ET&EAMEITSESZNMLH
Tk B TR B ELLBRR

wm 2

FIXNEACR . ALERARERBCR R AR T L TR B SR i, AU ST
T—ABUUERL EFHE B8R 3R B R PP . LR DAY S )
REYEP H LN BRI RS, DUERR-F R RS R, HoR sl il H
B G BRGE— Y 0 BRI 5 [R] f DL A8 o U 5 B A, K % S IR 5
BT, R 10 A S 1) R 22 A R A A 1R 25 20 1 WL

FERFIAIE —, i 2R 22 A7 ) B2 L BR 7 160 T A REME— B E AL B, ASORB W
T A il T A S~ T )R, Sl i SR8 ks TP 5 T A AR B
fEH, R Xz TR BHEE . TEHRERE b, R DX B A A iR AT 0 e
WG, Jray i DIZ EAR N AR IR o AL KIS SR EAR . E— i kB, L=
FTE BB B AR 40 m™ {75 AS 2 DLORIIE— i FR s A SCIE i BRSS9 21 e/
A ] R AR 8 20 m ) 7E 43 I3 L

BEXFIIE ., Ol A S BERE OIS S R RIF R S, Je i E TOR
JE SRR B RS A B A, R O A e TR L B SRIEEC 7R 2 1000
m [ #2585 IE BT AR B B N B AR08 1500/(2c0s6) 5 YA RIRZE AL
1.005° I, 33 F424) 249.885 m W FE 7 i ft . FELRIATIS, ASCHIHE R HN 4
L AT L, FFAEH A EOAE 37 AMade SRR SR B AR B Sl ) ,  ATI HBE
W PRI %E 2K 4 -

BRI =, O e DR R NI [a] R SR A A Te R, AR S U R B A PR
HRARTHR FEFRAR 1159.7 m IHIEY S s BE RS AR I 984.539 m, " Lub 40
155" BOZAUE BYF B EATIEYE o SEBRIAAT A FRE vl 2 FGE 90, TR A S 4
PR EAFSR, SR E RSO i S 0 23 RUAIBE . FFBkid o9 o5 5 AR .
TENL RIS B SR sy, B S HRERMESSE —EL, ARk
SRATT AR 2-opt IRANEHE. =UIEX A2 HITERR 13+ 150 10 M, PR hi ik
If 1] Ay 238.075. 232.889. 290.686 s/

FERFRIEIY . i E  JRAETC S R AT RESR IR T RE RS S, ASOR R B AT
H 0L B R S S PR T O B S B R AT R P A R, R 31 mism/hvar AR O A BT
%, FHE 15 m AR, 72 NSRS IR RN HZESUER (8 x #H) B
RN B AR AU WPERER L, MBS shRaE S, F
MRS AEICRETEN, $h47 20 m . 22 400 M BIHEAL G &5k, fE ik,
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AR A EVERZ 49 SOTAETT RIS A S . S YR 73 7 R 134
10, 14 A4NR, P ENM BRI EJ 720,171, 927.130. 614.884 s/~

AUIERMAY FE3ER Y, BERRBGHECNE . IEX SR A B T A test
B MR IER FHA RIS BT ERBIRR A TS, A ATERE
B CPEENERRE R SRS TR Y, AR ERAETE R

XF HESRES SR FH B R N B O S HE SR A IR Ty i IR — AN R IR LR AERE AL b B
PSR R 4.583 m. B 55 B WA 52.5%. JRIRFEA 14.599 m; [a|RH — 2
W B2 R AE A R R PR IE IR 2R 0.0% ,  SUORIESEISC T fife /D6 i) B 28 1Y) L SRR I 5 B
F2 R 340.747 m;  [AIRE = BRI A X 49 i A% T34 EA0UN i) R I 78.4%; 1R iPY H.
FEA R 100 R = SR B L 24 R R A Bk B A R GE SE R SR A
HHATYUR BRI TR, 5ERES S R, AEItEgit

7Y i) B4 SR A O BRI A 24 5000 171 B SCAERR e, 4RI ) = 2 7 F 5 81 A%
OB —RETE ;. FRUAL. ar &1 Thhie. RESLEMA. Wt DU AR R TT
FEATENIE . 85 bR, G518 A0k 1. R 2238 45 8 LI ™A% T B 90 2 e /MVED
FlE AR, MAEE A KIS ER: 2. ESE N ERIEEN, B2 4 XKk A P ik e 5%
L5 EWIYE; 3. MR EIESIE. F AW s RIS T % — B R — i
[ EHFR T 4. € 103l i B AL B 5 W AR S fRe, I LUA IR & TE R LK

