Fr4ds BT ARY2 DA R 2 g
&

The Research and Application of D++
Algorithm for Dynamic Path-Planning

P B R L s
R Y

o R K/ 102 & 7 7



Fd RS R DHHFRE 2T 2 A R
The Research and Application of D++ Algorithm for

Dynamic Path-Planning

Boyo2 M52 Student :  Pin-Jyun Chen
R mEE B4 Advisor :  Dr. Pi-Ying Cheng
B = 2 o + #

il N i A G
LR

A Dissertation
Submitted to Department of Mechanical Engineering
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
PhD
in
Mechanical Engineering
June 2013

Hsinchu, Taiwan, Republic of China



FHBGRERPL DH+FEEFT 2 AR

o

AR I B mELEL

B2 2l « BRI eg )

#F &

BEE A NER IS EAAE S S F R ke LB ik

TORE AT E I F AR TR (REME)A R EH TR
EAFET Y s A2 G hDijkstra iw B2 > I B & - fAATeuE
B2 DHHFEE T B U AR BT RS o
Dijkstra /% % 2 &2 kB g B> 2 > E R > B3 22 480F 0 Dijkstra j7 % 2
BREFBIWE D DHFEZE > FILTEBE L G TR £ B
Booo BEAR DHHFEEAIAPR L A VO RBEFRBEE > LY
AV LEGE OB EH AR P RER RS Rk o Fpt DR E
EELT AR ERE T RHF ORI 2 ET EEF RAJEE BRE K
Ao TG HFE IR 4T 3r~¥ﬁ'4=, FEEFAED S #5 D E

4

‘/E,ibﬂ
L S

xﬁ
“\



mARBTER ARG AP B DHFEE AT BB B BE
Ab oo Fi T A BREEREY o d FHREEAPHRE T DHFE
BT IR FRALFOBBPREA L o FPL NPT UH Y R RT

D+ 32 20 B AFB B T A > U AR Aw B i~ R S PR

B R
ZE o

Bi4EZ B A BT 5 Dijkstra x5 £



The Research and Application of D++ Algorithm for Dynamic
Path-Planning

Student : Cheng, Kuei-Jen Advisors : Dr. Cheng, Pi-Ying

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

The navigation of mobile robots is a vital aspect of technology in robotics.
During the past few decades, the navigation of mobile robots has attracted
notable attention, and considerable  research was developed. The main
technology of navigation in-unknown-or. uncertain environments includes
exploration, mapping, localization, motion control, and path-planning. Path
planning is one of the maintechnologies to direct-a robot from a starting point
to its destination. The main_methods of path planning at present can be
classified by global search type and local search type. The advantage of
global search path-planning is that it can find a shortest path. However, it
need plenty of computation and takes a long time. Therefore it often only use
static environment. The advantage of local search path-planning is that it can
find probable moving direction very fast. Therefore, it is very suitable for
dynamic environment. However, the shortcoming of local search
path-planning is that it can not ensure to find a shortest path, especially for
some environments of maze. It is very easily to get stuck at some area which
is a local solution so that it can not a path to destination eventually.

In this paper, we applied the D++ algorithm, which is a novel and improved
path-planning algorithm, to the navigation of mobile robots. The D++
algorithm combines Dijkstra’s algorithm with the idea of a sensor-based



method, such that Dijkstra’s algorithm i1s adapted to local search, and the
robot can determine its next move in real-time. Although the D++ algorithm
frequently runs local search with limited ranges, it can compute optimum
paths by expanding the size of the searching range to avoid local minima.
Therefore D++ algorithm combines the advantages of global seach and local
search. It not only can deal with dynamic environment rapidly, but also avoid
to the problem of local solution for the environment of maze.

In the later chapters, we applied the D++ algorithm to a real mobile robot in
a number of environments. According to the results of experiments we
verified that the D++ algorithm is very practicability for real mobile robot.
Therefore we can expect that use of the D++ algorithm enables robots to

navigate efficiently in complex, unknown, dynamic and large environments.

Keywords : Robot, Path planning, Dijkstra algorithm
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BRI - aDHHFE R AR RIS ¢ 77 A BA RIS

7 1 (1) GET_DETECTIVE_RANGE() f= (2) GET_NEXT_MOVE() - # #

v

% - B 3;% GET_DETECTIVE_RANGE():3#{ {7 p ¢ 5 # * Dijkstraiw &
P R 2 BT SEE R TR RN RIFEF L) o 2R
= BT 3 GET_NEXT_MOVE() R E40%F = Rl P BodmiT ¥ B
§oagml ¥ E KD TR PP MR T s e a EET - BB E S

Bz % o 3 {73 ;VGET_DETECTIVE_RANGE() 423% if 74T

Function: GET_DETECTIVE_RANGE()

L1 for(;;)

L2 X =GET_BEST_NODE()

L3 iIf (X'is GOAL) then

L4 break

L5 iIf (Xis NEW) then

L6 add X into SELECT_LIST

L7 if (COST_X > DETECTIVE_RANGE) then

L8 If (SELECT_LIST is not empty) then

L9 break

L10 else

L11 set Xas OLD

L12 remove X from OPEN_LIST

L13 add X into CLOSE_LIST

L14 for(;;)

L15 Y = GET_CHILD_NODE(X)

L16 if (Y is in OPEN_LIST & NEW_COST_Y < OLD_COST_Y)
then

L17 refresh data base of Y
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L18 else if (Y is in CLOSE_LIST & NEW COST Y <
OLD_COST_Y) then

