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ABSTRACT

A Sudy on Posture Control and Location Route of
Autonomous Navigation Robot for Water Quality

Environment Monitoring

Kuk-Se Kim
Advisor : Prof. Joon Lee, Ph. D.
Department of Computer Engineering

Graduate School of Chosun University

A key point of mobile robot is the technology to build a map of the
environment and to localize itself using a map. Moreover sensor fusion
technique is essential to reduce error rate for environment mapping information.
Using these technologies, there many robots (housing robot, security robot,
industrial robot) were developed by companies and research centers.

Nowadays people are worried about disaster by environmental pollution.
Therefore robot that has autonomous driving and monitoring environment to
check pollution in real time has being important issue. Recently, according to
improving remote control and communication techniques, mobile robots are
efficiently used to work on the water. One of these robots, autonomous driving
on the water with posture control system robot gathers information and
transmits data to destination point as it moves across the river, water-storage
and sea. This robot has mobility, environment acceptance, communication tool,

information gathering process, saving energy technologies. As view more detail



these  technologies, robot used autonomous navigation, perception,
self-localization, obstacle avoiding, posture control, efficient battery, and artificial
intelligent process. All of these technologies are used in making monitoring
robot which works on water environment.

In this study, I suggest quad-rotor algorithm for robot on the water
environment perception. And using extended virtual force field algorithm for

autonomous navigation, obstacle avoiding. If we assume there are same polar

with obstacle and robot, repulsive force(?r) are engaged between robot and

—

obstacle then absorption force(F,) are engaged between robot and target point.

Robot safely reaches the target point with two forces. Also I made parameters
with fuzzy to represent crush avoiding saturations for fixed or non—fixed

obstacles while mobile robot has autonomous driving on the water.
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b) DC-Motor9] 7] A& H-A 2
DC EH9 EA(r)e Azt A o Hldd o=z vrAysio)

T(t)= K,i(t) (34)

J Y= —Kwt)+ K,i(t) (35)

Edstd A 36, 379 2t

d R, K, 1

i fz(t) v (t) + Zvapp(t) (36)
dw 1 1 .

o 7wa (t)+ 7sz (t) (37)



%m— Kf [% m+ %vapp(t) (38)
J T 0
y(t)=[01] [z ]+ (010, (£) (39)

TR eIl e RdE A Bl AHEshy] a7 witel Alweld
o

&= 5,000rpm ©]%

L

e bgeta, Aswe $ua o ge AggsE S5
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. EVFF ¢ 13

1. VFF(Virtual force Field) &g =
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TR F=9 TR A AR EFdth 7Y EE=(Uniform Field), 4
I = (Perpendicular Field), 918 2 =(Attractive Field), ¥+# & =(Repulsive Field),
2]al ¥ F=(Tangential Field)o]t}.

T de= a9 2504 He oupel o]l ZF = (points)oll A o] WE S A7)
(Magnitude)®} & (Direction)e] &Y gt 30|t}
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@ =) @ ) @ mum) @ )
@ ) @ ) @ ) @ mum)
@ ) @ ) @ ) @ )
@ ) @ W) @ W) @ W)

Iy 26, 743 oY

a9 26e Sd "EE et £F "S: g W weel HEEA
(Linear Diametric)® @84 Holx Fejr, 27 E43 HAkole] A
S e,

[
om0 ms /',,".p’|
sEmidmieme /o N % 0,
V=110 v,‘.,s, ’,
i

g 27 2l
(Focal Point) 2.
o},

geg gedn 9Y "et 74 geAe] uE W] x4

Feoln], 271E 24T Axole Az @4z e

koo oom
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Al Al ko]t A7)

o
B
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TR

b) WE =Z7] (Vector Magnitude)

wEe 27% o
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“

Ho}

o FRAA A%

T (Constant), 2 (Linear), 7183 A5 (Exponential) & &7

b3

A et

A 2Hoz TA
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Efo] 7]
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2) 719 &(Virtual Force Field)

o

7} 9& (VFF: Virtual Force Field)& o]% ZX o] Hof& 3y EAo A&
H WH o 24 Borenstein? Koremo] “ell&Ee] Ao &3 AAE AFEEH7]

e F AYA WL S8 Ao TH4d] o o]E o] FojEil FEA

249l VFF WHe 344 AAH(Certainty Grid)E 7F Z€lAd
HE T o]Z 19 2994 Zd3FFUtE VFF
Control Schematic)ell % 3t3}c}.

i<}
[

T
g
lo

_4

ok
i
rlo
o
offt

Z3%HCombination) 2.2 A

2] 7l Alo] F+Z(Robust
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HEEE
Histogranrgri .l Target
/
2 W 7 >
AN ctive window | | |
]
‘r ] F T
_ ) 1 ; O Object

Object \ 3 W [
~— - / ) A |
-Q__ \'\1 J/ Centainty \. P |
ka1 W Valle J / 1
i 2(5/4(3]2 / \ I
[ I 4 V1 / 4 1
I il Iz 3 R .
1 ;
I ]
[ [ :
i f I
n" l
v 1
.‘Iil l
\ f |
I \ / I
I \ i |
| [ f
F, ¥ :
| ]
]
T

1% 30. VFF 7| & /¥ =

olF ZEHo] HaPgo] uwe} BAA AAF(certainty Grid)7} FH & 1 Fro] F
S5, Ao gyl o8] AAHGrid)el #F& Az H(Square Widow)o] =
ARE A 7Y A (Window) kel E 53k 7 Al(Cel)> Z5-9] wF=(Repulsive Force)

of AgHL, olF RS AT WS FAWF Wolurh o] Fo| A7) A
A (Cell Contents), CG, jell vldlstar, Az} ZEALo]o] Azl Aol whu] & gy,
ol 4 0o ehsie.
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=
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R=F +F. (43)

Rel wakel §=R/IR (degree® H3)S ZF ZZF&(Steering-rate) | A

(Command) Q& #3t 7|22 AF&3i)

