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i Pz 2SR N M iR 2RI A

y

AT 10 B H AR IR ZE R AL M > BRI IRA D &
IR ZRLIE

4

4 RN NI

> A H AR IR Z R IE F A2 3 HICVEEE
4

LRI FRE

R £ HH L R iR

FERLIE R

g )

B 5-2 kb A 5k

(3) #£ZEER

HIEAR AR R R P P LR AP 2E 2 R, B IEFIE R R,
B 2 AT RS XA AT R R, AR R T RIACE, AR fikmA
TR e UM . HA DI RS R E B, 2R NESW RMER K.

Hrp, 22X 50t BB EER R, AR, FA TR & R s 1

B AR R RN (1L 1) >(Lk)(T#k)Rik) — (0, 5) (5 #=K) ok g4tk

NP3 RS EIEL S

Mo KERESR AN, B—PMNREANRETER, AAELIRSRKEEA R L.
RS RKERE, WENZEERHE R, MESEER, 27 & H R A7 R 6]
N, ABRIREGRNR TR, WRBRSRKERK, RS R N AR,
AT DAIBE G N Rl et BRAE TR I, (ERERE S AR, BT R K.
U, BUETPAPREE, RAVEAH VN (N RIRZERIESNEE) RrRB2RKE. EEER
FEE WK 5-3 AT
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( JFeE )

\ 4

FH & H W6 AR A BG4 7E W TR e
xeD,T=0,n=0

A 4

AR I SAE AR AR B R A M
HRINEAT B ek 2 (X) T3 W7 1) St gy € #(X)

X =argmin ¢(7(X))

X=x >
Y A 4
7 eT?2 > X=y > HHITR
|
5-3 B REIERFEE

(4) ¥haikhR

X HEIAVE A FTOFIRE IR E AR N (N IR ZRIE REED 1
20 5% . MRAEHUE K BRI, e B s 2 QAR AR R, ALl — MRS, RJE N
RGP E B ML i) s AE O H R, IR R G S AR IC o 1 FIRERZ AR
R REBAT EIREBAFERIE AN LESE KB B . BARRAEIT, ZinfEE ik 5-4
PR :

HLEEL R

Stepl: ¥ A RifEVHAK R

Step2: M IRZER IS, EHPTARELRFFR T — L, Hl—MES:

Step3: MZEGHEIE B rimiT i AL, 1EN H M,

Stepd: ik HIZ A AT LESE ©EI B fl, MIBIRGR, RAFEEZ, 5 NIR %S E KR A
1% [A] Step2.
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( I )

A 4

FrARAE N R A

\ 4

i [ 4% 22 AL IE R

\ 4

i A AR OR A2

NS il

e B B H
TE R R

K 5-4 Ylha L BRE E

(5) BfrfResf

TR EEE, W LLE BERKETE 120 KL B, fRE SR R R, 7T
PAVATE 120 YRELJG BEAS BIBOUME, Tt e i K BT & S EUSAT I T R T, PR AL Ak
IRARIREL AT AZR s AT I R M BGE S O, SIS AR ER IS LA 3R 5-3 s

R 5-3 BIXAREERITE L

mier ET g TR ppg umems
30 13.95 293 112329 7 ~
60 32.44 280 107253 8 4.64%
90 51.69 276 105865 8 1.45%
120 70.64 275 104898 8 0.363%

5.2.3 KBRS
(1) iR MRERE S

A5 A R 2R S R R S AR B U, ARAE AR 2 b5 07 sCaEAT A, 75 213 2 2%
PEEATZE RN, 2845 2 AT LR B 2 T
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BaEsE 1 UL ARIBR A0 T 18 5-5 o, BARSdEin T

A—503 69 —>237 —>155—>338 > 457 > 555436 > B, MidKE N 104898m,
IRERIE A 8 M.

54 B 1. TR IR ZERE i Y SIRIERT R 1R 72

0 0 0 HR R A ~ ~
503 13.38791985  13.38791985 1 0 13.38791985
69 8.807342267  22.19526212 0 8.807342267 0
237 21.30682538  12.49948312 1 0 12.49948312
155 11.20081737  23.70030049 0 11.20081737 0
338 23.38661745  12.18580008 1 0 12.18580008
457 12.81307763  24.99887772 0 12.81307763 0
555 24.50332039  11.69024275 1 0 11.69024275
436 7355848347  19.0460911 0 7.355848347 0
612 2231369179  14.95784344 B 2231369179  14.95784344

K 5-5 Hudedk 1 /i 3D I
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30.00
25.00

20.00

15.00

10.00

5.00

0.00
1 2 3 4 5 & 7 B 9

K 5-6 il 10 B MLIERRZEMITE

SiaHHESR 54, 1 EADIRE 5-6 WTLLEDUIMUE Y, WAT SR BIAE AL AN, FEHIR
ZEROR VAT SR BIE AP AL IE s, KR ZEERCK . IREFAELA R KA Z R RER, H
ZAFRRIE RSB L, ROE A B 2R 3, Re 8 7 1R 22 RILK HE H PR ) S A I I RS I
FUTHENTE AB I BN, ZHBOVEE, BT KEON IR R, MUK
104898m, A ] 8 MRZERLIE A, AB HLFEE N 100465m, HiZliZA L AB B2k &
BT 4.41%.

N T B2 U IR SCRE R A R P i v B SR AR A 25 RS AR A, BAT TR L 1 #
nHIESE | AR, %K S5-5:

& 5-5 R | hRA R IE AU AR

BEIE BN WL E MK

7 ¥e y
A—503—+294—9] —282—+33—315—

. 403—594—501—B 105081m
A—303—199— 15— 148—278—369—
143071 105865m
A—285—303—366—607— 170— 540—

. 250—340—277—B 111462m
A—578— 64— 80— 148 — 155278 —
369—214—397—B 108316m
A—285—303—562—35]1>418—278—

" 369—214—555—18—B 112722m
A—521—+303—64—607—170—278— o]
375—>457—340—425—B m

W ESDE W AR E ()

11.1462 112722 112721
= 10.5081 10,5865 1008316

10 10
9 9
B
2 3 4 3

5-7 BAE s BB ATz X LEAEAR 1

10
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FHE 5-5 A 5-7 WTLLILEER, FERATEIHIE 46 b, RIE SN0 7 M, ek
HEMEE K0T IAT: BREERIESAESE N, FUEKESKRIE MR MK, AT
MIXA A FE UL B A SR A 1) 8 MR IE /i, FiaZb K B 104898m By 1 i AL ik

BIRLR 2 HULMRIFE LW T K 5-8 Fin, BARBdE .

