FE AR TIREY
e

A3 e A2 T 1) e DX AR 2L b sl R SO A R B ) AR SCARs =, L6 E B A KRS
R TY RO () R T . (R SR AR B WA H SO, FBT AR AN AT
BEBEEERTR, WSO . AT, SR VAR mES . i
Tilf e o ) B0 55 22 P g Rt 9 B e B A B FE AR R ARSI DA R Sk )

Er3FIaRR—, FALE RS R ALFR T IR 9 10 5 FE AL 15 BT R 200 L8 T 1
AL E AR, FARYE AR T T B ) (%) ] 58 R 2 SR FLRTE M 26 7 2, AR UGE AR iR 15 2
ARSI TF RO EAS B o SRS HE S AR T (A1 FE JE A 1) 20 R AR T 5B RIS 5]
HIRE S EEFMN R, KIOEAR R B 2T REEE .

Sr3FiEIRE =, FRATHRAE A AT HE T 1007 B (5 B AT = B % B B & BT A R TR X
I, AR R 1o RS T B S A DA I 2 B e A B R A 400, I e Al A SR gk AT e A
PRRBTBE 2, mATE | IR N2 b 2] ¢ = 412.47s.,

SrXFERR =, FRATE T AT R IR (SRR IR S Sk XA R s, ARG
S5 5 A R BRI B9, 2 SRS e BATE BIA A ARTAS Re R AR, e 2l il SR AR 44
REM TR RERBE R /NMRE 1Y, = 0.37m.

ErxEIREP, FAE X TIEASKEREERE, IR E—s— 1 B LB 2R
AT T TURT 4, G b A SR 7 B SE PR R LR, SRS TR LR AT S R ith
LIRS E). e kIR IR G, AER B — KR B — 29 RS2 75 H
Sk R AR AN B LR AL B AR B K ARAR R, e ARG B0 T Sk il 2R e 4 K (S |min =
13.32m.

SrxFIEIRE R, FAILE 0] R PUAF 2 e U0 T Sk b 22 i Bt b, 305 53R B SK AR AR Y45 5|
EERIETF N TFEEE R, Frem e 5 kTR E L R a3 T, R
Pt B TR RAGB R I RAE T I8 vy = 1.89m /50

KT iRz mLBly WHE  mEmENE 2 s AR BTN



Y I\EHEEEJ‘ZE

W e W TR X — R R ety RAB SRS B [1], ETCH 451 H b 228 75,
EIBILE RAE R BSEE S s th I e, KRG B2, BHEEL T, JE
e BNATL R AT 3 39 P AN A R I T o T AR S WL BOROR SR B R 3R . O 1 S W 5
Ph G AR, FRA] R R ST A AR AR AR e LTS T

AR — . CRER S BIVEIRIE DY 55 cm ROZEERIREC N 41 6N, ek ig4T it e
N 1m/s, THEMOFPE] 300 # 2 (6], MFek. b RIERKAEMNEE, FHRHRr
S8 I 21 B VR4

R FE SRR O ) R RGN RE R, e R 2 TR AN A Al (19 2 LRI
Z, JFeE I S e BA A 38 23 i A B

)RR = DI SRR E N ELAR O 9 KA Sk 22 8], o doe /MR REAE AT e Sk g
G I AR DR LA 22 1 Sk 2 B I 5

[ RBDY - 8 BB S IS At N T 1t A R, R Sk AR H Y B AR L A8
N2 1 HAVIRBONA R, & ZO gk, AR R, i ik &
Ay B B AR A

I Tn: SRR BAHY R DY A E (R B2 A2 8, ZORSGIEFATHERZ AT 2 m/s, &
LR R SRR S ) B RATRESE T, A4 BAAL 25 50 B0 3 2 45035 A2 1 PR 1) 2 1

N (=1 -5 2 7y
2.1 [EZ—R 4

e R — SR AT SR A B Je DA 45 2 MR BE N 25 BEMR 2R 35N 5 45 7€ N Z ) A B 5
o B RHANTERRALAR TR RS QRG22 LI T B4R, 5
MRAEA LTI T A RE BB ARG ORE 2 HIE TR B, BB AT T8 1R
FE 3R A K BRI SRR 75 a0 BE 43 B AR i I B AR OSRG-S ST R3S .

2.2 [B)RE R Hh

FE TR A, SR IATSIS 1P — P R BN, ORI B R A Rl N ) e A T 5
XL I SRS o B SE A TR A AN I 2T T (0 A7 B A5 JE i e 2 P o O RE R X 3
SR I K 36 R AS I B S A N R A [X S5 ) 5 195 00 0 R o A e ik R PR AR B R OB [B] 2
B, e R B E) B R I A I 2 O Rl 1 0



2.3 [EE =R

7] 7 = SR 5 S L A0 T BE TR e N\ Sk 2 TR J ) d /NIRBE . E S AT T
FAFEVE IR IR 5 3 Sk XA 1032 =, AR5 AR AR S AL BIIEAE m BT A RER L
Filt42 5 ) P I R ) R ARG T SRR AT RN, A I SRR LY SR M T R SR AE[B]RR A5 2
f/ME R .

2.4 O] 980 5 4

7] AR 5 2 T A DD R R /T — BUR AR e — B A S R
YT ZRAR DD A 2k, O R B B A A P A A, BB VSR8 A I 221 88 Jhe O 14 5 FE A e 2
G BATERMIEHFER. AEIGEN HirR L BRI R 8 bR IR
RE—f)— 1B ARAG 2 ith 2 10 A A 18], 2R K FH R ) S ALY S AR A R A HE ARG

==
Hi/ho

2.5 [E)@ BRI

e el T B SR E S L BAAENS S TR R Sk i ZRATHER, ek i KATRER L, (45 A
TR 2 m/s. HRGE— R Hr a8, ekl BN AR A & i BN E T
WS, UL ELA G EMBMRENREX R, BRI FRE, o SRR
EFREE, FFIZP MBI RIE S, R IETF R A AT 2 m/s, HRA&HE
T [ B K AT E T T

= HERE

e kI T I s R P AL R
BT ARCEAL TR KT

- BB SE NI

- ORI J5 5 mT L s AN

BB AR P B 22 18] AT LA DME A e e

hn A~ W N =



M. fF5i5%EH

5 X

Py(t) 51 METFAE ¢ IR AL bR

v 51 ME TR

L RZE A S

R; 551 MREEPT 5 R X 3

® 2k X 3k

f(t) NIZER TRlllKZRPS

s s T H 2 AT — B i 9

O s & il et — B [ O

Oy s T2 e — B [0

Bs s JE 26 Ja — B gl

H G AR LR B R R

5] FAUTINS
Location(P;) 55 1 AMET BT AL ) 2257

B, RERENS Sk
5.1 Q) —ERIRIE N Sk iR
I R — TSR FRAT SR AR 0 DAV S5 BB 2R A N G P e I Z A B S . e IR 18
T SRAR AR BRI AR 53 28 A5 BB — B Z1 0 K48 F 19467 B AL by, SR SE AR A AR HE 1)
AR HEACRA &I F A B, B JUAHE S M 20 RIFR IR IR RIAAR T 703 B 4 &=
AR ) B B AR VGEAR SR A5 25N e B 40 O
5.1.1 EXNBANLEER

(1) FEBLFHE
A2 H AR BEAR 2 T AR [2] FERR AL R 2R B Rk 50N

T:boe

4



Forb r AR S BN AN ETF AL E (R B, 0 2 MR S B Sl i e A . S
by = L2 (m/rad) Fon B — IR, AFEEE r 89N 0.55 K. BIAEES 215 1B Sk
EFHAL B TR (8.8,32m), M £t T7 MV FEFRIR A FNIE UL 1m/s B8 I 46123 .

(2) BIWFAEMRLIRRT

P RN AR T B AL B AT DOl BRARAR R R o T 28 ¢ MET, HALE AR
KTt R E, ERARFRRHPRINAN: Pi(t) = (ri,0;). HA, r RIZEFHRMESE, 6,
ST TSI A . A S RBA 224 NMEFARL, FraEFERE SR —
MiBEES:

P ={P\,P,...Pss3, Py}

Hp Pk F RO E, P N RS T RO E, Py ARG
FHLIIALE .

(3) ZKIBFRMEKER

PRI AR NG FRIRZL, 20 ¢ W) e kiU T A O I B ALKR Pr(t) = (rq,61) ATER
KRG AR LT I K EMR RIS R, B Pi(t) = (re, 01) W2 W0 T 7 R4 :

{ Lsum_Ll(t) :bO 091 V1+92d6

r1 = both

(1)
Horb Ly, NIBIRZLSKSE, BB 1320:
@m:méwkﬁ?ﬁw
Ly (t) Nt B0)a S E T B IR A e 1 K, HL 2 -
Li(t) =t

(4) EEBFUERNENRKE

HI AR SR AT 2 18] AR A B [, v JeE o A AT T T P e 8 RAR DIAARTH B
JRBAETHIALE AR . AHATIE T 182 B ALFR KBRS | PPy | 7T B P 2 TR R A s
H:

|PiP;yq| = \/(ricosgi — 1i11€080;41)% + (risind; — ri118in6;11)?

TSk AN S 2100 5 IR AN [R], A ARFE T 18] B P B 20 AN ARG O, e B AR 2 «
(PP =286 if i=1

PPoa| =165 if i 22

T, = boel
L 0i+1 — 91 < 27
Horpde S BAANS Py AT St 5 2540 T 1A B AR BRI e SR A F IR T7 R 2H e — 15
2], RpAEAHEH A S ¢ A 224 MEFHAERGE R
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5.1.2 BRIAENREHEE

TEPE RIS EEIR AT ) RE R, X T AL AN E T, HIEE X R B R
Yi

A0 0

T
Tit1

—

Piiq

1 SRR

XFFE e NSKIET Py HE S v 75 A 9 24 BAL B ) 5 BEIR LR U 2R I 105
Ao B8R e e B ONIE (3], AHARE ST T RO B e 5 5 1A R 7 A ] . oK
TR e KA T AN 2 5 07 R BE B, /5 SRAFAH AT Je kAU T i3 2 7 170 5
SRR R T AT Py HE S NIETT RS o £ LR5CR
LA

a1 = 7Y — Qg — ZOPZPH_l + km (2)
Forfr v, Az E IR A 0; 45 -
vi =0; (mod 2m)

g N AT IR FE T TR0 R BRH A, Rl IE I o vh Az s AL 1) SR SR A -
sinb; + 0;cosb;
cosl; — 6;sinb;
YT Py, Py Z VHIFEES 1, Hl B R AFERT SO A8, By, Py MR IR SERT SCH
B BHSRES FEP e g S . WAE AOP; Py FHIHIE RZEE R LOP Py -
r2 4+ 12 — rl-2+1
2rili
PR ap. [FIBEAISRARES @ + 1 DSKAETF Py VR TT MR By

ay = arctan(

LOPPiy =

B1 = Yiy1 — Bo — LP P10 + kn
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HHAR D SRAE T R P i A T WA 7 T R 73 AR AT B

|vicosan| = |viy1cospi|

Hi=10, v =1m/s, BIRGEARBEETITFHRELERSEL .

5.1.3 HEREES RBUE N

AR LR i ST R A,

IS B [F S 20 SE AR AL B AR RS, iRt Rk 1. K2R,

€)

R A 25 € S AN IR Python % 5 FE /7Kg, RN

1 REAELR
O0s 60 s 120 s 180 s 240 s 300 s

15k x (m) 8.800000 | 5.799209 | -4.084887 | -2.963609 | 2.594494 | 4.420274
3k y (m) 0.000000 | -5.771092 | -6.304479 | 6.094780 | -5.356743 | 2.320429

B S x(m) | 8.363824 | 7.456758 | -1.445473 | -5.237118 | 4.821221 | 2.459489
1S y@m) | 2.826544 | -3.440399 | -7.405883 | 4.359627 | -3.561949 | 4.402476
%51 W EE x (m) | -9.518732 | -8.686317 | -5.543150 | 2.890455 | 5.980011 | -6.301346
551 W HE y(m) | 1.341137 | 2.540108 | 6.377946 | 7.249289 | -3.827758 | 0.465829
55101 T H x (m) | 2913983 | 5.687116 | 5.361939 | 1.898794 | -4.917371 | -6.237722
%101 TS y (m) | -9.918311 | -8.001384 | -7.557638 | -8.471614 | -6.379874 | 3.936008
%151 Fi b & x (m) | 10.861726 | 6.682311 | 2.388757 | 1.005154 | 2.965378 | 7.040740
5151 W B y(m) | 1.828753 | 8.134544 | 9.727411 | 9.424751 | 8.399721 | 4.393013
55201 W E x (m) | 4.555102 | -6.619664 | -10.627211 | -9.287720 | -7.457151 | -7.458662
55201 W E y(m) | 10.725118 | 9.025570 | 1.359847 | -4.246673 | -6.180726 | -5.263384
R (J5) x(m) | -5.305444 | 7.364557 | 10.974348 | 7.383896 | 3.241051 | 1.785033
R (J5) y(m) | -10.676584 | -8.797992 | 0.843473 | 7.492370 | 9.469336 | 9.301164




F2 B EELR

0s 60s 120 s 180 s 240 s 300 s

3k (m/s) 1.000000 | 1.000000 | 1.000000 | 1.000000 | 1.000000 | 1.000000
1S (m/s) | 1.003438 | 1.003979 | 1.004721 | 1.005805 | 1.007534 | 1.010731
551 TS (m/s) | 1.102442 | 1.117833 | 1.138683 | 1.168535 | 1.214867 | 1.296737
%101 W EH (m/s) | 1.194710 | 1.222972 | 1.260920 | 1.314631 | 1.396713 | 1.538569
%5151 WS (m/s) | 1.281533 | 1.321245 | 1.374221 | 1.448597 | 1.561083 | 1.752802
%5201 W (m/s) | 1.363833 | 1.413922 | 1.480409 | 1.573193 | 1.712474 | 1.947610
R (J5) (m/s) | 1.398795 | 1.453173 | 1.525221 | 1.625543 | 1.775742 | 2.028471

R TSR A R TS RS, WTRATE Y, BRI (3G 00, BE e B 13 AR IR
g ok, RXeIRER M TSI T BRI IR A 0y [N, R REERZ, AESE A
A7 BBEE JA (ATl RO, SR e BN 1 T P I A e A T AL E

FAREAET A

S S B 1) 22 P

1.011

1.009

m/s)