L19 refresh data base of Y

L20 remove Y from CLOSE_LIST

L21 add Y into OPEN_LIST

L22 else if (Y is not in OPEN_LIST & CLOSE_LIST) then
L23 write data base of Y

L24 add Y into OPEN_LIST

L25 iIf (X has no other child node) then

L26 Break

4 # {7 3 ;X GET_DETECTIVE-RANGE() ¥ B & 57 4 B 3 # {7 &
7* : GET_BEST_NODE()¥2 GET CHILD _NODE() - # ¢ % - B3 3 {7 &
;“GET_BEST _NODE() 4 # OPEN LIST ¥ ' & # # =& & % /| e & 28X o
A% - B3 758 GET_CHILD NODE()R] £.5~ 7 4t & BLX B 1T en &
+ &8 . @ A 73 ;NGET_DETECTIVE_RANGE() ¥ =+OPEN_LIST »
REF T L AR I e A AARPE g 8o m CLOSE_LISTRI #2757 = 4t
FiRea gl o ¥ 5 7 3 ;8 GET_DETECTIVE_RANGE() # i3t — B 45
% OPEN_LIST {eCLOSE_LIST#hp 3 » “fr1igd B % h— B30F I
Bt o X EERFRBEY SRYRITENEE  SRT LI B E
BEgh s a b BRBAAIE o S0 @LE 2 D

3 5 A3 4
ey D++iw &2 %4 7 D*w & 2 [71[8]=> i » ™ - dEx Vif% fs 3%

",'

a+
St
\\";

3o B AR I A o T DR B AR - BT - ¢ e
- I TRIRB Y TG hE B TS INEW SRk 5 (T 5 A AR i
) ek B RIS A B 10 v ik B3 g 4 L 2 VOLDY -

¥ oD+ & 2B * 7 SELECT_LIST o 2 W iRl §= BIp e & BRAR IR T
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P> ok S Bk B 3 NEW » B U 3t 4 » $|SELECT LIST® ; % Bl v
WAL LG A D koo 2 (5 F R F F R BER B 2
SELECT LIST:& BL¥ 4 34iF o &34 (7 & ;X GET_DETECTIVE_RANGE()
73 o BE2 COSTH endi i B # B A chi= B # 8 5] B 343 & B eh

BmE B 4ot (2-1) o

cost. =cost, +\/(XC =X ) (=Y (2-1)

HoYcoste 283882 P o & B d A A s cost & 7 F - & 8heh
BHd A X £ P w @ BaX AR X &7 F - @8k XA 0 Yo

Zon B A henY Y A YL BIA T - SR YRR -

I F - B AR 7 NGET NEXTIMOVE() 3 (7 42 3 i 7] 4o

F OTIT

Function: GET_NEXT_MOVE()

L1 for(;;)

L2 X = GET_NODE_FROM _SELECT_LIST()

L3 EXPECTED_COST_X = GET_EXPECTED_COST(X)
L4 if EXPECTED_COST_X < MIN_EXPECTED_COST) then
LS WAYPOINT = X

L6 if (SELECT_LIST has no other node) then

L7 Break

L8 Y =WAYPOINT

L9 for(;;)

L10 Z = GET_FATHER_NODE (Y)

L11 if (Z = robot’s current location) then

L12 NEXT MOVE =Y
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L13 Break
L14 Else
L15 Y=Z

& 7 30N GET_NEXT_MOVE()® - B¢ 31 2 BRFF S50 5 &
) % (1) GET_NODE_FROM_SELECT_LIST() ~ (2) GET_COST() ¥ (3)
GET_FATHER_NODE()- # ¥ + & ;*GET_NODE_FROM_SELECT_LIST()
% J¢SELECT LIST¥ B~18 & 8 - m GET_EXPECTED_COST() R & 3+ ¥ j_

BRI S BT R A B E A 4o (2:2)

cost, =\/(XG =X )+ (Y -Ye) (2-2)

H P ocoste L o4e2t B (s s SELECT LIST#!:% ) & 8hehfs &5 & & >
Xc 270 % $BaXAEE > Xk 7 HEBGXAEE > Yei 7 B a0 & 2hentY
Btk @Y P& 7 %o ik o248 A SELECT _LIST® *® @3 gt
GOAL % if 0 ¢ # 8. WAYPOINT @ "¢ 4% 4 iE 41 % o 5 & F & N
GET FATHER _NODE() » D++{% & ;2 ¥ d ¥ #8257 $73 w i & 3 2Ly
GBL LB P RS R A DY DY BB T o At R AL TR
BHET - HhEg e b- IWFFRELET - TIHF FE
P 453 > £ SELECT_LIST -~ % OPEN_LIST{r# CLOSE_LIST#p % 484
#ﬁt;%",f CERFAPRSHERDHIFE 2 A BN TR-H g W AcR L =

0 LG F B fEDHHRE & .
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Item Specification

CPU Intel Core 2 Duo T6600 2.2 GHz

RAM DDR2-800 2 GB

VGA ATl Radeon HD4650 512 MB
OS Microsoft Windows XP
IDE SharpDevelop
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WELEFREY » 2T R AATETEL RS BA BT oo F
*+ 2001 # pF, Rosenstein[49]% A % 117 B4 4MEE 2 0 - Bz B R
SEREEY T S o FFRVRE AR S g e g
? 42k > Rosenstein & A JHdlen2 g2 ¥ 3 ack 5 I AdF ek o Ra F &
ALK TN Y e UE iR gAY Y AR R RS
FEREAFHF RGN LRETEE RPEEA R oo ¥ b 2007 £
pF > Cheng[50]% « ¢ * 7 Dijkstra 872 » 5 - 2= fhh B L PR L &
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2.6.1 firHeix i
Bl t4 ¢ a-2BadZ FERITERF > Apianc 4 288
P E E el
#EELRE D Li=1mL,=1m
BgEEE 0 mp=1kg, my,=0.5Kkg
phz g d g F ¢ -150°=6,=150° 0°=6,=150°