A—>163—>114 >8—->309 > 305 —>123 5455160 >92 —>93 > 61 —>292 > B, fjidk
KN 109342m, RERIE S 12 .
#5-6 FPRE 2: WATBRAETMIRZERIE S SR IEREIRE

0 0 0 HR R A ~ ~
163 13.28789761  13.28789761 0 13.28789761 0
114 18.62205093  5.334153324 1 0 5334153324
8 13.92198578  19.2561391 0 13.92198578 0
309 19.44631118  5.524325401 1 0 5.524325401
305 5.968714547  11.49303995 0 5.968714547 0
123 15.17310764  9.204393096 1 0 9.204393096
45 10.00616142  19.21055451 0 10.00616142 0
160 1749129596  7.485134547 1 0 7.485134547
92 5776163625  13.26129817 0 5776163625 0
93 1526088202  9.484718396 1 0 9.484718396
61 9.834209702  19.3189281 0 9.834209702 0
292 1638812359  6.553913884 1 0 6.553913884
326 6.960509275  13.51442316 B 6.960509275  13.51442316
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5-8 Hudsk 2 ik 3D

mEHRE W RERE
25,00

1926 1845 19.21 19.32
2000 1862 17.42

1639
15.17 15.26
1500 137329 158 13.26 13.51
11.4%
20 100 48 9.8
10.00 49
33 52 5.9 57 55 6.3

5.00
0.00

1 2 3 4 5 3 7 8 g 10 11 12 13

B 5-9 HigE 2. & E/KTFIRERIE SIRZESE

sEEBEER 5-6, H EAIRIKER 5-9 v DLE MM E 1, “AT S RA R EARIE A, FE
WRERK; AT BNEKERIE SR, KPFRZER K. REIAELRFZAFZ W HE
HZH IR IE A B I, BIE AL B ZHEA B, BN TE R 22 RIRHE H PR il 25 1 I B A A
1E. WUATEENTE AB i B NFER, ZHERCAA, SUTPOEKE AR LS, Atk
K- 109342m, UfEH 12 MREERIE S, AB BEZREEE A 103045m, K (UL AB B
LRER BN T 6.11%.

R T a0 Ul B AR SR ] 1) B — B v I BV SR AR I 4 S LA, FRATTIEE 1350
HARAE 2 KR, 25 TR 5-7:

57 BlRgE | hOARFRIE SANECR 45 5

=]

B IE SN N g B B
11 ¥ .
A—163—114—8—309—305—123—45—160—92—>93 —

; 1200 B 109342m
A—163—114—8—309—121—123—45—160—92—>93 — 110772
61—292—B m
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A—184—163— 114—8—>309—54— 123 —115—160— 92—
" 93—>61—-292—B 112315m
A—184—163— 114—8—+309— 121 —123—45—160—92— 13883
93—>61—166—B m
A—184—163— 114—8—+309— 54— 123—115—160—92—
4 93—>61—-292—135—B 115793.m
A—184—163— 114—8—+309— 121 —123—45—160—92—
115933m
93—61-292—135—3B

W IR S AEE ()
16
14

14
13 13
12 12
12 0.9342 1.0772 1.2315 1.3883 1.5793
| .
1 2 3 4 5

Kl 5-10 A% IE s BB 28 B 6 AR I
HER 5-7 I 5-10 v LA ZR 2, TERA LRI a5 R, RIESANECh 11 AN, T8
FEHRHBAER —Z TS HEERE SN M, FlKESKIE SR IEMX.
AT LI AN A B U A SR A I 12 MR IE AT, BT K 109342m N B9k B AR Ak

5.3 REITY
531 HZANBAREMERE

XU o R i L) e 2 BT A2 A FAR IRV P i PEAN AN el 2 . F b la] BT J 1
AR WA R D R E R A BARRE, WA e FE A BAsRERZE.
HbRIE] AN o] B VA2 FiE 25 F b la]— BOF B0 — BN BN T2 5t KK EbriE, [l
ABEEFEHEAT UL T RO PERT, ASRERE XU H At d) il A B4 5 Dy 5 H AR i) Rk
iR

FEARER T, AT AR B 2 fie /ME IR Z AR E U B ME I S S 7 1F 9 28,
R X H b AR B8 I T AL B AN S B RS I, SIAZMEIR R R, R %
F A R SR g e 4 B0 B R R, R ORI o T R SRR HE S A [ i i
LSO IR Ia AR, X KK 1 5H0E R 8T R LR I 8], A 4 e R
FUAEE ORI R R MR, XKL T HERRCR, R0 kB EAAR
il LA, M seIl e R, 45 RRYIZE SR EAAE AT S A IX — NP-hard )
R RE, I T B SIS, BAT REFHATAE, AR, RIEAAAE,
R 2 AT 2 RXAMRIE RSB R), BEEE R TIZHEZRR K. s
BRI BRI R R 2R LT 3% 5-4:

R 5-4 TR R LSRN 18 B R

BRI AR I 1) 52 2% P
PR n’

(=T L ]

&

22



AT C*(k —opt)

FIWT2E = K nxl (n NG, | AESRRKE)
bRtk nxl|

2% S R BLVER (A2 44 8 O(Max_GENx (N> +n+1)), fEREFEfTidfEd, AR
i I TB) K £ 108 66.78s, HdSE 2 Oy 54.23s.
532 REE 54

AV GRS, SIANT —A2RERER K H TS AR RS T8
AL B BT ) K ANATATRIE fi o Al B i) K B —/ME BB B R e, iR k f1E
WU, A BEAE D B &R N FREEMRIE A, AR08 5 & R g%
BORs KABIEHUER, H0 7 REFe IS TRIT 46, SR04, HLACE (146 w5 vl RE H BILIRVE
HEMI “oell” MfFol. Bk, A8t 7SR K ERRBE P, RATReEi—
NEIER KA, 85 R A R .

BT S 12 N 5-9 MR 5-10 Fros, ATRUWEE R, 2 kS I, ATk
FEROR: 2K HC10 I, AU EEAERAR Bl 2k KT 10 I, Bl K IG5 K.

K 5-9(a): k=5; #HlKZE: 112329m K 5-9(b): k=10; #HZLKE: 104898m

Kl 5-9(c): k=15; PZEKEE: 105865m Kl 5-9(d): k=20; #ZEKEE: 107253m
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K 5-10 Hdase 1 HiATHOL K EERE K (HAZ T 2%
FEOPHPHCRSE 2 IR P S-11ATF B 512 s, ATBLALEEE), 1 KIS I, AUEKIE
Boks 4 KHLI0 MY, SUZKREREREG BRSO 101, HUBKIETFAAREK

Kl 5-11(a): k=5; MiIHLKSZ: 111585m Kl 5-11(b): k=10; FMIHLEKEE: 109342m
Kl 5-11(c): k=15; MHLELEE: 109786m Kl 5-11(d): k=20; FiMLEAE: 110772m

5-12 e 2 ATHOL K RERE K EAR T 2%
AU R, 2k BUE RN, LS ER AR RSB, SRR RIALIE AL
PSR L R 2 k BUEAE 10 BIEiy, IA 238t I OE R AR IE A5, Ui s A2 A
HH, HKEET sME.
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6. BRE—: WERIS5KE

6.1 BEAIE T
6.1.1 JEMIEE-BIE RS- IE IR 7 X0 H AR R

WA BAR: (1) ATE A HIA M A 47 2 B 0 B &R B Rl el (2) &l
RAE XTI R BUR T gD o IRIE, 58 UMUK AR & Distance, Bl ©ATER A
A BT R R B TR S g e 8 X Kk X AT B2 IR 1) K Times.

