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Abstract

In recent years, swarm robots have been widely applied in the fields of bionics, artificial
intelligence, logistics, cooperative exploration, military attack, and so on. The research of
swarm intelligent robotics started from the study of the group morphology of bird, beast,
fish, and cell in nature. Due to the limited perception, decision-making and action abilities
of individuals in these groups, it is difficult to make complex behavioral operations. However,
these groups can perform complex behaviors, such as migration, fighting enemies, foraging,
and nesting by following simple behavioral rules and cooperating with each other at the
group level. The intelligent emergent behavior of biological cluster can improve the
intelligent decision-making, efficient coordination, and autonomous decision-making ability
of swarm robots in complex environments. To this end, a three-dimensional gene regulation
network applicable in three-dimensional space is proposed in this thesis, which is also
discussed and studied in the simulation of UAV clusters. The details are as follows:

1. To address the problem of target tracking and trapping in three-dimensional space,
this thesis proposes a method for actively generating population aggregation morphology
based on a three-dimensional gene regulatory network, starting from the gene expression of
cell clusters. Based on the environment characteristics and the influence of the target, the
method can automatically generate a set of specific solution models that meet current
scenarios through the genetic iteration of the model library, and further tailor to obtain a
simple and general set of population aggregation networks. Finally, the robustness of our
model is verified from three aspects: enclosure distance, enclosure concentration, and
enclosure intensity.

2. Aiming at the problem of distributed autonomous control of UAV cluster in three-
dimensional space, this thesis further proposes a framework for automatic generation of
population aggregation morphology of 3D gene regulatory network in local coordinate
system. This framework abandons the principle that all grids are equally important in
traditional gene regulatory networks, and simplifies the control model so that the algorithm
can be embedded in UAV cluster systems, which ensures that the UAV clusters can quickly
tracking the dynamic target, and after being attacked can generate a suitable encircle.
Simulation results show that the proposed method is robust and adaptive to dynamic
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environment under the premise of ensuring computational efficiency.
Keywords: Swarm intelligent robot; Gene regulation network; Three-dimensional space;

Population aggregation morphology; Distributed rounding up; Drone cluster.
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E28 NEVEHFTARNSBARFRENERIMARIR

ML N BIBERAT AWt s N B DI T — R 5, Bl & kK 4E
(Morphogenesis)l**331 | [z W 4 #{ #5 Y (Reaction-Diffusion Model)**B7 [ & {4 1
(Chemotaxis)8FIFE K 1 4% W 2% (Gene Regulatory Network, GRN)B3%E, [fjix £6 4% )& T
LS NI E s, IXEERAT MR VBRI Re P BB — 2K, REERFILAEN
H R HE R, JEREE B 5w ke E BN e e . T SO FRA T BT XL R A
2 N 475 T R L 9l 4 1) 4 77 T 6 ] A 90 R 5 IR AT e 3R

2.1 BHEHLEE N g B ]

HLES N2 DA A A QA R B B, — ELLLRRZ B 1T 2 M 9-0E . Hlds
N G AT 1) 1 AR 38 I P A LAS PRI D5 T 3o B T SIS A A R IR DR BF AR DX
—EE. SCERUOSR I T 2 B REAR g AR S, R ANLEE N R s 2o,
NG I FE— BEFIE R BRI A 2 rh o SCERMIR R T —FhdE T PSO (AL
e NJTiE, 181E PSO S HAL i AR AR DL &8 NAEAR RIS N S 2 BN T LA 1
SCHRIPIR A 7 40 BR B 1) 73R R S 2 T A LAE DR Gt B 75 T AR S P o 3225 4
a7 5, GiBAAEAE o BEMSIHCUT I 58 AP &3 N DRI 25 DA 55 Zh A5 R (1) 225K, SCHRISER AT 1
HEAUHLE NN 337 as & 0053, S8l 1K R AL NERAE B g B ), 4 X
AN FEHIAESS R NASF HIAT A o 205 PR IR BT AR frg 80, B DR i 10 36 S Tl
RIFERESSEDIRE » XL T VA — bl LT 9 SRS, RES PRUENLES ANAEIR B B 1 %
&, [FIRNOAE R A SEIU AR B AR 5597 1 244t

