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ARPEEY > BB EEIFENAPTARI AT X AHREL S
Aleha i o Fl > 5 & R A RRS © B B E L A LY BE AR
35 A AR EVRE PRIE o m ATLE L P o MEF L B LBk TARS ik B 1

RAFFEIL ARKAR S ch1 By FRAMETF P L PR FA 1T e
REBBEABE A Tig 1 G o4 LR RF R EDBE L K oeF it
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REAHEHR G N LR R SR B h B bR
SRFEE G SINL R L A B AT A BB CRED  BAUDT R o
FedFa L (ARES ) XJgen® 2T o B* F P R BF 52 (Genetic
Algorithms) k#3|% & ﬁjﬁklﬁ?& HiF i LA o

ALRETEET A KIG 2 #F KA (LegoMindstorm) kgt fy o * e
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Wk b mEFH RS i# % (evolutionary computation) =n
FromitAEE AT T el g ¢ s A A E - IR KRR LR R
VRt R HAF B HCA] G RO AR iR (AR o T N B A B i fe o
ﬁ%ks%ﬂﬁ—ﬁ@za%LEWvﬁﬁ%%ﬁ&Lm%a%ﬂ’1%@%&
i A B i L R T TS D R RE gk 3 o S i N2 B erad 2 iVl T
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FANARAFENDPEA KPR A A 2 g Fit g AU BT 0
TWELAARFPHE RN T RS AT REL Kpﬁ,\igﬁo%n?
B ST et AonARCh 0 Ak TRFNELT P RER S RDITEE .

HEAWE A A F DR %i’)j}ik BT o IR RSB A Sy A - R
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B HAFRE

AT R NIF R AR Y mﬁ}r‘ui BAFFE 2 R BFE 2

d R FhOH§- EERE e k301970 # 24w p &4 (cellular

automata) B FFA T EFF ALK NG FiE 40 &£ kg B o FRATIFE 2 o 4

REZPEi%t b RERGICRE S FTHREF A 2FEZ AL - B AT

Wk AR e B A R R 2w 0 2 F @ik (survival

of the fittest)ehd i 2 > & - A Fo3n g a H 573 Jehrhi @ 3 fpas >

3R ARE d P E T MR - R R AK€ R b s

PR EA GRS FIRERT T RUNEH AP aFit - 0 gt s

- W2 A d WY R BRI L0 R DRI H 2 s dpie- MR
Fl | i b - R TR h LR R AT R

il @R FR B FE A i F R R ORRALOT A RIS b
SAFAN S F I FREE S F RS N B Rt B E S RS
BroeiE 42K 0 ¢ 353418 (selection or reproduction) ~ % fie (crossover)

(mutation) > Hfe@# i+ 2 BAFFE 2hi BEE T > %2 528

X%
EET

B @ ATFIRE A BE @ UT L3 A > ¥ (population) E.d -
# B4 (individual) #tle s > # B Ed - A F (gene) &+ A F L
2 4 48 (chromosome) e ~ H = - — B+ & (generation) ;T»;U{, B A
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OEFBEPELP AL EY FFEY DD RS hh
(maximization) ~ &) i (minimization) R AR B AEERRE 0 Aok \Zx.g:?
Hem BIF 6 * $- &2 F B (optimization by using gradient method) > # ¥
ARl 2B hefcRi? L2 (simulated annealing )~ 4 #$48% 2 (random search)
FP 2o 2 - EROEFE TP IS ET A f*(global optimum) »
F 7oA £ i (local optimm)e % 2 B G & 58§ > ok E- 3
R 1 BT A Bl o e B -
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ORT S P RE L T A RN 5 P R bR E 2wt
~ ERRERGE S G2 S EA G4 B RET S SRR AR B
BRI RS E AR s § 0 X0 B B s R A PR R E
Bro B AR BB LFRE BB AL ] R D R

23 E L £ (LEGO MINDSTORMS Robotics Invention System) = # 3 #
Bl v 28 s B A BAIRE o ¥ 12 R Bl SHE B AE
ARG - ARy B0 AL R 70 WY =1 F i Medialab &

