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ABSTRACT

Currently, using an inertial sensor for tracking positions of indoor mobile robot has some
restriction from the sensors used-for measurement inside. -It results. in accumulated position
errors. As a consequence, the tracking of mobile robots has:the errors-increasing on each point
along the moving path.

This thesis. proposes a tracking method of indoor mobile robot by using the-inertial sensor
and fingerprint techniqueto reduce the position errors ‘occurred. The proposed tracking method
acquires position-data from an inertial measurement unit (IMU). The IMU position data are used
to correct the error on each point by using reference positions from the fingerprint technique. The
reference positions “are created by using the receive signal strengths (RSSs) acquiring from
wireless networks.

The experiment is. conducted in this research to evaluate the‘performance of proposed
tracking method. The IMU peosition.data from actual environment-defined by the experiment are
used with the simulation of fingerprint technique. The simulation is performed on a computer
running MATLAB/Simulink program. The results of experiment express that the proposed

tracking method yields more accurate positions than the IMU position data alone.
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Pu'lida

Y
iy =(x,.,yi)+—2’-=x,c (3.27)

1o " awv AN YA 1 o v Y . . - A
AN UINNA T, nldne AANMEIINN3IIuUDYA (Fusion tracking position) 1D
4o

THlumsaamurusudanislduuifevosnuitsininaue Faawnsovaeglugives

Q o ' o ) o v o/ A
Lllﬂﬂiﬂ‘]?‘llﬂ\iﬂ'lllﬂud x,’( ANTUNIT (3.28) mmu"l%’numﬂsmmauuu (Kalman filter) IW®
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Dol — 2UTAY [ 4 A 4] . ZiTZj S
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. o r 4 W - N, 4 s
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Magnetometer

a 4 f/ o =
— ¥ T
N —LDL Postioi Fusion. 3
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[ J 4 ° U o 4 a ' ) o ° " aw
FueianumosiazimIdeidoya ldunsowmeuniunes oA nnumAwmUINGg
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Tuvazrhmsnaaes ldiuiniale (Video) ez 4.2 ielddoyanamazdmmiia
: ' L o
Tumsindeuiidmsudatdumdoyaiusulas (Sampling) 18910 MU feudunideya
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(Microcontroller) A3¢Na STM32 Haanlaenisuuy ARM Cortex-M3 YU1A 32-bits 0
A q o . = g ' o o <
ponuuuu Taommizio1439uAy Rapid STM32 Blockset uiilugandesmaaiuyuooilian
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DGES| + 2R | |2 b =[o [Nm RERS: REES®
[FiO Std]
SYSCLKSource: PLL
OSC: 8MHz USART1
SYSCLK: 72MHz 57600 bps
HCLK: 72MHz 8-None-1
PCLK1: 36MHz. FlowCirl: None
P ok USART Configuration
‘Setup System
Clods & SysTiek >
ngle single
ingle single
Dasingle single USART1: Binary
o Gomlla: ON USART: Asai Dasingle | ——— o sale b i
Bzt e b told e Sraie Tapin A3
Use MicroLIB: ON Désingle single Ts 0 sec
Auto Downlosd: USB O7single Sngie |
Compile and b g i
Downlosd Control g single ‘ﬂv [10:single
Target USART Receive Target USART Send
USART Receive Block 1o resd Ascii dat .N o
'S, 9%1.9%1.9%1,%f, %1, A 1A ~ D2:single
D3:single
4 le
N o s
- > Ts: Osec
‘-\\ N ‘/f/ —
— _\: - D8 single
—_— ] — _ —_ g — — = single
a— o 7/ \ = 0:single
STt D ¢ 3
— - B / \\ A e— S %
/ . £ > " |
> / sy ~ \ \\
1
)] y TBEP
D ~ALs e
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Waa

igq L 11 1 E_ﬁm%ﬁ A3
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[File Edit View Simulation Format Iools Help
DSEHS s+ 2R|E&E= 4|22 sfid [Noma Y RERS

plot data Ascii format.
°$,96f, 96, 96f, 96£,96f, %, 961, %f %
Sparkfun SDOF sensor