EARER R RN B2 - A IE REOR H AR AR, R[] A A A A K 2 A IE
KRB R . H bR AT 3 LN

min z, = Distance (6-1)
min z, =Times (6-2)

REFERE: (1) ERFREX, HATRIER (EGERD | T — MR IRIE A (5
i) JRMIERE, HUIE R,

_$ 0 B

1R A (6-3)

X

R, g B X =[x, XX R Rk, Forh X SRR k Rk
B i, j s, FIAE x SRidst k1T,
H 7 26 %0 7 1 Distance 1 Times 7] LLE Tt A5 B R~ N

ixij X dij

i=0

Distance =

(6-4)

M= 1M

(=]

-

Il
(=}
—

Times = X

1
i

Hor Oy om0 AT R | AT iR
LWRFAM: (D ATSREERIESRM: BEEMRE S, DT o, HKPFEMIRE & /)

Tay; () RATRRACHRIESRM: EEEMIRE 6, /NT B, KFEMRE/NT Ly (3)

KATEREA B AT, WEIRZENKPIRZIN/NT 05 (4 “ATSERPE N, &
INEEES A2 200 K
BT AT ERFE R R A2 BRI, 7E = 4E S M N RE LR R, e m . &
e AT AT 2 RATI S R I PR A 5 — 05 D i R . BT R R e T ORAT
LB, /NN 1, T LUER) Dubins 28073 b 25 FhaT 8 BB 0
Dubins {8 & 755 & MR AR A . KA E T (P12 &, E
WA AP B AR, HLIRSI B As R aerariridt. Wik 6-1 frow, kM S H—4
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VIR Vs, HESRYIEEIE B I UL Ve 38, Dubins 28 R[22 2R 10 e i

18 Dubins HZAE 25 0] op fg ZEL LT PR Py A ) — B B 958 e 1, It 28 i A B
2L B K o

6-1 Dubins £k %% )7~ = K
A %% | Dubins BiZEf) 4 FiE L, 28] 71X 4 Ml E R, 5% K 6-2:

Oha %
-

/Al L2

S O

N/ r/\ (D

1EHL3

A

\

RS D i B

K] 6-2 Dubins [ £k VUi 7~ 5 B
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RS, R R E T ORAT SR AL N, AR, BAIRE R
178 AT IR 2GR AT HE R CRAT T M AL E B U7 R M/ T 90 ), b E &
UHAT R R BIINEE N T 0 (A W)a A7) o il fs, fE LRFAET, T8 a5
RS KA A R A D LIRS LY Dubins 2R, AT LR BIRE AL, 40 R Bl 6-3
FE 6-4 Fro:

v

K 6-3 RATERFL IR LRI 1

Y

Kl 6-4 “RAT A8 i M B E L 2
B A E AT A AR PRSI H 2R ®AT, PA AT P X-Y ALbrfl, Z %
P H X-Y ARl . RATES B LT EA XY Pl _BF R 2 D S XY HHMBGE A, RE
W Z By miEm, BEEREE TSR R a2 s s T — 3, B SE R . BT

A — W R 8 P BB S — A D, M. PT +TT, +|T,D| . #fi#fsH K sl P Al

A DAEZEMARBMLERR, PT, TT,,
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(1) PDHV L, W ATHRATE W, FIPT,, TT, A 0;

(2) PD SV LI, W RATEANE E e k¥, IETT, 9 0;

(3) PDSV R, W KATRE B R kR, [T.D|mTHEN 0.
TS TR S S | IE R AT | RRIEAT, AT R R R T L
P B IR — B LR R . BRI 7T LA Oy A

d;=l+lL+y (6-5)
Ho L AL 2R PT, T, BHREIEI, y #os |T,D| FrCRm B,
TR FITGOL, IR AR, & R IESRRAAZET,

T_$;%4ﬁmﬁ%m$&mﬁ

ity D D 6_6
| MR IE AR T LR IE A (6-6)

LR A TR
D HATSMNE SRR, B k=1, SEFE—-AEER KPR E 58T B R E T .
PR 0 I 2R AR S 4 R 3R 6-1:
2 6-1 RAT S MR A AL IE S LR S

R BAERIEAMERE  WRERME
Bk B0 weh
RIER £, =0xdy; x X, & <p
—— &y, =0x0g; XXy, & <a,
KIER g, = 5% dy; X X & <q

Pk, EFEERREARRMARRT, 2 k=1 I FZR ] IR N

k=1

Oxdy; xX; x(1-T) < B

oxdy;xX,; x(1-T)) < B, (6-7)
Oxdy; x%; xT, <

5xd0j XX xT. <«,
2) MTRATEMNE | MRIES B KR, B k=1 B, 2EFE—ANEERKERIE Sk

RLIE Rl PR DL L SRR AL B R 3R 6-2:
R 62 VAT BMALIE FILEFE T — I AR KA
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R BRI A iR 2 KR
kg :5><(di§") xxi(jk)) & <p,.0

PRIE R - -
KT 8, = 8% %X +di ) &< f.0
RIER JR— _ 5x(di§k) % Xék) n digk—l) % Xi(jkfn) &, <p.0
HERIER £, = 5X(di§k) % Xi(jk)) &, <pB.,0
[ = 50 X+ dlD xx ) £, <t,,0
P TRER 8, = &x(d xx?) a=a0
BRIE A o g = 5><(di(,-k) o Xi(jk)) & <a,,0
HRIER £, =0x (diﬁk) % Xiﬂk) i dék—l) % Xigk—l)) &, <a,0

Pk, EFESERREARRMAZRT, 2 k>1 W AR LRR A

k>1
5><(d.(.k) X x (1=T)+df ) X xT, ) < B0
( X(l T)+dk1XXk1X(1 T)) ,32,6’ (6-8)
5><( ><T+dkl><x(k l)xT)<al,6’
5x( ><T+dkl><xk1><(l T))<0{2,
A
\V2
Ph
T1 v g
B 6-5 KATERZ PR IE i
)R R L A m%%%%%%ﬁ%“%a%%%& — R R ,w“m

JR I RBEEFE R — N TAEA B, HAGE — R &5
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R, HALZURAIE MG 5 B 28 2 — 28
YN AR AR S AVN T8 T 1, XA DU R M L R 2 20d —
X

FL T B R R B SR A A A X =X, TSR A Ik
fIRSE, o X0 FoRE K UORIEERY §, | FA, EITRXO G, B0 o AR k Yok
25 6 (i Ji ) PARHR 555 ke 1 B RR 5 X o Ji) BARRRARSS, 8D Jy =iy o

