaft fiur Mormalkunden unangenehm (Reklamation)
e zlafa}s 3 Ungenigend fir keinen Kunden akzeptabel (BEauteil fehlerh )
o 2 Schlecht fur keinen Kunden akzeptabel (bedingte Funk.)
1+~§:_-:_‘_“ 1 Sehr schlecht fir keinen Kunden akzeptabel (ohne Funktion)
T3]+ ;f;#:f:r“" {vens had) 3 go”: '
Evaluation Sheet [ == !
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Test and evaluation methods for vehicle attributes

Subjective Identification of Weaknesses and Positioning

Anlenkverhalten
Turn in ability
"
Fahrbahnkontakt
Road surface contac

\

Lenkkraftverhalten unter Vortrieb /
Steering forces, propulsion £

Lenkungsrucklauf '
Steering wheel return ability "
Uberschwingen
Overshoaoting

Zielgenauigkeit
Precision

47 / 09.06.20

Lenkungsansprechen
teering response on center

Lenkungsansprechen
Steering response off center

Grabeneffekt

Ditch effect

Nachlenken
Yaw increase

LeanefuhI im Mittelbereich
Steering impression centre range

A drive living

= Vehicle 1
— Vehicle 2

Fahrkomfort
Driving comfort

10 . j j j
komfortbetont
914 comfort accented [ R
8 T
? 8 S, S S . 3P
1 AN dyna{nlkbeto nt |
: dynamréaccenred N
i N N R
: S R ~
3 T v v T
9 6 7 8 9 10

Fahrdynamik
Driving dynamics

Driving comfort deflned by:
- Frontend instability

- Stuttering

-Underbody vibrations

- Lateral shaking

- Springing/Damping comfort
-Rolling com fort

- Absorbency mechanical

- Parking steering force

- Cornering steering farce

- Seat comfort and isolation
- Road noise

- Absorbency acoustic

Driving dynamlcs deflned by:
- Start retracting

- Traction

-Turn in ability

- Steering respone
-Yawincrease

- Steering forces, propulzion
- Road surface contact

- Steering behavior
-Threshold correctability

- Absolute roll angle

- Road grip

-Cornering behavior

Kempten University of Applied Sciences



Vehicle dynamics attributes and their target conflicts

Performance The accomplishment of a given task measured against preset
known standards of accuracy, completeness, costs, acceleration
and speed.

Agility is the ability to change the direction of the vehicle based

Agilit
2L on drivers steering input.
The vehicle ability of being enduring on the driver given path
Stability and free from non-desirable change or variation.

Descriptions annoying driver or passenger impact dynamic due

Comfort to driver effort, road excitation and vehicle vibrations, which
negative influence the work load, driver effort, comfort feeling
and healthiness.

Safety is the condition of being protected against physical,
social, spiritual, financial, political, emotional, occupational,
psychological, educational or other types or consequences of
failure, damage, error, accidents, harm or any other event which
could be considered non-desirable.
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Vehicle dynamics attributes and their target conflicts

Customer key requirements to vehicle dynamics

Longitudinal Performance and Stability
High acceleration and short brake distance — = : e
controllable and predictable g8 Best possible isolation of any w

g road & environment excitation
Driving at the '

- Lateral Dynamics Performance and Stability
performance limit

:3:f ,Soft Suspension”

Controllable driving behavior at the physical limit.

Steering Comfort Agility Driving Stability /Safety
* Low steering forces Corner driving pleasure Safety feeling
Sporty Driving | .| 5y steering angle Dynamics and agility Low driving work load
* Small turning cycles Low roll perception Straight driving precision Sporty, agile and safe vehicle

control at the limit

»Hard Suspension”

Normal Driving

City Cross Country Autobahn Handling /Agility
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Vehicle dynamics attributes and their target conflicts

Which target conflicts do you know?

Steering Feeling Performance XX
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Test and evaluation methods for vehicle attributes

Test tracks for subjective and objective evaluation

Mdnstereel e New{ Route Overview

Startin Karlsruhe
Best Western Queens Hotel

M Da:
B Lunch near Trier
E29 | Zell (Mosel)
5 . . . .
itburg Sasiaiva e Ride session on Nurburgring
2 C Nordschleife
Morbach and overnight stay at Dorint Hotel

~Am Nurburgring Hocheifel*

bt TV oBensheil m
e =3
Leal) Frankenthal
S \Weinheim
N  Mannheimeo o Buc
e temd g -Schaeshei m' | (Oder
= . Fo
e Saarlouis =3 A ”is‘s r‘ Heidelberg

o
Speyer gm - Sinshei m I
24

;;;;;;

Bergwerk

aaaaaaaaa Kesselchen Kiostertaikurve
o 12 o

ssssssss

Aremberg

- T Hohe Acht
Stoilstrecke

Quiddelbacher Hohe
Tiergarten

_— o
Hocheichen Shatnasinmcie " o

Hohenrain

Kilometerangaten a5 der Eintanst

= Handling Performance Evaluation

= Ride & Comfort Evaluation

= Acceleration Performance & Drivability Evaluation

= General Impression under Customer Usage

51/09.06.20
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Ride session on different public Niirburgring Nordschleife
road types Handling Performance

Proving Ground
e.g. Bosch Boxberg

Kempten University of Applied Sciences






Test and evaluation methods for vehicle attributes

IDIADA China Proving Ground

53/09.06.20

ALplus

o

IDIADA

China Proving Ground

A drive ivinglab
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Test and evaluation methods for vehicle attributes