D1:.double
DataAvailable Flag Terminator

D2Z:single

D3:single

D4:single

singl
Ts: 0 sec DSisingle

Blodking: on DE:single

D7single}
D8:single

D9:single,

D10:sing

Host HID Receive

'
o,

~ o YA YR A s 1
1 45 Tugadidal e R neHRlTARAs IINADLNIADIIND195ANIAY

- < 4 1 1 a g

A WP Tk A Dt I RN VIR UA e TogRen me s 1l azgn
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A1z aunaslhaino un 110 ISR IeM 1181830 WHUEDTAUINDY (Scalar
factor) TABAIA LM UANAR (ey) Tulikiay 3a vz ts e o Tugadid 6-DOFs vealysinsy

MATLAB/Simulink
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Eile Edit View Simulstion Fgrmat Tools Help
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mdumiansaluzii 4.6 vzgninlas (Mapping) 1519 T1Jsunsu MATLAB Aaqilii 4.8

v @ j ~ a o aw o ] 1w v Hq ¥
Tavldmsiavinavesiuilumsnaasesaazmmuainas i uanmadeun 19

4 H :" o J { A o

Tumsnaaosdaglil 41 waz 42 nniwihnsadanmadesiiuiiel4lumsiaea
(Simulation) 11511051 MATLAB Tasfnual¥iiuenisanosy (Access point) $11434 3 A2 D
AP, AP, 1Iag AP, F37190GNYANNARUNUL (x,, y,) AUHUI (x,, ¥,) HATAUHUL (x, Yyg)
o w o o 9 o3 ' A ° ° ' v o A Ao vy
sy dwmulFiumadaiierhundnasssauanuuswesdyaia vie RS 15uld

Tungazaa

TREALY
@ A 1 d‘ a 4
ANNUNYS MIvDUBAITANDUN 0.6 m
Anualumsasriu () 2.4 GHz
o < o 9
93152 Tunssuatoya 11 Mbps
MEIAVDLDAFANDEN (Pr) 1W
INUNADINAVDUBAFANDEN (Gr) 1dB
VY o o/

. = 8 ol Py M VI 5 u_ o9 o o o
BNANTUUULDNTTINATIR NI AR UN 13 L TR DN 13 ANY 1 ITUY L@J@‘léi‘g']@LWU']L‘ULGU‘UigLEJ%ﬂW']Uﬂ']ﬁﬂ']
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W3 MAMTUA
naatigomavesmiaiovielime (Gr) 1dB

amsimeian q Al luminaassdieiinsdines uadlumsed 4.1 Tavauyd
T % a %Ji @ T s A [
Tigunsainisandedie1¥ae (WLAN card) Fedaasuudamuoudiie14lumsiudygya
b4 L 1
wazginsaluonsanesng 3 frhaumelduinigin IEEES02.11b Ntuand 2.4 GHz
d’l P Y a Sl A @ @ < | ' kY
TRy liuSmsvesueniranesniisalinsoungu 0.6 m 3935UdATUTIIUMTAIIUTDYE
fi11 Mbps A1399V8UBALFANDENBEN-T=WAnEIHNIFUe VD AT 1D IMAT M TULOA
I'd o =} 1] 9 1
ez MIawIaY e limeminy 1.dB
aszaunsiuissuosdaanar RSS) Wivldnnueamanesiluuaazyaiina (x, y)
% g { ° o e @ { o
Tunsneasaz Waunis @) Fadluaunsildlumsduanidwesdyginiininiy [17]

Tagordon IS 1ine S MHA TUTI9N 4.1

P =10log P +G, +G, —2010g(47fdJ (4.1)
c

Taeh

o

o o 1

A oo o o o I I A
19 A1 wmﬁnumunmwiu"lﬂmﬂuamcmwaaw 170.RSS (dB)
) o

A0 MANAIUDALDALYTWOUN (W)

Py
= '8 1 & I'4
G, N8 AU UFIBINATDINATI HIDIBAYA WO (dB)
G fle Inalmapua B TMAUBIMATY Wionm3amTetialdme (dB)
=
¢ Ao AMNUSAES @x10° m/s)
P} d'd' Y 1 1
£ Ao ANUN 1FluNITaeHIUAINMINTFTILIEEES02.11b (Hz)

d fip 52e2M9TEYINNIATULAZ NN (m)

dmsusseerNITnINMATILAE ALY (d) W30I20 NI LNNWBALTANDLNTLIAL

o 2 [ t a ° o
i]ﬂf!uf]ﬂﬁNﬂiﬂellﬂx'iﬂ”lllﬁHQES)"N?N‘luﬂ'Ii'VIﬂﬁﬂﬂﬁ?ﬂﬂ'lﬁ]'lﬁ’t)\i %:mmmeaWnﬂzma