=K, [0(—)] (44)

K, %< 93 vld 44 (Proportional constant)

0 dAl &5 W (Degreez= % d)

(=) ¢14kxH(Operator)= 09+ § Abole] 7} zhe 3l Aol Q
-180° < Q < 180" Hflell =A) stet.

it
o
>
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2. EVFF(Expansion Virtual Force Field) €138 %

VFEF e 59 712 7ide E59] HAS A8shs AoRA, ofF 253 o}
X de] olgstgth o JWMe 2R ZEA AteldE tE Iy AFE 7}
Aar, ZEA GoE Aloldl= 2 SA49 dstE kvl Jpgete] 2R B 1
A Aboldls FAY(F)ol Ageta, 23} FojB Apojo whuwre(F)o] #&

stel et HEAe mUsRs s A AY FuFonA, o Zdsd

OBSTACLE

a3 31, @<=3kg VFF| d
(45)

o714, F,= 230l HHAR Feh= FdHola, £ 2RI Foje Abo]9
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FEob @) 1
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o] VFF wyoz:

START

Measurement of

Distance

No

Obstacle

Detection

Yes

Virtual Force Field
Method

Collision Avoidance

END

% 32. VFF

i

—

)A
&
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EVFF W2 239 Folle Ateldle 22 549 Adsts 7H

¥ Pseudo code of VFF

if any object in front of the robot then Vconst = 2 * certan_value max

else if no objects then Vconst = desired dist — dist_sensor max
else Vconst = desired dist — dist_sensor reading

resulting in angle to turn = lrad * Pconst * Vconst

¥R G2 A5t FE Aue $¥S A EVEF $Ue Aw,

F=zero

ROBQAT

oy

19 33, ArEgtel tigk 7Hd 9E 7]

e
=
oL
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R =R+ I (46)

ool A, B¢ Aol da Medds Foe 34 e 96, Re o
A F wEe] F4 WENET Fe ARetoze] @4 Wt EVFF

MdE A 473 2

= T i

F=Fyl( 1) )"+ ( a0 )Y] (47)
o 71 A,
(x, v0 © A9 Axiel Ax
(X0, vo) : A 22X 9% FHE
Fa : X9 H2A7e Age] whu|d s 3
2 475 F3 AA A TS A 483 A

F=F+F+F+F (48)
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START
N
Al

Measurement of
Distance

Is there
B value 0?
No

Virtual Force Field
Method

Expansion Virtual ||
Force Field Method

L

Collision Avoidance

END

1% 34. EVFF %3y d4ugs

Rk

¥ Pseudo code of EVFF

if any object in front of the robot then Vconst = 2 * certain_value max
if theta_value is O then Vconst = certain_value min
else Vconst = desired dist - dis_sensor reading
else if no objects then Vconst = desired dist - dist_sensor max

else Vconst = desired dist — dist_sensor reading

resulting in angle to turn = lrad * Pconst * Vconst

a8 339 4+= EVFFE o] &3t 53]y dug8]|E =4 %9 Pseudo coded H
o T3 9l EVFFolA 2] A2 ofoltjo]= 2] 48¢] Tz JAES ZAHs= A

oty 1% 3elA mi whel o] EVFFE: 44 ziel @2 449 5% 98
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Robot
Dynamics

Y8 On the water

|

On the water
Robot Model

Course
Keeping [
Control

wd, ed

!

Track
Keeping
Control

EVFF

Collision
Avoidance

3o},

9

71

-

o

Desired
Track

Aol 7t

—_
fje)
i

1o
100

=l
B

st e,

o
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3. 42 §A% 2% IS A% JA 27
D SR =A< Ad
HAo| 2L Ao B3 AHE IugE Fds] FE= wWHoEA 1965d v

= W Zg ogte] (L. A. Zadeh) o] o s]A A& A=A}

HA =g A 7l= AAolZ2S $E&T A=A Qe 43, =4S 7Ees

N

B ol 8% Ao BiHSAAL, EE A2WOERE dojX HolEst 24

ot BEAG 4 AR A4 Aol T AojHa Aol FHL F4,
AEFoM 5 Aol A%E tehla ok AP xS BE uAY 54
2 A N2dAE f83A H8E F Ak =3 HAAANE Ao] 7
Ak 250 d@ s 21 %ol sbsd =aA Alolsloln] @ Ao
FHE os) 2abslo] 488 = = F Ao)7] o] tH46].
Crisp Process-5State Crisp Control-Output
Values Values
v A 4
+ MNormalization Denormalization |«
b
Y Inference
Engine
»  Fuzzification + ¥ Defuzzification <
Rulebase
Iy
Database

a9 36, HA A7) =2
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A2 7|k S A A o) 719 N BA FxE 29 358 2rh HAA 7= A o
of slFats WA Ewlolxrt i, At A et FEFXE o w A
Aol gt & HXA 77 ZTAE = oHHolE F3 FawE dHolEE
s go] opd AgFIolnE AXFH AYFES S vl F 5 de W
F7F Bosit wA A7
7} ageltt. AAY HAA = JHNITE A BEFEE AlYE AE B

E (normalization module)¥} #|o]7] =25 2A] dFoolH/ZMHES] WIF A

2. ¥ X 3}7] (fuzzifier) 2 W] ¥ A] 3} 7] (defuzzifier)

2= A8 R E(denormalization module)e] il o] e ol JV|TEE
(functional module)E°] A% d#E AW AA oA SFHYE=2 Ha3 o]y

Agate dolE Mol 2o} it

Ll

2) HAA FHG FE2WHY

HAAl e B4 Aol BuelHe Aol el B el hE PR X, Yo
TR W@ 9"z Aelel WA AR EAdt AAAe FudFe

I[F-THEN ZA%F oz Fodch = X7 #a Y7 329, 7= F1kelt)), ‘X7h 2
SY7F Zqbeld, 7 Ad A Y urea.

