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On the Design of an Efficient Mobile Robot Framework by
Using Collaborative Sensor Fusion
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Abstract

There are many researches in unmanned vehicles such as UGV(Unmanned Ground

Vehicle), AUV(Autonomous Underwater Vehicle). In these researches, differential wheeled mobile
robots are mainly used to develop the experimental stage algorithm because of the simplicity of

modeling and control.

Usually a commercial product used in the study, but in order to operate a
commercial product to the restrictions because there would need to use a fixed protocol

. Using

the microprocessor makes the internal sensors(encoder and INS) and external sensors(ultrasonic

sensors,

infrared sensors) operate and to determine commands for robot operation. This paper

propose a mobile robot design for suitable purpose.
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Fig. 1. Differential wheeled robot

2. 91X =4

2RE FARlel AR Wk, 2% A W
35 AT 5 e TS gefsith -‘*]'E'oﬂtf
d& F3% GPS(Global Positioning System)E I

gato] Aol o= XA Y GPSHAE e A%
AT Al AR A sl 9l A
|53 vk E=g Ayl 9AE
A Al FA7E F-238e i%ﬂ i Zéy_%
FAES 22 9 HE olAEtE WMo 9ttt &)
< vE Aol gt}
18 FAgoF b= ©do] EAEH
g AEel A A el A
Ik wEkA 2R FA 1
FAAYAY BAEASHEEA
(Inertial Navigation System, INS)E ©]&3}AL,
o]

23to] BaE SR AAQ shde, dold s,
289H o188 AUSHY WA B olgdel =
¥ oEghom o% e 48w v 49w
BAS ANE ol g3 HHHoD NS F4
s Wy EW S Fastu B 4 Qo (1]

n. 22 4

1. =gl Efxtel
oy 2% AAE 259 2ol
71017 FEE 271e] DCREZE ALEH AL
w vl e} AdAEE el Y 2HE dazy
(Incremental encoder)?} 7}z & Eo] gt} =

2o B% Tellels BEH TES A8 RH 7F



126 Ciefet M SE= S8t &

Zglol] IC9 HlE g9 AY 27t FFEr. A

o7|E2E EH FE& AlojAEdd AFAE <l

AT o] Addn, ¥ WEe dzyrt 77
h2

mEe] miel Wws Relso] wAws Hi
o9l H¥ wEE ;g FE zZege] Hold
Aol gloid ZEstde Abgdtel WA a9

a9y 2. B o Y

Fig. 2. Robot under frame

a9 30 2R MM =9

Fig. 3. Robot sensor frame

2o AARE 23 AA 167, HAH
A 16717 4% 8 S AES dAs wa

o5 AMsh Aela A

I o

2. Hardware C| Aol
ofgfe] 2L HAAQ] st=de] 7+xE ofth
st=glo] FxE 19 49 o] A EHTE WA
Main DSP (Digital Signal Processor)olA+= DCHE
B Ag Fdsm A INS DSP(nertial
Navigation System Digital Signal Processor)ol 4]
= AelRet JMER AAE Ast [6]. oY

=
=5

|

03 4, A2HEH FEgoe] FRE

Fig. 4. System hardware architecture

ATmega2560 Wi

|

T | ooy | | rereesm—

L4 . 5 Lot cresywen: )

Main DSP
e |

| Distance measurement |

WA 3 Vibration mator

[ Select Mode |
1% 5. ATmega2560 T4 %=

Fig. 5. Atmega2560 architecture

ATmega2560+ AA 52 913+
go|th, DSPAEEH A BE AA fHs A

T AAR o QAEHE A7t 3718 EA 8}
7] Wl e AME syl feEMe 3z
ol HaSAA "k 2 By bds A 2&
o A B A AAE TEEH] feke] B
EZYE AHEST. 7 o] HEEEE SPIEA
& Fote]l ARE Fawett (7]

IV. M H of
1. 22T 4 ZH B4
Bl AAE Aol Y ol g g
283 A9 2H A4l WA

Y 62 283 AN B4 A WA
A ARe WeAN Y St
ohemA WAl HHsaA s WAl 1
Aol AT 2E el A WA

Fi HRolt, 1dN o FAE 8

o oy

Y do ox M ox

&



tetetici=3stel==X M 62 X 3= 20114 6 127

7] fletel @ Wl Be 2eE 437 wrk vk Igjelth PSDE Ayl AgoR ¥
= ole ¥l o] Salshe e Austdch o, Aelel Wael med sk #98 ADCE
ogetel ZAstn, AFHE HolPAES FEd

o A3 Ade Bara

15 aar s wns i

— Whilc paper

f (Reflective ratio:0%)