1 1.007

4

1.005

0 100

200

] (79) 10

0 50 100 150 200
T4

— R

(@ L vt (b) 55— A T T 1A

K2 iHES R

5.2 )R = BIRGIE ST 5ok R

PEDEBATSI 18— rp PRI N, SR 3 e 2l N 18 s 5195 712 5 08 2 0 s SR
Ao FATHRAE AR ZHE T AL AR DA E S ARE P o 1) XA, R g 3 Al A ) 5325
RSN REA DX 3K FR) 2 i L BRAR LI IR IS TR) S22 58, 5 J g A ) 88 S P it s — B 221 )
Flf 428 1% Ot o



5.2.1 SR ARIER NAEE

(1) ZEEXEBNERS

PRI 1) — g MR EE N, B Sk IB g g oL, SETFITEM AR
WRARAEZIHT AN, BN TR NS IR B 0 AT B 5 . B8 —Fhilm A1 00, B4R 20
P EFHEIME— e s, HBR 7 SaamEey KA R A, SRR 220 I8
R A T ES, NG ARA TR . AT — I ZIRIA 28 Je BN Y
bR Z), ARSI 2 )G PR R N IR SR N, TR A BN, BRI
W2 B — MW . HiE SN Z RN 2, B 5 ZAIWH T R N 20 5 e Ao 75 k2R
ill- 4 o

R 25 AL AR 2N (AL BRFE 00T T ELAT AR AR 2R T AR AR TS 21

Y; = boezszn@

T; = boﬁicosei

k' _ Gisinei—0i+1sin9i+1
t 9100891‘—91'4_100897;_5_1

HoAr @,y 730N R Py BIREARAR, & NEZR P P FIREE . B BB PIME T4
RIS (Pi(ri, 03), Piga (riga, 0i1)) B THEIEIXIE R, e by 9 9 147 (14 0 25 1 2 ] ok
fR s PAT DX dskME— B 5 -

Li:y—y=ki(r —x;) +0.15

Lo :y—y; =ki(r —xz;) —0.15

L3:y—% = —kli(x— x"’f”l)—l—Bz
| Leiy— s o Lo stpa) g

HehY =18, B, =1.705, 4i>20, B, =1.1. WFAEHEEXEBHEN ES (A
Sl G XA EES ROA:

R={Ri,Ry...Roga, Roos}

(2) EERZRIAHERNEE /(1)

TESEIENG, HTIEF A BES P B A ¢ ME—HfE, WS AT &5 X3 6r
BRI E] ¢ R XTER NMEIBXR R, B S5 Ry, R AR X
BES, T RINZAE R X EOR 5 5 AR 220 SRR IR A EE, & 5 i MERKX
I Ry FrAS L X BAR A R

Rl = R—{Ri_1,R;, Ris1}

XFFHREEIS 2 t, A f(t) WU AR X R; 1550 B (A A I R fE X di o L 4
& R PIENMERE XSRS RERS, HS5EE-SUEBXERME 7 EE, WY



Gy 2 B e A B R AR T BRGRERlEARE, LIS % f(¢) IR B False, fMIR[E] True. XfT-1X
iy ARSI LIS f(¢), A AEER I n) B R AR R B o e, LI (A1 2R B2 O(n?) .

(3) XPHbEHE M E A8 —Fhoi i

H—HFE, WTEH i MREX MR TE X IR R, PR ARl AR 0 B 4t
FHE—ENT (P, Piyy) ITESERIRA IS5 RE R 2 o BRI IRATTAT DAKEER @ M6
T3 R; AR AR T X S8 B AR A R MO — ik, B[R NI EES R2.
& R} HREAHEIE X S IEFHE {P(r;,0;), Pipi(r; +1,0,41)}, FATAE ML
TR e 2k F e FHE, R

R} =R; — R}

R::{ijj <9¢—27T\/9j >¢9i+271'}

MR FTXTEE « NI R, IR ERSES RZ P EBNMEEXEE S KEES.
X ek JE AT SV f()*, B ACERA B A n,  DUZR I 032 R B 1) 52 2 B A
O(n?), SOIJG B ETERS E 8 2% EAHRKIRF .

(4) BHCHBEKRES A

TEMfE 7RI 2 AL A I 5k 5, BRI DA ¢ = 0 B 2 da a2 75 Rl &k
Ao X TIESRRET ] ¢, FRATAT DA B AT BB R i, BPER e B AP K A, BEUL
RS IR — I Z O RE RS 0, [RII, (A B Kk e 7 SRS .

5.2.2 HESRES AL
BETHUSCH IR ORI RGN 553k o 5 AR PP EAT SR, SRAS SR L BB AN 28 LE RS 21y«
t =412.47s

IR SR e EARIE SR 175 0 S 4% T A T O o B R
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Y Position (m)
o
o

Y Position (m)

T T T
125 150 175

X Position (m)

T T T T T T T T
-2.5 0.0 2.5 5.0 7.5 0.50 0.75 1.00

X Position (m)

(a) A AR E A (b) J= E AL 3t TSR ]

K3 il s A
WEBHTR, 75t =41247s I, SR KIE T CAE SO, SR

HE, AR BT R TRSRK, RkE SN S R AR, AT
WIS ZON BN IERT 2, A5 AREEEE N, 0] BE 23 e 1 (Yl fii M1 156 2 Je B R K7k

o

*K3 LR

MEALFR x(m) | DAALFR y(m) | B (m/s)

23 (m/s) 1.206752 1.944933 | 1.000000

B RYH (mis) | -1.646659 1.750897 | 1.052601
BS1HW S (ms) | 1.277627 4327721 | 2.107947
%101 W H (m/s) | -0.532527 | -5.880532 | 2.837114
5151 WG (m/s) | 0.972547 -6.957009 | 3.437561
201 WY (m/ss) | -7.892625 -1.234460 | 3.962638
R U5 (m/s) 0.952512 8.323200 | 4.176477

5.3 [l =R BN AT 5K R

7] 7 = R E T AT T BE RS TR LR NTUMIBE N 8 Sk 2 (a3 5 (1 fie /MR RE . FRATE %8
TSRS MRERNH I AR RRZE 15 1Sk XA F AR5 L, F 5 AR I R o ) A A 57 2
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LB R AR A R R AT, Bl SRAR X S A A T A CAG IR, 45 3 )
LELER

5.3.1 kT a R/ EEER

(1) FERFARIIESKX
FESEE NN B pE B A5 fEIR 2 bl — B BRI, BEA I SK X, JRAEZ XA 578
RS 288 N U8 Sk IO I A1t R Sk A o 2R Sk X3 @ D

9
®:a’+y’ < (5)°

X FAL E SRR L r*(0):

r=b%0
FOEEE H* = b* x 27, SRR 5k X © MINGAFAERL R A, o) BIFEIRIA
WA F Py ALz 5 5 3 A Sk X,

K4 sk

(2) HEAKREMER &/ \ERIE
X T AR v (0), FAREE N, FERIAAT A A IR JE BN 8 B 0 AT A
R AT 5 e B\ Sk B0 TGO 5 R L R B N B Sk A RN 5, AE e kAt
FEAL A A ZHTARER AR . A KA T RIEAS A A B Z009 ¢, RS Rk 4 e
ik f(O)* A
f(t)" = False t€|0,t4]
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bty [RIREH N7 REST

Lsum - Ll(tA) = bO /%* V 1+ 02 do (4)
0

5.3.2 m/MEIERYK IR

HIRT STl A, BB H* 52— SR AP, M il U A N SR 2R A T AR
(1 o i i) o S I DA — S8 AP A el MR T, A P A e I RV 0 ) R SR A R 4T
Wi, RESRIGH R LR KA aR/NERE H e

*
H min

=0.3Tm

5.4 [O)ER =R RN N S50k R

I DY SR 4K 2] ER AN AR D) 1R 2 R e % A, b — BRI 2 N fe — B
FIWE AT, HL BRI 1) 5 35 N A 2R AR D), 15 85 B 20 3 0 A R A B RN P (S
o BATE &G T i K ER Birg s, @l B mERE XA —3—0
AR B 26 i 3R =S 10], ARG E K EA RS FHRE R

5.4.1 JFSLEREFER

P IEBNAE T Sk X P 1A T8 Sk e 422 e 7 B SR D EE e T B 1) S TRl 2, FLRl— B
RN AR e — B 2 1, Bffon BT

Os1
5 kB R

Hr S TR B S 4L {a,, B, R} ME— W€, ALEEE AR {Os, Oxn}
ME—RE o MU T Sk B AT 75 20 S T T 200K
1 KBRS AL 5 LR SR XY, RV Sk B T i 20 R Sk 25 18] 9 58 B
2. STEIRELATGFEN . fif HIREARD];
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3. PEIEBAI Sk AR HEAT U Sk I AN e R A R 4
FE AL L LTAREAT (AR E, BRATIAY SRR EE S TN IR 5 L8 2 BRI/ 1 Sk il £ ) A
KRE, BRI RLIRFMET S TEHHZACRE |S] # e /IMH :

min |S| = (as + %58) X R Q)

5.4.2 ZREZMT S FphZpIRR= (8]
B IE— BE NN B R, Hrp gt i 2O ML 7(0)

7(0)in : 7 = 12;7:9
@»Egﬁy‘jﬁﬂj Eﬁﬂgﬁ T(e)out:
7()out 1 17 = —%
2L i 2 B Sk X @ L A
9
.CL'2 + y2 — (5)2
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A RUONTES DO © W5 SRR AT R, BARAER Y (3, 08). kBT A
s, ARG EM BTk, HE—RIEE, BIER B(rp, 0p) #ATHk, #
SKEEARXT R S 1Y i A BT — BRI AR Rpe A 78T S A HERf I 0 H7 el i, 3k
TR B S T8 il 26 (1R P9 2% IR B (R IR BEAT 1 b2, JFERATE —3h— B AR S 2 4
HOORAT T I A fB g e), B Seifg RO IGIVI & B(rp, 0p), FHARE S RUHILR AT —
BRI F12 Ry, RIS HRAE LA ARG R S il 2

WETA fos AR E — e S(0p, Rp) Ja S LM BT — B B 9100 B2 IR O (21, 1)
e, mTE— BTN IE Oy 51 O AHYI, HEBG Oo(a*, y*) R N:

3Rp

di @ = (- ) = (550

B Oy Wy d HHATIZE), BB SIS — SALHIY), LR R AT & . WETA
I O SIBLRHIZT F 4, M e M)A & L T 4742 )9 BCD, BOEF, T
BCEF = BOD + CE, Sl |S| TG BOD FIIEHE F RSk 5%
W = TC4L S(0, Ri) BIVAT ME— B 52 14 2 BRI 4% P P08 Sk 2 4

HE— 2B AT, AU R MIIZ R &, R E I TR S(0, R) WAT I 52 531
LA REAFAE 2 A EITB, 15 Py B S5 REARLE  AETE AT, BT 7(0) ot
R —BEINLE 0 € [0, — 27, 60), SIPTREAELE R St AV L RN LE . 25 b, W F ot
Y1 S(0p, Rp), HAFTE 2n A6 AR PRI MOIRLE, 75 A 5 BR ] PRkt o B S5 L Y e < 3.

HeANEEETC 5T, FET r(0)ouw "PIIFE—BEINL 0 € [0, — 27, 04], ANAEAE— B
BARYIS PN, LI TR A T BT SO U h 6 26 5 AR DI E RIDARER A, (R %k —
et o

4P U 2 M T A A MR AL T 5 BB, 7D ST . i A ) B R
%N BOD, BCEF, MiH S\ INZE R Tk, 3T D A F A R,
i% S M2k 54 BRSNS 2 G M B T RIA G A, BT SRR K T
KFIK |S|, o5 AT NSRBI B /S T 368 40 1) % 2 %, BYD 2n
AR TIR B . T ARG 55 BB Y] S AR 0, SRIBTHF
Hep (HES 6, < 0):

{61,09,...,0,}
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K7 SRR E

Gelr RS, A0 0y, 00 X BRI SKBR R TT RS 2 R AR R, B H AR A0 TN
W2 B MU X AP AN T AT B 4 L 0y X RLEOIRER K || N T o SEREHINZEK: | S o
PRI, 7625 FEAR UILI SR A I, AT % BB AN B . 3B e S BER 54T 4 1,
DR 25 2 T R O S BB S 2 . T PRISLL A U TFRA TSk KA, A A 55 S5 p ik,
HUKEE 7(8)oue T By Cs D E VU, Horf B i SRR A Onous, U2 051 BN 25
HIBE ot T2 Ot € (Oout — 27, Oour)» ENENZE BE #543
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K8 ksl

Xt 02 EIRZVREAF I A S LR, FRATRA )@ — b O RE SR A AR A £ (2)*
X S REBEAT Rl A I, BRI GR G s 2 s AR Rl (1 3k AR . L, X TERS ER
kit e S(0p, Rp), FATHFHR AT &AW FIF IR S M. Wil
—E WA, @B K A, AR AWrifi%e S R4, BIRT433]— @ Hg 5 T2 4
WRATH S TV iih B2 1) 4 B g 2 1)

5.4.3 SRR LA B ST

(1) ZiELBEMEHBEN L LIBFAENHE
NP R, 28R e BN A i Sk X IO 4R 1 Sk F AR CGEE AR R ZR =, {E T PTER)
2 mT LAy 0. R N2k I SkEAR AT — BRI, 5k Ae ) — BN, 4 2k,
HIE
Location(F;) € {in, turnl, turn2, out}

FERT SR R AE 2SR Sk i e, KRS A O I B A hr R, KA ITaa i
kKON Bz, y1), WERERARET — BRI IR L O1 (2, y2), XTMRTEAEAN R, N[5
BN ag; MBBEIIIENERE S Cas, ys), WREEARIE — BRI L Og (g, ya), XS ML
1A & PRI AN Beo BT SRAT TR LI E , AT LATHE 7 25 0 Sk
AL IR R AR i 26 b, AR 20 LG T AL E AR b
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K9 fkitor iz K

t=0MZELAETLT B A, WHt <0, RBFATAEMAMZE L, HA
AL ERRETTIFAE R B —h Easad, BTt <0, RFKEAPR S0y -, st
AEER; 10 <t <Rxa, i, BLEFMFRKLMLNE O £, FIHREK Hf
AN, HAIEENZ) ¢ B E AR P(t) = (a4, y) W2 T4

{ cost _ (zi—m2) X (m— 962)1;-(% y2) X (ye—y2)

5=
(2¢ — 22)* + (g — y2)* = R?

