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M. {LLl 025 X ANLESES K.

Stepl: iEEL 027 BEMEEEAN, 1345680 EAMBEBEZESHEH AR
(OFAREALE). LEANGBEEES M (XeE A5 3 KRR, BFREEHD
#3), RiAB AT,



Fo

M 16 F R -HitEEHNEERR
i /T09=a, £902=8. hENBHILAXRS K, o 8=/ 0 EHEHY
A 500 (REEHESHEA, FEEZESHEANKNESLE 3). id
T — E'Il ra]rs y= [Eﬂol E“"]‘:"]:“* wr H b
fola, B, V) =|lz—yl 3= (@—50°)*+ (8—50°)?

Jo FEOBMBIEANSS . K, IR MEXAN BEREO8 006,56k - VLK
ABL 9 Ah e, TEAK e M IENTE K L0 W%, H bR EUA R M

3 AlEEFEn

2 3 4 5
027 (70°, 10%) (30°, 50%) (30°, 507)
038 (70°. 30%) (70°, 10%) (507, 307)
049 (50°, 50°) (70°, 30%) (70°, 107)
015 (70°. 30%) (50°, 50°) (70°, 30%)
016 (70°, 10°) (50°, 30%) (50°, 30%) (70°, 107)

g% BEALEFHR

6 7 8 9
027 (70°, 10%) (70°, 30%) (50°, 507)
038 (50°. 307) (70°, 10°) (70°, 30°)
049 (50°, 30%) (50°, 30°) (70°, 10%)
015 (707, 107) (30°, 307) (507, 307} (707, 107)
016 (70°, 30°) (50°, 50%) (70°, 30°)

Step2: EHL 038 =HURRMES EAN, KN 1245679 Wi IE 2 S I EH M
¥ OATHERE. HEHAR sepl, BHEHEHE .
Step3: ILHL 049 =RUREGHES AN, KNP 1235678 #2535 H{EHE
82 O AT EME), MEH R Sepl, BaBinchhb .
Stepd: G015 Z5REHES EAN, EAHL 2346789 ¥ 512 (8 S IR H M
15



¥, @A RE Stepl, BIFEHIZ Y.

StepS: HEEL 016 SHSEHESTAN, TAN 2345789 BT H S W
%, %5 AR Stepl, HEBIEGEC Ny, .

Step6: B HEAREMAEn, DiTHAEER. HiLLE R Riithe. o2 HY
N EEE—-FAEE. ST ALY R TR

# 4 PR MWW EENGLARRN

KilE 0 1 2-9
A U 0 0 do

BB R4 <2< 8=6040 . WMEFRFEAN 0, 1 BRAh) EB IR
n. Ho>nfd, Wz CHABLSEH. &N, o=nfd. EE Stepl 424 1%,
Step7: JE SR FAR MR HL
P=v Ut U U Uy U T Vs Ty

BEiEX I NETEALEER.

EE, we o, B UFHEANG, FREHMBABN NN ERRE. EL2RHR
RS SRR ANLA S REVIFIS R 2 S EE. EANFRARELRHRER
A R A%, REEAEREANIEE AL .

g LBk, ARZMENREETRERIDT:

SRR L
AN R

WWiTE =027, 018 049,
005, 06T RIE AR
Lo 5
—_— e, AR
TR A | MEEAE AN 3. T
AT ST | 1} e ]
| Sl A | MER T
| T : |
ER02 T S E L | . HEAMI DN (RS
13456R T, IR IR
R
R0 38 ek 2, i
— AT A 1245679 Sl ims . Sm, PR RE
— TANEESEANL d EWoRGSn |
BT L :
Fer——— 1 RO R, | EBIEFURRETL AR, BT
FETAT0e, 048, 1235678 HEmaLiv | B, S0
DSHREESEANL, — | W= aonees
] WA YRS |
B0 1 Sk, =5 D Pshar |
BEATD NG st i

Y. MR l

EANL, METANNRY m—

|
o TSR, T samuassen

234LT BG aEen R :

TR AN (0.1 “-t—- R EuREan _.i BinSEE, BIEETTR |

— ———
IR T

SN I L :

P — =wET |

M =11 -x L1
|

17 HEME R
5.3. 3 BAMKIES{FA
W IR T BAT B R R iR 8E . E AL il v A BT LB EE A R

&



W, AT A AT (L, M RKEES RidiKe=0.2, MELK
b=0.01 OXARALAHERREMEMM), HS Python B RATEIE.

