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Inertial Measurement Unit for Mobile Robot
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2.2.3 Global Positioning System
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2.3 Inertial Navigation System

2.3.1 Rate Gyroscope Overview
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2.4 Kalman Filter
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3.5.1 Rate Gyroscope

Silicon Sensing Systems; CRS03-11

17

CRS03-11 1ilu Rate Gyroscope Wil Piezoelectrics flqawiufa Hernisingaga

1 4 or ! i
0 10 rad/s Faunnwanazdaanudalunisyugegaeaiueausls uazdl Bandwidth = 50

Hz Saieweiun1sdn CRS03-11 HAnaNiRntamnaila A3l

Specification(Typical Data) CRS03-11
Rate Range +573°%s
Output Analog voltage {Ratiometric)

Scale Factor

® Nominal

3.49mV/°/s

® Variation over temperature range

<+5%

® Non linearity

<10.5% of full scale

Bias

® Setting tolerance <+30%/s

® Variation over temperature range <+30%s

® Ratiometric error <+1%s

® Driftvs. time <40.55%s in any 30s period

® g Sensitivity <i0.1°/s/g on any axis
Bandwidth 55Hz(-3dB)
Quiescent Noise <1mVrms
Environment

® Temperature -20°C to +60°C

® |inear acceleration <100g

®  Shock 200g(1ms, Y sine)
® Vibration 2g rms (20Hz to 2kHz random)
® (Cross-axis sensitivity <5%

Mass <10 gram

Electrical

® Voltage (Supply)

+4.75V to +5.25V

®  Current (Supply)

< 35mA (steady state)

® Noise and ripple

<15mV rms (DC to 100Hz)

® Ready time

<0.2s

FINT 1 AANUANNmATIATEY CRS03-11
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Analog Devices: ADXRS300
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ADXRS300 ilu Rate Gyroscope Ul MEMs degnainetiusaedaneu fansuned

| 73 L § 1’, &2 e o . o
PIAMANHIN Aa Usznnd 7x7 mm ity Asflaniian i lugunenlaunman uazdoynynn

ar e R ¥ 1 -=J ,
11aandafiaeas Signal Conditioning agnnaludnsae wsiiiasanld Package wiu Ball Grid

Array BatTanssaaiieldann Aannlinnsin U 14dde

Specification(Typical Data) ADXRS300ABG
Sensitivity

® Dynamic Range +300 °/s

® Initial 5mV/°rs

® Over temperature 5 mv/%/s

® Non linearity

0.1 % of Full Scale

Null

® [nitial Null 25V

®  Over temperature 23-27V

® Turnontime 35ms

® |inear Acceleration effect 0.2 %Islg

® \oltage Sensitivity 1 %/siV
Noise Performance

® Rate Noise Density 0.1%s/ \/?I;
Frequency Response

® 3dB Bandwidth(User Selectable) 40 Hz

14 kHz

® Sensor Resonant Frequency

Power Supply

® Operating Voltage Range

47510525V ,5.0 V Typical

® Quiescent Supply Current 6.0 mA
Temperature Range
® Specified Performance Grade A -40 to +85 °C

AT 2 AANLAN WINATIAYEY ADXRS300ABG
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3.5.2 Accelerometers

Analog Devices: ADXL202

19

{ 1 o/ |A { ] o’
\{lu Accelerometer Uiy MEMs defltdnunisdnatn 12 g Gaiasiiaaweiunisld

ar A ya 3/ d' o d' - - < o 9/
U wazdadly Accelerometer vmquau‘lmmanmmuud HasInRauIan  uaztial

drununuaneanyiauuy Analog way Digital wiaumu  fldRsanansai@endldnuay

NP FURPACEN]

Specification(Typical Data) ADXL202
Sensor Input
® Measurement Range +2g

® Non Linearity

0.2 % of Full Scale

Sensitivity

® X Yeur 312 mVig

® Temperature Drift +0.5%
Zero g Bias level

® 09 Voltage X 1.Yeur 2.5V

® (g Offset vs. Temperature 2.0 mg/°C
Noise Performance

® Noise Density 200 ug/«/ﬁ—z— rms
Frequency Response

® 3 dB Bandwidth 6 kHz

® Sensor Resonant Frequency 10 kHz
Power Supply

® Operating Voltage Range 3.0to 525V

® Quiescent Supply Current 0.6 mA
Temperature Range

® Operating Range -40 to +85 °C

A17197 3 ALIANTANINWATIAYEY ADXL202
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NIILATIEUUIANENNNS Forward / Inverse Jacobian Matrix