: mmme Gray paper
(Reflective ratio:18%)

\
N

N
0s P —

-
-

Analog output voliage Vo (¥

il
0 W 2N 3 4 S0 & T S0

Dhstance 1o reflective objeet L (cm)
ad 8. Ao AlAe] AR-de ag=

2] _;_.Q_T‘ AlA e Z_].kl‘)\]— . .
19 6. 2E Al H A Fig. 8. Voltage vs distance graph

Fig. 6. Interference of ultrasonic sensor

PSDe| dlelElE= Hlwd Faste JuolE &
w7h wad AR ey Age SAA 2@
3 m e ol EART Ea 24 A olstel Hlo]
[ B ZAo] T@slth wekd & e @
A8l Hw [3115].
L/ A
e 3. INS &=
$ = INS(Inertial Navigation System)olr] &3
A—

S 5435 FAE IMUUnertial Measurement
Unit)gtar 8t, o] IMUE A4 ZEI} e #o]x

EERAEXE R Y

Fig. 7. Operational sequence of ultrasonic

T 54 % 2rRgd b2 oakE
Sensors FARG Tag AV 1o ol" eakE AU
Fo]7] fAste] oA 71A el AyHz At 7t
T 4 AME st SAHee HHY AeE ETAdA 245 FEE2 HEe] £x=2 1)
o3 Aol "HolHAIEd = 36mse FU|E 3, wE 2x2 HHsle] Awe 1ate] A ol
AHEEA S AL 576mss WOl Al =T wy goz A4 94X 24 Ak a¥ o

= el Sl ols Hashy] fisted 285 INS9 Block diagram®]th.

o 478 AAME EAlel AH&ErE stloy e INSOl A A= ox2 Host Zo]7] 9sd]
AEHEZL ofF g2 Azt 23 o] &uE A 2R o] ZARR AN An R A7
e @ < 0o wEbd a8 73 ol 2719 o}, INSHEE 235 g2 A2 Hgo] 7153
AAE Sl AHessl. AE =9H9l wEe Fuz dAsden A

2. ®2|M 72|5% MA(PSD) T INSSIATE Gyro
a9 ot Asd ANSY AAPSD) FHE gus pav.

it
—
3
1)
o
=
v
0
i
ol
ng
K
2
ML
QL
£



128

| Magnetic
sensor

Coordinate

Initial - Transformation | | S
conditions v ¥
Position ¢
= _5."_'_“1"_ MNavigation
o
Coordinate | e—
-1 transformation .iegral
W¥Speed
integral |—3 Position
Y 9. ¥4 WA BE tholoj gy

. 9. Block diagram of INS
Aol 2 A9 &R s tiXE 8 AA
o]7] wj&o] DSP¢} SPIQIEHlo]~2 AF )
3 zlol 2 AAMd= 2719 9% 12bit ADCAYS
ZHAI QlefAl 3% A7) AlA el lE o R ALE-E}
Atk Gyroscopeol Aol E¥2 Zr&ioly o
AE&A Hd ztert ") olu]l Gyroscope?
A2 gt offsetS MGt 2o <79
27y AZIA HaL olE AHEsHAl HW 1 Apvb
AL FAE] Azte] AuwEA 1 a7 A A
A7 E]‘:]' ol dwkg9l GyroscopeZ} 7FAal
= dolm o]F ¢3}A7]7] $l3te] Al=H
FRA FA] e A AA s g

f'\

0T

to Jm mu

=

A
7] A4
o

W gl o]& Hiate] Offsetgho® A&ate ¢
A, AZro]l Awtel wel Lrwste] e WItE 3
Hatel A4 el LE ANl e 9ol e
AT
o - 30 PART AVERAGE, Voo m4.75V
30 PART AVERAGE, Ve = 5V
, |~ 30 PART AVERAGE, V¢ =525V
5
g
3 1]
B .
g -1 e _--"-"_-_‘--"
-2
3 H
) -20 10 40 70 100