REEE: ARRE: RaEh: MIERE: E3hE: Em s



1 [O)REEA
1.1 EfEE=

TE 2% HEL T Y RIS i S (07 2 A A9 P AR B AT 55 o ME 0 I DN X ek 2 2 i B
Fror AR JEE G AT et M 1) A A, DAZR /ML B AN E M I 52 B bR . AN Ay
BB i — RS S AU 2 S e B I ALE 0 B 3 58 X —id A2, b AN e N fER 3A
BT, JFYE TS W 58 s ] [1].

HARXIEA Q = B(0,1800), Hfihk, Asbriiafligmsa. b SMEGH 1 E
20 I — AP AGE . JREECR 10 E 16, AREZICEERA, AT 1000 5 1500 m Z
o RriR B TCAES EPER SR B N B R ZE N 10, [l —Hi R E A A
AW RIE . NIRRT B E L5 5 1) PRAXHE AR S0 5 1) 45 90° By Pl 11 T
&5 o

ML MBS 8 1 A, DL m/s WWEZH 3, SHUEARERI. —Jck il
i 5s, PIAIAERERS 1so BRIFEAEL 20 m B, Jez @ 55 AFER 5 s; TR
RWAN AT 3 s HeFhn A m ] (ERRAA TR SIHESM IR, EFEA®EE 5 m HAglg#E
WAESH, REEEEGER, T EEPITIER. BB RIERALE, Plds s foir ) &Lk
AR [2] 6

1.2 WRES

(1) Bk /R B, RS M XM R, AR LIZER N E
AR 154 B 75781 i R L DX o

(2)  BAI—AEUEAE DR L, B 5 A I 5 0 DX 5 0 R . 7EJRIIE
BRI SR A T AR LT R E L8R

(3) R ARIA BB AR EAMERREE, RS AT TR
P REI R R T ISR

(4)  KesRmsHfe) B2 5 5E m PR A T, AETESHEC, 45 WA %R
SENL THFRFTE B BN SE R
M= P2 SE = IRIER MR o A SR A IR H RS R RLGE T, ey & UK B
B P AL FRIN B FIAR FPas (7 i 18] o
2 [E

IO AR A S R B R, iR ] — 4 LR — PR — AT B A R
B TRRIT, W 1 fR. dss € AR, 12830772 shfErent 5 J/E S
B A4 Bt LR BIIIG  FER ARG ML R KB FIPATIE, 7RI 4ed it 45 5
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A BNt R EES R BTIUTEIE: R TERMAE -ZENAANELRE LI, &
fiis TERR=APIR JRSCHIIER 5 SRR AE X AR SRt B3 — 2 B W R fHIE
W25 PSR 2 TR U A, = DUARHE R 2R = AN IR A LU R

Lo Xig Q: #421800m [»>| BEh5m/s-#iM5s |>| #Wf1s FERS53s > F10~16 1 - 57 1~20
L1 HER: RERSHTFE=ES > RER: BRE5ESR > WITE: BITEFH
L2 [E)R8 1 EMBE > [E1R8 2 58 mskHR > [E]R8 3 EEEE > [ 4 REEM
L3 R > EfIHF > AR

BT DU SR A AR A - S (LO) R =)2 (L), M ELL (L2) H5RI. EfL 1EFR
=AM (L3).

7] 8 — Kb 5 A% B ) T UART AT 0o T 2 PR 7 1 B LR 1) L S 7 57 T 4 P £ B X
], BB ATCEEN B & HENNERAS, SMMEEBURS RN . Ak
Xk, ASCR WIS R ) A I PR Z0R, JEil e B R R S A ik
B P, AT E R PR ML R B EANEE T o4 X R A B
TE T TR o s R L RE T B R L B . X — R A, A0 513 H BTN
A AVE S EAR R SR I LIS = A TR B P B AR ANEBT 40 mTARRERIIE
—WRIERR, BB RS B RV B B AR AN 20 m 74 AR b