H W e

fhz # A 4) ¢ <50 Nm, ;<50 Nm

AH R DAF R 2 RG] P R SR EE SRS 6 R
PAES NRE S D P EF oS gk (0,=-90°60,=0°) FH IS
e B e (0,=90°6,=0°) 4o@ = L 4 #r7 o Tt AR LRt
BXNY TG AR DE B e Rt 0 0, T G ke d b O -

Op B AR & 1 PR T S A R S U 0 R -

Bl -~ Eddh FEBFSRF

AERERELR SSRGS (2-3)8 524
Xn =L, c0s6 +L, cos(f, +6,) (2-3)
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= L,sin g, + L, sin(g, +6,) (2-4)
A Xy A ABBEIRFLAAX e aiE s VWA PRBIRFIAAY

S g o

Bl=+4 ~ 2358 FELRpFERFRLIP R

F]pt AR AEY > D++iFB 2 P R Sst (cost function) ¥ 12 51 (2-5) 4

T
2 2

costC:costL+\/(Xc—xL) +(Y.-Y) (2-5)

;¢ coste %t D++iFE 2 ¢ end HELP RSB E 0 cost, &7 b - &gk

P S HE Xk T F SBPEH X ey > X &7 - 8D

Laax3 iy Yei a3 &ghLgy 3 ey oY 27 - &

:].
Bind sy G el oo L0 @IV R AP R B4 SN

BB LS - it 4 B2 25 dot (2-6)8 (2-T)5 R -

2'1:g{(%*‘mz+MJL1COSHJ_+(%+MJLZCOS(HJ._FQZ)} (2-6)
m
7,=0 (72 +M j L, cos(6, +6,) (2-7)
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FYPMEAFTAENEE QAT ES B AV E BEFAFAEY TR®

AT

|2'1| >50Nm (2-8)
|z,| >50Nm (2-9)
6, >150° or 6 <-150° (2-10)
0,>150" or 6,<0 (2-11)

262 WS
PR iz W o @ DHFE P EBELRASORE
P2 RS R AcBlZ L ora o B Bl A (@): f £ Okg 2 RS
ARZ L) fE AKg PSS A BEEREEHE G 10 F 4
REY P Eph R AR (G 02)s 1R ARz P o PBELED
#24e Okg &7 4kg f & PRS0 B A Bl4eB = L - BBz L - BT o
KR Z L eng R v mAPT g IR Z S (b)? am i A2 B = ()
BicsEE L @EFRZ ()7 i £RS AR EZ -+ (9)
Bl F B 5 AREEE LS o LBl (D) 618 OoenT G BiEY o 4R
BRIZ @ e Rtk S F S hRws (R ()7 g hRIE) -

Flt Bl = (D) ¢ BT R MEER S s S R kgL o

AREWELFRA) LRSS 0 B - T R
TG T PR AT E R B B E S A (0 2 dhi)
PR L T ABEU T A BER Fom Bl= L - k|3 d 23 4kg
i E LT ARE T A RER T PEERFDI R

2 4

LA SR R I RS S s 2 O A BT
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3.2 Arduino # 4B %
Arduino[51]%_— B T B 2"/ %8 (open source ) ; #c T fadrdlF o
B 2005 & 1 % d 3 K F o David Cuartielles fr
IRRIFS S S ESE T 28 ¥is ERE:
i Arduino P-enE Y T 3 e R Beanik A s o Pag gkt s ®iEIE

g A o fF E 8P w3t kA1 8 e FLASH, MAX/MSP, Virtool % #t

Massimo Banzi #73% 3+ 4

2z i PO e A
B2 BTEDAER O JRELRHEE R & T fRen s Bl Y g £ 7 ¥

Arduino =44 1 & F 4 % Atmel 2.7 57 AVR i FIHcEIE R - U e
/FE%‘Q?“"&?’:? /ﬁ’ /}»'ﬁ liﬁ'*i;}dflm&)‘l‘ 1 Uf % F'H'%{}\EE'EQ ’f#- ¢ :E’:_‘%Lé_
TR ET - BA C/ICrreafrii F o K 4] Arduinos # ® 3 Windows,

)

Mac OS X {r Linux * 505 B et 1 & (brBl= -+ 2 ) 20

b E T T el Btk o v EEE@??@%—%F#%‘M&”&
FHE s e et hdE B 4253 5 W > Bl4e @ Flash ActionScript,
Processing, Python, PHP,... % % - #ic% "o p ddpdlend £ 4 1L > £ F g4

EHTRLFT ) RERES > FLEEFTREFERE A DALY

-

e RME R ek HRBIFET 2B L
7 e AVR Studio 1 > % e £3F 7 & JﬁAVRC% #% Arduino #»

o —‘F'?JJ ¥ g g Atmel &

FE 3v o
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fano Blink | Arduino 0018

Blink
Turnz on an LED on for ohe second, then off for one second, repeotedly.

The circuit:
* LED connected from digital pin 13 to ground.