PRI, R3S B AR A AT LA
i X; <1
j=0

k=l (6-9)
I,je (0,1,2,...N)

ZR BRI, BT srou B AT AT DL R D«

N N
minz, = Distance =Y > x; xd;
i=0 j=0
N

min z, = Times = inu

=0 j=0

k=1
Oxdy; x X x(1-T)< f
5><d0j><X0J.><(1—'|'i)£,B2
Oxdy; x%; xT, <
oxdy; xX; xT; <,

k>1

5><(d- ><(1 T)+dk1><xkl)><T)<,B1,
(6-10)
&x(df X x(1=T) +df sV x (1-T) ) < 8,0

(
st. 5X(di§k)><X-(- )><T.+d-_k‘1 xx_(_k"l)XT-)Salﬁ
(

O % d.(.k)xx( )><T+d (k) ><Xk Vx(1- T))<a2,

]

j=0
jk:|k+1
i,je(0,1,2,..N)

a,,a,,p,p,,0,0>0
di(jk) :|1(k)+|£k)+y(k)
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6.2 HRBUK R
6.2.1 MBHFEL LB

FEA ) R, H d /MR AR & Distance Flig /b4 i I X 804742 IR B Times
LTI Bhre s, EIAME 0 <y <1(=12), {ERNXMA BRHZIE IR %, Jf

H Y7o TAR MR PA BRSO BN, LA B H AR AT

Z, —min z, Z,—minz,

a,, = - M.
max z, —minz,

EAALER . B H AR R B a2, =

max z, —minz, ’

SEi, T HAR B S BOEA H AR el B i B, IR R L 100, XA
IEACHS A AR R X 73 W1 o %I A Dy 1R AR A R TR, et e 1R B H A e R
LS

minz, =(ya, +7,2,)*x100 (6-11)
Rl AR AR .

minz, =(ya, +7,2,)*x100

k=1
Oxdy; xX%; x(1-T)< f,
Oxdy; x X% x(1-T) < B,
Oxdy; x%;xT; <
oxdy; x%; xT; <,

k>1

5x(d x X x (1- T)+d“><xk‘xT)<ﬂ,
( xX ) x(1- T)+dk1xxk‘xﬂ T))<ﬂp9

st. 5><( ><T+dk1><x(k1)><T)<a10 (6-12)
O

O x ><T+dk1><xkl><(1 T))<0{2

iMSI
j:O

k — Ik+l

i,je(0,1,2,..N)

a,a,,p,,,6,0>0
d_(_k) _ |(k) _|_|(k) +y(k)

BNOR(ERAL B B AR 4 s R R BRI H Ar iR 2
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6.2.2 ETH2ERARNKHRRATRREE
(1) SRALAEN

RS REET, TSI EEESTEE R, B FE—MLT “best so far”
RASHIEE TARIE MR, B AT DLE I 45 v DU S bR A i 25k S B S R AR . R
0 0 — M 9 o B D

1) BT HArREUEREN]: AR Sk i) AR BUEIL T “best so far” N ffak
MHCIRAESAHTE “best so far” ARZS .

2) TR LR HRES R RS B BUE A s, FHH
AR X GO0 IR EE 1) B bR R BUE DL T 240 i, D0 HAg2E

FEA B, A TESIET B AR R EUE R RBEN], Britbz 4h, FATETIN T R 5
N IR — A B E AR S K — B [l B gk, A E B AT g B
XS HAR R A 52, FRSPATIXAS B ERAE

(2) HWHBETKE

B KERAREREET N REE R MRS KEERUN T, WA RS E
GHMBERR R, WREBRKEEARK, NAlfeafiib —H R ahRiE, SRR

EaN S
e A R KRR A AL, 20X 0.9V, 1IN ) (n i 2 Re I A4

HO s BHLIR AL -

(3) KB EREE (Improved Tabu Search, ITS)

HHA R R AFERM, R REEERBIALIEN, fFAEBERINS, HPR
iR 1) ) s R R AR A — B ] WA AN 23— 2Bk . ETTAaIT B, H br ek B (B 18
SRR, FRRSGEEARR R, AR R IR HET, HAR R B UE N =
HOREAS, FFBDAFRAL NN, FEMCRAREAR M KR ], H s ek do
DB — IR AL

N TSR e R R EE N R R EASIOEE, SIN T AR LA, 2
H 1At B R ERATS) . ITS FyEZEARR, MR REMI, SR
B EIOE RAMAE OROURE D& BEAT AL, & HUFT T AT 8, 7EsbItat b o
BB R. BARME, 1TS T RZAR g A AP IR 2 IAAAUE . EAET
BRI BL R WA R R A, SSHID E R XIS R, AR EARE,
XSG IR R AE XA, RIS ATAT A, AR & RHE RV . 2SR I a0 B 6-6
I
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10. Miz

10.1 jE)EE—AS
10.1.1 main.py
B RAA

import openpyxl

import sys

import random

random.seed(1)

sys.setrecursionlimit(100000)

alphal=25

alpha2=15

betal=20

beta2=25

theta=30

sigma=0.001

import os

data_path = os.path.join(..", '..", '2019 41 [ B 77 AL H o AR SR 28 FO\PAA 1. #dmde 1-%%¢

fie.xIsx")

# 4TJF excel UM ZRELTAEEX R

wb = openpyxl.load workbook(data_path)

# IREUIE € B3R

sheet = wb['datal']

point_list =[]

for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])

point_num = len(point_list)

def get distance(start _index, end index):
x1, yl, z1 = point _list[start index][0:3]
x2,y2,z2 =point_listfend index][0:3]
return ((x1-x2)**2+(y1-y2)**2+(z1-22)**2)**0.5
defjudge z(start index, end index=point num-1):
x1, yl, z1 = point_list[start index][0:3]
x2,y2, 72 =point_listfend index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True
def judge(start_index, end index, horizontal error,vertical error):
end point_type = point_listfend index][3]
distance = get_distance(start _index, end index)
56



delta_error = distance * sigma
end point_horizontal error = horizontal error + delta_error
end point vertical error = vertical error + delta_error
if judge z(start index):
ifend index !=point num - 1:# F— A AR L5
ifend point_type == 0: # 7/K*F
if end point horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
is_pass = False
elif end point type == 1:#TE H
if end point_horizontal error<=alpha2 and
end point_vertical error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False
else:# N — A riE %
if end point horizontal error <= theta and end point vertical error <= theta:
is_pass = True
else:
i1s_pass = False
else:
i1s_pass=False
after end point horizontal error =end point horizontal error
after_end point_vertical error = end point vertical error
if is_pass:
if end point type == 0:
after end point_horizontal error =0
after_end point_vertical error = end point vertical error
elif end point type ==1:
after end point horizontal error =end point horizontal error
after end point vertical error =0
return 1S_pass, end point horizontal error, end point vertical error,
after_end point_horizontal error, after end point vertical error
def rank distance(point_index_list):
ranked list = sorted(point index list, key=lambda index list: get distance(index list[0],
point_num-1))
return ranked list