{7 SURAR B 3 2R 1 B BRI (A1 (9 G 5) <
arg min f, = > [Angle((@.,y.), (2. +ib,y. + jb), (0,0)) — Ideal,o]*

b, fuRREANA @=2,3,,9) 0 H IR, Angle{A, B, 0) #5ill
AO H5il1BO iy ¥ fi, Idealyy %R AHLy, 0 KIS 5w HEUUT A5 S A B AR 44
FRER=EENL, oBEAME TR T ERERT AN, o B

A H o e RS PR M R ES R IT .

MR CHRYCEBBN E=AEANEMES) SRS Yo B e
b EEAEARRIE ) 8 5E 5 0 AR R L 2 4.

#5 Fmsds. HR-SHR_FERTSE R SELE

EABLG S iR HER— HEZ
0 (0, 0) (0, 0) (0, 0)
| (100, 0) (100, 0) (100, 0)
2 (98, 40.10) (99.9932, 40.0051) (100.0009, 40.0015)
3 (112,80.21) (99,9969, 80.0075) (99.9987, 80.0019)
4 (105, 119.75)  (99.9967, 120.0052) (100.0004, 119.9974)
5 (98, 159.86)  (99.9959, 160.0013) (99.9993, 159.9959)
6 (112, 199.96)  (99.9953,200.0066)  (100.0013, 199.9993)
7 (105,240.07) (999986, 240.0064)  (100.0036, 240.0014)
8 (98,280.17)  (100.0037,280.0031)  (100.0019. 279.9975)
9 (112,320.28) (100,005, 320.0043) (99.9979, 320.0007)
NP G . UL FE i BB 5 J5 38— o 9 VA Re5e i 1) L. DL A
P 18:

BUREREE ALERATEE

g R e EOR

17



B 18 JE FAREE AT A . FALH S R AR BT R . PR T R i S
FiatbelE. wLlEH, ARG, EANGHECSREEIENLARET . ALl ST
SR E R, SRS, AL S Ay LU A B R R
Ja I L

HE-S5HFE M4 R R EE R g, pe E 19 B

o f T
| # —— MRARENE&TELLEMES
oo \ . . ! . o RARNNEETEAMSHES

MH-\

0 1 2 3 &5 & 7 & 9 10 11 12 13 14 15 16 17 48 1% 20
BEERN
Hio 25K MeRpwiie{ind
PR e S Be R 2 00 T S IR B U Y LA 0.2 5

¥ 6 FRAREREERABXT ST RKAEM

[l 1 2 3 4 1 [ 7 g
HR= DOMGO 190606 1.24e-06  8.36e-07  7.26e-06 5.96e-06  5.96e-06  5.96c-06
¥ 00956 00523 0046 00302 00254 00160 00067 00009

W 6 TR A4 TR B iR 25 50 T 65 4 B 2 ) AL e O
g v 9 10 11 12 13 14 15 16

TR 59606 596e-06 596e-06 5.96e-06 3596e-06 596e-06 5.96e-06 5 96e-06
HE— 00002 5.35¢-05  5.35¢-05  5.35¢-05  5.35e-05  1.0le-05  T.42e-05  7.42¢-05

L A R a] LAt R s i

1) FR_AEHEEERH BT Rl E

FECAEWF VNG, SRR EEN 0.1 BB T 1.901e-06, /% 24
7 A i AR BR R 2 0.1 G/ E 00067, B R T L ANLIE% 640 — 64
W, Ak e R s ok nl LLgE A E AR AN S . WBD R — AT R AL I i
480 =48 XT=2336 Ik, /E kA o L b FEHh e, WaES s
.

2) AR _MERRRRENRSILTEE N TR 2R AR el

HE e R IRZERR 6 MG EBEE 5.961e-06, HEZMERINEER
FHE 15 IO A BEE (E 7.42e-05.