(antecedent). "THEN'#S Z & (consequent)©] &} 3t} dwtd oz Wy Xof Y&
deolg}t sty ZE F=olg} gk Aoy Aty E #A MR X
Ao zA AAZFor FAEH HAA=gA 7= o5 HA Ao 7H Pt
ow FAEHM HAA o] Fold o, L2 HAFE 9t At

o

AAFEE AAwdol 2AG=Y AL AZe Bese] uLSHe] AR 3

$ol= ghkg ol ol gHTh WAAA A g FEE WAHAA =LA
o719 AAl 47k AA kol ohd wEe] FAE Held AFH AAFE
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= ovhEeh A43stel el 44T (production rule)d e okl q AL
WHES AN} B e Ropl A ALEIE e FaF AolPe FAE 19

A F2Q AARAS HAEeht e A ¥ vaAeks Holth 7 HAMS

&

ol T 4% F47h 19 367 Lol RoH).

91e] 1§ 3614 NH, NS, ZO, PS, PHE= 7t2F 2 &°] fh(negative high), #
& 29 ZFk(negative small), % (zero), 2 <o ZFh(positive small), & %o It
(positive high)E¢] ¢W& WetlH o5 E5F 3H-2, 2]9 ¥ %] P& (H A
T)E e

HA Aol el A9 Foluh &9 ghe A F e 9Y Whsh 29 whel o
e W [2, 212 AFaE go gue e Aol [0, 202 Frsiec

B 7Y QA4S ey mE WiEd g@ JAWFR A48T 5 9l

[47].
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T

27t ¥R

7

=

o

+

3) #A

) A 4= (fuzzy number)@ ‘Tl EF ThA, A, ‘oj gl

°l

1A 7bel7) 3 e

uf| &

¥ A = (triangular  fuzzy

a3

az

al

452

(49)

T =< ap,
T
ay < T < ag,
<

_66_



4) ¥ ¥ A 37]

A A 87 = AT R FASE AAFORNE  Ad s F(erisp number

data)S& L& WA ot} v|H A g 7]e] FFol= F AT H(center of gravity

=

method), &% 44 (center of sums method), 3= °]% (height method), HthA % F4
H(center of largest area method), 3 ZH gt W (first of maxima method), %t
2] 1t (middle of maxima method)% ©] 3l

B =Fo|M = 7heFstEl FA 54 (simplified center of gravity method)S A&
stz &2 &, o] e o5 A

Zzkel HAFH Rol o@ FAZREAT B/ & A 509 COGHEom WA 5

7

u, "= COG(B ) i=1,2,...N (50)

QAT 9% nsA e FRANE A 512 Ao ),

U = (51)

A7NA ke HAAAAGTE RO AF Lottt eF stE COG WA= HAA
22 ‘also’ & st Ao=m olFe & 9lom o] WY

ojefell &l Hrk= Fol At

lo,
o
k)
|o
fitl
rlr
Q
o
D
lo

>

%)
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A7 WS olFEREL 1, 2 3, 4 2EHY T Lo I 7Eofxl =
Aeje] MEE WA 712714 Jgold ZEast okE /%ol 4EE
we WA aE G E 4sh 2k

T4 A A A 2% G5

WOl 7} (o Slope angle(°)
N(1) VS : Very short (0~10)
SH : short (5~15)
E(2)
NO : Normal (10~20)
S(3) .
BI : big (15~25)
W(4) VB : Very big (20~30)
2) FE A 2 FE 39 4= g5 A

-8 W AR, TE0)
<
s

01, 2,3 4 223 S5 (v, vy, vs, vy)

o714 7] A= @A olezXI Aol Al 9

:<|)L_',
o
X
it}
o

O
=
it
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Metmbership

Memmbership

Membership

y

o
o
o

o
=
%

Distance (cm)

a9 39. Aglel gk 2%

08

o
m

&
=

02

pLvs s M ML

08}

&
m

o
=

Vo

o L L : '

0 1 2 3 4 5 [
Velocity autput {cmis)

a9 41, Hro) gig =9 &
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6 A Ao} HA Aot

Fuzzy input Fuzzy output
Ist Z2nd 3rd 4th
Azimuth | Slope propeller propeller propeller propeller
pm rpm rpm rpm
N VS HS VHS VHS VHS
N SH MS VHS VHS VHS
N NO ML VHS VHS VHS
N BI HL VHS VHS VHS
N VB VHL VHS VHS VHS
E VS VHS HS VHS VHS
E SH VHS MS VHS VHS
E NO VHS ML VHS VHS
E BI VHS HL VHS VHS
E VB VHS VHL VHS VHS
S VS VHS VHS HS VHS
S SH VHS VHS MS VHS
S NO VHS VHS ML VHS
S BI VHS VHS HL VHS
S VB VHS VHS VHL VHS
W VS VHS VHS VHS HS
W SH VHS VHS VHS MS
W NO VHS VHS VHS ML
W BI VHS VHS VHS HL
W VB VHS VHS VHS VHL




7 %E 44 L FE 9 A4 AiFH @ NFD 49

Fuzzy input Fuzzy output

Ist Z2nd 3rd 4th

Distance| Angle propeller propeller propeller propeller

pm rpm rpm rpm
VN NB VHL ML VHS VHS
VN NS VHL HL VHS VHS
VN 77 VHS VHL VHL VHS
VN PS VHS VHS HL VHL
VN PB VHS VHS ML VHL
NE NB HL MS VHS VHS
NE NS HL ML VHS VHS
NE 77 VHS ML ML VHS
NE PS VHS VHS ML HL
NE PB VHS VHS MS HL
FA NB ML HS VHS VHS
FA NS ML MS VHS VHS
FA 77 VHS HS HS VHS
FA PS VHS VHS MS ML
FA PB VHS VHS HS ML
VF NB MS VHS VHS VHS
VF NS MS HS VHS VHS
VF 77 VHS VHS VHS VHS
VF PS VHS VHS HS MS
VF PB VHS VHS VHS MS
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V. 49 ® 2% n#