def get all distance(index_list):
distance =0
for 1 in range(len(index_list)-1):
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start_index = index_list[i]
end index = index_list[i+1]
distance = distance + get distance(start_index, end_index)
return distance
vis = point_num*[0]
order =[]
temp_all distance = 1000000
temp_order = []
def find path(start index=0, horizontal error=0, vertical error=0):
global temp_all distance
global order, temp order
order.append(start_index)
candidate list =[]
for index in range(point_num):
if index != start_index:
is_pass, end point horizontal error, end point_vertical error,
after end point horizontal error, after end point vertical error = judge(start index, index,
horizontal error, vertical error)
if is pass and get distance(start index, point num-1) > get distance(index,
point_num-1):
candidate list.append(index)
if len(candidate list) == 0:
order.pop()
return
candidate_list.sort(key=lambda index list: get distance(index list, point_ num-1))
# random.shuffle(candidate list)
if len(candidate list) >=5:
candidate list = candidate list[0:5]
for candidate in candidate list:
if candidate == point_ num - 1:
order.append(candidate)
all distance = get all distance(order)
if all distance < temp all distance:
temp_all distance = all distance
temp_order = order.copy()
print("\n' + 'small', order, all distance)
order.pop()
break
if len(order) > 13:
break
is_pass, end point horizontal error, end point vertical error,
after end point_horizontal error, after end point vertical error = judge(
start index, candidate, horizontal error, vertical error)
find path(candidate, after end point horizontal error, after end point vertical error)
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order.pop()

return
find_path()
print(temp_order)

10.1.2 compute_error.py
THRIRERA

import openpyxIl
import sys
sys.setrecursionlimit(100000)
alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001
import os
data_path = os.path.join("..!, '..!, '2019 £ Ef 70 AE B AT 28 F AN 1. BdadE 1-%
Fi.xIsx")
# 4TJF excel UM ZRELTAEEX R
wb = openpyxl.load workbook(data_path)
# FREUR E R
sheet = wb['datal']
point_list =[]
print(sheet.max_row)
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
print(point_list)
point_num = len(point_list)
defjudge z(start index, end index=point num-1):
x1, yl, z1 = point_list[start index][0:3]
x2,y2,z2 =point _listfend index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True
def get distance(start_index, end index):
x1, yl, z1 = point _list[start index][0:3]
x2,y2, 72 =point_listfend index][0:3]
return ((x1-x2)**2+(y1-y2)**2+(z1-22)**2)**0.5
def judge(start_index, end index, horizontal error,vertical error):
end point_type = point_list[end index][3]
distance = get_distance(start_index, end index)
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delta_error = distance * sigma
end point_horizontal error = horizontal error + delta_error
end point vertical error = vertical error + delta error
if judge z(start index):
ifend index !=point num - 1:# F— A AR L5
ifend point_type == 0: # 7K*F
if end point horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
is_pass = False
elif end point type == 1:#TE H
if end point_horizontal error<=alpha2 and
end point vertical error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False
else:# N — A riE %
if end point horizontal error <= theta and end point_vertical error <= theta:
is_pass = True
else:
i1s_pass = False
else:
i1s_pass=False
after_end point_horizontal error = end point horizontal error
after_end point_vertical error = end point vertical error
if is_pass:
if end point type == 0:
after end point_horizontal error =0
after_end point_vertical error = end point vertical error
elif end point type == 1:
after_end point_horizontal error = end point horizontal error
after end point_vertical error =0
return 1S_pass, end point horizontal error, end point vertical error,
after end point horizontal error, after end point vertical error

matlab_path list =[0, 503, 294, 91, 282, 33, 315, 403, 594, 501, 612]
path_list =[[i, 0, 0, 0, 0] for 1 in matlab_path_list]
distance =0
for 1 in range(len(path_list) - 1):
start index = path_list[1][0]
end index = path_list[i + 1][0]
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is_pass, end point_horizontal error, end point_vertical_error,
after_end point horizontal error, after end point vertical error = judge(start index, end index,
path_list[i][3], path_list[i][4])

if is_pass:
path listfi + 1][1:] = end point horizontal error, end point vertical error,
after_end point horizontal error, after end point vertical error
else:

print(‘error’, start_index, end index)
distance = distance + get distance(start_index, end index)
for i in path_list:
print(i, point_list[i[0]][3])

10.2 [E]FE—KEE
10.2.1 main.py
BAEBRAA.

import openpyxl
import sys
import random
random.seed(1)
sys.setrecursionlimit(100000)
alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001
import 0s
data_path = os.pathjoin('..!, "..", '2019 5 [BE A 57 AL B A AR SE 28 F ANPHAF 1. B4R 1-4
fieg.xIsx")
# FTIF excel UM, R TAEFE X &
wb = openpyxl.load workbook(data path)
# IRHUIR E B R
sheet = wb|['datal']
point_list =[]
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
point_num = len(point_list)
def get distance(start _index, end index):
x1,yl, z1 =point_list[start index][0:3]
x2,y2,z2 =point_listfend index][0:3]
return ((x1-x2)**2+(y1-y2)**2+(z1-22)**2)**(0.5
def judge z(start index, end index=point num-1):
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x1, yl, z1 = point_list[start index][0:3]
x2,y2,z2 =point _listfend index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True
def judge(start_index, end index, horizontal error,vertical error):
end point_type = point_list[end index][3]
distance = get_distance(start_index, end index)
delta_error = distance * sigma
end point horizontal error = horizontal error + delta_error
end point vertical error = vertical error + delta error
if judge z(start index):
ifend index !=point num - 1:# F— A A Z L5
if end point type == 0: # /K
if end point horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
is_pass = False
elif end point type == 1:#TE H
if end point horizontal error<=alpha2 and
end point vertical error<=alphal:
is_pass = True
else:
i1s_pass = False
else:
i1s_pass = False
else:# N — A RiE 4
if end_point_horizontal error <= theta and end point vertical error <= theta:
is_pass = True
else:
i1s_pass = False
else:
is_pass=False
after_end point_horizontal error = end point horizontal error
after_end point_vertical error =end point vertical error
if is_pass:
if end point type == 0:
after end point horizontal error =0
after_end point_vertical error = end point vertical error
elif end point type ==1:
after end point horizontal error =end point horizontal error
after end point vertical error =0
return 1S_pass, end point horizontal error, end point vertical error,
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after_end point horizontal error, after end point vertical error
def rank distance(point index _list):
ranked list = sorted(point_index list, key=lambda index list: get distance(index list[0],
point_num-1))
return ranked list
def get all distance(index_list):
distance = 0
for i in range(len(index_list)-1):
start_index = index_list[i]
end index = index_list[i+1]
distance = distance + get distance(start_index, end index)
return distance
vis = point_num*[0]
order =[]
temp_all distance = 104898
temp_order = []