SRR, AN, RGBS R, Ll R s

13



AR EEAERENREE. A TEEOENE. PRBEMRE, £RE%R
WEETTR™RET 0, RAREEIC-10 MM EEE,

Fo AU BEEE AT N R AT, B RS FR, MR AR, LW
SRR RS . FEHBILEE RS S R e S M T BN

P27 R LA A b i ok i PG 15V 8 S h e i IE T SRR B S8R H AR
REORME, — AR R M (M) . EHFHEN e, FR-RER
B B(S 5480 (a/b)2 0, HETWERHEEE 5640 % (afb)? . LA
WEWAN, FRE-TER RS S48 x7x(0.2/0.01)* =134400 /%, i HE
U W64 x1x (0.2/0.01)% =25600 %, £ 901HE 19%. MRS, it
HE T AER.

vk, EmEi-EetiEEE s (2 1344000 2560 R LR EME, HMN
HATHEAE—. FEZREREME DS UREFHDSTRIER, SEANLRFEE
WHEE.

i BBk, MRESRMEEESREHETME T, FRZ BERERE
HEE ERAEANERES, AR,

WEERMRE, BRAEGHSIE TR BRI T, SEA
PGS RSN AR L, A R R T .

5.4 EREM: EREIHREFEELGR

5.4.1 1Bt igLE

E5 SER G 0 TR 2 A0 JE A HLHETE SR BN BA T . BEATAEEE, £E 9 M AT b i g
FEIEE A S 0h AR I R A HETE SR PABA T . R, B EpSIE, fh
{114 5 2 R A B B4R 1E
< Bl 1. SEFRPEURE=AEN=E444,B,C, 5—ELACHIERAD.

o] LUl =R, MAABCIER AMHRIE=ME, SBihelsh, HD{EH

AC t:

W—i: HABCHE, HEED. 5 LADC=180°, {18 D il ®iE%
FEiAC £, tmE 20 BT 1 R,

$—-#%. SABDTE, BELAC. 54 LACD=0°, LDCB=/BCA -
60° , HEHASCTEIRAD B 2C=060°, i 20 £ 2 T

W=3%. &BDCHE, HEHA. 6 LCAD=0°, L DAB=/BCA =
60° . HHGAEINCDEKLE FH 2A=60°, tnfE 20 £33 x.

T E=0, TS AABCESEMEMEMMAE=/AKE, BADEAC
E. E{$AABCEEAAB'C .

19



B 20 5181 ML R

B3 2: HErAPIELME=/MEN=15A,B,C, S—{iHACHILNSD
W FEEAC[0, +00), ATLLIESMBILAC L, HMEAD/DC=A, WA 21 Fix.
M DIELAC L, Hil/E AD/DC =X, WHEIE =MW X R BHR
Al
2/AT A+ 1
HEEFRINTF: SABCAsh, MSED, FEHl:

ZADC = (P, ~ ADB — arccos

# ADB = arccos

A—1
23+ A+1

{Ef A DEDRAC FHIBIZAD/DC=] .

B2 Bl LR

< B|E 3 GHETATRE=ZAEN=15A4,B,C, STEAABCHLIIEMN LD,
AEE R {E S DR AABC L, Il 22 Bk

20



HAB,CAHEy, WilSD. 56l LADB=/ZBDC=2CDA=120°. Ein]{# 5
D RAABCHIH G EHAER RN, BT £LADB+ ZBDC + £CDA = 360° .
WMEDEFHABCH. HFEH, Fli LifiE LADB=/BDC=-CDA=120" 1)
HHE—1—FERMAT 5. MEAAABC BIE=MI. H FERMAT sEl RS L.
Ml 55D A ABCHI Lo

B 22 B3 AJLAXER

FHERIGELEL E=A51 8, a5 BT AR 1 F RS A (2 000 A LHE 248 BA BA R
R A R 1A 5 D g BRI AY s RO HE TSR DA A

RARGETTE, PRI R EANTE SRR Ay, Agy e Ay (TR 55
AVEEANLA D, SRS AVLATTE 0 P A . W 23 P

A
P 23 EFERE\E N HLHET
Stepl: EI5H 1. % Ay, A, Ars, Aras 7L A A AR A SR E=fitR, B
Aya P60 Ay Ays . BARIRIEIF GO TSITE 1 PRRIE): BEM Ay, Ay RS
S0 Ak, WAL An, Ar, Av AEIER. G S HET A, A, A B 55
A EUUE T S A Ay, Ars, R E T An BRUE S, TTHAA An Ay % RIE

21



=k, HAnfEildyAs.