W R x oy <1< Rx (a5 +5) B, B FA TR 0, L, HEHIE
24 ¢ 9 for 8 At A2 R

{ COSQ(t_I;XQS) _ 4((903—:04)><(wt—:c4])%42-(y3—y4)X(yt—y4))

(2 —24)* + (e — ya)* = (§)°

MR x (o + 2) <t i, AT TR MR b, 25k a5 48 b 2210 U]
D [IRRAKEN (Tout, Oout)s FETIAT RIS L ¢ IS ERARKE (re, 0;) VAT I BRATAR 73 3K

o m\/1+62d9+ t— (R x (ay+ %)) 17/ V1+62do
(2) f‘%ﬂv‘:ﬂﬁ{:%ﬂﬁtﬂEf%i%ﬁ'\]féﬁ?ﬂ?ﬁﬁﬁ’\]i%ﬁ*ﬁtp
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XTTAHEAETF (P, Pi), HAFZAANAE T Frab i & ) 77 R AT R AN R, AR SR A
LR (A Jr) R — o B SR AT PR 7 AR 2L IR ]
(PP | =286 if i=1
|P,Pyi| = 1.65 if i >=2

|Pif)i+1| = \/(TZ'COSQZ' - Ti+1008¢9i+1)2 + (T’ZSZHQZ - Ti+18in9i+1)2

L ‘61‘4_1 — ¢92| <27

WRAERFNE TP (M £38R, s A AN TR 1 it 2805 R «

(
i = %@' if Location(P;) = in

(riy1c080; 11 — 12)% + (riy18inb;41 — y2)? = R? if Location(P;) = turnl
(rix1c080;1 — 14)% + (riv18inbi1 — ya)? = (%)2 if Location(P;) = turn?2

| ri= _12—-7:@ if Location(P;) = out

BT A B A Bl R ACHEAT R, 72K g AT L AT AL iy b 238 R 1, A
I, FFEA AT — A2 BAE BRSO A S St T I ab i i e 2R A . 2 R AN R i 2
(RIS RO T CRSCH B R fUA =AY NIRZES S TR 4l Ber s /i S TR il
LHEBRS GBS S S TR M2 5 B S A H i 2 B D, S B A BT
FAKR R Prrow, JR B PRnow gl IRz ri R T, DD ae ik S Ui 93 5 (i) %) (2 2 RT3 D A 4T
J& BAE T BT AL () fT 2SR 5 W, X T > 2,47 | PFnovT™| < 1.65, Location(PF™v) = out,
W 5580 Location(Pyy 1) = turn2. 2 HCRIATIEACR M &0 Sk Bg A2 A5 I8 28 1 4 3 F
FEER.

5.4.4 S RMBHIBLINRERR

BRI AR B 1 Sk AR AN A HH IR 1) Y 2k B A LA SN, B SO AS B ME TS
AT T R 1 BE SR A ST PR IE Y, B

a1 = 7y — O — ZOPZ‘PH_l + km

Hr v, ZOP Py HARTETF Py, Py BT EARPRME—f e, T3 T Sk B AR AN AL H gk
I NMEF AL BE BAER LR L RE. AR L, oo 12407 iR AEZ S A
SRR SERE, FTHAHEAFRBZL L oy ISR AR

ay = arctan(%) if Location(P;) = in,out

ag = arctan(%%) if Location(P;) = turnl

g = arctan(%éjo_siz) if Location(P;) = turn2

I RIARAE [vicosan| = [viy1cosf| HUEARR MR U Sk it A2 AN A H MR 2R 11 4 09T T 0k 1

=

Enl»o
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5.4 .5 RBSKES AL

XHFHEE T4l S(0p, Rp), HME—#E WATH S RNL S K [S], RIANEEIIK
|S| B —JueR ¥ |S| = S(0p, Rp), IR AT AL, WEFTR.

(a) AT AT AR %3 1A b) B -ETIEFEER

B 10 B8 DY i 45 A T A

TE A3 2 1) v SR A5 o e Sk T 2, Pl 10 BB C il 28 o, FLF AR T Sk A0 (—3.31, —2.97),
B — BURIRAEAR N 2.6Tm, 19 B B AR AR AR O (1.42, —0.93), Sk 58 s N (3.99, —1.19),
A S TR I | S min = 13.32mo FRHE AL E A B SR ARSI A3 2 2 16 21 1RO T 1
AL E AT, 08k N R R.

x4 AP LSS R
-100 s -50's 0s 50s 100 s
3k (m/s) 1 1 1 1 1

F1HRY (m/s) | 1.002646 | 1.006325 | 1.005782 | 1.006302 | 1.008320
551 W H (m/s) | 1.048483 | 1.050027 | 1.051637 | 1.054200 | 1.045730
55101 55 (m/s) | 1.098232 | 1.098405 | 1.098866 | 1.096084 | 1.096646
55151 S (m/s) | 1.142175 | 1.140774 | 1.143533 | 1.138880 | 1.139467
55201 W E (m/s) | 1.189179 | 1.182567 | 1.184754 | 1.187558 | 1.185684
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=5 YA E SR
-100 s -50s 0s 50s 100 s

J#3k x (m) 8.084881 | 6.760446 | -3.309111 | 5.177005 | 1.733467
Je3k y (m) 2912722 | 1.051647 | -2.972295 | 3.227834 | 7.826349

F1H T x(@m) | 6.761674 | 5848996 | -0.910954 | 5.952622 | 4.330826
B 1S y@m) | 5448215 | 3.762525 | -4.530642 | 0.475014 | 6.629135
%51 Tl x (m) | -10.333491 | -4.401477 | 1.624032 | 0.746747 | -3.431044
B HE y(m) | 3.647071 | -8.584168 | -7.965547 | -3.118731 | 0.181061
%101 W B x (m) | -12.200233 | 9.645740 | 3.811180 | 0.746747 | -3.431044
%101 TG y(m) | -3.987959 | -6.685346 | 9.810463 | -3.118731 | 0.181061
5151 T H x (m) | -14.427314 | 12.690216 | -6.268288 | 0.746747 | -3.431044
F 151 TG y(m) | -1.124084 | -4.621381 | 10.777195 | -3.118731 | 0.181061
25201 WS x (m) | -11.355420 | 9.879573 | -6.104858 | 0.746747 | -3.431044
%5201 T/ B y (m) | 11.185849 | -11.377724 | 12.760584 | -3.118731 | 0.181061
TR (J5) x(m) | -1.866680 | 1.047829 | -2.776066 | 0.746747 | -3.431044
TR (J5) y(m) |-16.438763 | 15.671947 | -14.561777 | -3.118731 | 0.181061

5.5 )@ A AR BN ST 5K R

PRI RNAE BT — IR0 52 SR JEONE S TRk b 2k, Je ks RATHERE, (63 AT
R L AN IS 2 m/so H )R — 0T il R, Je Skl B M AR Ak S S M RN E TR
UL Z L5 % EHERMRENREX R B @ L EsZFEE, v LUHESMEFN
WP, JFIEL IR AR, BRI AT AR AT 2 m/s, RAHE LK
RRATHER L

5.5.1 BBE A

Bt B2 T B 8 SR AR A T R — b vy IS ARG, RS T A AR R B B A5
B, B AR R T MRSl EOTR AR, I &I R R A ME B bR
PRAL. FERFUGACERE T, FATHE AT B, JPRIE IR R, TR T
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Pk iE I S AR A RS, W DA RO TRIE IS, AR EER B AR R R
Algorithm 1 B T~ [Fi%

1: procedure GRADIENTDESCENT(f(X), Xq, 77, €, max_iter)

z WAL xo NPIER R, WE k=0

3 repeat

4 T g = VF(xk)
5: BT Xp 1 = X — 8
6: k+—k+1

7. until ||gx|| < e B3 & > max_iter
8 return x;

9. end procedure

5.5.2 HRADKRE

A Ir1 DY 75 380 1) e RSk i e P 2 b, AN T o T R SRS AL SRASAE R e Sk A T
THRAEMIETRERRE, IR E IR T 2R AT IR T, MRIEEEE T PR
R IRAE TR E Vg :

Umaz = 1.89m/s

Ny REREN
6.1 ERIK A

1. H Bz b WA Yy B BORS B 2 HY 1 AH SR T 8] R B2 R &R
2. TS R, B E B BB ARG TR A LR A R A A A A
3. Ut AL SR ARSI 53 R DA R AL B I

2. FEIR LRI RE P B BAE SR G T VEAAE IR E

6.2 AR =
L REFAO R, B Vigaii R, A ER Tt TSR RE S .

2. FEM LSRR AR A I BUE SR B TT VA —E IR E
&% 3l

[1] j—cﬁw SEIERIHE: T AEW R SO = “RUMAR R e AL A N B H A s 5%
AT Y 24 B 24, 45(03):31-37, 2024.
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[2] XIERZE. FRE R B S R Fer iS5 MR, 48(11):165-174, 2018.

[3] BROCAE. ST mis shRIR i Gl AR B o8 R K. 1157 5 5KER, 36(06):786-787,
2014.
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R A (el —AD

import numpy as np

import pandas as pd

from scipy.integrate import quad
from scipy.optimize import fsolve

import math

# SHRE

spiral_pitch = 0.55 # e & A2, #fr: K (55 cm)
head_speed = 1 # W LWEE, 2. XEH

initial_circle = 16 # kA6 (L & BT & 04 B 4%

time_interval = 300 # Ff[a [A[§, MoF»ZE|300%)

head_length = 2.86 # KLW MEFHKE, H£fI: %k
bench_length = 1.65 # L AANMEFHNKE, #£1L: K (165 cm)
v =1# BLNEEn/s

# WHEEETE (BLEF16HE, AR
initial_angle = 2 * np.pi * initial_circle # % fAZ, #fi: I Z

initial_radius = initial_circle * spiral_pitch # #j# ¥ &1t 4

# it Hb
b = spiral_pitch / (2 * np.pi)

# A HEa

a = initial_radius - b * initial_angle

# U &K R AR B 2
def integrand(theta, a, b):
return np.sqrt(b ** 2 + (a + b * theta) ** 2)

# T H KB B 3k
def arc_length_function(theta, a, b):
arc_length, _ = quad(integrand, O, theta, args=(a, b))

return arc_length

# EREIKL KA A E thetahy B H

def inverse_arc_length(t, a, b, v):

# T E16EIK (o NoZE| 16 B xf 5ty A & 36 BED

arc_length, _ = quad(integrand, O, initial_angle, args=(a, b))

L = arc_length - v * t
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# EX TR KELWEHR
def equation(theta):

return arc_length_function(theta, a, b) - L

# ASEAEMIME, FT LURAE 52 R JL A 2

initial_guess = 2 * np.pi

# (7 Flfsolvek #7712, F Zltheta
theta_solution = fsolve(equation, initial_guess) [0]

return theta_solution

# WAELH T A F thetall H i & F Mixfoy L4,
def compute_coordinates(theta, a, b):

T =a+ b * theta # T H LFF7&

x = r * np.cos(theta) # it HxALAr

y = 1 * np.sin(theta) # 1T HydiF

return x, y

# T E RS T A Etheta T & A Etan WA E
def compute_tangent_angle(theta, a, b):
# ITHE YRR

r = a + b * theta

# 1TH dx/d # dy/d
dx_dtheta = b * np.cos(theta) - r * np.sin(theta)

dy_dtheta = b * np.sin(theta) + r * np.cos(theta)

# LA E
slope = dy_dtheta / dx_dtheta

# HEAE

angle = np.arctan(slope)

return angle

# WHEZAWW=ANAE, =1 a, b, c.

def calculate_angles(a, b, c):

# TEAENARZE

cos_alpha = (b ** 2 + c ** 2 —a ** 2) / (2 *x b * ¢)

cos_beta = (a **x 2 + c *x 2 — b *x 2) / (2 * a * c)

# WHAE GLE)

alpha = np.arccos(cos_alpha)
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beta = np.arccos(cos_beta)

# # HRAEHK
# alpha_degrees = np.degrees(beta)
# beta_degrees = np.degrees(alpha)

return beta,alpha

# HE RN TEONRA GLE

def angle_from_center(x, y, x_center, y_center):
k=math.atan2(y - y_center, x - x_center)
if k<O:

k=k+np.pi*2

return k

# THE=-AVHNAE, %Exy.

def calculate_acute_angle(xl, yl, x2, y2):
# WHBA R Exfry s £ E

dx = x2 - x1

dy = y2 - y1

# WHEA- ARMMLKE
hypotenuse = math.sqrt(dx ** 2 + dy ** 2)

# WHAAWAE (LULE N EAD
# EFdxBdyF A BL, XERNEAdRITEAE
if hypotenuse == 0: # A JEH S4B F WA HREFE N

return 0

acute_angle_radians = math.acos(abs(dx) / hypotenuse)

if acute_angle_radians > np.pi/2:

acute_angle_radians=np.pi-acute_angle_radians

return acute_angle_radians

# RXBBHEHREENMEFHCEEE
def compute_and_save_positions(time_interval, bench_length, a, b, v,
filename="test_positions.xlsx",

filename_radii_angles="test_radii_angles.xlsx", filename_v="test_v.xlsx"):
# BN ERTH
results = {

'Time (s)': [J,

'Head x (m)': [1,

'Head y (m)': []

results_radii_angles = {
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'Time (s)': [,
'Head Radius (m)': [1,
'Head Angle (rad)': []

results_v = {
'Time (s)': [,
'v (m/s)': [

# HTEENMEFALA R RN LE
for t in range(time_interval + 1):
# WHE KA

head_theta = inverse_arc_length(t, a, b, v)

# T E RSk xy AR

head_x, head_y = compute_coordinates(head_theta, a, b)

# 1T H ok ir

head_radius = a + b * head_theta

# (k77 B 1) Am e Sk A AR

results['Time (s)'].append(t)
results['Head x (m)'].append(head_x)
results['Head y (m)'].append(head_y)

# (R TP A0 e Sk M E A
results_radii_angles['Time (s)'].append(t)
results_radii_angles['Head Radius (m)'].append(head_radius)

results_radii_angles['Head Angle (rad)'].append(head_theta)