CETEE R

G
it

BEWEL Pl - BREINTFES LA v 252 B I/08®R A

A
F
DCRRRARENEZ BRRRY BEae AR HFBEL v LR

TR FLL R AN AR PR NRERGPII T UFERT P AR
BRI E DGl 6 A BATTR ™ PP B L -

Interactive Servo Motor = ™

Touch Sensor

NXT Intelligence

Light Sensor

Sound Sensor Ultrasonic Sensor



%ﬂ’ﬁmaﬁg1m’iéﬁﬁﬁéiﬁ&ﬁ%ﬂﬁgﬁﬁﬁﬁiw
Foo BRBIL(G YA o MBI ARG A BT LR B A
Eal —"1,%!*—%2’#1%351@5&@%@%}#5% A2 §T A _ERGE o F A B KT 2 BT AR
32 j2EwL - R FE ’*&1‘%%@1@5‘%{1&%«@%%‘—5%&1‘ ﬂi%lﬁﬂu
I GRS I S I E e 1ok A N L TS DA

B K

PHEEOAFFE 2P AP Z 42 4R Rap 355 (objective
fucntlon) » F AT A B P RS 50

. B EiEH:
n-1
Minimize dist(p) = Z dim;m;.,)
i=1

dist(p) & B & > d(m, min) 5 mi B3 min BEApESE o

2. ELET
n-1

Maximize smooth(p) = Z degree(m;_;, m;,; m;,{ )
i=2

smooth(p) 3 ¥ /2T F 14> degree(mit, mi, M) 5 mio B3 mi Beid 22 mi B3 mia
Bhenid TR S e d & oo



DHEHZ P
B TA AT (FPE o B~ o Bl RIFR 0 AAFR L (TP o 6 PRI HLR

Fro be PE LR AR e B B ERCH o T ATIE AR E A B R

i;;‘ﬂ»ﬁ m"?%ﬁr"dﬁ—’ﬁ—ji‘a" %Eﬂz&f’rﬂ;ﬁ—lé‘ﬂmpﬁ‘iﬁ;#fi°

R OGAFIFE 22K
BEPEEBATIFE Y >R MehF A - ERERNE o A PR
PEEEBRNLI B A BAFR L - PR OEE WA - AR
B(X,y) > BAvdpnd d BEREWA 24 o
d 3 R R f B R RS eng it F I RS R A o AP
F* A Pareto ihm A # > #rk 4 =i S ¥ GPSIFF (General ized

Pareto-base Scale-Independent Fitness Function)*t;& & i ¢ » #&% > 250
o T L

FO)=p-q+c
AERER Y TUT AFEY S

1. ## (selection):
AEJEEHY - S N E# 2 (binary tournament selection) e

2. % fe (crossover):
" 8% fei2 (one-point random crossover) ¥ i € i@ B % A 4 i R A
EIELIT o 5T WA A, 0 Li, Zhang, Yin, ™% Wang #& 413 @& % = f&

knowledge-based ¥ - <% fiz ;2 :
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B o~ Ap ke ZLH 2L ez (crossover at the location of the common node) :
oA s gL MAa w5 VIO, 30, 33, 47, 98, 99) 2 V2(0, 5, 35, 33, 83,99) >
AIEAS MY G AR L 330 Tt o (R 33 % IFH Afeanghc H S ;;;%pb
= V3(0, 30, 33, 83,99) 1 2 V4(0, 5, 35, 33, 47, 98, 99) « 4= B #77F :

2 XL d f(Vl: red, V2: blue) F+ s gVl red, V2: blue)

90 91 92 93 94 95 96 977 S50 90 9] 929394 95 96 9

F22-2E=A—2p 36 37 38 29 Moo oe ety 36 37 36 39
A2l 22 23 24 2p 26 2T 26 29 A2 22 2324 Fp 26 2T 28 29
IpEEE i b 16/17 18119 D e 1p 161711519

4 5 7 5 9 43 6 7 5 9

¢ -~ tplFif H 8L ez (crossover at the location of the interconnected) :
Bl AR MAe w L VIO, T, 15, 46, 47, 97, 99) %
V2(0, 5, 35, 33,83,99) o V1 7 #trcgh 15 £ V2 85 &2 8L 35 #77) & crif #
B - ER e 2 V2~ 2150 V2 %2 (0,5, 15,35, 33,83,99) » £ #-H idp
e ghend gl e > A 4 a3 5 V3(0,7, 15, 35, 33,83,99) 11 %
V2(0, 5, 15, 46, 47,97, 99) © 4= B #77 -

2 kL d fB(Vl: red, V2: blue) F+ g d gVl red, V2: blue)
a0 91 92 93 94 95 96 OLOR-00 00 9] 92 93 94 95 95 Ot
80 81 82 8 26 8T 88 589 80 81 82 8847
TOF1 TR A S e T TR O H0FL T2 TR
B0 6l 62 6B B4 65 66 &T 68 69 B0 6l 62 6F
50051 52 5B 54 55 56 5T 58 59 50 51 52 5B
40041 42 4B 44 45 ¥ 45 49 400 41 42 AR
031 323 h Bo 37 28 30 20 31 32 3E Bo 37 28 30