Step2: Hi3|# 2, FTLLHS Ay, Ay, Ay W E DA, Ay FIPVE 5, Ay, Ae, Ay %
1 Ay, Avs B PUSE 07 BL, Avg, Ass, Ave W 10 Ay Ags B9 PUSE 4p i 85 00 82 23 2 Y
Ay Anyy Avy REHES, H5UEYE & {3 B AT

Stepd: 157 3, WL A HE FAA A A 1L, Ag T IEA A Ay As i1
i, Ap i FA Ag Ay Ars 0.

Gk, Ay A 8 E MER BT ELLEE — 4 — R T A, KR TR
BATE, A8 A SRR

P L

'1 . )
ik Wi B 1L |': U E L PR el R
it R .um-r [ fi R = ARE, B
[ “fE I ACH & rf I | AABCHCEHEAD.
LAl i LE LSO, o UL O A8t e RE DR
52 B =9 0 BACT. ILRLADDC=), SABCHI £
'uM:J.I Ll BEALAIABRHGY |
ALY JL.; I ".,'._"i AL A ATEESLT Y, MEIL b7 B :'.AIAJAECI!'!'i'i'-'-:
ALALTALS 5 JEdl AL AT A5 ]
|' IEAIJLLJ.] "'r._'i‘f W & iy = T 1 B
. RISk it L ERLALALALS AR Y - AP AAZALALAIN
.r‘||..‘|.| A1 [E I. . Al AN AG ATOFESLE Y, @ s
o : i TALL ARSI st 2

] | |

T AT gdy e
RS AAIALIALS RS il b rappgr T kTR
B, LA LALALS e
e SN

I 4 L

_||""'I 1§ T i |y, & LR Bl |
T —— il A2 HAL ALAT el As: o CLIASIALIE

AP ESASAIIAL S
Lo

ALS.ALZ. AL 56 L RALETE .M?I.‘..r- i o SALATALONG o, AR %
AALALALS 45 T E AL AG AL EFLTAL am_u:.- IEOAZALALAE
R, AZEIEAIAS PSR ALLADL AL P ADRS i

LA, ARSI A AAIAIZALS G

M 24 RGN RER
54 25| EHRBRESHE
5.4 fak, REEESRBG 2 13 . THEA Python SLHE 52, 2R
B IRTE 5.4.3 vF k.
) 31281 L
REHLAE T LEAABC SiIACH IR S D, #its 21 WY, RE=1h¥,
AR R 7, A FEC KRS, FTHEE%N S LE 26.

7 51HE 1 WS & S8 EEL

A B &
iR I AR (16.5. 10.9.0.1) (0,0.0.15)
(B9 3T (16.520, 10.440, 0.100) {0, 0,0)

S 7 51 WEME& S EEEL
i I A B Cm D s

iR G M RR (17.3.-9.0, 0.15) (18.4.0,-0.1%)
i A AL PR (17.300, -9.090, 0.150) (16,990, -1.290, 0.130)

22



28 53 @RS ANER
ZBCA

< BAC £ ACD
VR F 60.2128 588545 162.8470
E S A 59.9934 59.9972 179.9814

£BCA., £BAC 560° % {0 40.011% 5 0.004% . ZLACD % 180° i% % {2 (¥
H0.01% . ERURMIES SRR (3=0.01) F. #RAHETLES.

2) 518 25

4 b5 B 1R T EAABC 51 AC LA D, &EA=1, Bid5 2
%, RE=M0M8 SEERLE AEELRE 0.

Fo 3\H 2 @RS L D LM AL
D s

2 ADB
B AT A b F B (16.990, -1.290, 0.130) £3.363
VE B IS A b R (16.9100. 0.6800. 0,1200) 90.014

ZADB 590° &4 0.016% . EHMENESPRKEH (5=0.01) T,
ko e IRV 4 8

3) 51# 3%l

f E—B 58 2 N IEAABC 5I0AC LoD, %EIEAABCHLHIE
— B, LG 3 R, (RESAEL, ARREEN WE[9), M RE9).