# (R A IE An e kR B
results_v['Time (s)'].append(t)
results_v['v (m/s)'].append(v)

# RSP ERARFNEE
previous_theta = head_theta

previous_x, previous_y = head_x, head_y
previous_radius = head_radius

previous_v = Vv

for i in range(l, 224): # 223 #: 1/MEL + 2210 % + 1N ER
# ERARAT ERE T - MEFHLE

if i ==

length = head_length

else:

length = bench_length
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def find_next_position(theta):
X, y = compute_coordinates(theta, a, b)

distance = np.sqrt((x - previous_x) ** 2 + (y - previous_y) ** 2)

return distance - length

# AN E R —MEFHAE N E—ADHREE

initial_guess = previous_theta + 0.01

# KMT—MEFHRLE, ARMAEEN

next_theta = fsolve(find_next_position, initial_guess) [0]

# WRAEZETAET2
if next_theta - previous_theta > 2 * np.pi:
next_theta = previous_theta + 2 * np.pi

print('error')

# HIR A E K
if next_theta < previous_theta:

print('error')

# YEEF Wy fr
next_x, next_y = compute_coordinates(next_theta, a, b)

next_radius = a + b * next_theta

# ITHHE

# angle_xy=calculate_acute_angle(previous_x, previous_y, next_x, next_y)

alpha_degrees, beta_degrees=calculate_angles(previous_radius, next_radius, length)

angle_previous = angle_from_center(previous_x, previous_y, O,
0) -compute_tangent_angle(previous_theta, a, b)-alpha_degrees

angle_next = angle_from_center (next_x, next_y, 0, O)-compute_tangent_angle(next_theta, a,
b)-beta_degrees

cos_previous = np.cos(angle_previous)

cos_next =np.cos(angle_next)

next_v = abs((previous_v * cos_previous) / cos_next)

# RESNMEFHMLE

if f'Segment {i} x (m)' not in results:
(]

(]

results[f'Segment {i} x (m)']

results[f'Segment {i} y (m)']

results[f'Segment {i} x (m)'].append(next_x)
results[f'Segment {i} y (m)'].append(next_y)

28



# RESNMEFHIEMAE

if f'Segment {i} Radius (m)' not in results_radii_angles:
results_radii_angles[f'Segment {i} Radius (m)'] = []
results_radii_angles[f'Segment {i} Angle (rad)'] = []

results_radii_angles[f'Segment {i} Radius (m)'].append(next_radius)

results_radii_angles[f'Segment {i} Angle (rad)'].append(next_theta)

# REGNMEFHEE
if f'Segment {i} v (w/s)' not in results_v:

results_v[f'Segment {i} v (m/s)'] = []
results_v[f'Segment {i} v (m/s)'].append(next_v)

# EHW—MEFWLEEE
previous_theta = next_theta

previous_x, previous_y = next_x, next_y
previous_radius = next_radius
previous_v = next_v

# BERRFE Excel XfF

df = pd.DataFrame(results)

df.to_excel(filename, index=False)

print (F"HNMEFHLECRFE '{filename}'.")

# KA EMAELERRFE F— A Excel X

df _radii_angles = pd.DataFrame(results_radii_angles)

df _radii_angles.to_excel(filename_radii_angles, index=False)
print(£"ENMEFHFERAE R F 2 '{filename_radii_angles}'.")

# YviRF 25— Excel X
df _v = pd.DataFrame(results_v)
df_v.to_excel(filename_v, index=False)

print(f”éiﬁ\ﬁﬂ%gﬁﬁvfﬂ@%¢?§U '{filename_v}'.")

# FHEH
def main():

compute_and_save_positions(time_interval, bench_length, a, b, head_speed)

if __name__ == "__main__":

main()

M3k B [a]@ — EE2 M
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import pandas as pd
import matplotlib.pyplot as plt

import numpy as np

# 1B Excel XX fF
file_path = 'dragon_positions_350_415.x1lsx' # f¢ JFl IF #9156 4%
df = pd.read_excel(file_path)

# 1IRA A H4E
df_430_to_440 = df[(df.iloc[:, 0] >= 412.45) & (df.iloc[:, 0] <= 412.48)]

# REERELYDWEIE
time_intervals = df_430_to_440.iloc[::1, 0] # E[H1f0Haf|a &
positions = df_430_to_440.iloc[::1, 1:] # @IV WE L E

# TXAREBEFEMBRINKE

default_bench_length = 2.2 # &
first_bench_length = 3.41 # X, FT % —|4EH
bench_width = 0.3 # X

# HER AT S

def calculate_rectangle_corners(xl, yl, x2, y2, length, width):
# TET R

center_x = (x1 + x2) / 2

(y1 +y2) / 2

center_y

# HHBAH N RZEBAE
angle = np.arctan2(y2 - yl, x2 - x1) # # /| atan2 T EZAE (L)

# WEEVHLKEMETE
half_length = length / 2
half_width = width / 2

# T B A A AN T AR AR
dx_1 = half_length * np.cos(angle) # K)Z 77 [ 8y x (I

dy_l = half_length * np.sin(angle) # KZ 77 [ 8y v (0%
dx_w = half_width * np.sin(angle) # #/Z 771 L8 x i (5KEER)
dy_w = half_width * np.cos(angle) # %/% 77 L&y y (1%

# WA R GRIBAES: A ERE)

cornerl = (center_x - dx_1 + dx_w, center_y - dy_1 - dy_w)
corner2 = (center_x + dx_1 + dx_w, center_y + dy_1 - dy_w)
corner3 = (center_x + dx_1 - dx_w, center_y + dy_1 + dy_w)

corner4 = (center_x - dx_1 - dx_w, center_y - dy_l + dy_w)
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return [cornerl, corner2, corner3, corner4]

# HEHEE (SAT) EEH

def is_overlapping(rectl, rect2):

def project_polygon(axis, polygon):

dots = [np.dot(axis, point) for point in polygon]

return min(dots), max(dots)

def normalize(vector):
length = np.linalg.norm(vector)

return vector / length if length > 0 else vector

# REFAANER N EAA A

for i in range(4):

# WERAN S AWML E W E

edgel = np.array(recti[i]) - np.array(recti[(i + 1) % 41)
edge2 = np.array(rect2[i]) - np.array(rect2[(i + 1) % 41)

# S
axisl = normalize(np.array([-edgel[1], edge1[0]]))
axis2 = normalize(np.array([-edge2[1], edge2[0]]))

# REFANERE B L

minl, maxl = project_polygon(axisl, rectl)
min2, max2 = project_polygon(axisl, rect2)
if maxl < min2 or max2 < minl:

return False

minl, maxl = project_polygon(axis2, rectl)

min2, max2 = project_polygon(axis2, rect2)
if maxl < min2 or max2 < minl:

return False

return True

# LRl EAN N R ERE RN ES

for i in range(len(time_intervals)):

time = time_intervals.iloc[i]

x_positions = positioms.iloc[i, ::2] # #ZElx4r

y_positions = positions.iloc[i, 1::2] # R ElyLir

plt.figure(figsize=(6, 6))

plt.plot(x_positions, y_positions, marker='o', linestyle='-', label=f'Time

# FAEZ A2 AT

rectangles = []
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# B AR E T ANEFEE AR
for j in range(len(x_positions) - 1):
x1, y1 = x_positions.iloc[j], y_positions.iloc[j]

X2, y2 = x_positions.iloc[j + 1], y_positions.iloc[j + 1]

# HE—ANER, FRARKNKE
if j ==

length = first_bench_length
else:

length = default_bench_length

# RBUER By M AT 5
corners = calculate_rectangle_corners(xl, y1, x2, y2, length, bench_width)

rectangles.append(corners)

# RAREEDONE, BHEW
rect_x = [corners[0] [0], corners[1][0], corners[2][0], corners[3][0], corners[0][0]]
rect_y = [corners[0][1], corners[1][1], corners[2][1], corners([3][1], cormers[0][1]]

plt.plot(rect_x, rect_y, 'r-')

plt.title(f'Positions of Dragon at Time {time} s')
plt.xlabel('X Position (m)')

plt.ylabel('Y Position (m)')

plt.legend()

plt.grid(True)

plt.axis('equal') # (RiE M HflAH%

plt.show()

# RNLFE A AWEYEERES

has_overlap = False

for m in range(len(rectangles)):

for n in range(m + 2, len(rectangles)): # BkiTAHATHYAE
if is_overlapping(rectangles[m], rectangles[n]):
print (F" A8 B {time} ¥, #EH® {m} 1 EF {0} FEEE")

has_overlap = True

if not has_overlap:

print (£"ZE R A {time} %, A FHLEHHRETEE")

i C  [BlRE=1KAS

import numpy as np
from scipy.optimize import fsolve
from scipy.integrate import quad

import math
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# SH%E

head_speed = 1 # W kW#EE, HE{L: XKED

initial_circle = 16 # & kA& B & #Y B 4

time_step = 1 # BB H K, #fr:

head_length = 2.86 # K LA NMEFHKE, #£fr: X
bench_length = 1.65 # K AANMEFHNKE, £: K (165 cm)
v=14%#% FkEWEEn/s
target_radius = 4.5 # &R &M, BLHFE

# MHMELHHE (RAXEF16HE, AR
initial_angle = 2 * np.pi * initial_circle # ## /A&, F{r: JlZ

# RO 2K AR o B A AR R 4R
def integrand(theta, a, b):
return np.sqrt(b **x 2 + (a + b * theta) *x 2)

# BT EIK AR
def arc_length_function(theta, a, b):

return quad(integrand, O, theta, args=(a, b)) [0]

# RXRFBINKLR A A E thetal B #K

def inverse_arc_length(t, a, b, v):

arc_length, _ = quad(integrand, O, initial_angle, args=(a, b))
L = arc_length - v *x t

def equation(theta):

return arc_length_function(theta, a, b) - L

initial_guess = 2 * np.pi

theta_solution = fsolve(equation, initial_guess) [0]

return theta_solution

# WRIESL E WA K thetalt H U8 e & F Wxfry 247
def compute_coordinates(theta, a, b):

a + b * theta # ITH YF+#&F

x = r * np.cos(theta) # it HxAHT

r

y = r * np.sin(theta) # 1+ Hydir

return x, y

# THSLAE Y AT S Y R 3

def calculate_rectangle_corners(xl, yl, x2, y2, length, width):
center_x = (x1 + x2) / 2

center_y = (y1 + y2) / 2

angle = np.arctan2(y2 - y1, x2 - x1)

half_length = length / 2
half_width = width / 2
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dx_1 = half_length * np.cos(angle)
dy_1 = half_length * np.sin(angle)
dx_w = half_width * np.sin(angle)
dy_w = half_width * np.cos(angle)

cornerl = (center_x - dx_1 + dx_w, center_y - dy_1 - dy_w)
corner2 = (center_x + dx_1 + dx_w, center_y + dy_1l - dy_w)
corner3 = (center_x + dx_1 - dx_w, center_y + dy_l1 + dy_w)

corner4d = (center_x - dx_l1 - dx_w, center_y - dy_l + dy_w)

return [cornerl, corner2, corner3, corner4]

# A EHEE (SAT) EEH

def is_overlapping(rectl, rect2):

def project_polygon(axis, polygon):

dots = [np.dot(axis, point) for point in polygon]

return min(dots), max(dots)

def normalize(vector):
length = np.linalg.norm(vector)

return vector / length if length > 0 else vector

for i in range(4):
edgel = np.array(rectli[i]) - np.array(recti[(i + 1) % 41)
edge2 = np.array(rect2[i]) - np.array(rect2[(i + 1) % 41)

axisl = normalize(np.array([-edgel[1], edgel1[0]1]))
axis2 = normalize(np.array([-edge2[1], edge2[0]]))

minl, maxl = project_polygon(axisl, rectl)

min2, max2 = project_polygon(axisl, rect2)

if maxl < min2 or max2 < minl:

return False

minl, maxl = project_polygon(axis2, rectl)

min2, max2 = project_polygon(axis2, rect2)
if maxl < min2 or max2 < minl:

return False

return True

# RXRHUHHENMECTFHONE, Sl

def compute_positions_and_check_collisions(spiral_pitch, v, target_radius, bench_length):
# Wi E K

initial_angle = 2 * np.pi * initial_circle # %/ Z, #fi: ILE
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AN

initial_radius = initial_circle * spiral_pitch # Mt FE AT 5

b = spiral_pitch / (2 * np.pi)
a = initial_radius - b * initial_angle
t =0

while True:

# WERKAE

head_theta = inverse_arc_length(t, a, b, v)

head_x, head_y = compute_coordinates(head_theta, a, b)

head_radius = a + b * head_theta

if head_radius <= target_radius:

break

rectangles = [] # T A HTN & L AT
previous_theta = head_theta

previous_x, previous_y = head_x, head_y

# WHE—NZWTE 223 MER

for i in range(223):

length = head_length if i == 0 else bench_length

def find_next_position(theta):

X, y = compute_coordinates(theta, a, b)

distance = np.sqrt((x - previous_x) ** 2 + (y - previous_y) ** 2)

return distance - length

next_theta = fsolve(find_next_position, previous_theta + 0.01) [0]

next_x, next_y = compute_coordinates(next_theta, a, b)

corners = calculate_rectangle_corners(previous_x, previous_y, next_x, next_y, length, 0.3)

rectangles.append(corners)

previous_theta = next_theta

previous_x, previous_y = next_x, next_y

# RERN: FARF — B 2 6 2

has_collision = False

for m in range(len(rectangles)):

for n in range(m + 2, len(rectangles)): # HkifAH4[4E #
if is_overlapping(rectangles[m], rectangles([n]):
has_collision = True

break

if has_collision:

break

if has_collision:
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return False # % A4 /lii%

t += time_step
return True # XA X A fi#E

# TEH

def main():

min_pitch = None

for spiral_pitch in np.arange(0.55, 0.30, -0.01):

if compute_positions_and_check_collisions(spiral_pitch, v, target_radius, bench_length):
min_pitch = spiral_pitch

print (£"#K 3| T £ A 89 H/NEFE: {min_pitch:.2f}")

else:

print (f" A 42 {spiral_pitch:.2f}")

if min_pitch is None:

print ("FT R B AL AT ME. ")

if __name__ == "__main__":

main()

fR D (el R B AT

import numpy as np
import matplotlib.pyplot as plt
from scipy.optimize import fsolve

import pandas as pd

# ZHRE
spiral_pitch = 1.7 # #2F
R = 4.5 # VLEMFAE

# HANBE AR r=b*x , NMEKEE
def inward_spiral(theta, b):

return b * theta

# HHELTE: r=-bx , NRESESE
def outward_spiral(theta, b):

return -b * theta

# 2T EOKARE: WEBEL S5RLERNZ A

def find_intersection_in(b, spiral_func):

def intersection_eq(theta):

return spiral_func(theta, b) - R # HMEL& FF% T LE FFR
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theta_guess = 1.0 # /%

theta_solution = fsolve(intersection_eq, theta_guess) [0]
r_intersection = spiral_func(theta_solution, b)
X_intersection = r_intersection * np.cos(theta_solution)
y_intersection = r_intersection * np.sin(theta_solution)

return theta_solution, x_intersection, y_intersection

# Rk WEBLERLENRK R
def find_intersection_out(b, spiral_func):
def intersection_eq(theta):

return spiral_func(theta, b) - R

theta_guess = 1.0

theta_solution = fsolve(intersection_eq, theta_guess) [0]
r_intersection = spiral_func(theta_solution, b)

x_intersection = r_intersection * np.cos(theta_solution + np.pi)
y_intersection = r_intersection * np.sin(theta_solution)

return theta_solution, x_intersection, y_intersection

# WEHNEEEX AN LA E
def calculate_tangent_angle(theta_inward, b):
r = inward_spiral(theta_inward, b)

b #dr/d =D

dr_dtheta
dx_dtheta = dr_dtheta * np.cos(theta_inward) - r * np.sin(theta_inward)
dy_dtheta = dr_dtheta * np.sin(theta_inward) + r * np.cos(theta_inward)
tangent_angle = np.arctan2(dy_dtheta, dx_dtheta)

return tangent_angle

# T H B 1A E 2897 K

def calculate_tangent_point(x_center_circlel, y_center_circlel, x_center_circle2,
y_center_circle2, radius_circlel, radius_circle2):