2.2 BHAHLAS A B

FEVRNLAS N TR (2 WL s AR R H AR 1045 50K 52 i BB IR 25 25 A X Rh
AL BIE N AR, PRI A T B Aok N R B AL s SRIMTEAT A 2 %
AR BB A U 20 AN EE TUA S @ 1 H AR TEAR, I 5 ELIR BT AN [ E £ R
A&, XFEHURIR 1 RIS, I CIEE LS AR A3 5 i A2 H ARl A oK
4, Nt Beta Al Kumar™GUE LRI $& 1 — B HEANLEE N BB 575 . 120575
A B TE P T SR TR O B S B H A A BB TR /N ok 2 3l 2 A ] 1137
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5to Cheah 28 NFOUNZARYE N T3 R SCIHLAS N RS AE — € VGBI NIz 3, FHKHEK
B35 B AR BRI TR o [, R BESA 0 ZE(E B R 1 ML A 2 [8] Bt (R +r
BANPEEES . 2P, Jin S ANFTARYE 40 Bk FE I ZE(E R BEAR AL 88 N\ 045 =0 AR A
BENFER BT R, Hs T —Fh o g R R R 45 I 45 (H-GRN) . 18IS _E N E R4 0,
i EEAT AR REEGES, NEH TR AL N SSIES, (HE2H TREHE
BEEGFYI S, P EL Jin B9 AR R GeH T RSG5 N T SRBEEASY), Peng 5%
ANESF H-GRN [N 2l 7t — 2 reod, H2 i T BRI 2 H-GRN [
FE, RSB IREAAEE R PR GE RGNS, EHE R T
BT GP L EVEIE R RIS M 4% (GP-GRN), IXE &L DA e —4id i 58
SR A REAR IR & DL A B FR 0 Bl 1 R 2R AR AT 55 o 2% Rk, 7R Rl 7 oK 2 4T
VR B 53 458 N I H AR AT S5, A — e P B T = 45237 N 1 B A5l
FHIRH T

FedelePUHR | —Fhid HI T 2 4E 75 (R I R Re AR 2 3 A A, 726 BRIN [R] Py X B
PR EAT PR ERER, It MES BRI OC R, UESE T iZig 8 5 AU = 4E 53 v (1) ]
T, AR A ZEESY), BA—2MRRME. BREYEH R FMM(fast
marching method)5 ti3 ) GBNN(Glasius biological inspired neural network)t% ik 45
A MNIMFER 77K T B—HLas NSRRI Th e, Hdnd 7o B e MR A RS2
XK &b H bR B, XM 7 V5 TR R S AT AR B% AR AR 5 R Al o 0 22 PR 42 1A
25071, FHSEAPTE GRN BAEREARNL 2 AT RS ERAEAL, $RH T —Fhelis
FE ML, SRS NI S B N v BARTEAR A B, 7R3 S i 3 1)
LT, BEARLEE AN ATLUB S P =4ET2AK. St g R W] 178 =455 A GRN &
TUA] DU 3 5 il g P\ RATAESS - [EIAT Braceini®IZEIAR 725 GRN fEHL#F A 5 H 11
—EEN BT, HEEEH 2T GRN BB A gl = 45 [ AR R G T S AT ATV

23 AF/NG

AT SERT AL NGRS AT T 04, FEE— 20 5] N BIBEARHLAS A Bl
fES . /4 T UL =4 GRN NAGRRME S AL 8 NER 77 %, A 1 iragk
YIS P IR B AT 55 o eh Ut ET DL W LR A% 1) 2 DR A R 4% A B (Geene
Regulatory Network, GRN)Zx FEML & NHEA K S ILELE =4 AT A B &2 i,
AR A S H AT S Ak AN E F T AR G AHLOARER B = 4R A4 B 4755
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BITFE ZHZTETEHAERESESEINEMIESR

HET, BA 2R 45 M 2% (Genetic Regulatory Networks, GRN)I1J 15 1147554 Ji FR
T TYEAE T XA S BT BRI M 2% TR AE LU AN AR B = 4ERFH AL 88 A
FERNH o NI SCER N = 4E 4 R ot th—Fh = 4E 4 s GRN AL, JfR LN H
PI=ZEAE . MR 0T B A R BoR, A A] DU N AE = 4EI i, JRES
32 0RGy 5 (P) ER BE J5 e AALATE SR P DU i 58 il Bl 4