Typical test modules at a modern proving ground

- : : = L'.', L A
/ . 3 “ﬁ'—’ o
) - — .
2 ¥:; '—E"ﬁ — %
b == - =\
ESs T seaneant - oo

High-speed oval Driving-dynamics area Brake-measurement tracks

BN @ V.

e

-
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Test and evaluation methods for vehicle attributes

Typical test modules at a modern proving ground

Handling course Multi-functional area

v ES

) ISO noise-measurement track
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Test and evaluation methods for vehicle attributes

Nuerburgring the “Green Hell”

Bergwerk

FERDI KRALING GREGOR NESSER

Kesselchen Caracciola- Hohe Acht w

[y P Klostertal Karussell A i
Metzgesfeld "™ © \k Zuschaver- MPW"};”M e oo
\| Punkt Y
L riine Holle

|| Breidscheid

Nurburgring

) Punkte FASZINATION NORDSCHLEIFE
i_lfﬂanzg:nen

khwalQWf 22

Nordschleife

m?sarten X Zufahrt Nordschleife
v Start Ring-Taxi

N_Gk-ﬁhlkane wDevil's Diner"
i £

57
e < [Lm ,g _Zufahrt Grand-Prix-Strecke
P o~ Mercedes-Arena

S NS Edfeldorf Griine H5lle

M‘N:h,,ael-‘@‘ u
Schuiiacher-S
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Vehicle dynamics attributes and their target conflicts

Objective Measurement is based on the drivers input and vehicle response

Drivers Input

Vehicle Response

Roll Angel ¢
(Vehicle Rotation x-Axle)

Pitch Angle 6
(Vehicle Rotation y-Axle)

Yaw rate dy / dt
(Vehicle Rotation z-Axle)

Longitudinal acceleration a,

Lateral acceleration a,

Steer Angle (SWA) 5 Vertical acceleration a,
Steer Moment (SWT) M Longitudinal velocity V,

Brake Force F& Lateral velocity V,
Gas & Clutch Position, Gear Most relevant Drift Angle B = -arctan V, / V,
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Test and evaluation methods for vehicle attributes

Vehicle test and objective evaluation: Working space vehicle

o
.«-“'
A “ ~
> Operation of test device
. Da@cqu'isition Device
* Failure Insertion
* Diagnostic
: » Calibration Tools
. Stee g & Braklng Machine
g \

Full vehicle control - - \(
N
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State observer
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Vehicle dynamics attributes and their target conflicts

Objective evaluation methods with vehicle dynamics measurement

Wheel positioning sensor
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Test and evaluation methods for vehicle attributes

Objective evaluation methods with vehicle dynamics measurement

{ : ’// : Q) s

*’ TS Correvit speed must be
' amics s T
el = o= corrected to the CoG!

o
ABD Steering Robot

Vehicle Data

Acquisition eeon
Correvit o
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Test and evaluation methods for vehicle attributes

Speed Vx/Vy and calculation of drift and side slip angle
Ve Voo

Side Slip Angle a = -arctan Vy / Vx

Velocity V 3l< itudi i
y '}/,-: Longitudinal velocity V,

Correvit Drift Angle B = -arctan Vy / VX
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Test and evaluation methods for vehicle attributes

IMU - Inertia Measurement Unit: Genesys ADMA
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Test and evaluation methods for vehicle attributes

Principle of Inertial Measurment Units - Dead reckoning (Koppelnavigation)
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Test and evaluation methods for vehicle attributes

Principle of Inertial Measurment Units - Dead reckoning (Koppelnavigation)

Position update 2
Time = 18.5 seconds
z-axis accelerometer registers
-10°/sford.S5s

x-axis accelerometer registers

-5 m/s?for 1 s, and the y-axis
accelerometer also registers 5 ms/?
for 1 s.

x-axis accelerometer registers
1 m/s? for 10 s, then -5 m/s*for 2 s

\ J

Position update 3

Position update 1 Time=20s

z-axis accelerometer registers
Time=2s 9

90°/sfor0.5s

Position update 3 is interesting because unlike
previous updates, the acceleration was seen on
two different accelerometers. This means that
unlike the previous updates, the INS must be
moving at an angle to its own measurement axis.
As the acceleration on both axes was of equal
magnitude, the INS must be moving at 45° to its
own axes.

x-axis accelerometer registers
5m/s* for 15, then -10m/s* for 0.5 s

3.75 metres

At the point of update 3, the INS will be moving
with at 7.07 m/s in the direction of the black
arrow and will have travelled 7.95 metres.

Vv

Initial position
Time=0s
Velocity =0 m/s
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= Position estimate

= Accuracy

Posit

ion estimate based on

measurements from

accelerometers and gyros. The

measurements from those
sensors contain small

uncertainties. So the INS thinks
it’s here, but it could actually be

as far up or down as the red

lines

=

Update 4 =p=

Update 3 =f=
Each update contains uncertainties that are added to
previous uncertainties. In this way an un-aided INS
becomes less accurate with time.

Update 2 =f=

Update 1 ==

- ~
Start =i
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Test and evaluation methods for vehicle attributes

Genesys ADMA is based on the same principal as the inner ear.

Evaluation

Processor Brain
unit with
Kalman filter
Eye
Inner ear
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