def find path(start_index=0, horizontal error=0, vertical error=0):
global temp_all distance
global order, temp order
order.append(start index)
candidate list =[]
for index in range(point_num):
if index != start_index:
1s_pass, end point horizontal error, end point vertical error,
after_end point_horizontal error, after end point vertical error = judge(start index, index,
horizontal error, vertical error)
if is pass and get distance(start index, point num-1) > get distance(index,
point num-1):
candidate list.append(index)
if len(candidate list) == 0:
order.pop()
return
# candidate list.sort(key=lambda index_list: get distance(index_list, point num-1))
random.shuftle(candidate list)
if len(candidate list) >=5:
candidate list = candidate list[0:5]
for candidate in candidate list:
if candidate == point_num - 1:
order.append(candidate)
all distance = get all distance(order)
if all distance <temp all distance:
temp_all distance = all_distance
temp_order = order.copy()
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print("\n' + 'small', order, all_distance)
order.pop()
break
if len(order) > 13:
break
is_pass, end point_horizontal error, end point_vertical_error,
after_end point horizontal error, after end point vertical error = judge(
start_index, candidate, horizontal error, vertical error)
find path(candidate, after end point horizontal error, after end point vertical error)
order.pop()
return
find_path()
print(temp_order)

10.2.2 compute_error.py
THRIREA

# import threading

import openpyxl

import sys
sys.setrecursionlimit(100000)

alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001

import os
data_path = os.path.join('..!, '..", '2019 ZE A1 [E i 70 AL Bt AR 70 3% F @0\MHF 1. Bdlide 1-4&
fieg.xIsx")

# FTIF excel UM, R TAEFE X &
wb = openpyxl.load workbook(data path)
# IRHUIR E B R
sheet = wb|['datal']
point_list =[]
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row|[3].value, row[4].value, row[5].value])
point_num = len(point_list)
matlab_path list=[0, 503, 69, 237, 233, 598, 561, 448, 485, 612]
path_list =[[i, 0, 0, 0, 0] for 1 in matlab_path_list]
all distance list = [0, 13397.94141591609, 22206.718527477846, 34706.853446975045,
45532.46491249756,  59539.840926734374,  70496.2591586171,  75652.22657391406,
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81388.44828831236, 104960.35109086095]

defjudge z(start index, end index=point num-1):
x1, yl, z1 = point_list[start index][0:3]
x2,y2,z2 =point_listfend index][0:3]
if abs(z1-22)>5000:
return False
else:
return True

def get distance(start index, end index):
return all distance list[matlab _path list.index(end_index)] -
all distance listfmatlab path list.index(start index)]

def judge(start_index, end_index, horizontal error,vertical error):
end point_type = point_list[end index][3]
distance = get_distance(start_index, end index)
delta_error = distance * sigma
end point horizontal error = horizontal error + delta_error
end point vertical error = vertical error + delta error
if judge z(start index):
ifend index !=point num - 1:# F — A Z LN
if end point_type == 0: # /K-
if end point horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
i1s_pass = False
elif end point type == 1:#TE H
if end point horizontal error<=alpha2 and
end point vertical error<=alphal:
is_pass = True
else:
i1s_pass = False
else:
i1s_pass = False
else:# N — R LT
if end_point_horizontal error <= theta and end point vertical error <= theta:
is_pass = True
else:
is_pass = False
else:
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is_pass=False
after_end point horizontal error =end point_horizontal error
after end point vertical error =end point vertical error
if is_pass:
if end point type == 0:
after_end point horizontal error =0
after_end point vertical error = end point vertical error
elif end point_type == 1:
after_end point horizontal error = end point horizontal error
after_end point vertical error =0
return is_pass, end point_horizontal error, end point_vertical_error,
after_end point horizontal error, after end point vertical error

distance = 0
for i in range(len(path_list) - 1):

start_index = path_list[i][0]

end index = path_list[i + 1][0]

is_pass, end point_horizontal error, end point vertical error,
after end point horizontal error, after end point vertical error = judge(start index, end index,
path_list[i][3], path_list[i][4])

if is_pass:
path_listfi + 1][1:] = end point horizontal error, end point vertical error,
after end point horizontal error, after end point vertical error
else:

print(‘error',start_index,end index)
distance = distance + get distance(start index, end index)
for iin path_list:
print(i, point_list[1[0]][3])

10.2.3 dubins.py
4 dubins BRI

import dubins

import openpyxl

import sys

from scipy import interpolate

import numpy as np
sys.setrecursionlimit(100000)

import math

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

import os
data_path = os.path.join('..!, '..", '2019 “F 1 [E i 7 AR A @R FE FANMAE 1. B4 1-4¢
F.xIsx")
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# 7T excel UM, R TARFEX &
wb = openpyxl.load workbook(data path)
# FRELTR E 1R 5
sheet = wb|['datal']
point_list =[]
for row in sheet[3:sheet.max row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
point_num = len(point_list)
matlab_path list =[0, 503, 69, 237, 233, 598, 561, 448, 485, 612]
path_list = [point list[i][:3] for i in matlab_path_list]
x_min = min([path_list[1][0] for i in range(len(path_list))])
x_max = max([path_list[i][0] for i in range(len(path_list))])
x_new = list(range(x_min+10, x_max-10))
x=[]
y=I1
for i in range(len(path_list)-1):
q0 = (path_list[i][0], path_list[i][1], 0)
ql = (path_list[i+1][0], path_list[i+1][1], 0)
turning_radius = 200
step_size = 10
path = dubins.shortest path(q0, ql, turning_radius)
configurations, = path.sample many(step_size)
for point in configurations:
x.append(point[0])
y.append(point[1])
f=interpolate.interp1d(x,y,kind='"slinear")
y_new = f(x_new)
plt.plot(x,y)
plt.plot(x_new,y new)
plt.show()

#xz
x_1 =[]
z=(]
for 1 in range(len(path_list)-1):
q0 = (path_list[1][0], path_list[1][2], 0)
ql = (path_list[i+1][0], path_list[i+1][2], 0)
turning_radius = 200
step_size =10
path = dubins.shortest path(q0, ql, turning_radius)
configurations, = path.sample many(step_size)
for point in configurations:
x_l.append(point[0])
z.append(point[1])
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f=interpolate.interpld(x_1,z,kind='slinear")
z new = f(x_new)

plt.plot(x_1,z)
plt.plot(x_new,z _new)
plt.show()

ax = plt.figure().add_subplot(111, projection="3d")
ax.plot(x_new,y new, z new)
plt.show()

y_new =y_new.tolist()
z new = z_new.tolist()

x_new.insert(0,int(path list[0][0]))
y_new.insert(0,int(path_list[0][1]))
z_new.insert(0,int(path_list[0][2]))

x_new.append(int(path list[-1][0]))
y_new.append(int(path_list[-1][1]))
z_new.append(int(path_list[-1][2]))

distance list =[]

total distance =0

for i in range(len(x_new)-1):
x1,yl, z1 =x_newl[i], y new[i], z new][i]
x2,y2,7z2 =x_new[it+1], y new[i+1], z new[i+]]
distance = ((x1-x2)**2+(y 1-y2)**2+(z1-22)**2)**0.5
total distance = distance + total distance
distance list.append(total distance)

distance list.insert(0, 0)
final distance = []
for point in path_list:
final distance.append(distance list[x new.index(int(point[0]))])

print(final distance)

all point =np.array([X_new,y new,z new])