1. o] 528 AojA 2" FA

1) ol F2Ee AA T2

A ARG on 18 41 nA4Y BE Ao @ FAT A, thgst AMAES
3t LAY, 9A8 HolE A=, GPS, WiFi 123l ZigBee 2 A|2HS 55

At Qo] AR AT = o)

a2
ot
o
ot
=
1o
b~
[

m
ﬁ
2
o

el of
Aol 9ty I8 418 25 AHF AlRo|lm 19 42, 438 AA ZHO W

o)},
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7t 22 E sHY0R Ao ¢ v Z2HY G5 3 (differential type)©]

t} o] F R Ao Ao ZE+= Intel Xscale PXA270(600MHz)2} AVR Atmegal28 =

o

ZAAME AFESTE 18] O/SE Embedded Linux 2.6.x°]th A& o] A&

FR3 F4e % 8% 2t

E 8 Y AgolE 2o 77
Size Diameter: 800 mm, Height: 300 mm
Weight Approx 725 g
Payload Approx 2000 g
Power Swappable Lithium—-Polymer battery pack(1400 mAh)

~8 hours, moving continuously, using AVR

Autonomy PXA255 board power consumption: Idle: 500mW, Max:
1200mW
Speed Max 0.5 m/s
propeller
5,000
motor rpm

THE AETY ZELS F 4o Ao A9t Atmospheric pressure , Op,
Coz, Temperature, Humidity A1, ZFA A& $18 GYRO AlA 7} AR 5o Qi)
olERRol AMAWAEE 29 449 23 1Y 458 374 A4 RES HAFn

At
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HOI A4 HES

- Main CPU control

- ZigBee, Wireless, GPS
- Sensor Data logger
- Motor Control

- Battery Control

—

HIZLHEAA

% 45, 2o 74 AA 9 T2 Al2E v A=
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5

A= A 400cm7HA =48 = 9l
olERFEL FI LG4ugSL FHIE PXA70 ¥t Ryl AREo] 9la
RS-232, ZigBee, WiFi, GPS SAl& §3 F4 AR 28 A4 5 B35

W

2) o]F2R AE" TA

-
AE =g ZaaH ] [ FH oz ]
I Z=0|L EHojE =T HE U 5rd 22
M Hoe HE dA Hiojly 2=
G| O E{ H| O] £ A neE AE
G ek Al H o]

9 47 A 2" FE AA A=

AE A4 Z2age oF ¥ ¥AE GPS F4 dolesh ve 44¥ W
olE & o) gate] Aol MAsh MM EVFF LneEg olgdte] A&How
Ao 558 ek ol EaA Bk 3 o] EFuA Aoy ANRTE FojEo

=
et Aot dzy AMZEEH A 2R X ek A4E Aol dHolE oA
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BERe] A% 2 A} B4

) AZZEH AAA FRYZFL o] &7 38 29 B4

AEZHE ol &3 AAAl dagFs 9l 4749 2249 R DC BHE 9]
&3stel PWM Al AlfE g3 24 24 skalvh Z3elA 5000rpm =2 DC &
& ARgske] Zhzh 504 300744 71e7lE TR AAA S sksith 1y 470
Me A=rY ZAAAE 93 DC 2 PWM A& ®Hol Fi 3l

17 48, 49, B0ollAM = 2E e Y1) Wl mE R 3 gs HolFa
ATh ZHzE 2Ee] 7127 B9 5°, 10°, 15° 20°, 25°, 30°% 6TAl= A5k

ow myol ugsel g AlZAAE Bekel W % o @ HolHE &
Mol Ao AelstA el
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2) 7§ " EVFF(Expansion Virtual Force Field) €18 &< o]

4 A= 3y 2 =2 FAE A% A= FE 2 2 24

MAE EVFF &) 5S ALE3le] ol 23o]l AgHor B0 5528 g
A AA A2E FAAsE AES ST AW Ao Adge HdA Ak

FEo] gl AR AW HNEFS Aty A9 34 29 5139 o] 7t
2lml, A= 3[mle] &3Fell 50cme 1A FoE F /e HEZ FAEH UL A
Y Ao A el VFF$ EVFFE H]

RA
Mt 48 A4 ARG Z2S Agste] 75 48 L ABeol4 sk

shof o shih Ap&F el
¢ Ag T BA BA
AEE FAstel 49 8

o H+ 10cmeold AL FX sFHEA

|

Atk AHolA AojEa o] ERY Aol

20mm/se A& E£E2 o|F3Avt. 19 52, 53, 54+ EVFFE o] &3] Virtual

Force Field Al A Certainty valueE -8t AS Kol glth

_81_



¥im)

A M L i i S e i
001 2 3 4 5 6 7 8 91011 1213 14 15 001 2 3 4 5 6 7 8 9 1011 1213 14 15
X(m) #m)

19 53. EVFFE o]&3F Virtual Force Fieldol 4] Certainty valuel

9 10 11 12 13 14 15

0]-8-3+ Virtual Force Fieldol 4] Certainty value2

01 2 34 65 6B 7 8 910111213 14 15 0 1 2 3 4 65 6B 7 8 9101121314 15
X(m) #m)

19 55, EVFFE o]&3F Virtual Force Fieldol 4] Certainty value3

_82_



trajectory
300 : ,

260

200

£ 180

100

a0

:LE]IZI 56. EVFF& O]_g_r:)—l. %%ﬁ-‘ﬂ ‘?—l

trajectory
300 :