# VR EA T ECE S W — NS R

ratio = radius_circlel / (radius_circlel + radius_circle?2)

x_tangent = x_center_circlel + ratio * (x_center_circle2 - x_center_circlel)

y_tangent = y_center_circlel + ratio * (y_center_circle2 - y_center_circlel)

return x_tangent, y_tangent

# ITEIK (R4 or i#H4T)

def calculate_arc_length(xl, y1, x2, y2, radius, clockwise=True):
# WHECA GUEFD

anglel = np.arctan2(yl, x1)

angle2 = np.arctan2(y2, x2)

# WHAEZ
delta_angle = angle2 - anglel
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# X TIRE4 7 MeyEL, AEENAAE
if clockwise:

if delta_angle > O:

delta_angle -= 2 * np.pi

# THEA T HE2, AEZNAEHE
else:

if delta_angle < O:

delta_angle += 2 * np.pi

# TEIK
arc_length = radius * abs(delta_angle)

return arc_length

# BHAEHELETE, RERE r TEEEBELARLHKRAE theta
def calculate_spiral_angle(cut_x, cut_y, b):
# TERE ¢

r = np.sqrt(cut_x ** 2 + cut_y ** 2)

# Wit r = -b * theta, XfFf theta
theta = -r / b

return theta

# T

def main():

b = spiral_pitch / (2 * np.pi)
print (F"$2FE 54 b = {b:.4£}")

# BMANELSHELENR A
theta_inward, x_inward_intersection, y_inward_intersection = find_intersection_in(b,

inward_spiral)

# HHEA S RELE R A
theta_outward, x_outward_intersection, y_outward_intersection = find_intersection_out (b,

outward_spiral)

# F2EIANEE: &BE&E
theta_outward_B = theta_outward + np.pi

theta_outward_E = theta_outward

# H71H%Z move_angle HYILAZ
results = [1 # Jl TIRF#HIE
for move_angle in np.linspace(0.01, np.pi, 100):
print ("2 X move_angle: {move_angle:.4f} JLE")

# B ENBENT R

theta_inward_moved = theta_inward - move_angle
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x_inward_moved = inward_spiral(theta_inward_moved, b) * np.cos(theta_inward_moved)

y_inward_moved = inward_spiral(theta_inward_moved, b) * np.sin(theta_inward_moved)

# TTHHNTSAE

tangent_angle = calculate_tangent_angle(theta_inward_moved, b)

# ¥4 B 3 E R

theta_vals_B_E = np.linspace(theta_outward_E, theta_outward_B, 500)
r_outward_B_E = outward_spiral(theta_vals_B_E, b)

x_outward_B_E = r_outward_B_E * np.cos(theta_vals_B_E + np.pi)

y_outward_B_E = r_outward_B_E * np.sin(theta_vals_B_E)

# 17 184

for radius_circlel in np.linspace(2, 4.5, 1000):

radius_circle2 = radius_circlel / 2

normal_angle = tangent_angle + np.pi / 2

x_center_circlel = x_inward_moved + radius_circlel * np.cos(normal_angle)

y_center_circlel = y_inward_moved + radius_circlel * np.sin(normal_angle)

circle2_centers = []

tangent_points = []

for angle_shift in np.linspace(0, 2 * np.pi, 1000):
x_center_circle2 = x_center_circlel + (radius_circlel + radius_circle2) * np.cos(angle_shift)

y_center_circle2 = y_center_circlel + (radius_circlel + radius_circle2) * np.sin(angle_shift)

if np.sqrt(x_center_circle2**2 + y_center_circle2*x2) > R:

continue

distances = np.sqrt((x_outward_B_E - x_center_circle2)**2 + (y_outward_B_E -
y_center_circle2)**2)

min_distance = np.min(distances)

cut_x, cut_y = x_outward_B_E[np.argmin(distances)], y_outward_B_E[np.argmin(distances)]
cut_distance_to_origin = np.sqrt(cut_x**2 + cut_y**2)

center_distance_to_origin = np.sqrt(x_center_circle2**2 + y_center_circle2**2)

if center_distance_to_origin < cut_distance_to_origin and np.abs(min_distance -
radius_circle2) < le-6:

x_tangent, y_tangent = calculate_tangent_point(

x_center_circlel, y_center_circlel,

x_center_circle2, y_center_circle2,

radius_circlel, radius_circle2

)

circle2_centers.append((x_center_circle2, y_center_circle2))

tangent_points.append((x_tangent, y_tangent))

print(f" HKE|F AL E2 (move_angle = {move_angle:.4f}, ¥4 : {radius_circlel:.2f}),
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Eo: ({x_center_circle2:.4f}, {y_center_circle2:.4f})")
print(f" E15E 2817 & 2L 45: ({x_tangent:.4f}, {y_tangent:.4f})")

# ITHE1WIK ORE4D
arc_length_circlel = calculate_arc_length(x_inward_moved, y_inward_moved, x_tangent,
y_tangent,

radius_circlel, clockwise=True)

# HHE20IK (EET4D)

arc_length_circle2 = calculate_arc_length(x_tangent, y_tangent, cut_x, cut_y, radius_circle2,
clockwise=False)

# Bk

arc_length = arc_length_circlel + arc_length_circle2

# TESHEA LR AE

spiral_angle = calculate_spiral_angle(cut_x, cut_y, b)

# RELERIFHF

results.append ({
"inl_theta": theta_inward_moved,#[F15 4 N\ 24 e V] & A F
"inl x": x_inward_moved,# [E15 & N\ 3% 899 & LA
"inl_y": y_inward_moved,
"point_1_x": x_center_circlel,
"point_1_y": y_center_circlel,# [& 1[H /& AHT
"r_1": radius_circlel,# [F1*¥7%
"point_2_x": x_center_circle2,
"point_2_y": y_center_circle2,# [F2[F L AAR
"r_2": radius_circle2,# [F2¥7%
"point_1_2_x": x_tangent,# [E 15 [E2017] & LR
"point_1_2_y": y_tangent,
"out2_x": cut_x,# E25%H
"out2_y": cut_y,
"cut_point_angle": spiral_angle,
"arc_length_circlel": arc_length_circlel,
"arc_length_circle2": arc_length_circle2,
"arc_length": arc_length

b

# 4 KRR 2|Excel
df = pd.DataFrame(results)
df .to_excel("output_new.xlsx", index=False)

print ("% R & 77 Floutput_new.x1lsx X+ ")

if __name__ == "__main__":

main()
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MR E [elEIOALE FOR AR

import pandas as pd

import math

import numpy as np

from scipy.integrate import quad
from scipy.optimize import fsolve

import matplotlib.pyplot as plt

# SHERE

spiral_pitch = 1.7 # 2

time_step = 1 # ATHF K, #£f:

v=1# ELWHEEn/s

head_length = 2.86 # AkH MEFHKE, #f1: X
bench_length = 1.65 # K HFH MEFHNKE, #: % (165 cm)

###############ﬁﬁ@%####################
# WE=RAPW=ANAE, $E=1 a, b, c.

def calculate_angles(a, b, c):

# WEAENARE
cos_alpha = (b ** 2 + ¢ **x 2 - a *x 2) / (2 * b * ¢)

cos_beta = (a ** 2 + c %% 2 — b **x 2) / (2 * a * c)

# WEAE GLED
alpha = np.arccos(cos_alpha)

beta = np.arccos(cos_beta)

return beta,alpha

def calculate_tangent_angle(x0, yO, x1, y1):

nnn

WHEEAR (x1, y1) AWTEHHAA.

x0, yo: [E/Q Yy &AR
x1, yi: tﬂﬁijiﬁﬁéﬁﬁﬁ

R ;
mewmat A GLED

# TEMEHHE
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if y1 != yO:
slope = -(x1 - x0) / (y1 - yo0)

else:

slope = float('inf') # WREHT y %
# TEHAA

if slope != float('inf'):

angle = math.atan(slope)

else:

angle = math.pi / 2 # EEANMA AN /2
return angle

# T E R RS T A E thetalL BN & A Etan WA E
def compute_tangent_angle(theta, a, b):
# ITH LR

r = a + b *x theta

# 1HE dx/d # dy/d
dx_dtheta = b * np.cos(theta) - r * np.sin(theta)
dy_dtheta = b * np.sin(theta) + r * np.cos(theta)

# LA E
slope = dy_dtheta / dx_dtheta

# tHEAE

angle = np.arctan(slope)

return angle

HERHHHH

def distance(xl, y1, x2, y2):

o 2 B

return np.sqrt((x2 - x1) *x 2 + (y2 - yl) ** 2)

def circle_equation(x, y, x_center, y_center, r):
" E 742 (x - x_center)”2 + (y - y_center)”2 = rT2"""

return (x - x_center) *x 2 + (y - y_center) ** 2 - r ** 2

def find_angle(x, y, x_center, y_center):
"""‘H’ﬁ/‘}\/‘:J@J,E]ié/‘]ﬁ]/g"""

return np.arctan2(y - y_center, x - x_center)

def solve_point_on_arc(x4, y4, 1, x3, y3, r, theta_start, theta_end):
ok BEEE (x5, y5), HALEEI 5T KDER H1
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def equations(vars):

x5, y5 = vars

distance(x4, y4, x5, y5) - 1 # DEJE % 41 %

eq2 = circle_equation(x5, y5, x3, y3, r) # E&AZ[E E

eql

return [eql, eq2]

# AN R WA E
theta_mid = (theta_start + theta_end) / 2
x_guess = x3 + r * np.cos(theta_mid)

y_guess = y3 + r * np.sin(theta_mid)

# £ flfsolvek fE & — M

solution_1 = fsolve(equations, [x_guess, y_guess])

# BT E B F MR KB E M (I 7 —12)

theta_guess_alternate = theta_mid + np.pi # #Fill 7 — -

x_guess_alternate = x3 + r * np.cos(theta_guess_alternate)

y_guess_alternate = y3 + r * np.sin(theta_guess_alternate)

# £ fsolve R if & — M

solution_2 = fsolve(equations, [x_guess_alternate, y_guess_alternate])

# 1R [Ex A AR/ B AR

if solution_1[0] < solution_2[0]:
return solution_1

else:

return solution_2

def find_point_on_arc2(x1l, yl1, x2, y2, x3, y3, x4, y4, 1):

nnn

WH RERM LA, HREEEIN L, H5DRER H1.

W

%

- xi, yi: BEILLEEA
- x2, y2: B EB
- x3, y3: EC

- x4, y4: B4 ED

- 1: CHRDIENES

R E
- BEWAAR (x5, y5)

# HEAR
r = distance(x1, y1, x3, y3)
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# T EAFBH A E
theta_start = find_angle(x1l, y1, x3, y3)
theta_end = find_angle(x2, y2, x3, y3)

#

result = solve_point_on_arc(x4, y4, 1, x3, y3, r, theta_start, theta_end)

x5, y5 = result

return x5, yb5

HEHHHHHHE R R
def calculate_positionl(xl, yl, x2, y2, r, v, t):
theta_0 = np.arctan2(y2 - y1, x2 - x1)

omega = v / r

theta = theta_0 - omega * t # A4t je4s /A Z

px = x1 + r * np.cos(theta)

py = y1 + r * np.sin(theta)

return px, py

def calculate_position2(x1, yi1, x2, y2, r, v, t):
theta_0 = np.arctan2(y2 - yl1, x2 - x1)

omega = v / r

theta = theta_O+ omega * t # M %fjE 4% fA £ 3
px = x1 + r * np.cos(theta)

py = y1 + r * np.sin(theta)

return px, py

def calculate_clockwise_arc(xl, y1, x2, y2, x3, y3):

nnn

HEAE A (x1, y1) Z A B (x2, y2) LAEN (x3, y3) A FQIRA4HE

x1, yl: & A B A (R4 £
x2, y2: & B WyAAR (4B
x3, y3: BB AAR

& H

JIlf Bt 4t 50 Z theta_clockwise

# HHEE 0A f1 OB

OA_x, OA_y = x1 - x3, y1 - y3
0B_x, OB_y = x2 - x3, y2 - y3

# TEREKE

OA_length = math.sqrt(0A_x ** 2 + OA_y *x 2)
0B_length = math.sqrt(0B_x ** 2 + OB_y ** 2)
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# TEEE AN
dot_product = OA_x * OB_x + OA_y * OB_y

# ITELANE (THFEABRNLE)
cos_theta = dot_product / (0OA_length * 0B_length)

theta = math.acos(cos_theta)

# IHEXR
cross_product = OA_x * 0B_y - OA_y * OB_x

# WRXA N A, WANRE4 7 E, EEREZILE
if cross_product < O:

theta_clockwise = theta

else:

# TN ASEE T E, RAIIEN 2 - EREAIUE
theta_clockwise = 2 * math.pi - theta

return theta_clockwise

SR e R

# T Xkl

def parameter_k1_circlel(v, t, R, x1, yl, x2, y2):

a=vx*xt/R

cos_value = math.cos(a)

k = ((cos_value * R * R) / (x1 - x2)) + x2 + y2 * ((y1 - y2) / (x1 - x2))

return k

def parameter_k1_circle2(v, t, R, x1, yl, x2, y2):

a=vx*t/ (R/2)

cos_value = math.cos(a)

k = ((cos_value * R * R) / (4 *x (x1 - x2))) + x2 + y2 * ((y1 - y2) / (x1 - x2))

return k

# E k2
def parameter_k2(xl, yl1, x2, y2):
k= ((y1 - y2) / (x1 - x2))

return k

# & Xa
def parameter_a(k2):
k =1+ k2 x k2

return k
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def parameter_b(kl, k2, x2, y2):
k=2 % k2 x (k1 - x2) + 2 * y2

return -k

# & Xc
def parameter_c_circlel(kl, x2, R):
k= (k1 -x2) * (k1 - x2) - R *R

return k

def parameter_c_circle2(kl, x2, R):
k=(kl-x2) * (k1 -x2) - R*R/ 4

return k

# TR RA
def solve_quadratic(a, b, c):
# ITEHAAK A = b2 - dac

discriminant = b **x 2 - 4 *x a * c

# WRHAFXAHEHE, FLHM

if discriminant >= O:

sqrt_discriminant = math.sqrt(discriminant)

x1 = (-b + sqrt_discriminant) / (2 * a)

x2 = (b - sqrt_discriminant) / (2 * a)

return x1, x2

else:

return 0, O

# ¢ ARXNTEZo, BEZHKME

# sqrt_discriminant = math.sqrt(-discriminant)
# real_part = -b / (2 * a)

# imaginary_part = sqrt_discriminant / (2 * a)
#

return (real_part + imaginary_part * 1j, real_part - imaginary_part * 1j)

# LB LK AR B 3K
def integrand(theta, a, b):
return np.sqrt(b ** 2 + (a + b * theta) *x 2)

# E T HEIK B R K
def arc_length_function(theta, a, b):
arc_length, _ = quad(integrand, O, theta, args=(a, b))

return arc_length
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# EXREINKLE M A Z thetatly B K

initial_circle = 16 # 7 kWtb (& BT 15 o B 4%
# MBEETH (RAEF160, AR
initial_angle = 2 * np.pi * initial_circle # % f /%, #fi: ILE

def inverse_arc_length(t, a, b, v,initial_angle):
# T E16EIK (o NoZ|16 B T 5 & f 2 36 B

arc_length, = quad(integrand, 0, initial_angle, args=(a, b))

L = arc_length - v * t

# RXFRE: KELWZEE
def equation(theta):

return arc_length_function(theta, a, b) - L

# AR IE, T DUREEZTE LA E

initial_guess = 2 * np.pi

# (£ flfsolvesk i 7712, # Fltheta
theta_solution = fsolve(equation, initial_guess) [0]

return theta_solution

# 4%

# ROUREINKLRAR f £ thetat & £

def inverse_arc_length_out(t, a, b, v, initial_angle):
# HEABIK (Ra NoBIATHE A B

initial_arc_length, _ = quad(integrand, O, initial_angle, args=(a, b))

# REHEHE ALK CRIKD

L = initial_arc_length + v * t

# RXFE: IKEL=E
def equation(theta):

return arc_length_function(theta, a, b) - L

# MheRENE, ¥ LURE LT E LR E

initial_guess = 2 * np.pi
# £l fsolvekff 712, X Z|theta

theta_solution = fsolve(equation, initial_guess) [0]

return theta_solution

47



# RABL 1A E thetalt H R e & E ooy 47,
def compute_coordinates(theta, a, b):

r =a+ b * theta # ITH YH ¥

r * np.cos(theta) # IFHx4ix

y = r * np.sin(theta) # I HyL4ir

X

return x, y

def angle_from_center(x, y, x_center, y_center):
# WE AN TEROHRA GLED

return math.atan2(y - y_center, x - x_center)

HEFHHHEE R R

def point_on_circle(x_center, y_center, radius, angle):

WEEC, FEMAE, HHE L8247,

X = x_center + radius * math.cos(angle)
y = y_center + radius * math.sin(angle)

return x, y

def find_point_on_arc(x_centerl, y_centerl, radiusl,x_center2, y_center2, radius2, x_startl,
y_startl,x_start2, y_start2, x_endl, y_endl,x_end2, y_end2, x1, yi,

length,next_class,previous_theta,theta_inward_moved,cut_point_angle):

HKEEN LN, ZAFEHEL (x1, y1) WEHEH length.

W

S8

x_center, y_center: [& /U MAT
radius: [EM¥7E

x_start, y_start: B B 2 8 AL A
x_end, y_end: [BEIJLMIZ & AAT
x1, yl: B g1 A 4R

length: EI\ Lo &5 Bl S

(x_centerl, y_centerl, radiusi,
x_center2, y_center2, radius2,
x_startl, y_startil,

x_start2, y_start2,

x_endl, y_endl,

x_end2, y_end2,

x1, yl, length)

B E

El £S5 S1803EH 4 length MY EH AT (x_result, y_result)
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if next_class==2:
# TR AL SR A
start_angle = math.atan2(y_startl - y_centerl, x_startl - x_centerl)

end_angle = math.atan2(y_endl - y_centerl, x_endl - x_centerl)

# I E AT A K
arc_length_total = calculate_clockwise_arc(x_startl, y_startl, x_endl, y_endl, x_centerl,

y_centerl)

# HATER, REERIEEHN length B X
for i in range(1000):

x_circle, y_circle = find_point_on_arc2(x_startl, y_startl, x_endl, y_endl, x_centerl,
y_centerl, x1, y1, length)

# AREXTEWAENLE

angle = start_angle - (i / 1000.0) * arc_length_total # % &R 477 x| 49l &

# HEREI EH R

x_circle, y_circle = point_on_circle(x_centerl, y_centerl, radiusl, angle)

# HHEN LR B E A1

distance = math.sqrt((x_circle - x1) ** 2 + (y_circle - y1) ** 2)

# WREBEAERNKE, BEAR
if abs(distance - length) < 5e-2:

print('next_class==2"')

H# O OH O H OHF OH OH OH O H H O H H H

return x_circle, y_circle, theta_inward_moved

return x_circle, y_circle, theta_inward_moved
# return 0,0,0 # WREAHKEAEMN L, EE None

elif next_class == 3:

x_circle, y_circle = find_point_on_arc2(x_start2, y_start2, x_end2, y_end2, x_center2,
y_center2, x1, yi,
length)

return x_circle, y_circle, cut_point_angle

# 4 WER L CHRA

# start_angle = math.atan2(y_start2 - y_center2, x_start2 - x_center2)

# end_angle = math.atan2(y_end2 - y_center2, x_end2 - x_center2)

#

# # 1 Enif A7 HE LK

# arc_length_total = np.pi*2-calculate_clockwise_arc(x_start2, y_start2, x_end2, y_end2,
x_center2, y_center2)

#

## HTHE, RS ELUEBE Y length WA

# for i in range(1000):
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# ERERXFENAELE
angle = start_angle - (i / 1000.0) * arc_length_total # ¥ Bnd Bt 41 77 1 X 2050

# TEEI LR

x_circle, y_circle = point_on_circle(x_center2, y_center2, radius2, angle)

# WHEI Loy s B AR

distance = math.sqrt((x_circle - x1) ** 2 + (y_circle - yl1) *x* 2)

# WREBEAERWKE, BEZR
if abs(distance - length) < le-2:

print ('next_class==3")

H = H H H OH OH OH OH OH OH O H O

return x_circle, y_circle,cut_point_angle
#

# return 0,0 ,0 # WE L HHKE SEH L, & E None
elif next_class ==

# 1T b

b = spiral_pitch / (2 * np.pi)

# TEAIEF Fa

a=0

def find_next_position(theta):

X, y = compute_coordinates(theta, a, b)

distance = np.sqrt((x - x1) ** 2 + (y - yl) ** 2)

return distance - length

# MBFENEA W —MEFHAE P LMD

initial_guess = previous_theta + 0.01

# RMT—MEFHMLE, #RAZEN

next_theta = fsolve(find_next_position, initial_guess) [0]

# BRAEZES 2
if next_theta - previous_theta > 2 * np.pi:
next_theta = previous_theta + 2 * np.pi

print('error')

# R
if next_theta < previous_theta:

print('error')

# LRI FHxyfor

next_x, next_y = compute_coordinates(next_theta, a, b)

return next_x, next_y , next_theta# WRXHLZE| LHEH &, & [E None
elif next_class ==

# &b
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b = -spiral_pitch / (2 * np.pi)

# T EAIE ¥ Fa

a=20

def find_next_position(theta):

X, y = compute_coordinates(theta, a, b)

distance = np.sqrt((x - x1) ** 2 + (y - y1) ** 2)

return distance - length

# WEFENENT— M EFWAE M - HEE

initial_guess = previous_theta - 0.01

# KRBT AEFUEE, HEA TSN

next_theta = fsolve(find_next_position, initial_guess) [0]

# YR FHxyfir

next_x, next_y = compute_coordinates(next_theta, a, b)

return next_x, next_y , next_theta# W R X HKE SEH L, &I None
else:

return 0,0,0

# AT —ANEET—&
def judge(pl,p2,t1,t2,t3,t4,t5,t6,f,m):

#pl,p2 A B AAT, t1-t2 4 F —NEEE t3-t4 N B N EEE th-t6 N F N EBEL I ERA

1, 2, 3, 4 mAHIWES
hi=(p1l-t1)**2+(p2-t2) **2
h2=(p1-t3) **2+ (p2-t4) **2
h3=(p1-t5) **2+ (p2-t6) **2

h = min(h1,h2,h3)

if f ==

return 1

elif h == hl and £ == 2 and h < m:
return 1

elif h == hl and £ == 2 and h >= m:
return 2

elif h == h2 and f == 2 :

return 2

elif h == h2 and == 3 and h < m:
return 2

elif h == h2 and f == 3 and h >= m:
return 3

elif h == h3 and f == 3 :

return 3

elif £ == 4 and h < m:
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return 3

elif £ == 4 and h >= m:
return 4

# else:

# # print('not class')

SRR R e s R
# TEHK

def main():

# 3B Excel Xff

file_path = "output_new.xlsx" # i N {REy X B E

df = pd.read_excel(file_path)

# REBE—ATHE
first_row = df.iloc[2] # B F —1T

# BE AN ERESL T E

theta_inward_moved = first_row['inl_theta']

x_inward_moved = first_row['inl_x']

y_inward_moved = first_row['inl_y']

x_center_circlel = first_row['point_1_x']

y_center_circlel = first_row['point_1_y']

radius_circlel = first_row['r_1']

x_center_circle2 = first_row['point_2_x']

y_center_circle2 = first_row['point_2_y']

radius_circle2 = first_row['r_2']

x_tangent = first_row['point_1_2_x']

y_tangent = first_row['point_1_2_y']

cut_x = first_row['out2_x']

cut_y = first_row['out2_y']

cut_point_angle=first_row['cut_point_angle']

arc_length_circlel = calculate_clockwise_arc(x_inward_moved, y_inward_moved, x_tangent,
y_tangent, x_center_circlel, y_center_circlel)*radius_circlel

arc_length_circle2 = (2*np.pi-calculate_clockwise_arc(x_tangent, y_tangent, cut_x, cut_y,
x_center_circle2, y_center_circle2))*radius_circle2

arc_length = arc_length_circlel+arc_length_circle2

# ke BUE 77 ik

positions_inward_x = []

positions_inward_y = []
positions_outward_x = []
positions_outward_y = []

# Ao (CHIE 77 ik

positions = []
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# W ER T M
results = {
'Time (s)': [1,
'Head x (m)': [],
'Head y (m)': []

results_v = {
'Time (s)': [1,
'v (m/s)': [1
}
# 4 ¢ A -100 % 100
for t in np.arange(-100, 101, 1):
# 7EE L

if 0 < v * t < arc_length_circlel:

solve_x, solve_y=calculate_positionl(x_center_circlel, y_center_circlel, x_inward_moved,

y_inward_moved, radius_circlel, v, t)
head_theta=theta_inward_moved
head_class=2
# ZEE 2
elif arc_length_circlel <= v * t <= arc_length:
t_2 = (t - arc_length_circlel)

solve_x, solve_y = calculate_position2(x_center_circle2, y_center_circle2, x_tangent,

y_tangent, radius_circle2, v, t_2)

head_class 3

head_theta = cut_point_angle

# L
elif -101 < v*t <= 0O:

initial_radius = initial_circle * spiral_pitch # #]#5*&E 1145

# T Hb
b = spiral_pitch / (2 * np.pi)

# T EAEF Fa

53



a = initial_radius - b * initial_angle

# TERLHAE

head_theta = inverse_arc_length(t, a, b, v,theta_inward_moved)

#ﬁﬁi%%w%ﬁ
solve_x, solve_y = compute_coordinates(head_theta, a, b)

head_class = 1

# TE R KW

head_radius = a + b * head_theta

positions_inward_x.append(solve_x)

positions_inward_y.append(solve_y)

# HHEE

elif arc_length <= v*t < 101:

a=0# BIEFFENO (HHBXIAEIN

b = -spiral_pitch / (2 * np.pi) # MZJE

head_theta = inverse_arc_length_out(t-arc_length, a, b, v,-cut_point_angle)
solve_x, solve_y = compute_coordinates(head_theta, a, b)

head_class = 4

positions_outward_x.append(solve_x)

positions_outward_y.append(solve_y)

# A ER SR RAEFHEE

positions_for_t = []

previous_theta = head_theta

previous_x, previous_y = solve_x, solve_y
#previous_radius = head_radius

previous_v = v

previous_class=head_class

# print(head_class)

# (R AR A0 Sk AT

results['Time (s)'].append(t)
results['Head x (m)'].append(solve_x)
results['Head y (m)'].append(solve_y)

# (R AR A R Sk R B
results_v['Time (s)'].append(t)

54



results_v['v (m/s)'].append(v)

for i in range(1, 224): # 223 F: 1M kL + 22108 + 14 EE

# ERRATERAT - MEFHLE
if i ==

length = head_length

else:

length = bench_length

#T—MNMEFHERE

next_class = judge(previous_x, previous_y, x_inward_moved, y_inward_moved, x_tangent,
y_tangent, cut_x, cut_y,

previous_class,length)