2021 22 23 24 2B 26 2T 26 29 2021 2223 24 25

260 27 28 29
108 1B 1017 18119 1011 1213 14 1¢

16 17 18 19
(bl SN2 3 G 3 L 2~ g g
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P~ ApiTEL¥ 2L fei2 (crossover at the location of the potential node) :
B oA A aELd Ae w3 VIO, T, 26, 46, 47, 98, 99) 11 %
V2(0,5,35,33,83,99) c @ 154 & M ApiT LG 46 7202 350 rd > G H
46~ B35 2 35 fEd 4B~ 460 @ AR RS iE L S 4Y
(0,7, 26, 46, 35, 47, 98, 99) % (0, 5, 35, 46, 33, 83,99) » £ & H fafpiT L%
pe A 4 a3 % 5 V3(0, 17, 26, 46, 35, 33, 83,99) 14 2
V4(0, 5, 35, 46, 47, 98, 99) © 4= Bl 7T -

2 X d (V1 red, V2: blue) F g d gVl red, V2: blue)

9091 929394 9596 9 90 91 92 93 94 95 96 97

g 81 82 80 81 82 89
T T2 RS T TG 9 FOCFL T2 TR 4TS T T NE 9
B 61 6Z g3 64 65 66 666 oY o0 61 62 6p 64 65 66 6766 69
o151 152135 BEEaiii 5] [5G |59 20151521 5F SR 5§ | 5C |59

40 41 42 48 49 40 41 42 4B 44 45 48 49

3031 32 p 30 37 35 39 30(31{32}3 3p 37 38 39
2021 2223 24 2p A 2T 26 29 20021 22 23 24 2p 20 27 26 29
10gE e 1p 107 1519 1011 1213 14 1p 16017 18 19
(el 5 9 (pppted—t & 5 9

%% (mutation) :
PRI ERE - BRI IR PR B R B 1 TR AR HE D
iaﬁlr/}f’* L’#\%wm‘l'%z—ggl’“ﬁ%w{u—o

24 (repair) :
AT PR R - A AT TS T A AT T o BT A L BRI A

(node repair) % ez 4 (line repair):

v\ i A
FRPIDEICE T ERES 0 R p I *“;‘%’Eﬁ;‘é (convex hull) i&
EO- R A BTN § T BIRERS TRT RS T R W R R
oo

oo~ BRADIGAT
TR PRI 0 F fiﬁ-—fé’ wfpwgds b PN A 2 - BATTULARBEDP N 3%
LISERIVE ) B < R =, iz %

FI% (Deletion) :

Bl ™ &7 & Iengh TE R S OB AN 'F E T e in BT - Bmi

Lk Bho
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i * A
o NXTHEABEL 2( NXT Intelligence )

045G e BEBER » = BFRESEf- & USB20 il 53k
® 5:f( Interactive Servo Motor )

WEAGRS KR BEp2F AR ER > R E R 4] o
® i3 4R R E( Ultrasonic Sensor )

FEHLRIE o (ORI A 10~150 2 A 2 7 o
FHex

SEME et S Salgd Bdpd FAnzhp A9 o

BEARFLE

® Virtual Studio 2010

® Brick Command Center
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FPCHEZEFHFINKT A4  FABET i o k@B & PCH i p 3] NXT
Fyhs e €38R 73 (SPP)aRxie 7 PC &2 NXT 2 B el 300§ = 2 4

i rENTHEFETRRDBT(T LB 4 FRALPCH G - Ba#

7 COM port -

Bluetooth 3372 ﬂ
conms [

EEERENERTF COM (E7)) Z2E - BHEEEEEECOM
EEIE - ZEEE Blustooth S FAEMEIIN -

=EE g8rm &¥

COM26 A Tomato
COMB feha) Tomato 'Dev B’
COMB ZA Tomato i

EZ Bluetooth £E§] COM E=FS -

=0
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NXT 693 305 24t & 4o B 9577 :

______________________

| Length, LSB | Length, MSB C°.'r'}';:"d Command | Byte5 Byte 6 Etc
. . .. R
] ]
: CMD 0 cMD 1 cMb 2 CMD 3
1 1
v 4
HEUEE &R

® i LR Livite WER o

® (Command Type: Type fa#f4c™ #7177 o

rREOFALAE

2FZEVR

® (Command: #ti# * e NXT Direct Command °
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ERERE
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STEEE AR
TR ETIER

i

EFEAERZE
NXT
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NXT =

B B &Rt <

—> W& #

BEWEIER

HATEIE

i

[5] 5 & 1F 52 Bk 5R S
ZPC
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"z

w & M f# (dot product)
A dot B = |A]
>

|IB| cos(8)
Bk

6 = Acos( (A dot B) / (|A]

IBI) )

file: /T Users/Mio/Docurments,Visual Studio 2010/Projects/BtToMxt/BiToMxt/bin/Debug/B

185.433424495223 .