~

gARIAEY MUTNNT (4.2)

dij :\/(xi—xj)2+(yi_yj)2 “4.2)
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Taeh

(x, v) Ao yagudnansvesmadeiidumisi (laen i =1,2,3, ...,n)

(x,y) D wgudnaveamasuidumej (laenj =1,2,3, ..., n)

{ a Y a o -4 o .
awftlfosineluiade 32 mafiaflunediSusitseneudemaeonlar (Offline
° 4
phase) uaziimeenlay (Online phase) Iasmisnaasalumlaeew lmlvzimualimia
& 1 ¥ 2 a g Ao d o < v @ A Aw kY
wsedel¥medaRadeiidayuoud shmadusmanuswesdyane vie Rss Aifulden
P . o o ¢ A da dqudg ¥ a
LRAITENDEN (Access point) IUIU 3 A7 . i;ﬂgluﬂﬂmwmwuwﬂiwﬂmﬂuimmqm
. [ ° 1 1 1o °
(Coordinate) tsagatmilane AU INUATILAL B0-9a (M50 K = 80) Aeaums (4.1)
v v
annuussesdaaaindnin ldnnueamanesine.3 waluudazga sgniiiin
¥ [ 3 ' v
Tugrudoyarie [fuinuiinuuswedamn nioflunessui s Asdedielumsih
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4' [ as oo
M1 4.2 svaranius wesdaanaluvioes lads i 99

‘ i;ﬂfgus'fnmaﬂ?ﬂ ANUNTIVBIN YR 19 (Pr) MnleAIENa LT (AP~ AP,)
' [ ite Adm *,7) Pr,(dB) Pr, (dB) Pr, (dB)

1 (3,3) -27.01 -74.28 -83.81

2 9,3) -43.10 -74.63 -82.50

3 (15,39) -72.76 -5534 -74.63

4 (21, 39) -73.92 -60.68 =71.90

5 (33,3) =68.12 -78.54 -77.31

6 (51,33) -80.24 A -55.34

o [ Yr oS A AR A H o L=} v 9
msnaaedlumlrosular “szAmualiyusndiafouiidedanimianioslme
A P Y Ado o A ? o < N o
Ui ldaudumarsiiidvua (@i 4.9) nnlwhmsiunanuisvesdyaalu
L 1, 3 y
iazgaimdeuiruReiuluaeenlal Taeldauns 4.1) sawnsszey d, dwaums
2 A ° ° @1y 4 X g o
@2) g idvzgmih lsunanBsudeudumflaneifSungunulugmdoya (A
wred1alumsa 4.2) Tagldauns (3.24) - (3.25) awiefuelurade 3.22.2 Tasdwmian
v s A a v o o v oA W Aoy 9
Wusudndeuiluusazya wordunawasdunidiasaiuamisy’ld (Capture) 11nndo9
Flelunminaansd 4.1.1 (FagUf 4.2) iive 1ideyanauazdumisnasenu (Synchronous)
P o 1 Ay ¥ o 9 =
19199 4.3 LAAIAIBEIWANINAADIN 1RINNTT1BIAIANNT (3.24) - (3.25) B9

Tszydumisvesueudinfouii lumlaeou lmindumisine x, y,) Taemanuusiues
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Foyanaisulden AP, - AP, minaums 4.1) v 18Ty (Pr,, Pr,, Pr) = (-78.54,-68.11,-64.14)
B Suiormaneudouiumlugmdoyaflauneilsuidaaums (3.24) - (3.25) udne
P " &2 a0y v ¥ 1 aw = g o '
1A ED (x,, y,) 111 0.01 Aafianfoogaluniss 4.3 daiu miina (x,, y,) Failudumua

YOI ULUA 2. AsInanTMUszInami (x, y) = (33, 45)