3.1 ZH AR E A

S DR 42 W 48 VR D — R 2 R T R SR s RO T S A TR AT
TEH], DAFEH] mRNA FIEE FH 57 L Rl ik K1 . GRN FETE 28 K AR A 45 K A1 2 ke
FAZOVEH . RGN, T RS AR SN S 2B A R R B,
M BEFE 25 7€ IR [ AL A BAAE AMASE SRR B A3 . £ Z A0 a T, 2T
B PR 2 TR T AR R A SR RO B Mg o R, BEZ FR P RPN, REE
158 2t S A R A D AL, (EUE AT TR 2 DA R R AR B 7 ot A 3 g T Pl RE = A T A
[l o 25 2 R W aeE i Sk PRI 42 19X 28 28 49 ) A ot R 240 R 0 1) Bt AN R O B BT, AT
YR MA B 5 T Z A SOVIRA R . BEFER ], AT DAARYE B 5 B Ak 3R
BORBIIE VR A, IR TR E A BT ACT A ERS A 3T IR . TR AIHE
FIL s H DR R 42 P £ 1) S22 IR A ANELCE G R R 2 DR R b i 25 B AR A DY, i HL & 5
M AN AT A 3o 0 SR B B AT A SRSt o — > 7 2 56 PRT R 428 I 4%
SERIP, AT, 702 GRN W] AA e g HAE A sUMIAT 7, AT A BE 4
&RV T Taylor®5 H GuolEX AN T K& 5 GRN HHICHIHEFL
BERE o I IE I Bt — B 58 3 1970 /2 R R % WY 2% (GRN)SRAC B B A BT
LS R AL N 42 o

GRN B TGRSR S, BAT IR 1) ol DARSE 7 1K sl 25
AR HER 2) AFTEHIWOR BAFAE B bs KPRty Meg il n] LARYE N L #353)
SMERIRIEZ A, SR N R T EARGEIR 715 B S R N i szl 3)
SR 2500 R R, MEBCT AR SRR R IR I 5, 124280 ] LUA Rt R4 1)
DHREHEAT R 73, AT 8 G B A R T as sl il v, AR A R AT A R
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3.2 B SO R AEH

FELNAAT )44 ) 3 25 R T 48 DX 2 ABE TR ) ) R e, RO S R S e [R] i A2 97 R [
WIS AT T RE I, B Refl 2 R s I AR AR R AR AR To M EE A 72 07
BTSN IE P S5 i T A R TR 8, 2, TR PRI AR AR SR (A R e, RSO I
BT EFHAE T, 0 T8t — K% S Zh 24518 B 3l 25 B AR MR iR P85 1 2 A
328 N 28 A FLAT AR ORI Ry BRAE o [ A dk 2 S 8 1) o A1t 4 25 PR B DR 2 A2 1 304 2
SRR 22 e, DT FELAS A Bl ) 35 DR 1 42 9 48 0 R PR AR A G o A by Jk 22 B A 41
FEIAEE Z ARG A E IR A T RHAR eS8 & SIMIL IR RE . LIk, FE1G 5 B PR 4%
) 28 A1 P SRR TSR B, 35 1 DAY B BP0 2 SRR A AL R DG B BITTE, 2
B gt LA TP IR dEHENEE 55, BERCRBIF AL B 3hiscrt t ) 5
PR 4% I 5 SR A8 95 o T, FRATTIRD I b A S B R i 4 X 2 A T b 45 1) 5 5
R EIARAL, S8 G e R BHA R fe 2R & SIMIL A& 2] T ARIRAIER, R
KRGk 1 HEAANLEE N 58 AT S5 (I 8], /D B AR LA N\ 58 AT 55 I TH FE I REFE R/,
TR, BIRTERA3 2N H s b BAT S [F) I 407 (057 B i DR R 42 P 45 A58 7 B f
DR VR 2 X 08 AT [ N St LB 25 B ) P 25 8, WIS R B, LA FROASERL i N
H B A RS — EE T RHA R RER & SIRIUT 55, X0 Fae e N
P FMESRAT 55 R AT