TE 1) — B LA BE A b, DR [l 258 — A 7R s SR LB SRR AE & A
5 R RBIE B IR BIME S R IURRIERR, SURTRBBR DR B4R . Ry i —
T AR HE OR B SBRECEE ER SRS B, HORRE IR (RIE R
TR NPT A EIE AL E R 1000 m B #2238 FEMLEEAE b IiE BAER T A 0 B NVEL L ARk
1500/(2cos 6), FFTEARIRZEFAM 1.005° BZh 2424 249.885 m & fiikft. TEL
PATI, R M R T B, TR 37 MBIk s R IR R B AR 5 4 B i) ]
Betho WL, o) BRI R IE A T U B R LA 285, 8 (e 4 DU ot A R A ik 30T 1L 52
o

7] R = L B PR BB R A A R . R B IR RS R — AN TR
TR, MRTEA RN RN XS MAREI 5N A, ASCLUR 5575k
MR AT, TEREAR 1159.7 m WHE B EINE 35 0E B A 984.539 m, L4
Tof55" AT IE B RN IESR o SEPRPAT A Bl e GE T, T kA iE



A P EAASE, G RE ORI Bk Az BIAIEE , JFa] Bkt AT E Sk
Mo e AL HIHERE BG4 5N L iEsr, B35 0. W= RESSE 3L
J5 B AR5 TRl s 72 2-opt WRBNEHE, DI/ R BUES 5 E MRS AR =IKIE
MRS B SRR 134 154 10 AN, XA G BRI A A 238.075. 232.889. 290.686 s/~

) R g — AR A TR, BT S RERTRE R H RS, WrTRESk A @i . Lok
S ) TH RS PRI R A 2 T R A IREOR, A & ISR AR T A AL B 5 5 ) Y
BRAHE D, RA 31 sl 4, 84 16 m AL E RIFEA 72 AN R A T2 1T A ;
7] s FH S8 A A . > W I R 5 = A A O B ) ) B AR o TR S ] DM R R i
I RAR s AN, R AEER S8 M TR, $UT 20 m J7ig. E£ 400
M FEAL G 215 FR . EARE, ASCEBMA GRS 49 BT TT R IELLE 5
HEH . ZUIERMER A 134 104 14 ANJE, PR EAERaT a4 720.171. 927.130.
614.884 s/~

i bR, G5V AR 1 AR IERS 4 ALY A R A 2 d NVEL TR R AR
AR E AL X E AR 2. ESMEN SRR, FAE 22 I T n S48 5 5 3l
45, 3. Z R FESIEH. EORNIEE RIS HDF S — 2 F— SR HFR T
4. BRAEG AR E AL E S S ARG R, JFDUA TG A IERRIR . Rl A% B
PR UL B 5 R o R A 2.

2 0OW o 3t 4 B
) B/ B JUAT Ak 41/
B/ EfES W A%/ 1
L 25 1k S5 A
WA — Ak T s | HTIHAR
sl TSRS B B/ AL/ TER 4
1B IR

B2 FETUWNER. LaMliit S Esar iRz,

3 HRBURIE
R 1: PREIACE. BOE. A5 E A RN AR AE — R b (R FE AR . AR
EEATI X5 SRS S s H 3 E bk — 2

BB 2: R HERRICEERS, M s B Hlas N E LS, Wil . by
SENL5 T BRI (B B AT AT -

R 3. JUMIORIE U AT SR 2R R T R DB s 1 P /INER R iR
72, TELRAIBI derr = 1°+0.005° o ZFHINE A T AL B 1) BE B (E & N iR 2.



st 4 ENLE FRARYEA I R AR JFE e LI 45 SR S R i B A o

R¥e S: 5B AR5 T WA SR A2 S GO A B e 2 5] FCR AR AR o sk St . L
AT A 0 e 5 2 A P S 40 SR E

I =30 A B 24 R R B R B AR R S 1 SR T S I
4 S

1 EEFFT RN

(iaes X B
Q2 R PR B R HE A, R = 1800 m

g, Si» q HPEAE AR Rl S m

0, 0 NI B R R ZE A B
u(a) AT T5 ] [ & (cos a, sin ) _

Wi, P 55 0 AT 16 AR SR A AT -

K., P ARE c BRI 0L E S R AR SE M M -
D(P), m, p IR ERE /M B3 O K m
R_,R. kR BB, 45004 1000, 1500 m
Q(K) XA K PRUERI AR D 5 X3, -