# Wote: On most Arduino boards, there is already an LED on the boord
connected to pin 13, so you don't need any extra components for this exomple.
Created 1 June 2885

By David Cuartielles

http:/farduing.col/en/Tutorial /BLink

based on an orginal by H. Barragon for the Wiring i/o board

oy o/
int ledPin = 13; /¢ LED connected to digital pin 13

A4 The setup () method runs once, when the sketch storts

void setup()

doinitialize the digital pin ag an output:
pintodef ledPin, OUTPUTY; A

b v

B = -+ > ~ Arduino $ict8 & % ‘ﬁ%@éﬁzf}t(iéi&x . [51])

Fle 2728 I EA R F L@ % 3% 5 Arduino B 2
B E e (eBle -2 977 ) > %5 E eV B A 3 Arduino Uno
FErBlz Lt =rm) 2 E Y m@ﬁ%léﬂ v #& AR * aaE_Arduino Uno
B EFFF]9F o Arduino Uno % @ * ATmega328 fcdr B engrdl4x o v
275 13 ?@:ﬁizfiﬁi%]%/ﬁ%]ﬂziﬁ’ﬂ » Pin3-5-6~9~10~11 & % PWM@?]
I o Pin23 £ 3 ¢ Lﬁfrﬁ;—] » 7 5 0 Pin0, Pinl 3 - ‘8 7)id 2 3 (0=RX,
1=Tx) ; Pin13 &3 LED ﬁig?] 21 # 5 o Arduino Uno #35 6 & ?Aﬁbbﬁiﬁ -2
(AO~AB5) - Arduino Uno ¢ * 16MHz cre if ® » 3 £ 4 128K ehzc i 4l -
axnT S is o PIER Y ATmega8U2 & ¥ % /e32 USB i 3t
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(B-Type #8g) > ¥ 7 £ 42 5 T 517 % % %% windows/Linux/Mac - & ik > &
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%4 (Steady-state error) o

(2) 4 (D) ]t B A Fdld o Fol B ey 12~ L 3 hen
FRA ATV RE ko FATEHEABA R O A EEFER D
Hiv A EH S B THFEAL] O FAEL EHLFH
@ﬁﬁﬁﬁﬂ%’?ﬁﬁﬁﬂﬁﬁﬁﬂﬁ<%%@§iﬁ #
o JETF o FlPt o b Bl A PDFEHIE > 7 Ui kA

LS mAELEL o
(3) #cA (D) #l & fes 447 A E :'iﬁﬁﬁpﬁ—i&i%i

A (REA NI F) AT Bk o b BIE cniE R W 2T

|l
]
'H}

e
Ef:’

—s\-\
e
cfr”

N\

A g E 0 @ A A TRRIGEA R B R 2R 0 £ G v B
R LB R AR R A gl e %00 0 8
N VR R A= Aoy S S S I RS T R A

m 1‘]’?\ s LU f,vl +,{ﬂ’p'(/47\ (PD) sgiib FI‘_‘{ :‘4 s l%:"-p% q—:_@%i

AT OERE D PID £ 4 R 489 > d AYE R+ Arduino 5
b e PWM éi%lﬂu fe KB o E e o 21 e d PID 324 ¢ mﬂig,l
AR - SR RS E R ’%.JH;—;\ % PID A &b E g
RN L LR A BERE (AeBle L= A ) o

Encoder Error

l

le > ‘ Vl >
PID Controller
Vg, R V,

Wz -2« #4875 ElF # PID 4] 5
55



RI2vip e @ % PID 4 412#% > MEF 2 - S Hob k& nPf i 7
PR3 H] > 4o (3-2)82 (3-3)#17T -

VL = Veommand — KpL X pError — Ki_ x iError - Kd, x dError (3-2)

VR = Veommand T KpPr X pError + Kig x iError + Kdg X dError (3-3)
met Vis =8 i m*‘r%ﬁﬁi%] Do Ves w5 & m#‘riézi@?] 2 Veommand
IEH A RS Finfkik o Kp 50 Glipdlch S E o Ki B ff A Bt ek
B Kd & #ica fpdlensdeie ; pError ~ iError ~ dError A %] 5 W B ~
DA EA B2 EEAvRE > APRAMES PIDEG AT E
H B O A B e (3-4)~(3-6) A1 5

pError = Encoder_L — Encoder_R (3-4)
IError = iError + pError (3-5)
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Pulse Width Modulation
0% Duty Cycle - analogWrite(0)

Ov ,
25% Duty Cycle - analogWrite(64)

T n

Qv : ! ! .

50% Duty Cycle - analogWrite(127)
5\' r p—
o L L L L
75% Duty Cycle - analogWrite(191)
51”. m
Owv I_ L I_..

100% Duty Cycle — analogWrite(255)
. ‘ ‘ ‘

Ov

Rz 4~ 7 PWM G~ B2 2 TR B~ (%R [51])
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ADXRS613: 5 8 B A gk pFend B o B 7 - 5 1 4% RADXRS613:0p 38
= ﬂag] o
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=
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Fo 47 R ADXRS613 % ipl e 4 i & 5% hde§]3.39%777 » =8 ICe K
o RAERIR RIS EE AT AR S D a‘%’%PRATEOUT@?J

NREREE EE R ST
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Bl7 +-- ~ADXRS613 *t® | b B> i T R L 2 Y B (%
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% 6 F_feif ik ADXRS613 e2fta gt | 2 A e 8L R (321 7 &)
L1025V 5 54 TR £ iy TR £ & bk L 125mVI(%s) ;
g‘f@lﬂz?fﬁﬂ’%z.wf@" b FRAEE A2 AR AR LE B BR 4
% 150%s 0 78R R 6

2.5+150x0.0125 = 4.375(V) (3.7)
B iR r b enRg (RS B8R b gy LR L a4 = 3 B o o]l

0y—25 o
4.375-2.5 150

*F 7 A1 Arduinody #4F 0101 o 5 e e B 5 BOV-5VIR R iR b
B TR g I 0-1023 50 (8 TIPE 0 K B BT R25V i L
511 7R A & i & 5 150°/sp¥ crdic i ¢ £.4.375V/5Vx1023=895 « 24 7* ¥ 14