260

200

£ 180

100

&0

.
B 50 100

l‘j/]n 57. EVFF& o]%?} %‘%ﬁ]r ‘3—1

- 83 -



trajectory
300 T T

280

200

150

100

100

150 200

19 58. VFFE o] &3 Zel= 399 A& +3

1% 559 564 olF mE S 3 Hol o3 QA7F e

i theh, 2% Hol e RRold A7 gtk E

= #H4e Zd¥E A8E davt Aoty 17 58A

ks

A

1

o
= -

A

shat o

[e]
T



VFFE Algate] Agsade] A8 A 2 5 9l

at

trajectory
300

280

200

E 150

100

a0

1
0 50 100 150 200

3) EVFFE o] &% 74

14
o
oift
fru
b
Lo
2

(o
ol
)
-3
o
10,
b
o
N
o
i~
o

=

v

=]
24

A

T4 olgrRie A&FY2 EVFF daugsd AA22S A g =59

GPS dlolEjel Apolz AlA el HolE e 7FAal A3 s o] yio] wig ¥ =3

ol AAs 3 ddS AleEdeld # A3 skl 27 55 ol ERe] A
A AEFY Adolr 4L o]ed2E YEHY F3 AkoA ®oli= nie} o

_85_



HF FxA I dolHE A A= AFel oM F3qsAtt. 3 EVFF
e

FnelE 2 AL olgad F FRASES asHew WA AHao]
2RAAA s mEe A% 2 4 glvh

trajectory
300 T

250

200
) .
100

50

0 50 100 180 200
cm

a8 60. AE7rolA AEFH Y B B

% 59914 EVFFE &sto] x5 Wk (125 0)elA (125, 1000)% o] &3td <

rr
>
N
2
i
filo
i
n
K
ot
2
M
o
oy
i)
ol

(125, 125) T4l A5 ol 50cmel af3 st
A eAdrk. 28 59 AT Afra il A ALz FoleS & 3vlske As

B 5 Qdvh vt 39 Fo]l HE A1 (300, 275)° A s ="EehA

WA o] AL Hole 3y & u A= AAe] B

A A QAo xRt Hekstwl mite] o By e AeFol T3] HE8E

1
.

tlo
2
=
t
ol
N
o
QL
r2

_86_



3. 87 AN 2UHY Ay 2 A7 24

~

@47

ol

e

o

93 A= Atmospheric pressure , Os, Cos, Temperature,
Humidity A= G450 ot BUHHE A4 dolH & ZigBees 3l dF
At 19 60 USN ZigBee &

Al BE

o
T
2
N

I Ak 19 61, 62, 63, 64, 65

-
T

Aol AF&¥ USN AA 57 ALE-H

. USN ZigBee TI CC2431
module

9 62. USN Sensor module

_87_



1% 65. SS1118 % 66. GHFS41-P1XX

2.5 % MA+= SHT7x, Atmospheric pressure AA+= SMBA-1000, 02 AlAM+=
SS1118 Oxygen sensorg AF&3stRom, wix|uto 2 Co2 AX =2+ GHFES41-P1XX
S AT 9 669AM = B AAMEZEYH AA s AEHE 19 67, 68

M= EUEE 3 sfHe B £ gl

_88_



00 s.oops
OB  5.60us
A600ns

A3.00ps

L T

154 2010
10:43:44

19 67. USN &4 44 AM HEE AS

8 sovs Nianorngre SeraCamedioniaa - Edpes SOK L Y P B EWw NG, -

Flo EJt fun Souce Navigote Seawth Poject Aefoctor Window Help

OrHa 8 B0E $-0 Q- BHG- @5 PEET Hi-FH-voers-
18 Packeg 52 T Hierarch| = 5|([3) monitjava |12 serpicomectionsate &3, 1) G0Glogae | ) e |

case SerialPortEvent.sl:

& Monitoring (=T

String sensorfium = acho.. qa\:se)ac:ennmﬂr

um) £ Commands
§£ (sensozlium. substring (6) .equals (Nodeid) ) 7 || commands
i

-
5 e putce
) comoladsprerjoa ||

5 g monitoring_control =B
12 coroavn )
& GPSTest
12 gaphs ™ L 4 1] commanas
ey C— S— s | ;
B L String Nodeid=data.NodeID L [ commanat
]
]

1) GiDtalog ava - o sendBreak) 1o
1) menitjave ] try Sensing Information Command10 & Sopen()1 bo
In sescomectenja [ : gl ‘ — ‘ o sratvnmaro]
) senalConnectionexce || if (3b.gesiinecount ()>10) S = o o)/ | [ commana11 B ShowData( : vold
el | B B123C 27.0% poo02178 am e | commmits | ©. ownershinChange(n)
54 Button Nextgi L St.secTexs ("%} ; 3b.secTexs ("N); Jo.secText () ; Jo.secText (") = & @ xeypander
8 sutton_previousgit || y o5 Outpusteam
VENFEST M ] e o Copsnderoup
3 JRE Systemn Loray [ivase1| | this.3t.append (data. cenpos? C "sdata.hyml £"3%L\a) 616.0 % e . keyTypedikeyEvert
24, Referenced Libraries | int offseci = 3t el:eraZ'moﬂ:et(J\: gecLineCount ()-1) ‘ 5| Q@ oaast
55 Bution Next gt | 3t.serCarerPosition (offsecy & Command Sing

e | |
™ ] Ib.setCarecresivion (arfsec2)
F— i

Seesntaretbnainiin artaen

1B (defaut package)
) MultpleDatasetDema

TR

1) TestLjav
2 JRE System Lbrary 112551
i Referenced Laries

2 tmetae

3o.append (data.a24n & 7 4Man); EXIT ‘

iems [ B3 Console 23 = propefties| W *
lication] C#Program 5.9. 9% 30806
98996013 # 02 = 4617.0 fco2 = 2970.0 =
014086 # o2
.9900448
19300844
Lss014026
Lezs2a73
_ss014026
Les01336¢
_ss015086
Ls3023505
12026
83014086
53014086
s $humilicy = 27.0 fbaro = 0.3202173 $ o2 = 461