N T FRIX G ) 5, S A A R R R A ) 4 A AR AR S B S R T R AT, AR
A G RN R S B R Z RI R &R, SRt ORI ToA P, R DR x X R DR, BT
(Positive) Bl & Hl1#ll(Negative), &K x, fl x, Z [A][F) 5% Z(AND Fl OR)ZFRIE N} I Ky Rk
(RIS o TEXE N R BOEBE b, ASC S J T T 56 TR 8 42 10X 268 A5 5 162 2 P03 17 FE o
BAE NI R EL, FEAEIA P& B EE PR Bl B, BN BARIIALEAS S, XS 2 A
V5 I AT AT A A o 1X— AR H 1952 9 1 H T SE s ieons e, AH B4 T3
A R A AN S, S TEIB I 3 5 5 B AL 46 (1 H AR 1 g
SR AR, POYEE R R IR A 5 BA e, X BIRATTBENLS DL —E Y Bl N
#, B, NI FAFEE DR N 2 A A i iR 2 4
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3.2.1 R REM 2K E A TR

LA R AE W 570k 2 TR DA R B 1 i AR 7 B2 COVA 0 £ B 1 i A 2k A ) -2 ) A7
FEREHR R, FINIZIE RN E & AN RERIL . 2T, fEk
WL A PR3k BT 42 W 2 2 e mT AR A 4009+ R 2 o0 & -

& 2-1 AT B

TolE B R ET:p%) RAFE &
dy .
— =—y+sig(x,0,k
o=y sig(x.0,k)
N R oS . _ 1
Positive Py, Sig (x, Q,k) _1+e—k(x—9)
0,k NTTHA R, x ARIANE.
dy .
—=—y+|1- ,0,k
= [ sig (x )]
. 2 DR e ) . B 1 l !
Negative Sy, sig (x,0,k) T4 60 X
O,k A, x NRIAE.
" dy .
HFE x, AN d—:—y+[1—szg(xl*x2,l9,k)]
X
- | I A
AND x, [ ik Slg(x, ‘9’/‘) =1+e‘—"(’”‘9) 3%
E‘ ’ ﬂl% N N =
T, WEH 0,k NITHER, x,x, IR
yRIE.
\/% N
S x, A Z—y:—y+sig(x1*x2,9,k)
LA ! | M
g(x,0,k)=———7+r x
NAND | sig (x.0.k) = ] le
i, D3 A O,k NTRAE R, x,x, NEIAE.
y Rk
X, %:—y+[l—sig(xl+x2,l9,k)]
X
OR X
HA 1:5_'
%‘ . xz ﬁ Slg (-x, 9, k) = _lk(x_g) 2
P, T3 fre
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i <] N =1 A} =]
Hy2eik 0,k W, x,.x, WA,
MFE x, AN
i %z—y+[1—sig(xl+x2,6’,k)]
ik EIE ! | %
jo(x,0,k)=— x
NOR ) , Reis sig (x.0:k) =) xi
(B3 7S! 0,k NTRAR, x,x, NEIAE.
y Rik
\/%
: "® Z—yz—y+sig(xl*(l—x2),«9,k)
3253 FLIEEH ! |
o (x,0,k)=——
xzxﬂéji szg(x, > ) 1+efk(x76’)
I, 3 0,k NTTIRA R, x,x, NEIAE.
Fik |
ANDN J x1
X
IR x, dy . :
E=—y+szg((l—xl)*x2,9,k)
KL HEE |
ik R OR) =
1B 37! O,k NTRAR, x,x, NEIAE.
y Rik
IR x, R d :
: ?J;z—y+szg(x]+(l—x2),0,ki)
A B A 4]
Jiji .x2 sig(x,@,k)=1+(x9)
RFEIEN, e
WL y % O,k ATTIRASE, x,x, NFINE.
ORN = xl
I x, dy , *2
E=—y+szg((l—xl)+x2,9,k)
FiIL LA |
X, PRILI, g (x,0.k) = 1+e 9
MEER y % O,k NTRAER, x,x, NEIAE.
ik
S | D e).00
XOR dt xl:@“
HEH x, #FR —sig((l—xl)*xz,ﬁ,k)] *2
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ik, BEER . 1
Sig (x, G,k) :l——k(x—e)
x, FIFEA] x, te
X 0,k NTTIHASE, x,x, NEINE.
MRS % A A
I, R
y KIE
MBER x, A
d .
B x, — 7f=—y+[1—wg(xl*(l—xz)ﬁ,k)
FKik, (HH —sig((l—xl)*xz,e,k)]
XNOR PR x, AL k)L :;:@A
sig(x,0, )_He_—k(x_g)
ENGlES . L
%, IR 0.k NS, x,x, NN
IS, )
By &Ik