= 0 =(w, —2.5)x150/1.875 (3.8)

- Ve

Oy oI 0 o =(w,y —511)x150/ 384 (3.9)
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% 6~ fo il % ADXRS613 crlfe 44+ (kiR : [58])

ADXRS613BBGZ
Parameter Conditions Min Typ Max Unit
SENSITIVITY (RATIOMETRIC)! Clockwise rotation is positive output
Measurement Range? Full-scale range over specifications range +150 “/sec
Initial and Over Temperature 11.25 125 13.75 mV/*/sec
Temperature Drift® +3 %
Nonlinearity Best fit straight line 0.1 % of FS
NULL (RATIOMETRIC)'
Null —40°C to +105°C 25 \
Null Drift Over Temperature —40°C to +105°C +250 mV
Linear Acceleration Effect Any axis 0.1 */sec/g

FAPHYQINMrE R E AR DL R EPE AR L
BAOT 1 d b Renfi A E Sk FRRPE - RN o S E AL
EHEARNFCEA TR AL 2 (BT Lo oerr ) 3
Bk

s

A0 =" wdt SAOM)= AN 1)+ [on) + o(n—-1)]T, (3.10)

t
Hoe »> TSHEABHRPFRE o 00 BNV @BA0) s ik~ 2 ¢ o 7 &3
Eo b R BA0D ok B E RS BEA P ek B L]
FRECR T REAWBA A4 £ RO PIBEA P vk RON) S
o(n) =6, +A(n) (3.11)

BT L=~ B A % LR
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W e cndd gk
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e

(T4 3 : 418M-455MHz (1KHz f#+47)

. B
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5 1

6

7

8

9. pzt
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10.4¢
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e AR A A
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Watch sDog @ % £ PR 707 LA

Pk R

APC220 jE M T e B O AP B & hodi T

% 7~ APC220 & ST il e s 9r

wYr & R
1 GND e
2 Vce ﬁi%J ~ 7 & 3.3~5.5V
3 En Rae (4 1.6V Raw 5 0.5V 11T RR)
4 RX Uart # » 3%
5 Tx Uart ﬁi%l a3
6 Aux UART 3o 4p 7 i 1 (MR 4o 8 £ iy
7 Set FHKE > T =F ke
8 NC T B
9 NC T M
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¥ /b APC220 AT A AR AP E 2 RIE 0 T PR Y 0T K
EE & T

% 8~ APC220 g M T W Ao ch Bk B 4

S EA K
B Es R
" %l“ B 1200 ~ 2400 ~ 4800 ~ 9600 ~ 19200 ~ 9600bps
( Series Rate ) 38400 ~ 57600 bps
@ﬁéﬁﬁ%ﬁ - : i Disable
( Series Parity) Disable ~ Even Parity ~ Odd Parity

o 4
(RF Frequency)

418MHz-455MHz (1KHz j%47) 434 MHz

ﬂ@ﬁﬂﬁ
( Series Rate )

2400 ~ 4800 ~. 9600 ~ 19200 bps 9600bps

5] 417 & (RF Power) 0-9 (9 % 20mw) 9(20mw)

APC220 s 7 il A e e L g .Q%ﬁg_ N T A - - s -
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using System;
using System.Windows.Forms;
using System.Collections.Generic;

namespace ShortPathSearch
{
public class Node{
public List<float> Cost = new List<float>();
public List<bool> Obstacle = new List<bool>();
public List<int> Father = new List<float>();
public List<int[]> Axis = new List<int[]>();
public int[] AxisRange;
public int Number;
public int AxisAmount;
public int NodeRange;
public int[] Loop;
public int[] LoopAmount;
public int[] Step;
public int BestNumber;
public float BestCost;
public int[] BestAxis;
public int[] TempAXis;
public int StartNumber;
public int GoalNumber;
public int[] StartAxis;
public int[] GoalAxis;

public Node(int axis_amount, int[] max_value, int[] min_value){

AxisAmount = axis_amount;
AxisRange = new int[AxisAmount];
LoopAmount = new int[AxisAmount];
Loop = new intf[AxisAmount];

Step = new int[AxisAmount];
BestAxis = new intfAxisAmount];
TempAXxis = new intfAxisAmount];

NodeRange =1,

for(int i=0; i<AxisAmount; i++){
IG5 & fhh B2 4 ]
AxisRange[i] = max_value[i] - min_value[i] + 1;
NodeRange = NodeRange * AxisRange[i];

Loop[i] = O;
Step[i] =
I35 #}dv# e b2 = #K

%



if(i==0){
LoopAmount[i] = 1,
¥

else{
LoopAmount[i] = LoopAmount[i-1] * AxisRange[i-1];
¥

}

HEZ) 2 & & 8% R %
for(int i=0; i<NodeRange; i++){
for(int j=0; j<AxisAmount; j++){
Axis.Add(new intfAxisAmount]);
Axis[i][j] = min_value[j] + Step[j];
Loop[j] = Loop[j] + 1;
if(Loop[j] >= LoopAmount[j]){
Loop[j] = 0;
Step[j] = Step[j] + 1;
if(min_value[j] + Step[j] > max_value[j]){
Step[j] = 0;
¥

}

Iz "f aBEE
public void NodeDataClear(){
Cost.Clear();
Obstacle.Clear();
Father.Clear();
for(int i=0 ; i<NodeRange; i++){