l; WA K B O B R (/2 m

v, H R 1) S s 1) B AAORY 4 B, A
L, T 55 P 2 R S R SRR I m, s
N, N, NFUNS R0 385, pRIh i RR. JRMOERRIKEL K

T, Treal P14 5 VL 5 WA B IR B R B A T I i s, s

A S = AR R B A BRI s i ° R SEH B NIE . iC [a,b] = asb, —

ayby WYEXFR, B(c,r) MR
5 ITRMRBE S SIERSH

51 REREEEZENE

BHB: 0 HA /enter. /measure. /clear 5 /exit PUK$E4 . SiHRBIRIK A
PN BENBIEE O BCEWHE, SNBSS 5s, WE 3. HA accepted=true
FA W) 7 4 E R ADL ST B s DR AL B SRR B ) BRI 2R 2, ASEESAEMS AT ZIE A,
AR B SR E. K& /measure 5 )5, A LI IE 5 5 A A 45
8 /clear 5 R BARIE , BEAKCZ N MGG, WAF=AsmFtnt. HibiEkz
5 I A EE T B T B — YK /measure HGE , T AN iSRRI IE -



IDLE — EIitht 5 OPEN ##0OF i —> CLOSED Hfii&

B3 RIS BENGZ S s BT, B3R b R B SRS .
52 EfEFERTS Rt EMEE
A HH 2 SR O AR . WA 2. KTGIRR EITL(E S iR A
B, 93t 5ss TEERAINTE 5s, HAORSEENL 3 s BOLTHERR 25, Rarrh BRI S
WA 3 s BB BRI MALIE S . HAH QB3N R (o -5 B AR P A T o
%2 HEFERHIN. KRR T EARPERIER L 5 ms.

MWE 8L FERIFERT /s Wi B

# N  /enter 0 WIMANHLE (0,0) HILAMIHE 1

e /measure 5+ F53) + WA A I 5 SRAR IS AR ]

Bk /clear 5+ %3/ 3+ #8h I/ Rep B, BT ) 45E
B /exit 0 PR EH W, ToTIR A 5 AN

Beam miHEsT 1 4B /measure FAAEAS (L,

%3l e B /5 FHABBVE )AL E AR

BWRASTENBIER L, AW BBl Sl iE RS 50 B i o B
Nin, Ny N& N o IS BRSSP AL, S BRI

L
T = ¢ + 5Ny + Ny + 5N + 3N, (1)

A (1) 2Ja LSS HEF IR ST IS TRR IR, 2 B 7 Rt B AR sl (X (40)) Y
Ry & 4 RIFHER TP R Gl BE KT 3 BRI & /8 3h 100 s S54a 55, Hp
105 s; JRMbIBIAGE 2 MMy 6s, Rit 111s; EFEARPOE 3 Karrb, B3 80 s il
N 3s, Hp 83s, Rit 194s: HERABCENFYUBHE ., Mkl E R LUGE 2 52
MAFT5s, B 199s, HHHE—5.

53 A, WSWES%L

REALLIS ] BE B AT 45 50 e BE . I SE PG ZRAR P RE A4k 2 &k HiE R, P& T RETR
. F2FLL /enter R M) remaining real duration_s M, YEENSNVERITIE B H
Ipi) s REABLI () DRSS 2Rt FER TR AR 5 — Stk o). BRI JE SO “FE
W A (1) BRI PP 0 ISR B SRR (B AR L
B AR SRR . 7 DUREIE 35 S5 R R B ES5 S2
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/measure ch2

1 I
0 20 40 60 80 100 120
HRARERS /s

B4 IR BB S ER . BahBURBERIEREL 5 m/s, PR hig &t
6 [FlE—: AAREXRSENSEEH
6.1 HFilE)AEA FEER
W EREM IS s = (Sia, Siy) FEAL 0;, RELREIRE ELTHANLT [0 — 6,6; + 0]
Wo B RIA7 07 B T 1] £ 35
[u(f; — 6),9 — 5] = 0,
Wi="{g: [u(®+0),g—s] <0,y ©)
u(0;) - (g —si) =20
SHRANERBE R ax + by < ¢, HIEFRIN
(sin(6; — §), — cos(6; — ),
(= sin(6; + &), cos(0; + 0)), 3)
(—cosb;, —sinb;),
G AR S s IR 750 <6 < 90° I, BRI CMRERmEME: $=2548

