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Obstacle avoidance and docking of the combinational
robot using sound field characteristics and SVM

Student :  Kai-Shiang Huang Advisor :  Prof. Jwu-Sheng Hu

Institute of Electrical and Control Engineering

Abstract

The thesis proposes a navigation_method -of the combinational wheels robot
system in a complex indoor envirenment. The navigation system of traditional robot
uses the infrared information to decide the moving method. But if the robot is
sheltered by an obstacle from the base station, the infrared will not work effective. In
order to solve this problem, the mobile robot can detect the obstacle and start
navigation by using sound field characteristic and support vector machine(SVM)
classifier in our system. When the mobile robot approach the base station, the robot
and base station combine between the higher and lower levels according to the sensors
information, and transfer the base station to a mobile station. Also in this thesis, the
base station communicates with the mobile robot by the wireless LAN based on the
embedded Ethernet technology. And we also propose the omni-directional platform
offer a higher mobility in order to progress the combination of base station and mobile

robot.
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(a)Linear (b)Polynomial with degree 5
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Clear Data

M. of Suppart Veetors: 3(9.4%) Mo of Support Vectors: 8 (284%)

(c)RBF with radius 5 (d)eRBF with radius 5
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(a)Linear (b)Polynomial with degree 5
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8 4 5u R 8L AR IR B 15

AR AR > AT AR E 2 &Ko d (20) ¢
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H 0 & &R E SRR A d B B4 SRR B EERE A — KA 0 [
B R A R B 4 31 R Y B P} £ 5F B R B BB BE b ik 5 AR AEARIE O X R @ A%
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HETHHTATFEL  FEBBEYSFMEGHE  EARMY AL T TR
A — BB A B R B AR B 4 Ty Tk RAS R R 6 Oy A o b base 3% 48 dy okl o\dT i —

NESEF AT R B A LS MBLA LR E 2% 0 &4 FFT 4977 247
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delay

S
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Sy T B Ao FBHAG —HRABE) > A ATEE) > ATARAIER S ESA R F magnitude
B ARG ABESE E S A& - D eh phase-difference 15 2 2 JB 43 F) 7 64 1R 3E - B
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8 o
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i E
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9 MIEATHE P& time-delay (R4 B E AT )
332 BmMHE
3] N MEHA F 84 time delay 18 SATTLAEAT SVM 89548 > RHE7 85 F &
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M2 AT 0 ALY SVM B S EIR > IR A Ew T ¢
I BRERME #4858 FEHERMALOS £+ & EHER - BR
AT & 2 H5 30 ~ BRANTFEEF 30 5 R4 E 30 82 0 152
90 4 LOS a3l EH a, =(x,,x,, %, %, X, X;) °
2. ISR BN G o N G BAERM B M A NLOS &3ty - 1
B A10X11 ~ F R A 10 256907 4 0 48 & B8R ~ BRA
F L AEFI0 ~ BERAATFEAEFI0 0 >34 H 110 B2 0 4F5] 330
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3. BAFRAAINRERAESH > nplBRa fob syiF £ ES #1S, 0 R
HIBEER R ABRRETS A LOS S FRLE » ML sy
Yo 6X11 8 7 #42 > S, B BB $1L > PR A R RIRIZ 66X3 £ F
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1% FA A B &) kernel function > &€& R — 48y n$a2 % > €KL Polynomial

Gaussian Radial Basis Function ~ Exponential Radial Basis Function =#& kernel 1 %

FNeR 0 #42 F NLOS TM@IT 748 > &Rk 1477 ¢

& 1 SWafa&egRk

$4eRFI T | EAEF|ET | ERER
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s #4194 A Exponential Radial Basis Function £ % 3 4k &) kernel -

34 HAMBSAEHBELRE
341 RFARRIRERE
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TR ATAERRA LT
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AFEAABBABRFREMEBAZARO  BHESARERY AT
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34.2

SVM BEege A Rl b 3%

1 B SVM H|ErfEse AR L RE TR | 2 FHIEEBITE A B ZARIE(CH it
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L.

5.