TEMPERATURE (*C)
a3 10. Aol 2AAM 2% =
Fig. 11. Gyro sensor temperature graph

109] &xwWslo] W& Offsetd 3} 1=

& Faste dPWAAE Tk 7 Rl
Offset#tol 744 st= Waem #&afqich. £
H~E Ay Al ol n
e As Gskain

wlzlA INSE Linear regulator®
sto] wE ARESISITE AR QAHE Fol7] $1% o

: 5
jincs
)
rN
o

7] 9] o

T

9 WHES Agstel Ae Driftextue o
V10452 2a7t BolE A d% & Aglth

Ll

I . = - T i Mentise 2

29 11, Aol = Al 9

Fig. 11. Gyro sensor wave

29 112 Aoz 3¢ TR ek 2
ot} Yaw WEo g2 FH -2 dL&For A%
& el sgolth. Al Low-pass BE7F A&

Ho] glolA Aol ol AE A<do] A7 B
g, ARE Aolw e olgse dmdEd v
wake] §A 7wk Aol7h wol vl Hw E} ]

o7t vimelRl Aow weksta A 7
A S, mne g wAed (318,

2E Hof

1. DC Motor Feedback Control

ol =9 544 BY 23 Mappings 9
A= ol Aot 2o IAFS FAE F 9l
= gue A7 e meb g dAae)
gola Hlad ANd ARHE Age] o5

E =Aslaat 19 o, INS(Unertial Navigation
System)E o]&3td ofg] 74| Agtel] gk B4
Fdsteltt. gao] dzH 458 ®E Feedback
Aol gom AHgateln SEAllE s

dads 729 129 22 88 d3idE AR
ste] = o] Wiz Qdste] AAgetsith mekA
AxE7F DCEES ZHO FHol A3 ddxo] gl

E AzE R gavleld AR, §4 59 9%



Digital
Controller

I3 12. Feedback A]Z2~El
Fig. 12. Feedback system
dade FEst SAHS

dxg Bd F Hud £ &3l 3200PPR
(Pulse per revolution)9] A|¥%S A€}
Auj 7 =Hol 13144 12800pulse’t 8} =
He A% 54 9 3] delHE
A/B/Z%0]l & ™ aP1304 EHH Qe 7
DI A (et

j‘:_l,
g
[o
ot
o
911{

r

32

v

>

a9 13, =y dx
Fig. 13. Encoder pulse

Y E£3& Open collector FEjo]7] wj&o
T58& e 12vehe W

Al 2=do e 3.3ve] A3HWS ALgsl7] i
3.3vZ Pull-upAlFt}.
Gy
~
= : Load
3} ;. Output
£ Q ‘_J +1
5 + i Sink current:  ~
= o Max. 30mA
A0V

O
1% 14. NPN TR L=744g =9
Fig. 14. NPN TR open collector output

== Pull-up A%S
Ao HER Zo] Jhsei. &

!
8 48 F glA "k dzdelA 9l A
= DSP9 eQEPel &€= PIAEEH 4
o] Speed control& 3 &} [2].

I dACE OlBE 2R X F3

A= E A olEAeS Fd AEE 7
T 5 ok WA lEAYE FHSN F2 w3
o) $F ojop Ak v HE P upHo
A 54sE A=y dolHR 54 AE ol
Aee Apgetel T8 4 Ak ¥E ale] &=
(V,VpE A H" 2R of% £=(E &
FoQa olEEmE ARsw =i o¥Aus
¢ 5 dn

2]
X
Y 15 AAHE o848 AEE, SE 23
Fig. 15. Velocity measurement via encoder

V,+V,
=L % (1
2
ma 239 A m(w)E dEE NES o8
sa & 5 gk



130 Ciefet MN SEE S8 88

w=—t_t ®)

&AL @slel Folslor vk A%me

G9E rad/secol 2R PHHghe = @SR wpol
A Abg-ste] o gt
2. HEHME o|8E 2R x| FH

X
a9 16, A E ol &3 X 9% F4
Fig. 16. Robot position estimation using inertia

SEensors

a9 16 HAEAAS 7HEE 4
NE o]&3le] R A= S maol
Aolz AR 2re ZtErEZ =Hsm 1 uo)
H e Ag AW 23R A 7w
7 o adan AEE A e AR
s Feta oAl AEsE olF AgE e
al