ORI, HAEZRERMEE N AR MIERE A EL. RAIEZ. REZERTH
AL 0°/360° PR

vl — PR 25 A T R o7 IX S e S

P=(\W:={g:Ag <b}. 4)
=1

R (4) MR- ) A S0 ) — ) B A XK. 5 2 RS FE LA EAnN Q S8k
FEEA W, A REAMNE, RN, Bb. K. ARZUESLRE,
6.2 XimtiE, =ERTLRIEE

LRI k= 3n. MERBMADATPATLR az +by = cv dv+ey=f, BELRN

_ce—0bf _af —cd 5)
T e —bd Y= we—bd




DR B L AR U A R R AR UMER R DUNES . ST’
HAaT AR . AR TR RBE AR PRI B IR 2 B PATIARNS 53R, WO HGT
Uit A2 5 T BE DL RE 4K XS B AR

xR A e R HE

R ={d: Ad < 0}. (6)

A REFEFHE, Wg+tde PRFAL>0 ML, KBICHR, HEN +oo. 4L
HEA TR A LA YIA (0, —a) 5 (=b, a) R R 2T IRAFN . ARFED
— AT AEADR S HER BN, AR SR N AR E N A AT
FAZ R AR A s 4 o O N B R [ AT, A AL

AR KR, — AR, WA TGN LB, HRhE k. 5%
BAASCE XA EREERE, P LR ORI SN, TR iE.
DR B AN\ B HE

6.3 ERS5ERZEKFE
ﬁﬁ% 1 (]ﬁ)ﬁﬁf}:)- i& P = COl’lV{’Ul, v avm} E"':‘f?ﬁ?lia lj\"J
D(P) = max [lv; — vj] (7

ER. R o,y € PATFOR MG v = 30 \ois y = 305 yvje T REAEMHASH
1,

lz = yll = ||D Xy (i = v3) || <D Naggg [Jvs — | < max lv; — v
irj irj ’
BOnT A S8 T P, Rk, O

BT FAEEA XA TR, HHEBEETER, H5EER O(m?).

il 2 (B IR B s Y FE Bk ). BURm i A%t a, 0, % D = [la—bl|s o= (a+1b)/2. 17
TEERSET D EEES P, 2 HY

—o| < D/2. 8
max ||v—of < D/ (8)

W, 448 D/2 B 2 HAES ab, W D < a— 2| + |z — bl < D. %538
f 2= 0o SR, RN, 65 AR B A I M 0

S SRS, I ANTR SR B e — max, [[v — of| — D/2, EVAE TSk
BT R B LB AR 7 B LA I 3 o [ 5(a) 25— 2 =5
LN R = AR AR, ARG ROk, B R 5
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2ot/ NI . ZHE G EN XA TS #E . B8R 23997 m, DIZHEANE
B 11.998 m, Tz TH s 2 [BLO B B 12.602 m, i B AR B AN 25 8 AL
Do Hodm /MO A2 12.069 m, i 20 m BERRAIYE . X BRI 40 m
HREA T B A AR A, B 55 A AR TR A

6.4 REISHHBRER
W& =M

A=(0,0), B=(40,0),  C=(20,20V3). (9)

HEAR 40 m. Ll AB HEBREDH (20,0), 4% 20 m, {0 C FE.O KN
20v3m, frFHEs. HEMUEEED R (20,20/V3), K4 40/v/3 ~ 23.094 m, [k
KT LG, B Sb) BmmkE .

200 1000

800
600 aemms 60

600

400
200

E

S 0 . st .

N

-200 ° tv,

-400 e 7

20 N

495 - -600

500

400
E
>300

N
S

y/m

200

‘ -800 -40
. s2

. . . . . . -1000 - —
-600 -400 -200 o -470 -460 -450 -440 -430 -1 B
x/m x/m x/m x/m

MAME W 0:1°) = BUREP| [--- ERE —— s/ \GEE MEC| [ MR W, 0210 = EUREP| - - - HRE —— &)\EmE MEC|

S R WAILR . (a) S RAA): @ KA BERE S R/NMLE B, JERE 5 77
212 fp)| USZW-POKN-TCAG-R7ST HUAiE 9, JUMT B Hi4Er= R i# 4% mcm26b. geometry.solve FHE.; (b)
HNZ G LB], BEEAR r = 20m REHTN C, SLhi/MLEE p = 40/V/3 ~ 23.094 m
BRI, AR L o

BIGAR T ARG £1° fA R o AN DS (—1000,0) (540, —5004/3)s
(520,520v/3), SRR BE Sy 100 121°, 241° B AAdi—MI A% H =AM =401
&, H—MBRASENZME, MR ER I LR =M.