Ao F
i@ %v base 3% H B > 15 8]~ fB4E F 2 phase-difference 2% > # H E A
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RIBAERBEAKRBEAZAE O > BAT/ToBREFARE - A EKRR
AN step 2 0 EALAE R F|ET A F F]iE base 3% > kF|EAstepl o B
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WIEO A > L skmEB & a0 HRiB 4 base 3% & > 45 2] phase-
difference £ 88 SVM #]E7 LOS 3% NLOS ° 40 & LOS > 4% & AT R F| #7 =T
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BAMRIELOS BT = A K0 7€%86 A > LATAT - @WE] step 1 -
WAIEHe 38 T ) o e 3Rl 0 0 BAEAATE=30/2% 0 ko B abdE > R R AR
o7 10 B f£RAT WEERRE count » B | SR E C A step 5 e
R 38 7 %) o Z R F7 1) B8 5] 10xcount > =] %] step | ©

BRFAXEETR | FLRBAIEZE S e B ERYEL > ImASVM &)

F187 -

B AR I B [t X AT B A 4o il & M EGEd o B4 8 AH BT
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SVM 384T A RAZE
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B SVMEIET
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Hibasch 4516 (FSVMAT p [IbasClitELRALE
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\ R @ 2 5 I e
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ZH) 0 T EARIEOH
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3.5 Kibh(base) XM B AL S G4

351 &F4EHFE M

A MEYFEE A HREHROH T 0 —HKHMH A 2 % (omni-directional
wheel or omni-wheel) ; & T S H#§ 3b @ VF B 7 $F £ 69 B4R J1 2 & AT B b 64 3R
Ao RRMETHERGMOHE I Bm ERT 2B FEEA NEEEHHEKL -

BIRE 2a &R T4 1910 B AN LR ZAH ST > B E B AT
BTRHEVERUEEGHNHRIE > CHA S ARG OBWEALR > MASL
AR AREE - AT RHBALKKSAE I T - B 16 PEIE =R
R 2@eh (OLBATRMEAME RS EH - KT BT ERE K
IR AR A — AR RGBT -

B 16 FREA &40k
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BABABRGHEN B GE  Ch_BMTRELN SEO s R TUEL
$ERMEHMR > 0K R HEET  HHEERRY  PH - FHE
A% -

TS PR ZEAM%  wE 17T x> Zh2ME&ER 120 EA > B
BAEHFERAN— B SHEBEEFEETFERARIABR—RBATFLE
S AL E S X > 2L tadF S B AR AR S 0 B S I H[15-18]

25



17 2&a&FsiEE

18 2&#%HE
£E 17T RE 18 SRR ERETLT
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() P, @ K& n ks mER TS BRNRERE -
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SEINEZ L EZAAX Y wB 18 F(E 18 PERHAIER):
(@7 ' M THEB B I B TEHONERESE -
(h) @, : &#taHNE ez BEAREGE > LTI QB AHECEE 7
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P=7+ (b x @) (29)
(29) X AL 7T 2L F A%,
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M X Y 7 BEIEE > ST e OB E A
Y =F x @, (31)
(CIVE LAY §5 ]
Y,=r o, (32)
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97T 40 > ) & ko Attt H ey Y BR P o HBifa4e T

Y = P F, (33)

wAH0B2) ~ 3K TR
r-@,=F,F, (34)

BB KAANGHK T
r-@,=[v+(b-w)-F,1F, (35)
@w,= [V+ (b-w)- F,1-F,/r (36)

BT i WwRBFUFEUNARE 0 (LA E)FAR wERREGEY
KT BORRTRAGORX B TR LB EE BB ARE W, » T &
PR & BB ARE -

BBAT— NPT TR B L —BHFEARENERBE— KRBT EER
A~ SR EGE X > £ A NTFEFE
(a). Rieddh @ ZAHFHAREMIT-EBME - #GEE > AFETHERR
$ARERE
(b). HEE/T Tt T H P mREH BtbMHis i8R 4 AR E ik e g
AREF > AIAFS ERRERG T (—18 "5 AT -
() HEEAZRBYE  UHBAMTEXAEH  BHYRBLBRREAE > AIAFE
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TREHGHIAELL BB FEREZRAGEHGHEAX -
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AEFF  —EXUEEAREFER  SLRLTABRAFERLEZZIRNEGH
;{ o