Cost.Add(0);
Obstacle.Add(false);
Father.Add(0);
}
}

}

public class PathSearch

{

public bool SearchSuccess;
public int[] MaxValue;
public int[] MinValue;
public int SearchStep;

List<int> OpenList = new List<int>();
List<int> CloseList = new List<int>();

public List<float[]> PathList = new List<float[]>();
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Node Node;

5= 4 i
public void Initialize(int axis_amount, int[] start_axis, int[] goal_axis, int[]
max_value, int[] min_value, int step)
{
Node = new Node(axis_amount, max_value, min_value);
MaxValue = new int[Node.AxisAmount];
MinValue = new int[Node.AxisAmount];
BestNodeAxis = new int[Node.AxisAmount];
SearchStep =step;
SearchSuccess = false;

for(int i=0; i<Node.AxisAmount; i++){
Node.StartAxis[i] = start_axis[i];
Node.Goal Axis[i] = goal_axis[i];

}

I35 & gL i E
public int GetNodeNumber(int[] axis){

int node_number =0;

for(int i=0; i<Node.AxisAmount; i++){
node_number.= node number + (axisfi] - MinValue[i]) *
(int)Math.Pow(Node.AxisRange[i],i);

}

return node_number;
}
I 4o i &

public void Search(){

Searchlnitialize();
SearchSuccess = false;

for(;;){

I17%_OpenList # ¢ B~17 — i CostFunction # |- eh&- 2k
FindBestNode();

I13-3% & 2Li¥_OpenList # ¢ #5*% 4 » CloseList # #
OpenList.Remove(Node.BestNumber);
CloseL.ist.Add(Node.BestNumber);

He-% 37 8 8 5 5 8RS gk
if(Node.BestNumber == Node.GoalNumber){
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}

SearchSuccess = true;
break:

IE P4 &3 &8k
for(int i=0; i<Node.AxisAmount; i++){

Node.Loop[i] = 0;
Node.Step[i] = -SearchStep;
IG5 & phit 7] & 2 PhTR = Bk
if(i==0){

Node.LoopAmount[i] = 1;
¥

else{
Node.LoopAmount[i] = Node.LoopAmount[i-1] * 2;
¥

for(int i=0; i<Math.Pow(2,Node.AxisAmount); i++){

for(int j=0; j<Node.AxisAmount; j++){
Node.TempAXxis[j] = Node.BestAxis[j] + Node.Step[j];
Node.Number = GetNodeNumber(Node. TempAXis);
if( Node.Number1="Node.BestNumber){
ChildNodeMake();
¥

Node.L-oop[j] = Node.Loop][j] + 1;
if(Node.Loop[j] >= Node.LoopAmount[j]){
Node.Loopl[j] = 0;
Node.Step[j] = Node.Step[j] + SearchStep;
if(Node.Step[j] > SearchStep){
Node.Step[j] = -SearchStep;
¥

Il4e% Open # 42 & & 2, £ 30F & 2, 0|3 1 40 %
if(OpenList.Count == 0){

break;

1P~ 18 e ji b e & Bl
if(SearchSuccess == true){

}

else{
MessageBox.Show(*No Solution!!");

¥

GetPath();

MessageBox.Show("Search Finish!");
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}

303 4= 45 1t
void Searchlnitialize()

{

//;%K,lrt OpenList £2 CloseList #

OpenList.Clear();

CloseList.Clear();

I & B35k

Node.NodeDataClear();

2 =g 55

Node.StartNumber = GetNodeNumber(Node.StartAxis);

Node.BestNumber = Node.StartNumber;

OpenList.Add(Node.BestNumber);

/-

Node.GoalNumber = GetNodeNumber(Node.Goal Axis);
}

I35 & & iz &~ %
void FindBestNode(){
for(int i=0; i<OpenList.Count; i1++){
if(i == 0 || Node.Cost[OpenList[i]] < Node.BestCost){
Node.BestNumber = OpenList[i];
Node.BestCost.= Node.Cost[Node.BestNumber];
for(int j=0; j<Node.AxisAmount; j++){
Node.BestAxis[j] = Node.Axis[Node.BestNumber][j];

¥

}

A& 24 3 &8k
void ChildNodeMake(){
float new_node_cost;

/|5 & 8t Cost &
new_node_cost = GetCost(Node.Number);

It %+ & 22 F & Open % ¥
if(OpenList.Contains(Node.Number) == true){
Il % Open % ¢ &+ & 2Lenit Cost 8+t i)
if(new_node_cost < Node.Cost[Node.Number]){
IR F7+ & BhenFfL
Node.Cost[Node.Number] = new_node_cost;
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}

Node.Father[Node.Number] = Node.BestNumber;

}

& &+ & 22 F & Close # ¢
else if(CloseList.Contains(Node.Number) == true){
/7 Close # ¥ ,%& F & gLeiT Cost 2 v i)
if(new_node_cost < Node.Cost[Node.Number]){
IR 775 & Bhen et
Node.Cost[Node.Number] = new_node_cost;
Node.Father[Node.Number] = Node.BestNumber;

/l3#-& 8L € %74 ~ Open £ *
OpenList.Add(Node.Number);

/[3&-&- 8L _Close % ° #% %
CloseList.Remove(Node.Number);

¥

¥

/I3 % % Open % ¢ » 4 & Close % ¥

else{
13 4e + & BLEnF 42
Node.Cost[Node.Number] = new_node- cost;
Node.Father[Node.Number] = Node.BestNumber;
[/ #-& gk4c ~ Open-
OpenList.Add(Node.Number);

}

I[z+ 5 &2k Cost &
float GetCost(int node_number){

}

float cost;
return cost;

A 2 B
void GetPath(){

I % 8w s < & gL 4 gk

PathList.Clear();