# T FHxy

next_x, next_y ,next_theta= find_point_on_arc(x_center_circlel, y_center_circlel,
radius_circlel,

x_center_circle2, y_center_circle2, radius_circle2,

x_inward_moved, y_inward_moved,

x_tangent, y_tangent,

x_tangent, y_tangent,

cut_x, cut_y,

previous_x, previous_y,length,next_class,

previous_theta,

theta_inward_moved,cut_point_angle)

# print(1, next_x, next_y)

# print(2, previous_x, previous_y)

# if next_x==0 and next_y==0 and next_theta==0:

# print (t,i,'',previous_class,'finderror',next_class)
# else:

# print(t, i,'',previous_class, 'find', next_class)

previous_distance=(previous_x*previous_x+previous_y**2)**0.5
next_distance = (next_x*next_x+next_y**2)*x0.5

# print (3, ((next_x-previous_x)**2+(next_y-previous_y)**2)**0.5)

if next_class==2 or next_class==3:
length_ab=distance(previous_x, previous_y,next_x, next_y)
else:

length_ab =length

alpha_degrees, beta_degrees = calculate_angles(previous_distance, next_distance, length_ab)
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if previous_class==1 or previous_class==

tan_angle_previous = compute_tangent_angle(previous_theta, a, b)

elif previous_class==2 :

tan_angle_previous = calculate_tangent_angle(x_center_circlel, y_center_circlel, previous_x,
previous_y)

elif previous_class==3 :

tan_angle_previous = calculate_tangent_angle(x_center_circle2, y_center_circle2, previous_x,

previous_y)

if previous_class == 1 or previous_class ==

tan_angle_next =compute_tangent_angle(next_theta, a, b)

elif previous_class ==

tan_angle_next = calculate_tangent_angle(x_center_circlel, y_center_circlel, next_x, next_y)
elif previous_class ==

tan_angle_next = calculate_tangent_angle(x_center_circle2, y_center_circle2, next_x, next_y)

angle_previous = angle_from_center(previous_x, previous_y, O, 0) - tan_angle_previous -
alpha_degrees

angle_next = angle_from_center(next_x, next_y, 0, 0) - tan_angle_next - beta_degrees

cos_previous = np.cos(angle_previous)

cos_next = np.cos(angle_next)

next_v = abs((previous_v * cos_previous) / cos_next)

t REGMEFHME

if f'Segment {i} x (m)' not in results:
[

[

results[f'Segment {i} x (m)']

results[f'Segment {i} y (m)']

results[f'Segment {i} x (m)'].append(next_x)
results[f'Segment {i} y (m)'].append(next_y)

t REENMEFHNEE
if f'Segment {i} v (m/s)' not in results_v:
results_v[f'Segment {i} v (m/s)'] = []

results_v[f'Segment {i} v (m/s)'].append(next_v)

# EFW—MEFHAENRE

# FREMIFHME
positions_for_t.append([t, next_x, next_y])
previous_theta = next_theta

XX=next_x

xxx=next_y

previous_x= XX

previous_y= XXX
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# previous_radius = next_radius
previous_v = next_v

previous_class = next_class

# TFiE224 E AL AR

positions.append(positions_for_t)

filename = "Q4/test_positions.xlsx"

filename_v = "Q4/test_v.xlsx"

# WHERRAFE Excel Xf
df = pd.DataFrame(results)
df .to_excel(filename, index=False)

print(f"E#NMEFWAECRFE '{filename}'.")

# KvRFE 5 —A Excel Xff
df_v = pd.DataFrame(results_v)
df_v.to_excel(filename_v, index=False)

print(£"H M EFHvE(RFE '{filename_v}'.")

if __name__ == "__main__":

main()

MR F (el RS

import pandas as pd

import math

import numpy as np

from scipy.integrate import quad
from scipy.optimize import fsolve

import matplotlib.pyplot as plt

# 2HHRE

spiral_pitch = 1.7 # MZJE

time_step = 1 # H[EF K, #fr:
head_length = 2.86 # KXW AMEFHKE, #£fr: %
bench_length = 1.65 # K EFANMEFHKE, £ (. K (165 cm)

###############ﬂﬁE{####################
# TEZAPN=IAE, #E=1 a, b, c.

def calculate_angles(a, b, c):
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# TEAEHNARKE
cos_alpha = (b #*x 2 + c ** 2 — a *x 2) / (2 * b * c)

cos_beta = (a ** 2 + c ** 2 — b *x 2) / (2 * a * c)

# tEAE LB
alpha = np.arccos(cos_alpha)

beta = np.arccos(cos_beta)

return beta,alpha

def calculate_tangent_angle(x0, yO, x1, yi1):

WHEAE S (x1, y1) AW La9H4A A .

4
x0, yO: [ 8 4R
x1, yil: P14 2892

R ;

WEWBAA GLUED

# THE AR E

if y1 != yO:

slope = -(x1 - x0) / (y1 - yO)
else:

slope = float('inf') # WREAT y %

# T E A A

if slope != float('inf'):
angle = math.atan(slope)
else:

angle = math.pi / 2 # FEHEWMA AN /2

return angle

# T E R RS T A Etheta N & 4t Etan WA E
def compute_tangent_angle(theta, a, b):
# ITH L4~

r = a + b x theta

# 1TH dx/d Fo dy/d
dx_dtheta = b * np.cos(theta) - r * np.sin(theta)

dy_dtheta = b * np.sin(theta) + r * np.cos(theta)

# I E A
slope = dy_dtheta / dx_dtheta
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# HERE

angle = np.arctan(slope)

return angle

HEHAHHEHAHHAHBHHEH R R RS

def distance(xl, y1, x2, y2):
w5 2 M B

return np.sqrt((x2 - x1) *x 2 + (y2 - yl) ** 2)

def circle_equation(x, y, x_center, y_center, r):
" E B 72 (x - x_center)”2 + (y - y_center)”2 = r-2""

return (x - x_center) *x 2 + (y - y_center) *x 2 - r ** 2

def find_angle(x, y, x_center, y_center):
lllllliﬁ-ﬁ}}\[ﬁjl‘g\iulﬁ\%ﬁ])gllllll

return np.arctan2(y - y_center, x - x_center)

def solve_point_on_arc(x4, y4, 1, x3, y3, r, theta_start, theta_end):
o KMEAE (x5, y5), H£3LEEI L35 P4 KDER AL

def equations(vars):

x5, yb5 = vars

eql = distance(x4, y4, x5, y5) - 1 # DEMI & 4%

eq2 = circle_equation(x5, y5, x3, y3, r) # EAZEF L

return [eql, eq2]

# AR AE N AR T E A E
theta_mid = (theta_start + theta_end) / 2
x_guess = x3 + r * np.cos(theta_mid)

y_guess = y3 + r * np.sin(theta_mid)

# 1 Flfsolve ki & — M

solution_1 = fsolve(equations, [x_guess, y_guess])

# B A6 2 R KR — A RV 7 — 32D
theta_guess_alternate = theta_mid + np.pi # /7l %7 — /- f#
x_guess_alternate = x3 + r * np.cos(theta_guess_alternate)

y_guess_alternate = y3 + r * np.sin(theta_guess_alternate)

# # Flfsolve kKM & — NN

solution_2 = fsolve(equations, [x_guess_alternate, y_guess_alternate])

# R Ex AR /N R
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if solution_1[0] < solution_2[0]:
return solution_1
else:

return solution_2

def find_point_on_arc2(x1l, y1, x2, y2, x3, y3, x4, y4, 1):

TTERENALR, EREEEIN L, H5DHER 1.

4

- x1, yi: EJRLHE HA
- x2, y2: B EB
- x3, y3: N

- x4, y4: BEHAD

- 1: B ADEIEMNES

I

- BEWVAAF (x5, y5)

# TEEE

r = distance(x1l, yi1, x3, y3)

# 1T HAFIBHY A E
theta_start = find_angle(x1l, yi1, x3, y3)
theta_end = find_angle(x2, y2, x3, y3)

# 9

result = solve_point_on_arc(x4, y4, 1, x3, y3, r, theta_start, theta_end)

x5, yb5 = result

return x5, yb

HEHHHHEH R R AH B HAH R RS R AR S R R R R R R
def calculate_positionl(xl, y1, x2, y2, r, v, t):
theta_0 = np.arctan2(y2 - y1, x2 - x1)

omega = v / r

theta = theta_0 - omega * t # JTAF4f/E 4% A & e /b

px = x1 + r * np.cos(theta)

Py = y1 + r * np.sin(theta)

return px, py

def calculate_position2(x1l, y1, x2, y2, r, v, t):
theta_0 = np.arctan2(y2 - y1, x2 - x1)
omega = v / T

theta = theta_0+ omega * t # I i 4 i 4% f /£ 42 /i

px = x1 + r * np.cos(theta)

Py = y1 + r * np.sin(theta)
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return px, py

def calculate_clockwise_arc(xl, y1, x2, y2, x3, y3):

nnn

TEME A (x1, y1) El & B (%2, y2) MEN (x3, y3) K F QAR 4IUE .

4

x1, yl: & A B4R (4% &)
x2, y2: M B B4R (1R £D
x3, y3: EQHAAR

R [E
JIfi B4t 50 theta_clockwise

# 15 =E 0A 7 0B

OA_x, OA_y = x1 - x3, y1 - y3
0B_x, OB_y

x2 - x3, y2 - y3

# THERNEKE
0A_length = math.sqrt(0A_x **x 2 + OA_y *x 2)

0OB_length = math.sqrt(0B_x ** 2 + OB_y ** 2)

# THHE AN
dot_product = OA_x * OB_x + OA_y * OB_y

# TEXANE (BFENENLED
cos_theta = dot_product / (OA_length * 0B_length)

theta = math.acos(cos_theta)

# 1HHE XM
cross_product = OA_x * OB_y - OA_y * OB_x

# R XA, N AR 477, HER EZIE
if cross_product < O:

theta_clockwise = theta

else:

# T H a4t 77m, WE4IE N 2 - HE4ILE
theta_clockwise = 2 * math.pi - theta

o

return theta_clockwise

S R e R R R R RS R
# T Xkl

def parameter_k1_circlel(v, t, R, x1, y1, x2, y2):
a=v*t/R

cos_value = math.cos(a)

k = ((cos_value * R * R) / (x1 - x2)) + x2 + y2 *x ((y1 - y2) / (x1 - x2))
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return k

def parameter_k1_circle2(v, t, R, x1, y1, x2, y2):

a=vx*xt/ (R/2)

cos_value = math.cos(a)

k = ((cos_value * R * R) / (4 * (x1 - x2))) + x2 + y2 * ((y1 - y2) / (x1 - x2))

return k

# & Xk2
def parameter_k2(x1, y1, x2, y2):
k= ((y1 - y2) / (x1 - x2))

return k

# % la
def parameter_a(k2):
k =1+ k2 x k2

return k

# &b
def parameter_b(kl, k2, x2, y2):
k=2x* k2 x (kl - x2) + 2 x y2

return -k

# & Xc
def parameter_c_circlel(kl, x2, R):
k= (k1 -x2) * (k1 - x2) - R xR

return k

def parameter_c_circle2(kl, x2, R):
k= (kl-x2) x (ki -%x2) ~-R*xR/ 4

return k

# - Uk HAEA
def solve_quadratic(a, b, c):
# TEH A A = b2 - 4ac

discriminant = b **x 2 - 4 x a *x c

# WRAF KN ERE, HILHME
if discriminant >= O:

sqrt_discriminant = math.sqrt(discriminant)
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x1 = (-b + sqrt_discriminant) / (2 * a)

x2 = (-b - sqrt_discriminant) / (2 * a)
return x1, x2

else:

return 0, O

# # AFRANTER, BEZHH

# sqrt_discriminant = math.sqrt(-discriminant)
# real_part = -b / (2 * a)

# imaginary_part = sqrt_discriminant / (2 * a)
#

return (real_part + imaginary_part * 1j, real_part - imaginary_part * 1j)

# & OCHR R LK AR 2B AR R 4
def integrand(theta, a, b):
return np.sqrt(b **x 2 + (a + b * theta) *x 2)

# DU E K B %
def arc_length_function(theta, a, b):
arc_length, _ = quad(integrand, O, theta, args=(a, b))

return arc_length

# R XRAEINKLR A A Z thetatl B K

initial_circle = 16 # & kAL & AT & 09 B
# WHEHETE (BLEF16HE, AL
initial_angle = 2 * np.pi * initial_circle # ¥ fAZ, #Ffi: JZ

def inverse_arc_length(t, a, b, v,initial_angle):
# WH16EINK (o NoZE|16 B X M i A &t D

arc_length, _ = quad(integrand, O, initial_angle, args=(a, b))
L = arc_length - v * t

# RX7R: IKELHZE
def equation(theta):

return arc_length_function(theta, a, b) - L

# Wi ENE, T OURE LR EILAE

initial_guess = 2 * np.pi

# 1 flfsolvesk # 712, K Z|theta
theta_solution = fsolve(equation, initial_guess) [0]

return theta_solution
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# 4%

# EXRIEINKLRAR A E theta il B %

def inverse_arc_length_out(t, a, b, v, initial_angle):
# HEAEIK (o hoBAT% /A B

initial_arc_length, _ = quad(integrand, O, initial_angle, args=(a, b))

# WA E I LB IK CRIED

L = initial_arc_length + v * t

# EX B NKELWER
def equation(theta):

return arc_length_function(theta, a, b) - L

# AR, FT LURAE 2 R JL A 2

initial_guess = 2 * np.pi

# (7 Flfsolvek #7712, F Zltheta
theta_solution = fsolve(equation, initial_guess) [0]

return theta_solution

# WMAELH T A thetall H i & F Mixfoy L 4r,
def compute_coordinates(theta, a, b):

T =a+ b * theta # T H LFF7&F

x = r * np.cos(theta) # T HxALAr

y = r * np.sin(theta) # 1T HyAiF

return x, y

def angle_from_center(x, y, x_center, y_center):
# WH A TEROHWR A GLUE

return math.atan2(y - y_center, x - x_center)

S e e s e e e e

def point_on_circle(x_center, y_center, radius, angle):

nnn

REE Q. FEMAE, HE LR LAT.
nnn

x = x_center + radius * math.cos(angle)
y = y_center + radius * math.sin(angle)

return x, y

def find_point_on_arc(x_centerl, y_centerl, radiusl,x_center2, y_center2, radius2, x_startl,
y_startl,x_start2, y_start2, x_endl, y_endl,x_end2, y_end2, x1, yi,

length,next_class,previous_theta,theta_inward_moved,cut_point_angle):
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KEEN L g, ZEEIEAMEL (x1, y1) WIEH A length.