LI}

np.save(os.path.join(".', 'xyz_point_1.npy"), all_point)

10.3 [l ={XHE
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10.3.1 main.py
BRAERREA.

import openpyxl

import sys

import random

random.seed(1)

import numpy as np

sys.setrecursionlimit(100000)

alphal=25

alpha2=15

betal=20

beta2=25

theta=30

sigma=0.001

import os

data_path = os.path.join("..!, '..", '2019 £ E M 70 AE B AT 28 F AN 1. BdidE 1-%

Fi.xIsx")

# FTH excel U SREX TAE X 5

wb = openpyxl.load workbook(data path)

# IRHUIE € B3R5

sheet = wb['datal']

point_list =[]

for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])

point_num = len(point_list)

def get distance(start_index, end index):
x1, yl, z1 = point_list[start index][0:3]
x2,y2,z2 =point _listfend index][0:3]
return ((x1-x2)**2+(y1-y2)**2+(z1-2z2)**2)**0.5

defjudge z(start index, end index=point num-1):
x1, yl, z1 = point _list[start index][0:3]
x2,y2, 72 =point_listfend index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True

def judge(start_index, end index, horizontal error,vertical error):
end point_type = point_list[end index][3]
end point_safe = point_listfend index][4]
distance = get_distance(start_index, end index)

delta_error = distance * sigma
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end point_horizontal error = horizontal error + delta error
end point vertical error = vertical error + delta error
if judge z(start index):
ifend index !=point num - 1:# F— A A Z L5
if end point type == 0: # /K-
if end point horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
is_pass = False
elif end point_type == 1:#3E H
if end point_horizontal error<=alpha2 and
end point_vertical error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False
else:# N — A rig %
if end point horizontal error <= theta and end point vertical error <= theta:
is_pass = True
else:
i1s_pass = False
else:
i1s_pass=False
after_end point_horizontal error = end point horizontal error
after_end point_vertical error = end point vertical error
if is_pass:
if end point safe == 0:
if end point type == 0:
after end point horizontal error =0
after_end point_vertical error =end point vertical error
elif end point type == 1:
after_end point_horizontal error = end point horizontal error
after_end point_vertical error =0
else:
if end point type == 0:
after_end point_horizontal error = min(end point_horizontal error, 5)
after_end point_vertical error =end point vertical error
elif end point type == 1:
after_end point_horizontal error = end point horizontal error
after_end point_vertical error = min(end point_vertical error, 5)
return 1S_pass, end point horizontal error, end point vertical error,
after end point_horizontal error, after end point vertical error

70



def rank distance(point_index list):

ranked list = sorted(point index list, key=lambda index list: get distance(index list[0],
point_num-1))

return ranked _list

def get all distance(index_list):
distance = 0
for i in range(len(index_list)-1):
start_index = index_list[i]
end index = index_list[i+1]
distance = distance + get distance(start_index, end index)
return distance

def judge P(start_index, end index, horizontal error,vertical error):
end point_type = point_list[end index][3]
end point_safe = point_listfend index][4]
if end point safe == 1:
end point_safe = random.random()
distance = get_distance(start_index, end index)
delta_error = distance * sigma
end point horizontal error = horizontal error + delta error
end point vertical error = vertical error + delta error
if judge z(start index):
ifend index !=point num - 1:# F — A Z LN
if end point_type == 0: # /K-
if end point horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
i1s_pass = False
elif end point type == 1:#TE H
if end point horizontal error<=alpha2 and
end point vertical error<=alphal:
is_pass = True
else:
i1s_pass = False
else:
i1s_pass = False
else:# N — A RE LT
if end_point_horizontal error <= theta and end point vertical error <= theta:
is_pass = True
else:
is_pass = False
else:
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is_pass=False
after_end point horizontal error = end point_horizontal error
after_end point vertical error = end point vertical error
if is_pass:
if end point safe <=0.8:
if end point type == 0:
after_end point horizontal error =0
after_end point vertical error = end point vertical error
elif end point_type == 1:
after_end point horizontal error = end point_horizontal error
after end point vertical error =0
else:
if end point_type == 0:
after_end point_horizontal error = min(end_point horizontal error, 5)
after end point vertical error =end point vertical error
elifend point type == 1:
after_end point horizontal error = end point_horizontal error
after end point vertical error = min(end point vertical error, 5)
return is_pass, end point_horizontal error, end point_vertical error,
after end point horizontal error, after end point vertical error, end point safe

def get type(point index, end point safe):

if point_list[point_index][3] == 0 and end_point_safe < 0.8: # 7K}
return '01'

elif point_list[point_index][3] == 0 and end_point_safe > 0.8: # /K-
return '02'

elif point_list[point_index][3] == 1 and end_point_safe < 0.8: # /K-
return '11'

elif point_list[point_index][3] == 1 and end_point_safe > 0.8: # /K-
return '12'

elif point_index == len(point_list) - 1:
return 'B A3

def get P(matlab_path_list):

path_list=[[i, 0, 0, 0, 0, '55'] for 1 in matlab_path_list]
path_list[0][-1]="A &'
path_list[-1][-1]="B s’
distance =0
success =0
for j in range(10000):

is_ok = True

for 1 in range(len(path_list) - 1):

start index = path_list[1][0]
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end index = path_list[i + 1][0]
is_pass, end point_horizontal error, end point_vertical error,
after_end point horizontal error, after end point vertical error, end point_safe =
judge P(start_index, end index, path list[i][3], path_list[i][4])
type = get_type(path_list[i + 1][0], end_point_safe)
if is_pass:
path_list[i + 1][1:] = end point horizontal error, end point vertical error,
after_end point horizontal error, after end point vertical error, type
else:
is_ok = False
break
distance = distance + get distance(start_index, end index)
if is_ok == True:
success = success + 1
return success/10000