N 3-1 fras, MR L 2 DR R X 2% o A e AT T T BL B e 4H & 3R AN AL R 3
T 2R 2L R R 47 R 2 AR

P1 P2
(n €7)

—> Input
Gi OR
G»  NEGATIVE
M
M  XNOR

B 3-1. A& B SRAZA KA T E A A H R R AR & B

AT BESTAFRHLES N2 R A 42 I 4 B Y, o 2 75 0T X 2% 1 i HE S R Nt AT e
o WINTCIFESRFE: HART (Target), 5O (Obstacle), Ho4mH M aTHLa%
NFTRAZIE R TES TRE M o HAEF SRR 2 Fis:

& 2: BN Ui
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I Ly i

g

JEYESH

1

H¥rT

T8R4 A A BT
TE AL B 1 Ao i ¥
HA o2& AH H
bro A, W%
T MRS, S0,
70,

SCIN
X N Y ATHLES NAMERAE BRI YE
B P AT R 8 5. 7 (X)) A
GRS AN - P IE Y ivd
B X 3N AFAE H AR, WEUE
NEEA, BWHO.

b AT O

HET M ARLES E
1] L ¥t ] A s
| B i B P R S
ISP

0. = Novs 8i — 8x
l Zk:l |gi_gk|

N, 9> P E Tl i 2 7 FEL 1y
KB BaS AR, g, W

H 58 kARSI ALE

A LVE AN
N RS

FEEE.

R TT A DA S 3 5 bR 5
LA 1S B BB & NN EE 1
o

3.2.2 FE[R] 1 45 X 4 38 BB BR B0

& JEE R B TSR PP — NS Y PR RS 52 37 5 B0 55 HOPRAN R AR o 7825 PR R 4%
SRR %0, AR B R AL ZE A BT B AR sk A, FrL Bt d
Md,, KREAKEHHHLG NS H IR R G EL, L NERER AL & B R VEE N .
FEMSE A, BRRGA) tH2 25 5O BB PR BE A R R 3R, Dy 1 ORIE L A B B 22 4,
SN AT RS ELIE B, R B A L N B RS Y B/ NEE S e o T R U
FEAE =Y ) oh (PP R AR
N sig(d’j d

h=X oy
VT Lz L j=1

k, ) + sig (d
N,N,

d’.k,) v, sig(dom.d . k,)

Ny
+Zi:12k:l N N
p o

min®

(3-1)

Hrf, N, N, RN, 730 =4Eas A LA AR E, 7 2 ET H AR EoR
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TEMBE PRSI A d7 N5 B NS j A ERIEESE: 4 i AN E
LA NI kAN RS YINEER: k. &, kS

3.3 BT = 4R RIRE W& KRR A A 5 &

FEARTT Y, FET 1 78 O — o B DR Y 428 IO 2% 4t — i T = 4 2 1) )
PRERER 5 R, IR SRR AR 55 Uk 1 A = 422 [ B 375 h IR I
N T 2RI = AR DR 2 0 2% (0 B e LA N IR SR & SIS B R A e, Ao il AE
Matlab A1 V-rep - & R it A7 5, SRIGUEAE A ERRF ML A R 2 A PR RE .
CAIERAE 42 R =4S [A) 1 B REN LA NFEIR SR & S 615 R al AT 08, JF 5 DY & =4k
Jry 0 73 A X AT 2 DX 28 A R A G v %

331 ETLEREEN=Z24REESEENER

H T ELA TR T A T 25 A R 2k R ) 428 X 26 45 7] — i & 2 {8 Positive Negative-
AND. OR X PYAFEAl o AT HEFI A & I ot & iR R AR p 4%, BARIX Lk
Bl JEAE AT LS8 il — S8 T AT 55 o (2 R R 58 R PR A P L R 1) L3 S, AN RE 5 18 31
TP R T A B 52, 31X 03 BOX AR XE DU B, = 425 [a] b [ A 55, B —F
R o AR SRR T — Fhd T = R S PR 42 IR 2 AR A i v, 1B 3-2
TR EARRESE ,  Forp g — 40 PN BT — A 50 B 1 o R 425 o 28 AR B2,
205 A 2 TR AR AE — 5 S B A

[ 7 A }

o r ™
,’u bt LA %\I
| (0)
I Q ’ < : >
' |
\.