=

149 2ol = Al

g

a
=
=

J1}(; o

mlru

I u

doob

ek A HEE ANE 27t R A
of YE, Aolz AT olgstel A%
st

@A) 7w o A
m Zpol® AMA 9] EYTE Qb Wi U
Heot AR g B o x
SES

1. User Interface

ol PHIYEZR D3 £

= A TR C#o R AT OT A
B o] g3te] AlA HoHES HEF wE
th A=Ee A7 FAHFLA st AP A7l
wel 4 10m x 7m 37kl A Hd 100m x 70m

M Aee & 5 gk

% 17. AHEAF QB H o] &
Fig. 17. User interface

29 1804 Aol 2RE FEAA JE
o W3t R AR AFE JEA.

a3 18, AAE A AA Az wm
Fig. 18. Compare with real map and measured

result

vi. 2 &

B =R AE o2 1 Fo|% Differential
wheeled EREFS A& sk Wyl diste] A9
Atk ZRS vk IHE 5

AFFEA, gFREES Q5=
A FA AAE 7HAa glom

fol o]BAY % olEWFL HHY F 9

rL

M wd ooy
O 3 oyE -
F>“

9]
ol

ol



CHetdHICIESssl==2X H 6& H 35 20114 63 131
=l el %X 2 ukF Y mnHA T oo d4d trajectory model for the differential steering
o ol&] o7t HAsA "o wEA AT HEY system of robot  wheel actuators”,
*] E o]&3te] dI[E o83 FAH9 WAHS http://rossum.sourceforge.net/papers/DiffSteer/

E3lazk stk =3 ¥ 34 S 45 9 DiffSteer.html/
0}04 2R A ke FMMA xou 2 A [11] Mobile robots, Software for sesearch,
al 7% USHAXE S ARESISITH ol 74 Al http://www.mobilerobots.com/ResearchRobots/
g9 FEH HE ResaA addd F4S PioneerSDK.aspx/
ojFofAA gk AR ANELS QAE THA AL
QA Ha =Rl AE ol 4 AMEY A

Hngs

[1] ol 47, =48, #38, A4
&, Abel Em Tio], 2008,

[2] Richard C. Dorf, Robert H. Bishop(2007),
"Modern control systems”

[3] Everett, H. R.,
theory and application.” AK Peters, 1995.

[4] Randall C. Smith, Peter Cheeseman, "On the
representation  and

, 28 F89 o]

"Sensors for mobile robots :

estimation of spatial
uncertainty”, The International Journal of
Robotics Research, Vol.5, No.4, 1986.

[5] G. Dissanayake, P. Newman, S. Clark, H.
Durrant-Whyte, and M.Csorba,
the simultaneous
building”, IEEE Trans. on Robotics and
Automations, Vol.17, No.3, 2001.

[6] Texas Instruments
"TMS320F2808  digital  signal
datamanual”, SPRS230L, Datasheet

[7]1 Atmel Corporation "8-bit AVR Microcontroller
with  64K/128K/256K  Bytes
Programmable Flash” Datasheet

[8] Analog Devices, Inc. "+300°/sec Yaw Rate
Gyroscope with SPI - ADIS16100” Datasheet

[9] Dead reckoning - definition and purpose,
http://www.irbs.com/bowditch/pdf/chapt07.pdf

[10] G. W. Lucas, "A tutorial and elementary

"A solution to

localization and map

Incorporated
processors

In-System

|x1 oA~ A

3 % % (Dong-Hwan Kim)
20044
AAFER AL

200941~# 4, A AW

Zo Ty atal

_ BARF  OAY AsAL,
d.m

>
Email : hakdh@naver.com

4 ¥ (Sung-Hyun Jo)

20119 : STt

Email : youluv2me@naver.com

% 9 = (Yeon—Mo Yang)

19904 : KAIST

AN AR} AL
19994 @ GIST
H7IE =Y 2 AA}L
20064 : GIST
HIIE =Y 2~ F kAL

=

2006~2008d : DGIST Al
2008V~ A, o T en AR w,
A EoF 1 UWSN, EPONs, AAUES =,
IT/MT &% dut)=x 2~

Email : yangym@kumoh.ac.kr