A ,i!,‘_"‘ e phase)
Do
s @

R\ o o
M1 4.3 §ZiUadns ivsadoaiadile '*‘i"; = &

.1 Q> = .
P js ™ \‘.3" otn //

= W éfgy & Min

! Rl ! T . a ED (x,,y,)
[+
dByl §

1 (3.3) -27. — Ty -83.81 55.50
2 (3,9) -43.10 -71.44 -82.81 40.19
3 (3,15) -52.66 -68.12 -81.86 31.36
4 (3,21) -59.20 -64.15 -80.99 25.96
5 (3,27) -64.15 -59.20 -80.24 23.36
6 (3,33) -68.12 -52.66 -79.64 24.24
7 (3,39) -71.44 -43.10 -79.21 30.05

S 2 - v o @ ] - = L ! ¥ o Y %% ¥
nansiiluenansianulidmsumsldanuienisdnwivintgu leygnlmhluldusslesimunism

i = O & A O v ag ve & Y Y a = v O aa o v
ludnsdllagsau Snvivinudlvidaulasilon wassesadadadnvetenarsynasaminisintuld
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ANULIWDIT YY1 (Pr) MNUDATANBET i
mn
i | Wia(x,y) (AP) ED (x, v,
Pr, (dB) Pr, (dB) Pr, (dB)
20 (15,21) -63.12 -66.71 -77.31 20.33
21 (15,27) -66.71 -63.12 -76.21 17.62
22 (15,33) -69.91 -59.20 -75.29 16.68
23 (15,39) -72.76 -55.34 -74.63 17.51
24 (15,45) -75:29 -52.66 -74.28 18.77
25 (21,3) -59.20 -76.21 -79.84 26.20
40 (27,39) -75.29 <65.08 -68.75 6.41
41 (27,45) -77.31 -64.15 -68.12 5.75
42 (33,3) -68.12 -78.54 =77.31 19.77
43 (33,9 -68.75 -76.78 -75.29 17.18
44 (33,15) -69.91 -714.97 <7316 14.24
45 (33,21) -71.44 -73.16 -70.95 11.06
46 (33,27 -73.16 -71.44 -68.75 7.83
47 (33,33) -74.97 -69.91 <66.71 4.76
48 (33;39) <76.78 -68.75 -65.08 2.10
49 (33,45) -78.54 -68.12 -64.15 0.01
50 (39,3) -71.44 -79.84 -76.21 18.27
73 (57,3) -78.99 -83.81 -74.28 18.70
74 (57,9 -79.21 -82.81 -71.44 16.42
75 (57,15) -79.64 -81.86 -68.12 14.35
76 (57,21) -80.24 -80.99 -64.15 12.99
77 (57.27) -80.99 -80.24 -59.20 13.33
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International Conference on Control, Automation and Systems 2010
Qct. 27-30, 2010 in KINTEX, Gyeonggi-do, Korea

A Position Tracking Experiment of Mobile Robot with
Inertial Measurement Unit (IMU)

Olarn Wongwirat and Chutchai Chaiyarat

Faculty of Information Technology, King Mongkut's Institute of Technology Ladkrabang, Bangkok. Thailand
(Tel : +662-723-4900; E-mail: olam@it.kmitl.ac.th, s2660736@kmitl.ac.th)

Abstract: Currently, a position tracking of mobile robot becomes increasingly important. it can be not only used to
track the moving path of mobile robot for searching and identifying its current position, but also to support the
operation control of mobile robot remotely. The challenge in position tracking of mobile robot is to find its location
related to environment. There are several tracking techniques using X, y coordinate and heading direction to locate the
position in global coordinate system. However, these techniques lack the position information in z dimension. This
paper proposes the method to track the position of mobile robot by using the Inertial Measurement Unit (IMU) that can
provide the X, y and 2 coordination. The experiments were set in this work to verify the results of IMU signal while
tracking the position of mobile robot. The results express some limitation characteristics of low-cost IMU sensor to
provide accurate information. Therefore, some methodology is required to.improve: the accuracy of tracking position as
suggested in the future work.

Keywords: Localization, position tracking, mobile robot, inertial measurement unit (IMU)

1. INTRODUCTION integration for estimating the position and integrated the
angular velocity for determining the moving direction of
mobileirobot body. However, the integration of signals
received from the inertial sensor with noise, results in
error accumulation over time, e.g., increased drift and
bias of signal. It-causes-the mobile robot to have the
accurate position in a short period of time.