Nodezd =

.0 #coz = 3026.0

| witzble | smartinsert | 307:47

38 68, ZEAAE 34 A ZUEE td

_89_



e —
[£] monitoring =] = [

~-monitoring_control M =] S
Command&
START STOP
Commandg
~Sensing Information
> o7 170

31.23 C 27.0% 0.9902179 atm Sommandl]

4 [
4 |»

o2 Co2
4616.0 % 3041.0 ppm

R
A [k

ot
o
@"4
X
t
A
4
ol

_90_



4. AA 5% BAANNY 2F 2 24

-1 =X

2o A B9 A4Sy A&FY AW A% B4 L AN e WA
AFe AFes Ad A3 ol obE AH AU BrUE dyon 29

sheleh. Al WulE 10m, A2E 20m 4% sk Bl 1y 695 el By

7F 578 A E o .

a4 70, AA AE 84

Age 29 699 AZ 29 AReA $3 19 the sk 49 S
2o AREe AN BAAe NARE DT mie] HMAE
AEA a 14 FohEel dd Aue ATHA ekw zye] ANE ol &5t
Azl seon, ZeAds ogate Hds| FelBe s ek 1Y

70, 71, 72, T3 AE A4 BEOE Ade geuA
o,

_91_



a9 710 B2EY AR E o]F 1




99 HAAE A A9 BRUE AY AN BEANAY olERE

HojFal gl

99 Bl E 2Rl olBEWA Al WAL FARI] A B ANE A

Al

)
o

2 dgst

rr

A o]F F= GPS HolHE HolFa




B

fo] 2o A

S

S

oA 92} ARE
A7 WA

e

=4

o] ATt
a5
& A

sk

Hel A=y m9e A4

S

}

<
pal

gl

o]

o

-

7}

:F_

of Aol A AbeFol o
A= o] ghom ne QIzko] Wi

z 5

w
)
oF
oy
T

o
3
T

=]
5k,

°©

=

R

47) €]

A
7]el uk

3} 9%

}

<
pal

=

=

=

SH

[e)

=

=
=

3 EVFF

S

[s)

I =

9

=
T

=
=

EE 7]

=

=

3 EVFF &1¢
3] 3]

}

k)
pal

52
glol ¥

FA

f A
1

o

3T B2XLE A A A o]

A7
ool )
o9

=

=

-
3t

bol =

3|

&

e

=
Fof o] 2 AlA] e

°©

=
°ol-&

=
=

3 57 Aol
A7AA A

3z

sttt

23

Nl

=K

=

=

Ol ZHE AlZ 2 FH GPS dHo]H

49 HzE

il

°
gl

o2

[e)

=

R

—~
o

—_—

0
o

o]

A ¢ksl EVFF

of wg 3v=

Al &)
=

of 13} 4

o}k
o

ORI

o

=
=

| 2o] ¢

o

olx ok 7]
S} 2ol At

=

=

A ENE 4

Fof AAIZE 2

°]-§3%

=
=

’ EH7] %L’ OZ, C02 /ﬁl}\‘]

Bt s
\H -

RS

HE&

]

U

s

_94_



}l o USN ZigBee A 2~H)

HUEYE 5

%

EUE ol ARgE A

el

=AY

‘_Iryl

—_—

</

M

b AAz A

9]

‘(H

=0]7]

B

o

AR AA MM B

N

i

il

fek A

- w
=~

1S3
y = =

i Ph, Do

9]

% 9

o grz iy

27l

s

HE g2 FgEojol dor A

3

4 U ALE

B

_95_



[1]

[2]

[3]

(4]

[5]

(6]

[7]

[8]

[9]

M, A9, 35, ot wdd, AMYE, “Development of
Technologies for Navigation and Manipulator System of a
Semi-Autonomous Underwater Vehicle,” D% 7/3°¢/(%), pp. 766,
2003.

o|#E “Development an Advanced Deep-Sea Unmanned Underwater
Vehicle,” ¢F=8f ¢¢¢77*¢/, pp. 349, 2003.

P. van Turennout and G. Honderd, “Wall-following control of a mobile
robot,” Process, I[EEE International Conf. on Robotics and Automation,
vol. 1, pp. 280-285, 1992.

Y. Ando and S. Yuta, “Following a wall by an autonomous mobile robot
with a sonar-ring,” Process, [EEE International Conf. on Robotics and
Automation, vol. 3, pp. 2599-2606, May, 1995.

T71H, AN, "2 AME o] 8F olEERe Idd WY wer] du

%,” Proc. of the 13th KACC, pp. 760-763, October, 1998.

J. Borenstein and Y. Korean, “Histogramic In-Motion Mapping for
Mobile Robot Obstacle Avoidance,” [EEE Trans. on Robotics
Automation, vol. 7, pp. 535-539, August, 1991.

B, 294, "5yl ES o]8F olerRe Ak A FHAts
A}Ao] ea3] 9] =%, pp. 119-124, 1993.

M. Kulich, p. stepan and L. Preucil, “Feature Detection and Map
Building Using Ranging Sensors,” /EEE, pp. 201-206, 1999.

0. Bozma and R. Kuc, “Building a Sonar Map in a specular Environment

Using a Single Mobile Sensor,” [EEE Trans, On Pattern Analysis

_96_



[11]

[12]

[13]

[14]

[16]

[17]

[18]

Machine Intelligence, vol. 13, pp. 1260-1269, December, 1991.

J. L. Crowley, “World-Modeling and Position Estimatioin for a Mobile
Robot Using Ultrasonic Ranging,” [EEE International Conf. on Robotics
and Automation, pp. 674-680, 1989.

J. Gasos and A. Martin, “A Fuzzy Approach to Build Sonar Maps for
Mobile Robots,” Computers in Industry, vol. 32, pp. 157-167, 1996.