PathList.Insert(0, new float[AxisAmount]);

for(int i=0 ; i<AxisAmount ; i++){
PathList[0][i] = Node.Goal Axis[i];

Node.Number = Node.GoalNumber;
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for(;;){
PathList.Insert(0, new float[AxisAmount]);
for(int i=0 ; i<AxisAmount ; i++){
PathList[O][i] = Node.Axis[Node.Number][i];
¥

e % & 8h 3t 42 BE & 3239 )

if(Node.Number == Node.StartNumber){
break;

¥

Node.Number = Node.Father[Node.Number];
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M= ~ Arduino B8 5 #2535 55

#include <FlexiTimer2.h>

int incomingByte;
int RdyGetByte;

int LftIRLimit, RhtIRLimit, CenIRLimit;
volatile int LftIRVal, RhtIRVal, CenlIRVal;
const int FarIRSensorLftPin = 0;

const int FarIRSensorCenPin = 1;

const int FarIRSensorRhtPin = 2;

const int CloselRSensorLftPin = 3;

const int CloselRSensorRhtPin = 4;

const int GSSensorPin = 5;
int GSSensorValError, InitialGSSensorVal;

const int EncLftPin = 2;
const int EncRhtPin = 3;
volatile int EncLft, EncRht;
boolean EnclnterruptStop;

int Turn90, Turn180, TurnDir;
int StraightStep, Step, HalfStep;
volatile int TempStep;

const int PWMLft = 6;
const int DIRLft=7;
const int PWMRht = 5;
const int DIRRht = 4;

int RunMode;

int MotorSpeed;

int Max_Speed, Min_Speed;

int LftMotorSpeed, RhtMotorSpeed;
int Acc;

float Kp, Kd, Ki;
int pError, dError, iError, Last_pError, Pre_pError;

void setup(){
Serial.begin(9600);

pinMode(FarIRSensorLftPin, INPUT);
pinMode(FarlRSensorCenPin, INPUT);
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pinMode(FarIRSensorRhtPin, INPUT);

pinMode(CloselRSensorLftPin, INPUT);
//lpinMode(CloselRSensorCenPin, INPUT);
pinMode(CloselRSensorRhtPin, INPUT);

pinMode(DIRLft, OUTPUT);
pinMode(DIRRt, OUTPUT);,

attachinterrupt(0, LtfWheelEnc, CHANGE); //init the interrupt mode for pin 2
attachlInterrupt(1, RhtWheelEnc, CHANGE); //init the interrupt mode for pin 3

EncLft =0;

EncRht = 0;

RdyGetByte = 4;
RunMode = 0;
EnclinterruptStop = false;

InitialGSSensorVal = 0;

for(int i=0; i<10; i++){
InitialGSSensorVal = InitialGSSensorVal + analogRead(GSSensorPin);
¥

InitialGSSensorVal = Initial GSSensorVal / 10;

void LtfWheelEnc(){
if(EncinterruptStop == false){
EncLft = EncLft + 1;

void RhtWheelEnc(){
if(EncinterruptStop == false){
EncRht = EncRht + 1;

}
}
e
void Timer(){

iIf(RunMode == 1){
if(EncLft >= Step || analogRead(FarIRSensorCenPin) >= CenlRLimit){
RunMode = 0;
analogWrite(PWMLTft, 0);
analogWrite(PWMRNt, 0);
Serial.write(RdyGetByte);
FlexiTimer2::stop();
if(EncLft >= Step){
SendStatus(EncLft);
}

else{
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SendStatus(RdyGetByte);
¥
}
else{
LftIRVal = analogRead(CloselRSensorLftPin);
RhtIRVal = analogRead(CloselRSensorRhtPin);
while(LftIRVal > LftIRLimit || RhtIRVal > RhtIRLimit){
EnclnterruptStop = true;
if(LftIRVal > RhtIRVal){

digitalWrite(DIRLft, HIGH);
digitalWrite(DIRRht, LOW);

¥
else{
digitalWrite(DIRLft, LOW);
digitalWrite(DIRRht, HIGH);
¥

analogWrite(PWML{ft, Min_Speed);
analogWrite(PWMRht, Min_Speed);

LftIRVal = analogRead(CloselRSensorLftPin);
RhtIRVal = analogRead(CloselRSensorRhtPin);

}

EnclinterruptStop = false;

pError = analogRead(GSSensorPin) - InitialGSSensorVal;
iError = iError + pError;

dError = pError - Last_pError;

Last_pError = pError;

if(MotorSpeed < Max_Speed && EncLft < HalfStep){
MotorSpeed = MotorSpeed + Acc;
}

else if(MotorSpeed > Min_Speed && EncLft > HalfStep){
MotorSpeed = MotorSpeed - Acc;

¥

LftMotorSpeed = int(MotorSpeed - Kp * pError - Ki * iError - Kd *
dError);

RhtMotorSpeed = int(MotorSpeed + Kp * pError + Ki * iError + Kd *
dError);

if(LftMotorSpeed > Max_Speed){
LftMotorSpeed = Max_Speed,;
¥

else if(LftMotorSpeed < Min_Speed){
LftMotorSpeed = Min_Speed,;
¥

if(RhtMotorSpeed > Max_Speed){
RhtMotorSpeed = Max_Speed;
¥

else if(RhtMotorSpeed < Min_Speed){
RhtMotorSpeed = Min_Speed;
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}

¥
digitalWrite(DIRLft, HIGH);

digitalWrite(DIRRhOt, HIGH);
analogWrite(PWMLTt, LftMotorSpeed);
analogWrite(PWMRht, RhtMotorSpeed);