210 312 3 WER S 5 B SRR B

E & Z AEB ZBEC ZCEA
inREa A B (4.1, 0.11, 0.3) 141.504 143.313 74.621
WRENE (11270, 0.450, 0.160) 120.008 120.005 119.980

ZAEB+ ZBEC+ £CEA ~120.008 +120.005 + 119.980 =~ 359.986 - 360°
MR E{N450.0038% , fEHAIEHMESARKEH (b=0.001) F, AJBMRZOELE
FiABCH .
5.4.3 HRHREMEERE

1) 3P infehsieem sa

BETE T A G A, Ag e An s BILHE N, gy 2) (=1,2, n). FIFRE
N ARIELE Ay, Agy -, A WP T Az + By +Cz+ D=0, El#iEA,B,C,DES

= Yod (4, ®)

B K, d(A, M) RRSAFIPHy (06, ffe A MERNTHILEIER,
e HA=A(A,As,,A.).

2) Kss T A KLU RERT 5 P T AL R

Rt Ay, Agy-e, Ags HETEEN BB B, SCBR EREI5158 1-3 M. BRI
HEREHEBIAY 15 D S5 42 b5 As (i, 0,20 B0 S Python SR A%

i .

ABHET =, T AR MR A e B S 7 O RO A

23



B EREEN #ilKe=0.2., #FEFKd=0.01, ERHEEMMBRLE. T
H b A3 308 96, 7, k) 479 B b e SO ] o)
arg min f, — F(z.+ ib,y. + gbyz, + kb)
(4,4,

Hep, fAlREANA u=1,2,3,,15) M1 HbreR 3, RMFE=TLERPE
AHE, BASERMSHEEARERTAM, RAETL 8RR,

fHFERCES Bim T AT E 15 -~ a5 R EmE 27 B
« WREQE
wa 2 S
1o | "
s 4k Y AT
: 1\/‘“}
B 271 W EERTSFE M 27 WRELAFE FH 273 AW E N

TH A T i3 R A, =3.803, G TR A, —0.206 . %
ARG 15~ i =R de b I . o] L, GBI iRE, B AHLIR I .

7 REMSHSEE

W 533 PESEATIE, ST R MEEE A e R R e B R s . ot )
B R RIA R (At 533 Mbkde, FRE O FR ) ST A
ettt

2 R G 2 A, (100, 40°G—1))(i=2.3..... 9 BT hn FiRED.

{H, -lm o T '(l—ﬁJJ*Ri
94=4D°{:'—1} —* 5..‘—9;4-&54

Her, (R, ©) % s AT 8,55 A8, 4 5N BIHLIR ) 15 M HE B LR
. W6, IR IIEN 0, FRAEREN 0.01 BESI5A, H16,~ N (0, 0.012): Hi&, IRM
Y9t Jy 0, RAEDEN 0.1 MIEZSE, BDAS~N(O, 0.12). i Halhay, itk

A RIS (9 REILRENS, S5 5 RERIBLIR 2 AB, 5N F %

1 RAEERSHENEE
TG e - ferm e F -

1 100*%(1-0.016313) ~ 983687 0-0.0458

2 100%(1-0.001972) = 99 8028 40D-+0.0848
3 100%(1-0.002484) = 99.7516 80+0.3295
4 100*(1-0.0093035) = 99.0695 120-0.1379
5 100%(1-0.008444) = 99.1556 160-0.1300
6 100*(1+0,007840) = 100.7840 200+0.0619

24



T 100%(1-0.009405) = 99.0595 240-0.0677
8 100%(1-0.005320) = 99 4680 280-+0.0653
9 100%(1-0.000776) = 99.9224 320+0.1547

MR- (BRAEEREE ERA-TAESES) HHAsHRTEE,
HREeRERREERLNTE.

0

—a— [EENBE RN
a5y . pEmES
40 .II.. " 4 § "t " §—i 4 ¢ ¥ TR uu!ﬂ.‘"

| —e— RERB AN
384 -0 e RENRIEMS
—a— HEshBEHEMEL
m3ild4 3 N + H SIS —— ]
- e REWERS
w0 R . REREW
g!n- —=— {EEh3k 0
o ;
154 -0
1.0
051
00

01 224546789 NNMRAHMERTHEEY
BEFRE

28 HEBCRMI S RRWRE
HE 28 AT, £FHREREEHERTRERETRFEREKIOT~10", AR
AN F—EEEANs SR iR Et. Bk, BERREATRFN
B,

£, RBETHN B SHEr

7.1 BN R

I MFEE—FE, BdFRORFEA T EERER 34 RELP T,

BRE—REAIERNESHEITREREZEST LS.