AMNNITINFRIAIAD AINTONIMUA Coordinate WRY NANINTAINAIRaTIRIA1HLE,

aauiazdnld Ineandeiinisaes Muir Aail

Y
A
f1
W1
W2
la
f, la
R 0 >
¥ X
la
la f,
W, W,
f3
nauua b
kg, =37° , g, =143° , "@, =225° , Fg, =315°
Wheel Base Length (la) = 0.0888 m
Wheel Radius (R) = 0.027 m
Wheel Roller Radius (r) = 0.012 m
~sin(6,)
annpwazlfnamaiuansiidnausiazde £, =| cos(d,) | . n=12,34
0
ﬁaﬁu
[—sin(37°)] [-0.601815 —sin(143°)] [-0.601815
f, =| cos(37°) |=| 0.798636 | . f, =| cos(143°) |=| -0.798636
0 0 0 0
[—sin(225°)] [ 0.707107 —sin(315°)] [ 0.707107
£, =] cos(225°) |=| -0.707107 | , f, ={ cos(315°) {=| 0.707107
0 0 0 0
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Jacobian wa3d@uunuiil Actuator #se Sensor 2t ( £, , ) HuRaluuwINUIBmBIRafTIE

uaz luwnun il Actuator e Sensor agl (£, ,)

unuAnasiiaglilazld
-0.0162 0.7986  0.0535 [-0.0162] 0.7986 0.0535
J,=| 00216 0.6018 -0.0709| , J,, ={ 00216 | ,J,, ={0.6018 -0.0709
0 0 1 0] 0 1
[-0.0162 -0.7986 0.0535 ] [-0.0162] -0.7986 0.0535
J, =|-00216 0.6018 00709| , J,, =|-0.0216] ,J,, =] 0.6018 0.0709
0 0 . 0] 0 1
[0.0191 -0.7071 -0.0628] [ 0.0191 ] -0.7071 -0.0628
J,={-00191 -0.7071 0.0628 | , J,, =[-0.0191] , J,, =|-0.7071 0.0628
|0 0 i 0| 0 1
[0.0191 0.7071 -0.0628 [0.0191 0.7071 -0.0628
J,=10.0191 -0.7071 -0.0628| , J, ={0.0191{ ,J,, ={-0.7071 -0.0628
0 0 1 0 0 1
¥N19nnmUA Delta matrix function A(U) Tagminmun i
A(U):{ ] —-11 ] fOl’UZI"ll(ll
uUTUJ'UT -1 Otherwise
fatiugnansawn Delta matrix function AU, ) waz Al )
-0.6378 -0.4806 0 -0.3593  0.4769  0.0530
AU, )=]-04806 -03622 0] , A(J,)=| 04769 -0.6328 -0.0704
0 OAL ONG 0.0530 -0.0704 -0.0078
[-0.6378 0.4806 0 -0.3593 -0.4769  0.0530 |
A(J,,)=] 04806 -03622 0| , A{J,,)=[-04769 -0.6328 0.0704
0 0 -1 0.0530  0.0704 -0.0078]
[—0.5000 —0.5000 0 [-0.4961 0.4961 -0.0623]
A(7,,)=|-0.5000 -0.5000 0|, A(J,,)=| 04961 -0.4961 0.0623
0 0 -1 -0.0623  0.0623 -0.0078
[—0.5000 0.5000 0 [-0.4961  -0.4961 -0.0623
AlJ,,)=| 05000 —0.5000 0 AlJ,,)=]-0.4961 -0.4961 -0.0623
o 0 -1 -0.0623 -0.0623 -0.0078]
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FOTURIAINTONN Inverse Jacobian W3a38in91 Actuated Inverse Solution laiass
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ZUw,x B
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. I ZUwz.\' o . B
q= Jap Al q= e p= vB)'
ww,x EV
o Bz
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(LAUL VLT AU
anndnagi vl Inverse Jacobian Matrix fati
2222894 29.5791 3.2895

2222894 -29.5791 3.2895
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26.1891 261891 3.2895
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Favis A51& Forward Jacobian Matrix #ai}
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