L2 &

x_center, y_center: [E /AR
radius: [FE@YF4E

x_start, y_start: [EILeA & 4L4F
x_end, y_end: [EIFNMTA & LAR
x1, yl: B8R 1H AR

length: [EJL L&y &5 B & ByEE

(x_centerl, y_centerl, radiusi,
X_center2, y_center2, radius2,
x_startl, y_startl,

x_start2, y_start2,

x_endl, y_endl,

x_end2, y_end2,

x1, y1, length)

R [
Bl b5 S1HEE X length BB HY AR AT (x_result, y_result)

if next_class==2:
# ITEREFML BT A
start_angle = math.atan2(y_startl - y_centerl, x_startl - x_centerl)

end_angle = math.atan2(y_endl - y_centerl, x_endl - x_centerl)

# A A7 B EK
arc_length_total = calculate_clockwise_arc(x_startl, y_startl, x_endl, y_endl, x_centerl,

y_centerl)

# HITHE, KEEGELIEE N length WA
for i in range(1000):

x_circle, y_circle = find_point_on_arc2(x_startl, y_startl, x_endl, y_endl, x_centerl,
y_centerl, x1, yl, length)
# BRERTFAWAEMLE
angle = start_angle - (i / 1000.0) * arc_length_total # 1% f&JFAT 4t 77 || 29 &

# A EI L8R

#
#
#
#
# x_circle, y_circle = point_on_circle(x_centerl, y_centerl, radiusl, angle)
#
#
#
#
#

# WHEN LW AR TR RLWEER

distance = math.sqrt((x_circle - x1) ** 2 + (y_circle - yl1) *x* 2)
# WREBHENEANKE, BEHZA
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# if abs(distance - length) < 5e-2:
# print ('next_class==2')

# return x_circle, y_circle, theta_inward_moved

return x_circle, y_circle, theta_inward_moved
# return 0,0,0 # WHEEHKE|SER E, & E None

elif next_class == 3:

x_circle, y_circle = find_point_on_arc2(x_start2, y_start2, x_end2, y_end2, x_center2,
y_center2, x1, yi,
length)

return x_circle, y_circle, cut_point_angle

# # ITH R EA MR A

# start_angle = math.atan2(y_start2 - y_center2, x_start2 - x_center2)

# end_angle = math.atan2(y_end2 - y_center2, x_end2 - x_center2)

i

# # W Eni 47 MK

# arc_length_total = np.pi*2-calculate_clockwise_arc(x_start2, y_start2, x_end2, y_end2,
x_center2, y_center2)

#

# # AT R, REGELEE N length X

# for i in range(1000):

#  # BAREXRTANAEMLE

angle = start_angle - (i / 1000.0) * arc_length_total # 1% PM&nift4t 77w X| 49L&

# T HEILH R

x_circle, y_circle = point_on_circle(x_center2, y_center2, radius2, angle)

# WHEN LR BRI ES

distance = math.sqrt((x_circle - x1) ** 2 + (y_circle - y1) ** 2)

# WMRAEREAEIANKE, EEZA
if abs(distance - length) < le-2:

print ('next_class==3")

H OH OH O OH OH O H O H O H O H OH OH O

return x_circle, y_circle,cut_point_angle
i

# return 0,0 ,0 # WE W HKI AEHE, EE None
elif next_class ==

# T HD

b = spiral_pitch / (2 * np.pi)

# T EATIE ¥ e

a=0

def find_next_position(theta):

X, y = compute_coordinates(theta, a, b)

distance = np.sqrt((x - x1) ** 2 + (y - yl) *x 2)
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return distance - length

# AEEIE A — MEFHAE N E— AP E

initial_guess = previous_theta + 0.01

# KRBT —MEFNRLE, #RAZENE

next_theta = fsolve(find_next_position, initial_guess) [0]

# HiRAEZETHEL2
if next_theta - previous_theta > 2 * np.pi:
next_theta = previous_theta + 2 * np.pi

print('error')

# HIRAEH
if next_theta < previous_theta:

print('error')

# % %ﬁfﬁ%ﬁ’ﬂxyﬁ”r

next_x, next_y = compute_coordinates(next_theta, a, b)

return next_x, next_y , next_theta# WXRIHKE AL &, & E None
elif next_class ==

# 1T HDb

b = -spiral_pitch / (2 * np.pi)

# AT e
a=0

def find_next_position(theta):

X, y = compute_coordinates(theta, a, b)

distance = np.sqrt((x - x1) ** 2 + (y - yl) ** 2)

return distance - length

# AEEIE A — MEFHAE I E— AP E

initial_guess = previous_theta - 0.01

# KRBT —MEFNRLE, RRAZENE

next_theta = fsolve(find_next_position, initial_guess) [0]

# % %@?E%Q’ﬂxy*ﬂr

next_x, next_y = compute_coordinates(next_theta, a, b)

return next_x, next_y , next_theta# WXRIHKE AL H, & E None
else:

return 0,0,0

# BT — MR ET— B
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def judge(pl,p2,tl1,t2,t3,t4,t5,t6,f,m):

#pl,p2 A RAAE, t1-t2 A F — N EER t3-t4 N B N EHER th-t6 Y F =N EEL EHFER

1, 2, 3, 4 mAHWER
h1=(p1-t1)**2+(p2-t2)**2
h2=(p1-t3)**2+(p2-t4) **2
h3=(p1-t5) **2+(p2-t6) **2

h = min(h1,h2,h3)

if f ==

return 1

elif h == hl and £ == 2 and h < m:
return 1

elif h == hl and f == 2 and h >= m:
return 2

elif h == h2 and f == 2 :

return 2

elif h == h2 and f == 3 and h < m:
return 2

elif h == h2 and £ == 3 and h >= m:
return 3

elif h == h3 and f == 3 :

return 3

elif £f == 4 and h < m:

return 3

elif f == 4 and h >= m:

return 4

# else:

i # print('not class')

I T T L L I L L T L L A L
# EEHK

def main():

# B Excel X fF

file_path = "output_new.xlsx" # B N {R8 Xt %147

df = pd.read_excel(file_path)

# REE—ATHE
first_row = df.iloc[2] # I —AT

§ BB —THE N KEREL T E
theta_inward_moved = first_row['inl_theta']
x_inward_moved = first_row['inl_x']
y_inward_moved = first_row['inl_y']
x_center_circlel = first_row['point_1_x']
y_center_circlel = first_row['point_1_y']
radius_circlel = first_row['r_1']

x_center_circle2 = first_row['point_2_x']
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y_center_circle2 = first_row['point_2_y']

radius_circle2 = first_row['r_2']

x_tangent = first_row['point_1_2_x']

y_tangent = first_row['point_1_2_y']

cut_x = first_row['out2_x']

cut_y = first_row['out2_y']

cut_point_angle=first_row['cut_point_angle']

arc_length_circlel = calculate_clockwise_arc(x_inward_moved, y_inward_moved, x_tangent,
y_tangent, x_center_circlel, y_center_circlel)*radius_circlel

arc_length_circle2 = (2*np.pi-calculate_clockwise_arc(x_tangent, y_tangent, cut_x, cut_y,
x_center_circle2, y_center_circle2))*radius_circle2

arc_length = arc_length_circlel+arc_length_circle2

# Wi BIE o

positions_inward_x

(]
(]

positions_outward_x = []

positions_inward_y

positions_outward_y = []

# AT AL HIE R

positions = []

# M ERTH
results = {
'Time (s)': [J,
'Head x (m)': [1,
'Head y (m)': []

results_v = {
'Time (s)': [J,
'v. (m/s)': []
}
for v in np.arange(0, 2, 0.01):
# it® ¢ A -100 % 100
for t in np.arange(-100, 101, 1):
# ZEEG

if 0 < v * t < arc_length_circlel:

solve_x, solve_y = calculate_positionl(x_center_circlel, y_center_circlel, x_inward_moved,

y_inward_moved, radius_circlel, v, t)

head_theta = theta_inward_moved

]
N

head_class
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# £ [ 9N2

elif arc_length_circlel <= v * t <= arc_length:
t_2 = (t - arc_length_circlel)
solve_x, solve_y = calculate_position2(x_center_circle2, y_center_circle2, x_tangent,

y_tangent,

radius_circle2, v, t_2)

head_class 3

head_theta = cut_point_angle

# HNERL
elif -101 < v x t <= 0:

initial_radius = initial_circle * spiral_pitch # #j# ¥ & 1t4

# T Hb
b = spiral_pitch / (2 * np.pi)

# T EATIE ¥ e

a = initial_radius - b * initial_angle

# HERKWAE

head_theta = inverse_arc_length(t, a, b, v, theta_inward_moved)

# T E RSk Mixy 24T
solve_x, solve_y = compute_coordinates(head_theta, a, b)

head_class = 1

# ITE R KW

head_radius = a + b * head_theta

positions_inward_x.append(solve_x)

positions_inward_y.append(solve_y)

# 2 HEL

elif arc_length <= v * t < 101:

0 # BEFENO (EHBELZAARES
-spiral_pitch / (2 * np.pi) # 2JF

a

b

head_theta = inverse_arc_length_out(t - arc_length, a, b, v, -cut_point_angle)

solve_x, solve_y = compute_coordinates(head_theta, a, b)
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head_class = 4

positions_outward_x.append(solve_x)

positions_outward_y.append(solve_y)

# HER AP REBTHRE

positions_for_t = []

previous_theta = head_theta

previous_x, previous_y = solve_x, solve_y
# previous_radius = head_radius
previous_v = v

previous_class = head_class

# print(head_class)

# (R A IR A Sk A AT

results['Time (s)'].append(t)
results['Head x (m)'].append(solve_x)
results['Head y (m)'].append(solve_y)

# (RAF A1 An g kR B
results_v['Time (s)'].append(t)
results_v['v (m/s)'].append(v)

for i in range(l, 224): # 223 ¥: 17k + 2210 k& + INERE

# ERARATEXRE T M EFHLE
if i ==

length = head_length

else:

length = bench_length

# T MNEFRERA

next_class = judge(previous_x, previous_y, x_inward_moved, y_inward_moved, x_tangent,
y_tangent, cut_x,

cut_y,

previous_class, length)

#ﬁ%%w

next_x, next_y, next_theta = find_point_on_arc(x_center_circlel, y_center_circlel,
radius_circlel,

x_center_circle2, y_center_circle2, radius_circle2,

x_inward_moved, y_inward_moved,

x_tangent, y_tangent,

x_tangent, y_tangent,

cut_x, cut_y,

previous_x, previous_y, length, next_class,
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previous_theta,

theta_inward_moved, cut_point_angle)

# print(1l, next_x, next_y)

# print(2, previous_x, previous_y)

# if next_x==0 and next_y==0 and next_theta==0:

# print (t,i,'',previous_class, 'finderror',next_class)
# else:
# print(t, i,'',previous_class, 'find', next_class)

previous_distance = (previous_x * previous_x + previous_y ** 2) **x 0.5

next_distance = (next_x * next_x + next_y ** 2) **x 0.5

# print (3, ((next_x-previous_x)**2+(next_y-previous_y)**2)**0.5)

if next_class == 2 or next_class ==
length_ab = distance(previous_x, previous_y, next_x, next_y)
else:

length_ab = length

alpha_degrees, beta_degrees = calculate_angles(previous_distance, next_distance, length_ab)

if previous_class == 1 or previous_class ==

tan_angle_previous = compute_tangent_angle(previous_theta, a, b)

elif previous_class ==

tan_angle_previous = calculate_tangent_angle(x_center_circlel, y_center_circlel, previous_x,
previous_y)

elif previous_class ==

tan_angle_previous = calculate_tangent_angle(x_center_circle2, y_center_circle2, previous_x,

previous_y)

if previous_class == 1 or previous_class ==

tan_angle_next = compute_tangent_angle(next_theta, a, b)

elif previous_class ==

tan_angle_next = calculate_tangent_angle(x_center_circlel, y_center_circlel, next_x, next_y)
elif previous_class ==

tan_angle_next = calculate_tangent_angle(x_center_circle2, y_center_circle2, next_x, next_y)

angle_previous = angle_from_center(previous_x, previous_y, 0, 0) - tan_angle_previous -
alpha_degrees

angle_next = angle_from_center(next_x, next_y, 0, 0) - tan_angle_next - beta_degrees

cos_previous = np.cos(angle_previous)

cos_next = np.cos(angle_next)

next_v = abs((previous_v * cos_previous) / cos_next)

if next_v >2:
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# B —MEFHNEAEE
# FHEEMEFHOME

positions_for_t.append([t, next_x, next_yl)

previous_theta = next_theta

XX = next_x

XXX = next_y

previous_x = XX

previous_y = XXX

# previous_radius = next_radius
previous_v = next_v

previous_class = next_class

# #2244 F A AR

positions.append(positions_for_t)

if __name__ == "__main__":

main()

73



	一、 问题重述
	二、 问题分析
	2.1 问题一的分析
	2.2 问题二的分析
	2.3 问题三的分析
	2.4 问题四的分析
	2.5 问题五的分析

	三、 模型假设
	四、 符号说明
	五、 模型的建立与求解
	5.1 问题一模型的建立与求解
	5.1.1 舞龙队盘入位置模型
	5.1.2 舞龙队盘入速度模型
	5.1.3 模型求解与灵敏度分析

	5.2 问题二模型的建立与求解
	5.2.1 舞龙队碰撞检测模型
	5.2.2 模型求解与可视化

	5.3 问题三模型的建立与求解
	5.3.1 调头空间最小螺距模型
	5.3.2 最小螺距的求解

	5.4 问题四模型的建立与求解
	5.4.1 调头路径模型
	5.4.2 约束条件下S形曲线的解空间
	5.4.3 含掉头路径和盘出曲线的位置模型
	5.4.4 含调头路径和盘出螺线的速度模型
	5.4.5 模型求解与可视化

	5.5 问题五模型的建立与求解
	5.5.1 梯度下降法
	5.5.2 模型求解


	六、 模型的评价
	6.1 模型的优点
	6.2 模型的缺点

	参考文献
	附录 A 问题一代码
	附录 B 问题二重叠检测代码
	附录 C 问题三代码
	附录 D 问题四路径计算代码
	附录 E 问题四位置及速度代码
	附录 F 问题五代码