19 L HBBEHHEA Y TEB (B " R3bied > (b)A T HIEEET >
©OF THELREY DA TFH @8 TFHELAE -
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(a) Rotation (b) Go ahead

(c) Differential Turning (d) Translation

(e) Translation and rotation

19 EHHEATEHE
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LAN
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(PIC ethernet) (PIC ethernet) >
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4 J0 o )
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CWireless LAN card ) platform
/
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Mic array
\_ UART
Battery Motor ) Optlcal flow
Power controller controller
o o0 00
\_ J
B 23 AZ%4EHE
42 EBF &

gt 2 4 X F oL TI 384789 OMAP 5912 OSK 4 B B i w4 - OMAP 5912
% Dual-Core & 32 % » 1,4 7 — 18 GPP(General Purpose Processor) : ARM926EJ-S >
1 — 18 DSP(Digital Signal Processor) : TMS320C55x ° A 3§ DSP #1 — % &9 Processor
RiELAFARR - MUIRREL > FERAREZORZERF AL ERNEF B2 —
BEH4 A GPPMER @R B S 05R] > B ik T DSP &y & 4 - DSP {£ A
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Dual-Core Processor #4 %84 o 24 A OMAP 5912 = %8 g 22 4% o

TREAMTFEL > MY N GPP W S AT ERLEHS - HLAFT

| omapsez e |
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| Intertaca Mallboe I
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MPU Publlc
I ';EI;I 32 ] a2 Paripheral Bug my GPEEIHERS |
| E s u#.ﬂlﬂ'ré.z.s -
i : bl A MMCISDA02 |
Cl
SRAM [ E Memary P\arri“:;t!lral MPLIDSE Dynamic Shared l
| |5| intartacs vl GPIE 2,34 |
— Trafflc 32-kHz Synchno Counter |
| g| Controller |
{TC)
| ol b 2 Syetem 2 0 1 T A
SORAM [ . ¥
[ F y Dma Y S MPU Public Peripherals | |
E Controfisr | |
| L] H{— UsE contrallers |-|-|+
I Mol [ I
o (e2f]e [ oce |-|-|+
cl|cl||c
! HIEE | | |
i Gl MPU Privae I MICROWIRE IiF | I
| i ¥ ¥ MPU Frivata Potiphecails | E'\L?r | |
= i 1 Paripheral Bus Timers {3) | i |
| i 1 : s Watchdog Timer P ot |
[[switen | 2 Level 112 | gy 1) |
| e HOQA-Wire
MPU Core P | WMMCIS0ION I
ARMIZEES-S Ci g MPUIO
| atruction 1s ULPD "F;'isﬁggr:" | LPG1.2 I |
. Clock and Rezat . FAC
I Cacha, MMU) Managemsnt Systam DMA | e Taa | |
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Razat
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PMERIE R > T BiH R E
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OMAPS5912 OSK
ASSY 5 =

25 OMAP 5912 OSK #h#g,

% 2 OMAP 5912 OSK Hardware list
Y2 EER ?‘E-'r

, ogcxgttm@ at 192 Mhz

E: :",gam;g\at 192 Mhz

.L_E M@wﬁﬁﬁ SDRAM

% Nkemmow
o R{?—QﬁZ  Serial Egm:
e 10 MB'I%-” Et’r.lernet port
® USB Host Port

42.1 RBHAERK
BTN EHEFN OMAPR AT EZUATABLIE  HAHEZ ISR

1. PC 3% Linux 45 ¥ % 4
2. Cross-compiler[19]
3. DSP-Gateway[20]
4. Code Composer Studio(CCS)
® LinxE¥44
— RGN R R 4% FRAY processor ik B $3a 888 A0 R XM H AT A
BEABAX A SR EEERERRX - BIL&ME £ —18-F & 15 %4 OMAP ARM
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mBRXNMERS RAMEEANREFLECEGHERR S TEA 5B
49 PC > Bl E 47 PC L4238 — Linux 2 48T - 2 & %4858 > A VMware
AL BB R A —EEE o VMware 7] AR HE x86 MBS A S 0 IR T HAT
x86 454450 > BT BB A HFRMH > o P E@BF -~ FHH - BHB FE o
LA RAE R VMware ST IAEAF E A & F > 55 — 18 PC > o b T LA )
TH LA SETRE1E % A