S | B i
185 . 43"

Fitness
24495223, Fitn

15 . 433424495

Fitne
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PC #2575

/X
g2 NXT e 53¢ 50
x/
bool InternalConnect()
{
if (!_BTConn. IsOpen)
{
_BTConn. Open();
_BTConn. ReadTimeout = 1500;
return true;

J

else

{

return false;

/X
X1@3% T4 tmp: #cdf ~ mailbox: @£ nxt + drmailbox BB
X/
void SendMsg(int tmp, int mailbox)
{
Byte[ ] MessageLength = { 0x00, 0x00 };
byte[ ] Command = { 0x00, 0x09, (byte)mailbox, 0x05, 0x00, 0x00, 0x00,
0x00, 0x00 };
for (int ByteCtr = 0; ByteCtr <= 3; ByteCtr++){
Command[4 + ByteCtr] = (byte)tmp;
tmp >>= 8;
}
MessageLength[0] = (byte)Command. Length;
_BTConn. Write(MessageLength, 0, MessageLength.Length);
_BTConn. Write(Command, 0, Command.Length);

19



/X
¥ E @Y LR CE AR 2 EV,V2EA B E
X/
const int transAngle = 4; //1:4(% Bl % & B H =)
const int transLength = 200; //1:200(% B 7 A_BEdgnH i~ &)
move(Vector vl, Vector v2)
{
int angle = (int)Math. Round(Vector. AngleBetween(vl, v2) * transAngle,
MidpointRounding. ToEven);
int straight = (int)(v2.Length * transLength);
if (angle > 0)
{
SendMsg(angle, 0);
SendMsg(straight, 2);
}
else if (angle == 0)
SendMsg(straight, 2);
Else
{
SendMsg(angle, 1);
SendMsg(straight, 2);
}

return 0;

20



NXC #2775

/%

¥ i MFEIR

x/

bool BTCheck(int conn)

{
1176 58] NXT ehgE 5 i 5% fi
if(BluetoothStatus(conn)!=NO_ERR)
{

return true;

}
else if(BluetoothStatus(conn)==NO_ERR)

{

return false;

}

}

/%

X R

x/

Void GetData()

{
[INTX &k p 2 %% 8% anFfd
ReceiveRemoteNumber(0,true,maill);
ReceiveRemoteNumber(1,true,mail2);
ReceiveRemoteNumber(2,true,straight);

}

21



/%
X SR AT SRS {7 NXT o8 i

x/
void NXTmove()
{
I = & 2| %7
if(maill!=0){
RotateMotorEx(OUT_BC,75,abs(maill),-100,true,true);
RotateMotor(OUT_BC,75,straight);
SendMessage(3,"f"); /[FH&Ex=z>w &1 7%
}
I+ 48 2] %7
else if(mail2!=0){
RotateMotorEx(OUT_BC,75,abs(mail2),100,true,true);
RotateMotor(OUT_BC,75,straight);
SendMessage(3,"f"); /[FH&Ec=z>w &1 7%
}
2 A 2|47
else if(straight!=0){
RotateMotor(OUT_BC,75,straight);
SendMessage(3,"f"); /[FH&Ex=z>w &1 7%
}
}
main()
{
while(BTCheck(0)); /#&aEF7 @
while(dist())
{
NXTmove();
Wait(2000);
ClearScreen(); //iﬁ-“,% NXT * Screen 7 3t
}
}

22
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Procedure GeneticAlgorithm

{
Randomly generate initial population P(t);
Evaluate P to obtain fitness;
while (termination is not met)
{
Select two parents pl and p2 from P(t);
Perform crossover for pl1 and p2 to produce cl and c2;
Mutate c1 and c2;
Check path of c1 and c2 are not cross over obstacle;
Evaluate C to obtain fitness;
Put C and P into P(t+1);
}
}

FEAFFEZREF2 5 - K FLAL 5 - CFM(FHEEBER:

N)’*‘%‘T ji# i‘%%’;— fkﬁ#ﬁgl%ﬂi%fﬁo Ié;_: ﬂ‘l}

-

Rl B - =
BLNERZ O PENABA R H o S BE A RBBIALREY T
A2ABFI N Fr A RHEPFHALHA BIF ARRREY - K5 PES

4
Wi TR R R g EATE NRIE S, G N B -
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Procedure BinaryTournamentSelection

{
inti;
while (i is not count of population P)
{
if fitness of P(i) is greater than P(i+1) then choose P(i);
else choose P(i+1);
i=i+2;
}
}
BEHRES S PR ERER R ENRBERENBY -
REATIEE F
Procedure Mutation
{
if (p is greater than MP)
random a new point and replace one point of individual;
}

b

A D T RFAFIEE S L - BRGHEDATEE T o 0 Z NS5
pHEATEEFTRFRAEEY (DA AEMP - T ¥ M 520.2) Figizd= >
PR ZA4 - BaTengh HEa v s algmd b (Z 52 4628) IR BH

Rt ehH - BLTE o

24
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Procedure Corssover

{
if (p is greater than CP)

if two parents have same point
do Crossoverl,
else if two parents which of one, have one point in the other line
do Crossoverz,
else
do Crossover3;

}

else put two parents into new P

}
P F penEh LA FHNFLMREL (D FAECP L H CP:0.8)-

FABA NG AR ARAFE - LI EEL Ap e B H B
FABAAH - A Neghs, B Y - 2 NengRl S ﬁljgétf;ai_— ﬂ]@ﬁntﬁa
FE A S H B ek s B (s o ﬁ;é;r%imifcﬁ AR A BN fREL piTeE

%Qﬁgo
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B ATEY S

Procedure CheckPath

{
if line(k to k+1) is cross over the Obstacle(k)
{
do convex hull then get two line;
if linel and line2 are not on edge of map
{
if distance of line 1 is shortest
choose linel replace origin line which is point k to k+1;
else
choose line2 replace origin line which is point k to k+1
}
else if linel is on edge of map
line2 replace origin line which is point k to k+1
else if line2 is on edge of map
linel replace origin line which is point k to k+1
}

BAFATFEE 3 chp chE H7 L2 P T &2 10 5 B R BATSRE S BAT R
1 FhA A B (Bl 2%) SFF C UGB A FIN T IRERL- A
Bir2 Bhe F ARG BRI 2R - et ] LB R R
FE (OERFEZALDLIFE ) BETUARS G R Bk T 8 kil

et w A e e o PR TR IR frR 2 A A EE ROE R AT F

AR AT 2P EETRIE D FR]IeR2 % 5 E2RIE  PPHEREDRR -
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Procedure Fitness

{

get D which is summation distance of Individual;
get d which is summation degree of Individual;
intp, q;

while (i is not greater than count of P(k))

{

while (j is not greater than count of P(k))

{

if (d of P(i) is smaller or equals d of P(j) and D of P(i) is smaller or
equals D of P(j))
p=p+1;
else (d of P(i) is greater than d of P(j) and d of P(j) and D of P(i) is
greater than D of P(j))

q=q+1;

. 2 ' Y 55 2 AN 4 S P L ST i bn 2y Y 5 N
PRI ZFENRFEORARELELZ AREDRAESF LR - 27 2=

Pareto @#H A# (F(Y) =p - qtc) FIr B FL B8 chpE& q e

o
iy
o
=5
N\
<
—

=
-
o

& 5] 5 PO il i AL AR BB P AN > ¢ 5 - ¥ ¥

ey N
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B %A 18 iy

BB | BT R3

0| o0
:Eitﬁii 0|0 0
0 “WT 0|0 0
+ 0|0 0
+ 0|0 0
:ﬁa 0|0 0
o|o0|oD 0

Figure 2
ERLBERR 2REE] L RERER

BEris 1 (0,0) > (8,1) —> (8,4) > (6,5 —> (5,6) —> (5,9) —> (6,12)
-> (7,14) -> (15,15)

dist(p) : 31.17314

smooth(p) : 292. 61986

Bl & REE (0,00 > (8, 1) > (8,4) > (5,6) > (4,7 > (59 > (7,14)
-> (15,15)

dist(p) @ 31. 76551

smooth(p) : 287. 89711
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BB 2 HR TR

Figure 3
ERLBERR 2REE] L RERER

i (0,0) > (1,4) —> (4,6) —> (7,12) —> (15,15)
dist(p) : 22. 98086
smooth(p) : 114. 89747

B R RS (0,00 > (4,1) —> (6,5) > (7,12) —> (15,15)
dist(p) : 24.21031
smooth(p) : 129. 14750
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