This paper proposes the initiative work that employs
the inertial sensor for tracking the position of mobile
robot. The aim of this work is to veri{y a possibility in
applying the inertial sensor with its noise restriction to
estimate the tracking position of mobile robot. The IMU
(Inertial Measurement Unit) is used as the sensor in this
work. It'is a low-cost and small size sensor suitable to
attach to the body of mobile robot. The IMU comprises
three lorthogonal accelerometers and three gyroscopes
aligned on. the three. axes to estimate the position,
velocity, and attitude with respect to the cnvironment.

The ‘paper 'is organized as follows: Section 2
describes a background of tracking methedology. The
experimental set ‘t0 determine the tracking result of
mobile robot is exposed in section 3, including its
amlysis and  discussion. “Section /4 provides the
conclusion.

Localization of mobile.robot is a method to identify
the robot position while moving or changing its location
in the environment. The method can track the moving
path of mobile robot by verifying the changed position
over time. There are several methods to determine the
position and velocity of mobile robot with respect to a
known reference in navigation computing. The common
reference used is the Earth coordinate frame.

Recently, various-approaches in position-estimation
of mobile robot have been developed. They could
provide different results depending on the environment.
For instance, a wheel cncoder has been used widely for
tracking the position of mobile robot, but the wheel slip
or uneven surface causes poor estimation in case of
wheel revolution [1].  The localization based on Sonar,
or GPS signal, typically requires mobile robot capability
10 receive signal in the (environments, which s its
restriction [2)-"The use of inertial sensor to provide
acceleration and heading for position and  orientation
estimation is ‘another good. method that can be
applicable to mobile robot arena. The method can be
found in various applications, e.g, aircraft, ship,
automobiles, game. consoles, and virtual reality
applications.  Basically, the method estimates the

position based on a know starting-point. 2, TRACKING METHODOLOGY

There were research works ‘based on inertial This section_deseribes the background of tracking
navigation with gyroscopes and accelerators employed methodology used-in this work. It includes the IMU
to estimate the position of robot in general.“In-[3]; sensor-deployed to the mobile robot, the methods used
Barshan and Dumrant Whyte used twice acceleration to calculate the acceleration and the angular rate, and

the model used for navigation.
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2.1 Inertial measurement unit (IMU)

In this work, the IMU sensor from Sparkfun
Electronics [4], which is the 6-DOF (degree of freedom) , : ,
IMU version 2.0, is used for the experiment, as shown x=x, +I"d‘ =xo+vojdl+ajldl 3
in Fig. 1. It composes of three axes accelerometers A ° A

t
v=v°+jadt=vo+al
o

using the MMA7260Q chip from Freescale and three 1
gyroscopes using the ADXRS300 chip with +300 «\’=X°+Vol+3dlz
degree/second from Analog. Thus, it could provide

acceleration measurements in three dimensions and 45 Coordinate traniscmation

angular rate about the three axes, respectively. The
IMU sensor will be attached on the body of mobile
robot to measure the acceleration and angular rate
The output signals from IMU sensor are converted by
10-bit A/D (Analog to Digital convert
value and transferred via the Blug

The coordinate transformation is used to transform
acceleration vectors from the body of mobile robot
frame down to the navigation frame [5] By this
gmation, the rotation of sensors on each axis can
he tracked gordination rotation matrix related to
the accelerations cigation frame can be built by

A Y e
" IR J

applying
9 ) 8 Qf\s\ﬁ ’ ©)
a &J’ n @e’h"b in (6, thestcceleration in navigation

ated froi . -
\ frame, an b measured by the accelerometer

tnx as in (6)

The velocity and position &

initial time at & =0 to L body. To update the orientation of

g ) mobile robot, the €}' matrix in (7) rotates vectors from
velocity and position can be combined as in (3) the body frame to the navigation frame. It can be

initial position and velocity at ¢ = 0 respectively;

S 2 = 2 o 1Y £ P =2 O 1 Y o v & v £%
enanstiluenansianulidmsumsldnuienisdnwivintgu leygnlmhluldusslesimunism
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obtained by using a cross product of skew matrix [w,,;,]
that obtains from angular rates in (8). This derivation
is used as a small angle approximation to lower its

computation.
G =C} (@] %)
0 -0 o,
(@)= @ 0 - ®

-0, O, 0

The w,,wy,and w,arc the approximated angular
rates measured by the gyroscope, where the carth
rotation velocity was neglected.