2. BE=PRIFNBAELINEACESHTER, EEEEUSRS,
ERBUMNERMEL, ELLERERERNE.

3. IS PR G HAAER, ATEUE 1S R AL E PR R .

4. EE—PEEF THRAMA T =REDVMF 5& L EFREORHRIGR,
Wi FERC AN ENILENARF, EREUEASESM.

5. AR HIERLIIR B AR B e E (i e

7.2 RS

1. FRWRHRAMEFIE AV B B0 B Rl SR E I ST R g
. DEEELTE. sRERSFREEETHEX.
2. B AT R REREESTAIERE v REE.
25



7.3 B

A EANIE S RILE G, K EHRAREIRTEANMEN . Bk,
Ff WAERL . An R ST LU A P AR

N BEITk

[1)% 1 S, s 2 [0 e SR A B LA B B A A O i W D). (B B RS R K
2k 2006.

(2164, 22 H ER ) TR ER 5 S 2¢ BRI U D). 3L K 55,2003

[3)6% . AUEE R i b B el Ay (v 0 iR 52 (B FE D] e Tk 48 2002,

[4] LR, a2, vhil, (SR CGBERRED ) . Jbal: S%EE HRT,
2003.73-85.



Bt
B BT A IR EIE A, R 3.5 R T AL RS,

ET

SRR SR

T1-3 FAEE Rt FEDEIE FABRE SO/, BLUECHLT SR EAT e

T1-3 /B &6 B P10 python SCF 7552 A4 A< 88 18 S b P BRI A9 {5 I 9658

T1-3 WERERATE AL &6 T S EH A brch R B 5

T1-3 FEFRELRIEE b by R B T BEAR (R R ISR 18 3 H A0 iR W s B A
fhiady

T2 3430 4 R 2 51 A0 k8 e RSN BHE BT i e B
g # i E st

T2 BERISEE BEMLAE R 15 1084 (R 25 00 S $ BlcHE TR a8 fT B O 0 3

T2 & B 8% T2 SR 5hiE an 5 6 B @03 b = 4 B e

T2 U0 &1 i A2 3o A R ()

B 2

] DL, VERERETSE 15 bR

HUEREAT

x_Ist = [0, 172.5849703361308, 130.31053186487503. 129.8999963197148. 87.409517
07533729, 86.73545784686141, 86.42219856743965, 43.238240083571775. 43.537671
588762926, 42.907286891592236, 44.11251663622844, 0.9524770522945771, -
0.1031730146858596, -

0.5529740507383931, (,9332149292996521, 0.5418555762004413]

v Ist = [0, 0.9743774126537483, 24.913086330612813. -

25.876708996208606. 50.12316376755098, 0.9951782205496467. -
49.52174747162192. 74.01871209180575, 24.16558240521679, -

24 879408055333283, -

74.73222042176403, 100,47725589932327, 49 4965680599237, -
0.9345715613262222. -49.18974689256766, -100.58430167340168]

z Ist = [0, 0.11417707355129991. 0.49355928755122647. -0.14568634413313086, -
0.07856198814204896, -0.8102178515140541, -

0.7485911377795991, 0.7737870283715225. 0.7855557667588986, -
0.22617781561841177. -0.5406072425582142, -0.5414806627246775, -
0.2270074255766248. -0.15826725127853036, -

0.0203398482543673, 0.7177759516825288]

i 5
x [0, 172.5849703361308, 129.66053186487505, 129.5699963 1971482, 86.7595170753
3733, B6.66345TR4686141, 86.35219856743960, 43 8682400835717384, 43.7576T15887
6292, 43.657286R9159224, 43 342516636228434, 0.9624TT0522945771, 0.8568260853
141403, (.7570239492616065, 0.6432149292996521, (0.5418555762004409]

i 3 5 A

v [0, 0.9743774126537483. 25.873086330612818, -

27



23.736708996208584, 50.76316376755098, 1.1551782205496468, -
48.451747471621914, 75.64871209180566, 26.055582405216814, -
23.559408055333265, -

TF3.16222042176412, 1N 53725589932327, 50.94656805992372, 1.3254284386737778,
-48.25974689256T65, -9T B6430167340184]

U B 5 Me b

2 [0, 0.11417707355129991, -0.046440712448773507. 0.26431365586686917, -
0.21856198814204897, -0.1502178515140542, 0.4114088622204009, -
0.37621297162847744, 0.12555576675889865, -