'
©
™

o e e — —
WV

i 1 \ iz

K 3-2 HBARREVESANERT ETER
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P 3-2 7 s A7 B AN B S0 1) A7 BB A Dy B PR 28 I 28 PSS 3 2 A R A A
SRR EEHLE . TN P T R IR EE M A RIS DIRIE SR LRI BRASY) 5
H b R B DA K B DA U 2 bR B S HORAE RS A B VD IR0 FE AR EE A3 1R] s 2)FEAS BIVREE
BRI 22 [R5 U2 5, AR T IO I B 25 P W AN R (10 558 35 4R Bty R TR 516 1A 57 »
AR A58 B M TR £ 5 3 A AR, AT sl &S R R T AR AL s A ) H s
FAR, AT IRAE AL A% N BE S AE oA T B IE MBI R R R A R SIS

fE EEA, ARGt 1 Ab i R AR A R (U ] 3-3 R, AR
o, ARSI XNOR AR ME—HU 2 AL, BRIV Aol 2 D] i 42 W9 46 A2 ) 52 2% BT A [
. XNOR 1E T REBIH)— Ak R, BATRILZ T o FEEXS TR
S HARSREGIFARE G318, H AT B R0 B AR ARGt T A 2 X 2
R IR EE Y 2T IR REAT RN A LS A ) B AR T A2 30, JHE B B3k
RV A SR SIS Eo INIMTA R — G 3E 1 & A Bt (5 2 IR AR R A3 A

Nl
T=YVT+y-T, (3-2)
i=1
NU
0=3v0,+p,-j (3-3)
J=l
dM . .
?:—M+szg(l—T*T,l9,k)+Slg(O*O,@,k) (3-4)
. B 1
sig(x,0,k) = == (3-5)

XE-D)MB-3)F, TAO, 7 ARARH i A BRI j A LS,
F DAL A B B AR RBEASFY 0045 2 7 A O 2 N AT B A5 AEEAS 4 7=
ERIGEEEARIKE; V2N Laplacian 57, ZHTF RN SE, ffUERMERH
HAR T, MBSEGY) O, TETE AL S RNRES, TN AEY R B A Y Bud e
PEN 2 HTI ZIREANLES NSRAG R A ARGLE B, 1E N 2l i ZUREA L 85 A IRAT RO BRAS
YIiE; OFk NESE . NG-HRRELEFYU KL BRI G, —4e3E R
A% 2 5L 1 20T DAt — A A RS A O 3 25 1] o 3R (3-4) R 1) sig () BR B0 Ak
RIERWAG-5) 7w R(G3-5)FZHAERIA—1b, MR ORIA BB 2 [ ] LARR e
FE—Ea N, HABEAE RSSO B AR . i 524 H b 8 [ A Bkt
i, T(3-4) T LA — 2B i3 BN F(3-6). ¥ sig(0*0,0,k) I bhér k. |
IERT DL 1% XNOR BERY BEb% b B I AE A R se b AT V)4, AR IENLES A TE & A P
TV T (1 RE
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‘i{—]\j:—M+sig(1—T*T,¢9,k) (3-6)

Target Obstacle

OENO

—> Input

M XNOR

) 3-3 XNOR #£ A K

N TIEREILSTTRE M AE =2 [ TP BRI ROR « AL 1 3 5ok U B % ) AL
e AR — A AR — ARG, HIX P Z IR E L s A S AR . 0 ]
3-4 Fw, ASCWEBEGYE HARE AL T 5, @I R 70 )i H AR =
MR (XY, Z) BAT D)y, IR RRESIE X Y. Z =AY R R K.
AR, fEZE GRN _EJZ 1) XNOR #8E A, HARREMBEAR, FEAGH) 2 MR,
LS NI I I 22 s BRI AT 2 5l), JFZHTIEIL B br. Ha iz AR IR PG i
SE B IR BB SR IEFAZIR AR I 22 18] b G B A R R RS R3S

(a) i

N =N xR

TR
w’; '.‘J'l'l't't‘ﬂ\.