A. Kurz, “Constructing Maps for Mobile Robot Navigation based on
Ultrasonic  Range  Data,” [EEE  7rans, on  System,  Man,
Cybermetics—Part B: Cybernetics, vol. 26, pp. 233-242, April, 1996.
TAF, BHT, =94 ‘e AAE ol&F oF =X AMARE Ax
22,” Journal of Control, Automation, and Systems Engineering, vol. 7,
pp. 783-789, September, 2001.

M. Drumheller, “Mobile Robot Localization Using Sonar,” /EEE Trans.
on Pattern Analysis Machine Intelligence, vol. PAMI-9, pp. 325-332,
March, 1987.

L. Kleeman and R. Kuc, “An Optimal Sonar Array for Target
Localization and Classification,” Rocs. 1994 IEE International Conf. on
Robotics Automation, SanDiego, CA, pp. 3130-3135, May, 1994.

J. H. Ko, W. J. Chung, “A Method of Aucostic Landmark Extraction for
Mobile Robot Navigation,” [EEE Trans, On Robotics and Automation,
vol. 12, pp. 478-485, 1996.

W. D. Rencken, “Concurrent Localization and Map Building for Mobile
Robots Using Ultrasonic Sensor,” Procs. [EEE/RSJ International Conf.
on Intelligent Robot and System, pp. 2192-2197, July, 1997.

G. C Anousaki and K. J. Kyriakopoulos, “Simultaneous Localization and

_97_



[19]

[22]

[23]

[25]

[26]

[27]

Map Building for Mobile Robot Navigation,” I[EEE Robotics and
Automation Magazine, pp. 42-53, September, 1999.

T. Chou, ¢, Wykey, “An Integrated vision/ultrasonic sensor for 3D
target recognition and measurement,” [IRA97, Conf. Publication No.
443, [EEE 1997, pp. 189-193, July, 1997.

H¢E, 755 A%, ‘UsAME o] &3 AEFH 2R fXAHR U
FoNE 3)9)," Proc. of the 13th KACC, pp. 1016-1019, October, 1998.
A. Curran, K. J. Kyriakopoulos, “Sensor—-based self-localization for
wheeled mobile robots,” Procs. IEEE International Conf. on Robotics
Automation, pp. 8—-13, 1993.

L. Yenilmez and H. Temeltas, “Real time multi-sensor fusion and
navigation for mobile robots,” Mediterranean Electrotechnical Cont.,
9th, vol. 1, pp. 221-226, 1998.

H.F. Durrnat-Whyte, “Sensor Models and Multisensor Integration,” 7he
International Journal of Kobotics Kesearch, vol. 7, no. 6, pp. 97-3930,
2000.

W. Wen and H. F. Durrant-Whyte, “Model-based Multi-sensor Data
Fusion,” Proc. IEEE International Conf. on Robotics Automation, pp.
1720-1726, May, 1992.

A. M. Flynn, “Combining Sonar and Infrared Sensors for Mobile Robot

Navigation,” 7The International Journal of Robotics Research, vol. 7, pp.

5-14, 1988.

Ak, BPALS9 = Ao RR Al2TS AF AA dHelE gghe] A4
A" KAIST, 1994.

T. I, “Guidance and Control of Ocean Vehicles,” John Wiley & Sons

_98_



[29]
[30]

[31]

[33]

[34]

[40]

Ltd Chichester, 1994.
J. J. Craig, “Introduction to Robotics : Mechanics and Control,” Znd

ed., Addison—-Wesley, 1989.

o)A F, R, WA oA, “REgste] o|a),” 1o Hr]Le], 2008.
Tommaso Bresciani, “Modeling, Identification and Control of a

Quadrotor Helicopter,” M.S. thesis, Lund University, 2008.

G4, A= “AEREY FbldgEie] SEAAAel7] A A
T A F O gl glgl, 2009.

AT, AAEEREE, “YAAlO)E ARESe AERY Fev] Aol 54 o

T, ¢t bjsrgl, 2009.

Phillip McKerrow, “Modeling the Draganflyer four-rotor helicopter,”

International conf., Robotics & Autoc, April, 2004.

ol 93, “Ag AFu|PRRe ML Y H s FA e,
2003.
William T. Thomson, Marie Dillon Dahleh, “Theory of Vibration with

Applications,” 5th Ed., Prentice Hall.

Yunsoo Park®] 5, “Dynamic analysis and control for an UAV of DC
motor type,” ICCAS, October, 2002.

Abdellah Mokhtari “Dynamic Feedback Controller of Euler Angles and
Wind parameters estimation for a Quadrotor Unmanned Aerial vehicle,”
IEEE, April, 2004.

M. Alak ula, “Power Electronic Control,” KFS, 2003.

A, A =R, “MVFEFE o] &3 A8 ¢35 2X9 Aojd #3F <

T, Feojgn ol 2005.

off

A&, “Artificial Potential Field®} Simulated Annealings ©]-&3F o]

_99_



[41]

[43]

[46]

[47]

2R AN BARAL A AFEIA L3 153 s Y=t F,
20004, pp. 256, 2000.

Shimoda, S., Kuroda. Y., and lagnemma. K., “Potential Field Navigation
of High Speed Unmanned Ground Vehicles on Uneven Terrain,”
Proceedings of the 2005 [IEEE International conference on Robotics
and Automaion(ICRA 2005), Barcelona, Spain, pp. 2839-2844, April,
2005.

Y. Koren, J. Borenstein, “Potential Field Methods and Their Inherent
Limitations for Mobile Robot Navigation,” Proceedings of the I[EEE
Conterences on Robotics and Autonomous, Sacramento, California, pp.
1398-1404, April, 1991.

Borenstein and Y. Korean, “Real-time obstacle avoidance for fast
mobile robots,” [EEE Trans. Syst., Main, Cybern, vol. 19, no. 5, pp.
1179-1187, 1989.