}

else if(RunMode == 2){
GSSensorValError = analogRead(GSSensorPin) - InitialGSSensorVal;
if(abs(GSSensorValError) > 10){

}

TempStep = TempStep + GSSensorValError /10;

pError = Step - TempStep;
if(abs(pError) <= 20){

}

RunMode = 0;
analogWrite(PWMLTt, 0);
analogWrite(PWMRNht, 0);
Serial.write(RdyGetByte);
FlexiTimer2::stop();

else{

void Move(){

iIError = iError + pErrar;

dError = pError - Last pError;

Last_pError = pError;

MotorSpeed = abs(int(Kp * pError + Ki * iError + Kd * dError));

if(pError > 0){
digitalWrite(DIRLft; HIGH);
digitalWrite(DIRRht, LOW);

¥

else{
digitalWrite(DIRLft, LOW);
digitalWrite(DIRRht, HIGH);

}

if(MotorSpeed > Max_Speed){
MotorSpeed = Max_Speed,
}

analogWrite(PWMLft, MotorSpeed);
analogWrite(PWMRht, MotorSpeed);

digitalWrite(DIRLft, HIGH);
digitalWrite(DIRRht, HIGH);
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Step = StraightStep;

HalfStep = Step / 2;

EncLft =0;

EncRht = 0;

iError = 0;

Last_pError = 0;

MotorSpeed = Min_Speed,;

RunMode = 1;

FlexiTimer2::set(10, Timer); // 10ms period
FlexiTimer2::start();

void Turn(int dir, int turn_angle){

if(turn_angle == 1){
Step = Turn90;

}
else{
Step = Turn180;
}
TurnDir = dir;
if(TurnDir == 1){
Step = -Step;
}
TempStep = 0;
iError = 0;
Last_pError = 0;
RunMode = 2;

FlexiTimer2::set(25, Timer); // 50ms period
FlexiTimer2::start();

void SendStatus(int data){
byte data_h, data_I;

data_h = data / 256;
data_| = data % 256;
Serial.write(data_h);
Serial.write(data_lI);

return;
b
Jf e e
void IRSense(int far_Ift_pin, int far_cen_pin, int far_rht_pin, int clo_Ift_pin, int
clo_rht_pin)
{
intn=6;
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int m = 50;

inti;

int ir_sensor_val[n];
int check_sum = 0;
int data_H, data_L;

for(i=0;i<n;i++){
ir_sensor_val[i] =0;
}

for(i=0;i<m;i++){
ir_sensor_val[0] = ir_sensor_val[0] + analogRead(far_Ift_pin);
ir_sensor_val[1] = ir_sensor_val[1] + analogRead(far_cen_pin);
ir_sensor_val[2] = ir_sensor_val[2] + analogRead(far_rht_pin);
ir_sensor_val[3] = ir_sensor_val[3] + analogRead(clo_Ift_pin);
ir_sensor_val[4] = ir_sensor_val[4];
ir_sensor_val[5] = ir_sensor_val[5] + analogRead(clo_rht_pin);

}

fori=0;i<n;i++){
ir_sensor_val[i] = ir_sensor_val[i] / m;
data_H =ir_sensor_val[i] /.2586;
data_L =ir_sensor_val[i] % 256;
Serial.write(data_H);
Serial.write(data_L);
check_sum = check_sum + ir_sensor_val[i];
}
check_sum = check_sum % 256;
Serial.write(check_sum);

return;
¥
[ m e e e e
void GetGyroscope(){
int gs_sensor_val;
int data_h, data_I;
gs_sensor_val = analogRead(GSSensorPin);
data_h =gs_sensor_val / 256;
data_I = gs_sensor_val % 256;
Serial.write(data_h);
Serial.write(data_l);
return;
}
Jf-mmmm e e e

void DataUpdate(){
int data_number = 12;
int recieve_data[data_number];
int check_sum = 0;
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inti;
int feed_back;

for(i=0; i<data_number; i++){
while(Serial.available() <= 0){};
recieve_data[i] = Serial.read();
check _sum = check_sum + recieve_data[i];

check_sum = check _sum % 256;

StraightStep = recieve_data[0];
Turn90 = recieve_data[1] * 10;
Turn180 = recieve_data[2] * 10;
Kp = recieve_data[3] * 1.0/ 100;
Kd = recieve_data[4] * 1.0/ 100;
Ki =recieve_data[5] * 1.0/ 100;
LftIRLimit = recieve_data[6] * 10;
CenIRLimit = recieve_data[7] * 10;
RhtIRLimit = recieve_data[8] * 10;
Max_Speed = recieve_data[9];
Min_Speed = recieve_data[10];
Acc = recieve_data[11];

Serial.write(check_sum);

return;
¥
[ e B e
void loop(){

int dir, turn_angle;

if(Serial.available() > 0){
incomingByte = Serial.read();
switch(incomingByte){
case 67://'C', Clear
EncLft =0;
break;
case 69://'E', Get Encoder Value
SendStatus(EncLft);
break;
case 70:/I'F', Forward
Move();
break;
case 71:/'G', Forward
GetGyroscope();
break;
case 83://'S', Sense
IRSense(FarlRSensorLftPin, FarIRSensorCenPin, FarlIRSensorRhtPin,
CloselRSensorLftPin, CloselRSensorRhtPin);
break;
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case 84://'T", Turn
while((Serial.available() <= 0)){};
dir = Serial.read();
while((Serial.available() <= 0)){};
turn_angle = Serial.read();
Turn(dir, turn_angle);
break;

case 85://'U', Update
DataUpdate();
break;

default:
break;
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