2.4 Inertial navigation system
The experiment being
dead reckoning soluti

(Inertial Navi,

the IMU th ists of accelerometer 3

ttitude, velocit 4 3

four

4 Update
i

b

Fig. 2 Diagram of Inertial Navigation System [6].
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““Applicd in st'wxilar fastion
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3. EXPERIMENT AND RESULT ANALYSIS

The experiments were set to estimate the position of
mobile robot with the IMU sensor.  The mobile robot
used in the experiment was the prototype of ET
(Embedded Technology) rescue robot obtained in the
laboratory [7]. The IMU mounted onto the mobile
robot was aligned with the x, y and z axes, respectively.
The mobile robot was being moved along the square
path with tuming angles of around 90 degree. The
measurement data from the IMU was transferred to a
PC (Personal Computer) via Bluctooth for data logging.
Then, it was post processed by converting and
reformatting before being processed to get the angular
cleration at the PC. By acquiring the
as described in section 2, the
o find and to analysis the
rimental environment

tracking ¥

MATLAB was cmple

pseopes around

oordinate axes of s ss filter was
cration data. It
e tion performance of
m]‘)bc ial gysoRcopes that the measured data
i led much ¢, but also the gyro drift affected the

or was varied in time. The plotting
of angular rate of the mobile robot in di
system are expressed in Fig. 5.

1%
(%
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Another factor affecting the results might come from
the adjustment of angular rate data by the scaling factor
before being processed. If the calibration of scaling
factor was not precise enough, it caused some errors in
navigation algorithm. In addition, the gyroscope bias
might be required to compensate the error, based on its
correlation with the internal temperature.

Acceleration Raw Data
T T

|

o =t ol

o i ol o b

R L et kb

:K

04 + T
02| | 1
“g om ] Fig 6 The estimated roll, pitch, and yaw by the DCM
b Veloaty Estmate
4 0 20 % 0 E3 a5
Accaleraron  Fillerad —
008 —— = = i T S
. b 0 40 E) %0
PR PPy /
L J 0 / //
o0sy 0 20 = - / S~
Tame (seconds) U= = 20 E) 50 C
Fig acceleration & '/ g Y-
tiom). / : \ 1
- . : A ) N
' = 7" 2 N 3 40 0 0
SNl \ \
1 1 X, Y, a‘*
o, 10 2 ’ \ e
50 = -
3 \ 39
LFB o )
R ! :
200—gy— ~ AL o %
| 2 /‘2 eaay ’
) ) L T 60 v 10 2" Vi 50
- ﬁ 1%
F %}w filte fa 4 9
' 1, 2 0 60
Fig s sults o by -
the DC choak kig, 7 depi R . odd
. f is. e ammntew axes.
results  did m%vmﬂim to Fig 9 expesse, of tracking path of
measurement data, int og- observe the nfbil erith experiment.  The
behavior of 4 IMU w.ﬂac @,‘ns t re movement along the
errors were increased the square angles of around 90 degree, as
of estimated position on each axis. . As can be seen, the moving path is
duf o the Rm‘.ﬂ'ﬂwd error "e_s“l“ from P not straight on each direction along the square path as it
estimations, the position errors are increased rapidly. should. It results from the accumulated errors as
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mentioned. . : Thc i:pjof is increased along lh«, nll'ov‘ing
path as robol movement.
track the robot position precxsely as e\'pected

Path Trackung Moma rwo(

i

pasition {m) o
- co

~
T
i
1
1
1
Vo

A M i
wnf -

3

»

8

positen (mh,

Flg 9 The estismated lrachg path of fobile robot.

4 COl\CLUSION :
This paper ‘described the expenmenl to \enfy the

: . chamc!erishcs and-feasibility: of IMU sensor applied to

. the position tracking mechamsm ol' mob:le robot. - The
coordination tmnsfon'n using DCM ‘and the INS were
employed lo usumalo the tracking position by usmg

. MATLAB. . The results| of experiment n,.\pn.SSLd that

S ‘applying ‘the INMU to track ihe- mobilé robot position

. dmctly yleld..d maccumtc outcomes in terms of

might be resul!ed from some parameters ‘thdt “were
neglected during data processmg, g e:u‘lh parameter,

*"sensor_bias, noise; and _temperature | compensation

'scalmg factor. We-are currently- working to overcome
the errors by m\ estigating the appropriate melhods e 3,,
deploying our lmplemmh.d Kalman filter to-cstimate

The errors .