\‘
{h

0 o

yillik B4 ZAH e )2 by
B 3-4 =A% E T XNOR A 569k B4 B = T4
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3.3.2 BNl AFHAR G TS HIEH SR

EF R, RSO C MR A TS TER I b P T OB SRR B ML
IR S IR T W7 TS 3 e BRI, 3R AT 5 B0 = 42 ) F (35 37 AT
IR

N 35 iR, WA P IR (X, v 2p) s 12 xoy T EROH
B P! (xp9,0) o P = F TSR IE VIR BT LASR A B e (—34.27) O

B = arctan [Z—P]
eSS (3-7)
Wt 55 p' (xp, yp,0) 1] x A IRLEAFE] P (y,,0,0), FIFH = A1 S AE V) ok H0mT k13
ae(-r,7) HfE:

x
arctan(—%), y, >0
P

X
arctan(—-)+ 7z, y,0,x, <0
P

x
a=7arctan(-2)-7, y,<0,x,<0

r (3-8)
+%, yp<0,x,=0

Y

B 3-5 Z 7l pMrER
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I, A A 73 [ RO ORAR 5 HLgs Nigsh . Hazzhid T

ﬁz(d[ +n,+z,+u;) or b,
dt (3-9)
A, i d, s HARS 3 AN LA AN 70, DA LA NSRRI T2
i (B RRREE B /N T dm WHARA)s 205 n, BN 5 i HLAS N S BR At LLAT R AL 2%
NEFT75 AHLES NG ML A 2 1808 L I (S5 b B B /N T 2m A 2),
PLEs N B A i 2, FoR 5 i ML N BIRES I R 1051 70, %51 18 A
3 N1 P9 B, R FEL L2 A 1 G PRl R M R s 2 B, TR B LA A
B2 FEIAR P2 (ORI [ 93 7, SORE T LEE G R AL o A\ SR AT SR B AE e AL n B,
JEESEIL R AP RO : 20 B b, RonHLE NS RERSMIHIHE R 20 77, 45 Bis i i it i
I, R A R BRI 70, b, SRR WA AR ik, 78 b, (VR

NRPUE KA AT PR, IEWIENIEAS S, UENE 2R .
Obstacle ! -

B 3-6 MR ALE Ak R B A H %
3.3.3 BHAVLEE AT a1 5 A sk

AT F, ASCET MATLAB 5 Verep 1/ L SZIS R I UEAE = 4837 5 HPiZ 5 1A 1)
AR, HE O B =R FE bR S K 0 2 R AT AT X =P FR bR 4 Sl
A HLAE NS HARIPIEE RS D, s BRI NIGSIGR 7 6, (g) + LA HLAS A\ (L
Wl R D, o AN, EVTESITH, ASCHIT RSB T:

a) PFEFAR/NN 200m*200m, 43 HEFEE A 10cm;

b) FHANLEE N NECHN 20 4, BEhiEHIRE N Tem;
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c) HRNEON 1A, BEEYEH KT 4
d) HEANLES NS 1A RAL, 10 H AR LS AN S BR8N —
F
AT H AR B AL 55 EEA S LUR AP IR DIRYE AT 210 B ARS8 RiRE
fE ARG (5 2 2R A 2L BB B H AR I S TR, R4S 2R HLEE A AE =44 8] o
Hiszhr&;  2)RIEIE B o BRI AR LA A\ o0 A 21 = A 2 s AR S .
FEBLIERE b, ASHETCET X PERIME 1 & BB
D) E=ERET, HLas NREFSIEISATHY, RIS HLES N AT LATE 42 R A in 22 R ik
GREE NIV S EY SR
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min(|d 5 —diy | +]d 5 —dig |)

(4-1)

B 4-3 B3AIRAR x fhAny #ho)E 5

ot d , Fld,, 5352 a %) B FINLISN i (KIBEES, dy RHLIEN i 5 B 2 IABERS . It
N 3T LASRASAE dp 1, T ARISEAS S PR S B X I T

H T 4 R 4 5 BB 2, AR AT R i A7 T e v DU SRf 12y Bl 1E Ty
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D =—(4*x,+B*y,+C *z,)
(4-6)
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AB N x BB — N ATEFIH 4 LRI RID , TR E ~F T ABD FI-F T8 5 7% 1 K
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JIA), WP DY ook B 0N[0,0,0,01; (20 BN line 5 line ,, X, FHHEATIH—0AS
Py, it ARE-8)FI4-9)RK VI tH g -
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