vis = point_num*[0]
order =[]
temp_all distance = 10000000
temp_order =[]
all solution =[]
def find path(start index=0, horizontal error=0, vertical error=0):
global temp all distance, all _solution
global order, temp order
order.append(start index)
candidate list =[]
for index in range(point_num):
if index != start_index:
1s_pass, end point horizontal error, end point_vertical error,
after_end point_horizontal error, after end point vertical error = judge(start index, index,
horizontal error, vertical error)
if is pass and get distance(start index, point num-1) > get distance(index,
point_ num-1):
candidate list.append(index)
if len(candidate list) == 0:
order.pop()
return
candidate_list.sort(key=lambda index list: get distance(index list, point num-1))
# random.shuffle(candidate list)
length =10
if len(candidate list) >= length:
candidate list = candidate list[0:length]
for candidate in candidate list:
if candidate == point_ num - 1:
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order.append(candidate)
all distance = get all distance(order)
if all distance <temp all distance:
temp_all distance = all distance
temp_order = order.copy()
P = get P(order)
print(‘'small’, order, all distance, P)
all_solution.append([order.copy(), all distance, P])
order.pop()
break
if len(order) > 13:
break
is_pass, end point horizontal error, end point_vertical error,
after end point horizontal error, after end point vertical error = judge(
start_index, candidate, horizontal error, vertical error)
find path(candidate, after end point horizontal error, after end point vertical error)
order.pop()
return

find_path()

print(temp_order)

print(all_solution)

all_solution = np.array(all_solution)
np.save('all_solution 1.npy', all solution)

10.3.2 compute_error.py
TR ERA

import openpyxl

import sys

import random

from tqdm import tqdm
sys.setrecursionlimit(100000)
alphal=25

alpha2=15

betal=20

beta2=25

theta=30

sigma=0.001

import os

data_path = os.path.join('..!, '..", '2019 “F 1 [E A 5T A = BT 58 F ANAF 1. R4 1-4¢
fie.xIsx")

# FTITF excel USRI CAE#EXT %

wb = openpyxl.load workbook(data path)
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# IREIE € IR
sheet = wb|['datal']
point_list =[]
for row in sheet[3:sheet.max row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
point_num = len(point_list)

defjudge z(start index, end index=point num-1):
x1, yl, z1 = point _list[start index][0:3]
x2,y2,z2 = point_listfend_index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True

def get distance(start index, end index):
x1, yl, z1 =point_list[start_index][0:3]
x2,y2, z2 =point_listfend index][0:3]
return ((x1-x2)**2+(y1-y2)**2+(z1-22)**2)**0.5

def judge(start_index, end index, horizontal error,vertical error):
end point type = point_listfend index][3]
end point safe = point_list[end index][4]
if end point safe == 1:
end point safe = random.random()
distance = get distance(start_index, end index)
delta_error = distance * sigma
end point horizontal error = horizontal error + delta_error
end point vertical error = vertical error + delta error
if judge z(start index):
ifend index !=point num - 1:# F— A E LS
if end point_type == 0: # /K-
if end point_horizontal error<=beta2 and end point vertical error<=betal:
is_pass = True
else:
i1s_pass = False
elif end point type == 1:#3E H
if end point horizontal error<=alpha2 and
end point vertical error<=alphal:
is_pass = True
else:
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is_pass = False
else:
is_pass = False
else:# N — A RiEZ
if end point horizontal error <= theta and end point_vertical error <= theta:
is_pass = True
else:
is_pass = False
else:
is_pass=False
after_end point horizontal error = end_point_horizontal error
after end point vertical error =end point vertical error
if is_pass:
if end point safe <=0.8:
if end point_type == 0:
after_end point horizontal error =0
after end point vertical error =end point vertical error
elifend point type == 1:
after_end point horizontal error = end point_horizontal error
after end point vertical error =0
else:
if end point type == 0:
after end point horizontal error = min(end point horizontal error, 5)
after_end point_vertical error =end point vertical error
elif end point type == 1:
after end point horizontal error =end point horizontal error
after_end point_vertical error = min(end point_vertical error, 5)
return 1S_pass, end point horizontal error, end point vertical error,
after end point_horizontal error, after end point vertical error, end point safe

def get type(point index, end point safe):

if point_list[point_index][3] == 0 and end_point_safe <= 0.8: # /K-
return '01'

elif point_list[point_index][3] == 0 and end point safe > 0.8:
return '02'

elif point_list[point_index][3] == 1 and end point safe <= 0.8:
return '11'

elif point_list[point_index][3] == 1 and end point safe > 0.8:
return '12'

elif point_index == len(point_list) - 1:
return 'B 3
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def get sum_of unsafe(path_list):
sum =0
for point in path_list:
type = point[-1]
if 2" in type:
sum = sum + 1
return sum

matlab_path list=[0, 578, 417, 80, 237, 607, 33, 194, 450, 448, 485, 302, 612]
path_list =[[i, 0, 0, 0, 0, '55'] for i in matlab_path_list]
path_list[0][-1] ="'A '
path_list[-1][-1]="'B &'
distance = 0
success =0
all_solution =[]
for j in tqgdm(range(100000)):
is_ok =True
for i in range(len(path_list) - 1):
start_index = path_list[i][0]
end index = path_list[1 + 1][0]
1s_pass, end point horizontal error, end point vertical error,
after_end point_horizontal error, after end point vertical error, end point_safe =
judge(start_index, end_index, path_list[i][3], path_list[i][4])
type = get_type(path_list[i + 1][0], end point safe)

if is_pass:
path_listfi + 1][1:] = end point horizontal error, end point vertical error,
after_end point_horizontal error, after end point vertical error, type
else:

is_ok = False
break
distance = distance + get distance(start index, end index)
if is_ok == True:
success = success + 1
all solution.append(path_list)
print('P={}".format(success/100000))
temp unsafe sum =10
temp_index =0
for 1, path in enumerate(all_solution):
unsafe sum = get sum_of unsafe(path)
if unsafe sum > temp_unsafe sum:
temp unsafe sum = unsafe sum
temp index =1
for i in all_solution[temp index]:
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print(i)

safe list =]

foriin [0, 578, 417, 80, 237, 607, 33, 194, 450, 448, 485, 302, 612]:
safe_list.append(point list[1][4])

print(safe_list)

def get P(matlab_path_list):
path_list=[[i, 0, 0, 0, 0, '55"] for i in matlab_path_list]
path_list[0][-1] ="'A &'
path_list[-1][-1]="B &'
distance = 0
success =0
for j in tqdm(range(10000)):
is_ok =True
for i in range(len(path_list) - 1):
start_index = path_list[i][0]
end index = path_list[i + 1][0]
is_pass, end point_horizontal error, end point_vertical error,
after_end point_horizontal error, after end point vertical error, end point safe =
judge(start_index, end_index, path_list[i][3], path_list[1][4])
type = get_type(path_list[i + 1][0], end point safe)
if is_pass:
path_list[i + 1][1:] = end point_horizontal error, end point vertical error,
after_end point_horizontal error, after end point_ vertical error, type
else:
is_ok = False
break
distance = distance + get distance(start index, end index)
if is_ok == True:
success = success + 1
return success/10000

print(get P(matlab_path_list))
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