Thus, it is not applicable to

~ some of the random errors, using the Z-.rd velocity -

: update (ZUI’T) for ideal stopping:thé mobile robat time
1o time, and applying a realistic method to model the
navigation cha_ractensucs They will be reported m our
future work
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9 Degrees of Freedom - Razor IMU
SEN-10738 RoHSv BB ==

Description: The 9DOF Razor IMU incorporates three sensors - an ITG-
3200 (MEMS triple-axis gyro), ADXL345 (triple-axis accelerometer), and
HMC5883L (triple-axis magnetometer) - to give you nine degrees of
inertial measurement. The outputs of all sensors are processed by an on-
board ATmega328 and output over a serial interface. This enables the
9DOF Razor to be used as a very powerful control mechanism for UAVS,
autonomous fage stabilization systems.

Arduino bootioader
s the outputs of all the

e serial TX and RO ith a 3.3V FTDI
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Documents:

- Schematic

« Eagle Files

« Datasheet (ITG-3200)

- Datasheet (ADXL345)

« Datasheet (HMC5883L)

- Python Graphic interface

« AHRS Code

- AHRS/Head-tracker Tutorial (Thanks Peter!)
« GitHub
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3. gUnsamwadnsnIuguihele (FIO controller board) My

FiO Std Datasheet

FEATURES

¢ Built-in RapidSTM32 native-support bootloader.
o ARM 32-bits Cortex™ — M3 Processor
(STM32F103RET6)

- 90MIPS maximum speed

- 64 KBytes SRAM

- 51 GPIO

- 16 channels 12-bit, 1us ADC

- 5USART, 3 SPL24°¢7"1 CAN

- On-chip temperatureSensor

- 4 General purpose 16-bits timers with 4

1C/QCPWM per timer

<" 246-bits Advanced-control timers

-2 Watchdog-timer

- 2 channels.12-bit DAC

- USB 2.0 full speed interface

¢ Two onboard.crystals
=732 kHz (for real-time clock)
- 8 MHz(for MCU clock)

* Power supply management
Reverse supply voltage protection
- USB orExtemal (upto 15VDC) supply
input selection via jumper settings
"33V (upto 800mA)-LDO regilatar for
intemal and external circuitries

. l-‘lahpmgmnmnng
496Kbytes avdilable flash memery
-yIn-Application Programming via either USB
HID or senial (RS232) imferfaces directly
from Mattab™ orMS Windows™.
- Automatie compile and download
directly, from Matlab™,

" Other ofiboard peripherals
- 3 userLED\(red; yellow, green)
>'2 user logie (H/L ) input jumpers
~ 10K potentiometer

- High capacitance (0.33F) capacitor as
RTC backup battery

- RS232 (3232-series) level converter

- Micro SD card socket

¢ Four built-in operating modes selectable via
Jumper settings

USB Mass Storage Device (micro SD
card reader)

- In-application programming via USB
HID interface

- In-application programming via serial
(RS232/USART) interface

=, Stand-alone custom user application

s RoSH compliant
SAMPLE APPLICATIONS

«—Affordable Rapid Protetyping training tools
(especially forAutomatic Control and
Digital Signal Processing studies) when used
together with Rapid STM32 blockset,
exinple features include:

Suppert C code generation ofa custom user
program for STM32 from & Simulink™
model (see minimum Tequirements).

~._Support.varions Hardware-in-the-Loop
(HIL) simulation configurations, e.g.
daia acqmsmmm to, slgml generation
from Matlab™/simutink™, and closed-
loop control HIL siftelation design and
analysis.

#7 Create a data logger to micro SD card (FAT32)
progrant directly from/@Simulink model.

| Useinalaboratory @gembedded system
training Kits or insthe-field for any student
projects.

s“.Generic mictocontrollerevaluation board.

FiO Std

Rev1.5 DRAFT (17-Oct-10) DoclD 530002 (This document applies to FiO Std v2.0)
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