F L RM AR Z— 6 PCHEA R OMAPARM sz 42 X A7 A > 42 A Fedora

Core 5.0 Linux /F & 1F % % #

@ Cross-compiler

o LA MARTERH S4B RERSERS > BLE S L
otk 5B E A BAK R AR BITHE > ERERARKX R A LEIIT - £ BN
0B & - & B x86 £ 40 PC > 828 #y3% OMAP 5912 ¢ ARM & 32 %18 A R Fl &4
4% B RAEH B AR T 5428 GCC £ % compiler - B b E & — 27T U4k
3Z 4 ARM 3% 45 4 & 44 Cross-compiler R 2 & 1 43242 X oy By 4F o

#A74& A arm-linux-gcc-3.3.2 T B 48 1F & 3% 47 &4 cross-compiler e

€ DSP-Gateway
4o B] — B 45 A7 3% » OMAP 5912 %A — Dual-Core processor » 6,4 7 ARM926 &

72 %% ¢#1 TMS32055x #4255 R 32 % - M DSP-Gateway R & 3% ££ ARM 3% 34T &)
Linux %&£ ¥2 DSP j&:& 89— B2 sk g o
ARM #1 DSP /B8 X £ B F 7 =fA K -
1. Mailbox
ARM # DSP 7] £4i% i Mailbox &) ¥ Bf R4 B4 69 X% % ARM £ &
#5 i DSP 8% » DSP €< %] — 18 Mailbox F I » DSP 4% &5 ¥ 7 Bp <] £ Ee
ARM B R BN - AAHZBEZEHIEEMNREFREARAKR > REESMK
EOEMER > BT EREABRBE ~ FEGELH - 2 HF -
2. MPU Interface(MPUI)



MPUI ] tL 3% ARM f7E %18 DSP #92e 842 2 i ¥ DSP o) B B R
HE > b ARM T A4 A DSP &) i iy A\ % ] 6 T B FERE R - ARM 12 &
#1 A MPUI 2 4 DSP 3442 X & A\ 2| DSP ey 2 K2 ig g ¥ -
3. Share Memory
3% i® OMAP _E &4 Traffic Controller ARM $21 DSP ] LA /7 548 5] & 3218

A 2 F AL 4k (o : SRAM ~ SD-ram 3 # #3218 2 4% /) - ARM T £244% 4] DSP
RAFER I TR ML/ o 6 ARM £ DSP 3 A K E B REEA -

DSP-Gateway # & F A=A E T X LR R — 2K » &2HEFN
7 > ARM EFr#h4T &9 Linux & & 5e$y£2 X $2 DSP b o) X & - Linux & & 58
A2 XA X B4 7T A% ARM 32 69 42 X A2 4 18 read() ~ write() 3 % #F ] 4
F DSP> i DSP & X & 2 4 & X 3% DSP task 7 A% ARM # i ey X & A - »
Linuxsg 2 £ 69K & » AT @ A48
* DSP task devices
K E B Linux 4% #—18% 8 R ¥ DSP 3% 49 task %38 > 42 X 3%3t
# 3% i@ read() ~ write()2 F o FREMER B - A K ZFHRAFE TR
%] DSP 3% &4 task o
i i@ dspctl utility - device file #% B £y &) £ £ #/dev B4k T » A A —1A
symbolic link #/dev/dsptask B & TF o
*  DSP control device
bk B $24% Linux ¥ DSP 35 a94% %] API > 3% i8¢ % joctl() > Linux 3%
#2 X T LA #F DSP 4 reset ~ run ~ read DSP configuration - 2 4 %] °
Device file #% & 4 #/dev/dspctl/ctl -

* DSP memory device
b# & $24t Linux &9 DSP program loader #E %) 773X DSP 34 84 30 & 52
2R 0 LA AE S % DSP £2 KX, #i A DSP 8942 K 22 & 82 (SARAM and
DARAM)#Z o B bz 4 i% 38 ioctl() » Linux =] 2444 78 2f SDRAM 2208 52 %
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