AAHE, a9E, AAE, “ols 2R AY Helw 3¥E AT M= W
W, eFr3 R A 8lE] 98K A e s =i F, pp. 88-93, 1998.
g, oWE], “FE IY JteRE o]&e 2 olF HofE 4

Journal of Control, Automation and Systems Engineering, vol. 3, no. 2,

-

.

pp. 169-178, April, 1997.

Gisbert Lawitzky, “A Navigation System for Cleaning Robots,”
Autonomous Robots, vol. 9, no. 3, pp. 255-260, 2000.

L. A. Zadeh, “Fuzzy Sets,” Information & control, vol. 8, pp. 338-353,
1965.

P, AT ABY olFER

o

AR AL F AlR"E AA "

- 100 -



[49] KAIST A]2=®l Ao} A4 http://ctrgate.kaist.ac.kr/, 2008.

[50] http://en.wikipedia.org/wiki/Braitenbreg_Vehicles, 2008.

- 101 -



dglo]

!

g}, 2

1

0.
H

7} 3

a3
=

34

9

of o} Al == o%] A A
Sk Aol ot H ela mol

bt

9

=
o

=
=

A

o~
:l:'_

=
L

Al 1A 9o

=
=

P w7b oA Zed s

2010 FH& o
[€)

eyl =]
ST

WX XK o X omr G O
X ® ™ W - AR < o RO g
O TG ar W T
CI~a . wf A W , =
LT HOA o T T X W T %
W ~ Ay T ,um - k3 Bl 7 = = 20
K
w0 _mmm ﬂ r o o X Ap ﬂ M N
HoE < ,Dl IERN! Hylﬁ ﬁ:.m R NR o
0 o o
TX pow g TR W P o
1) ) mﬂ - ! 9 E
wa zﬂa n mﬁ W m_m iy ™ . & W
£ = = TR ol
o 0 N 1 < ~ L
o oy N o = o) @k
R o L L
.o _.L - —_—
A Moo oo T
- ] mﬁ B oy T o A oop X mﬁ_
IR T X Doy 4 e Bow g
SR R p e F
N —_ = ~ - T X
= X Hl N Kid X Mﬁ w 7 mﬁ
woeH T L X LTI
o= oy AR 2 n X ™ — =
oy N R = <p . o x {F
R TR - B R S
<o RE NB BN 2ok o T
N op 71 = B S A
s o o WLy om xom C W
Mﬁ b TN oo g = o g A
oo~ N ok MW o E O o :A; w2 E]
R A R S A S A &
o) ~ — o o] ol _
o N mw X ‘IHM ZT IKH Jl - _ﬂ_ X0
s = X = c]._ = B " on B oA o/
Taxags x PE2N g I fw
_— o) Y T
Zizzrigfasl bR
B T A TP (TR O K
A S ™ o 27 W o< &
pp TOWOoM T W N e ey
OB N o B % oA o R <
X N B o o %O W W O® B

el Ao A

1

9
yal

i

k)
pal

A A g
Aol 1,

-
R

AA

o)

- 102 -

A7F A= A4 el

-

oA = AL
9}]\ L

—
=

= oAt A AEU A

[e)
=2 221

Aol
A %

1

3} A7 T
i

oA ko 2 A2

]
1=



MH&E= 0|2 olEA

3 I | ZEE3D st o } 20067324 DA A EAD
4 g |82 2 = A B2 & H it EE Kim Kuk-Se
= 4| ZFTUA 27 AS BR0122S 2035 W06
G2t | e-mail : kks@rfu.co.kr
GE]
a9 BUHYL A9 A& F4 2o ANFZ G4 AAAoll
a9 A7

A Study on Posture Control and Location Route of Autonomous Navigation
Robot for Monitoring Water Quality Environment

%>

=010 XZEsh /9 MEZ0 Uetd TS 22 £ Ot &SI HA=SE 088

C HESY BTE U QIEYS EE I2SAA0C BHE A NRE =M, JIAW

. Rle =2XE °Eo

. oilE RE=2o HMERES HOUH LTatHL SEHES 52 G2 BR0= 1012 Ol

. RAEDRE JES 0122 52 0/F i MEASE 2ot 2ast= Brelol =gt e

HHi HuE MESS geld 22 I8 5M, NE, 88 52
2

2
&
e

UE= oi=totd SSIELICH

xoe ME, 8% S2 oHE.

§
FLIH
=8)
o
0%
40
=
2
x
0
g
ipa]
=]
og
>
0
10
e
o
i)
el
Ju
il
o
=
>
b
THo

o UEHHS =X,

= A&,
20 et olE3|2t2 5He2 5til, JI2tEE 3ME OIUH B2
o—r(HIt HE29 02712 HE HEE.

1o .
2

Kl
=
X
£Q
L]0

ol st ol ELE.

Holl CHELOY 2Xiel B HUES XA @S,
Hetel g2 A28 M2 2 Y S FESHUE 0188 HE= &8
=

==

W b 2

2010 & 8 & 25¢

HEL A =2 A

X

=
S o

H
ol




	Ⅰ. 서   론 
	1. 연구배경 
	2. 연구개발의 내용 및 구성 

	Ⅱ. 시스템 개요 및 자세제어 알고리즘 
	1. 국내외 관련 연구 동향 
	2. 환경 모니터링 시스템 
	3. 자세제어를 위한 쿼드로터 원리 및 모델링 

	Ⅲ. EVFF 알고리즘 및 항로 유지와 충돌 회피를 위한  퍼지 로직 
	1. VFF(Virtual Force Field) 알고리즘 
	2. EVFF(Expansion Virtual Force Field) 알고리즘 
	3. 항로 유지와 충돌 회피를 위한 퍼지 로직 

	Ⅳ. 실험 및 결과 고찰 
	1. 이동로봇 제어 시스템 구성 
	2. 이동로봇의 실험 및 결과 분석 
	3. 환경 센서 모니터링 실험 및 결과 분석 
	4. 실제 수상 환경에서의 실험 및 분석 

	Ⅴ. 결론 
	참고 문헌 