0.10617781561841173, 0.5593927574417857, -0.5414806627246775. -
0.2270074255766248, 0.08173274872146966, 0.39966015174563274, 0.707775951682
5288]

Bt 3
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def f258 p(p):
# Rt — e (BL 258 AR QiR a 3)
# = U R R
# =W AR

angleOp2 = calculate angle(x Ist[pLy Ist[p].x Ist[0].y Istj0].x 1st[2].v Ist[2])

angleOp5 = calculate_angle(x Ist[pl.v Ist[p].x Ist]0)y Ist0].x Ist[S].v Ist[5])

angleOp® = caleulate angle(x Ist|pl.v Ist[pl.x Ist]0]yv Ist[0].x 1st[8].v_Ist[&])

angleOp2 ace = angleOp2

anglelp3 acc = angleUp5

angle(p8 acc = angle(p’

ohjective fp= (max{anglelp2.angle(p3,anglelip’)-
FOy#E2+(mid(angleOp2,angleUp 5. angleOp®)-309** 2-+(min{angleOp2 angleOp 5. angleOp 8 )-
107##2

objective min_fp = objective fp
objective fp lst=]]
i min=10
J_min=10
for i in range(0.21):
forj in range(0.21):
tmp x=x Isi|p]=0.01%(i-10)
tmp v =y Ist[p]+0.01*(j-10)
angleOp? = calculate angle(tmp x, tmp v, x_Ist[0], v Ist[0], x Ist[2], v _Ist[2])
angleOp3 = caleulate angle(tmp x, tmp v, x Ist[0], v _Ist[0], x Ist[53]. v _Ist[3])
angleOp® = caleulate angle(tmp x, tmp v, x Ist[0]. v _Ist[0], x Ist[8], v _Ist[8])
objective tmpp = (max{angleOp2.anglelpi.anglelps)-
T0)y*#2+(mid(angle0p2.angleOp5.angleOp8)-50)** 2-+(min(angleOp2.angleOp3s.angleOp8)-
10)*=2
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# objective 13 Ist.append(({max{angle032.angle035.angle(38)-
FOy*2+{mid{angle032.angle035,angle038)-50Y** 2 +{min{angle032,angle03 5. angle038)-
10)**2)

if objective tmpp < objective min_fp:

objective min_ [p = objective tmpp
j_min =j

imin =i

angleOp2_acc = angleOp2

angleOp3 ace = angleps

angle0pd acc = angleDp3

¥ Ist]p] += 0.01%(i_min-10})

v Ist|p] += 0.01%(] min-10)

# print{&apos: f&apos, p.anglelp2 ace, angletp3 acc, angleOp8 acc, objective fp, obyj
ective min Ip)

Pt 4
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import numpy as np
# = HE RS {E ABCD FI S8 — 5 R FE 38

# MilF¥ 0 ABCD
# g ol g

x I8t = [0, 175/10-1. 0, 173/10, 174/10+1]
vy Ist = [0, 99/10+1, 0, -100/10+1, 0]
z Ist=[0,0.1,0,0.15,-0.15]

¥ st origin = tuple(x lst)
v st origin = wple(y lst)
z lst origin = tuple(z Ist)
print( &apos: [F i 245 x&apos..x_lst)
print(&apos: 5 i 42 47 v&apos..y Ist)
print{&apos: [ i 44 55 z&apos.z_lst)

# TR

def caleculate angle dimension 3(x0, v0. 20, x1, v1, z1. x2. v2. 22}
disO=(x1-x2)** 2 + (vl -v2) ¥*¥ 2+ (2] - 22) ** 2
disl = (x2 - x0) ** 2 + (v2 - v0) ¥* 2 + (22 - 20) ** 2
dis2 = (x1-x0)** 2 + (v1 - v0) ** 2 + (2] - 20) ** 2
cos angle = (dis2 + dis] - dis() / (2 * np.sqri{dis1) * np.sgrt(dis2))
angle = np.arccos(cos_angle)

)




return angle / np.pi # 180

angle BAC = caleulate angle dimension 3(x Ist]1]. v lst[1], = lst|1], x 1st]2]. v Ist[2],
z 1st]2]. x 1st[3]. v Ist]3].

z Ist[3])
angle BCA = calculate angle dimension 3(x Is1[3]. v _Ist[3]. z_Ist[3], x_Ist|1]. v_Ist[1].
z 1st[1]. x 1s1[2]). v _Ist[2].

z lst2])
angleD = calculate_angle dimension_3(x_Ist[4], v _Ist[4]. z_Ist[4], x Ist[1]. v Ist[1], 2z Is
t[1], x_Ist[3],

v Ist[3]. z_1st[3])

del mid(x, v, )
if x = max(x, v, 2) and x = min(x, v, 2):
return x
elif v != max(x, v, z) and v != min{x, v, z):
return y
else;
return z

# [ s mEr

print( &apos; 5 i £ R
angle BCA, angle BAC. angleD&apos:.angle BCA. angle BAC. angleD)

#i5% DS HiF 1 ADC=180

def {1 180(p):
angleD = calculate_angle dimension 3(x_Ist[4], v Ist[4], z Ist[4], x Ist[1]. v Ist]1], 2
Ist[1], x_lst]3],
v Ist[3], 2 1st[3])
angleD ace = angleD
objective D = (angleD - 180) ** 2
objective_min_{D = objective {D
objective_{D lst =[]

i min = 10
j min= 10
k min = 10

for i i range(0, 21);
for j in range(0, 21}
for k in range(0, 21):
mp x =x lst[p] + .01 * (i - 10)
tmp v =v Ist[p] + 001 * (j - 10)
tmp z =z Ist|p] + 0.01 * (k- 10)
angleD = caleulate_angle dimension 3(tmp x tmp v.tmp z, x Ist]1], v_Ist]]
.z lst[1].
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% Ist[3]. v 1st[3], z lst[3])
objective tmpp = (angleD - 180) ** 2
if objective tmpp < objective min_fI:
objective min_ {1 = objective tmpp

J min=j
i min=i
k min=k

angleD ace = angleD
¥ Ist|p] +=0.01 * (i min - 10}
v Ist[p] += 0.01 * (j_min - 10}
z_lIst[p] += 0.01 * (k_min - 10}
# print(&apos:f&apos;, p. angleD) acc)

B4 % 5
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def f9{p):
anglel = calculate angle dimension 3(x Ist[p]. v Ist|p]. z Ist]p]. x Ist]3]. v Ist[3]. 2
Ist[3]. = Ist[12],
v Ist[12]. z 1st[12])
angle? = caleulate_angle dimension 3(x Ist[p]. v Ist[p], z_Ist]p]. x Ist[15], v Ist[15],
z Ist[15], x 1st[12],
v Istf12]. z Ist]12])
angle3 = calculate_angle dimension 3(x_Ist[p]. v _Ist[p]. z_Ist[p]. x_Ist|3]. v _Isi[3]. z_
Ist[3]. = _lst[15].
v Ist[15], = Ist[15])
objective f'= (anglel - 120) ** 2 + (angle2 - 1207} ** 2 + (angle3d - 120) ** 2
anglel acc = anglel
angle? ace = angle2
angled acc = angle3
objective min = objective [

i min = 10
j min = 10
k min = 10

for i in range(0, 21
for j in range(0. 21):
for k in range(0, 21):
tmp x=x Ist{p] + 0.01 * {(i- 10)
tmp v =y Ist[p] + .01 * {j - 1()
tmp z =2z lst|p] + 0.01 * (k - 10)
anglel = caleulate_angle dimension 3(tmp xtmp wvimp z. x Ist[3], v_Ist[3].
z Ist[3],
x 1st[12],
v Ist[12]. 2 Ist[12])
angle2 = calculate angle dimension 3(imp ximp vimp z. x Ist[15]. v Ist[15
|,z lst[15],
x Ist[12],
v 1st[12]. z Ist[12])

3]




angled = caleulate angle dimension 3(tmp xamp wvimp z. x Ist[3]. v _1st[3],

z Ist[3].
x Ist[15].
v 1st[15], z_Ist[15])
objective_tmpp = (anglel - 120) ** 2 + (angle2 - 120) ** 2 + (angle3 - 120) **
2

if objective_tmpp < objective_min £
objective_min_f = objective_tmpp

Jomin =
i_min=i
k. min=k

anglel acc = anglel
angle? acc = angle2
angle3 acc = angle3
¥ Ist]p] +=0.01 * (i min = 1)
v Ist[p] += 0.01 * {j min - 10}
z lIst[p] += 0.01 * (k_min - 10)
print{ &apos:féapos:, p, anglel acc.angle? acc.angled acc)