Xof— e X3, /ML [

p(P) = minmax ||g — z||, m € argminmax ||g — z|| . (10)
2€R? geP z gePrP

HiAHEL AL EATE, o Welzl FEYIIEE 5 (4], SCHLR A B &R
PR Bk IF7ER AT B S S R R TEREBRIEL R, 25 p(P) < 20,
T om (EERRV A S AT RE R IR FB R EJRRA p(P) + fum < 20 BIFES HIHE
D(P) < 40 R EZA, HIFFER D S5 4F,
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6.5 BE—REFE

Bk 1 AR AL S EEEAE (XA algo-1)
BN [ BUERRI R ) BERIRZE A
By KBRS, TR, B2 BREHES o MIEE .

LIS, REITEH: SMA—fRAshR . AR 3n 5P 1
2. MOEIEPATIA RS R, DGR B T R AR R o
- FAAT AR R A AR AR B ) i IR IE TE 5 K T 55 AR
CORAATR AR, RO, IR KRB LAY
- MBEBGETRRS, W5 D Al o, BEETKIAE o &N D/2.
CORE/MIBEIE, SHASRASHERE, MRS KRR
BRI HHOET O) W, G R b 40K TSR OF): MR
Ok logh) . ELRHMEE O(m?). Welzl FEHAERRHHER) T HATIIZEARI 1. ik i
FE & DRI, 40\ BRRES 100 AVKOMLA ;S0 KBLBE AT B o T I

7 ERRZ: PRUEFERUCHISE 1N SRR
7.1 RN EEESZEXE

BE R RN EDR (s,0)0 AR RRIRE MBS, i IR BEAS U 5 A o 2
Wk B,

W

N

9,1

)

K, =QNW(s,0,0) N B(s, Ry). (11)
Hrp Ry = 1500 AARFENCER LR . direction MMEEE KT 5ms 2 (11) RAHY
Pasy, B SR AT AL EAR AL S TR R I IR SR A
XA B K E X

Fe(q) =maxllg—gll,  Q(K)={¢: Fx(9) <R} =[] Blg. k). (12)
geK
VAR Sk PR A A 9 BT T RESTURA 5 NI Y o P ™ B HL 1-Lipschitz.
i QUK) M. Hisk (10) 74
OQK)#+2 <<= pK)<R_. (13)

XK 5 R R T AT PR AL dee N L TR AU (5]
LRSI Z IR FRIA S, FEPFEE . Fia%on M. Bk r, s
ZIIB T AR rsec(m/ M), HloR B [ H R RS

en(r) = r(sec(r/M) —1). (14)
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BN M =192, ITFENEZECEEESLEY, BITE/RE K C P FikRIML
LU P W NIEIE B(m, pou) -
H=MA%EN, Torefh

Qin :B(va— _pout_n)7 n= 10_3 m. (15)

[ g € Qu 520K g WA llg — gl < llg— mll + m — gll < R — 7. BHEH = Ri—
€M direction B near. FHMEBH T pou + 1 < R_: SRk RN, FEFELE
HLCIEL OB AL, B AT AT X 8K

72 EREET AR RRATIREE

AE M ARBE B DGR BRER, BRI Q, FIE S =W(s,0,0) N B(s, Ry)o

WO <H<45°, &
_ B
"~ 2¢0sd’

Gl 3 (BT S ML L. 1 S R ML FELTEL S B(e, ).

c=s+au(fh). (16)

WERH. B g = s+tu(@+p), P O0<t < Ry.|p| <d. B |lg — c||2 = t2+a?—2at cos g,
ERRT ¢ Ak, BREEX A ERG. ¢ = 0 A o t = Ry AT
R? +a® —2aR, cosd = a?, WAEBPEE.

FHRGAR =M s, p2 = s+ Ryu(@+0) AE A = 1/(4cos®d)s g =1—1/(2cos*0)
JEAHFMA 1, HIAR0H co ZHIEE ¢ By a, IMERELD 2, PGP R % T

a®+ ||z —c|)®, WES—EIE 2 AT a0 S ZERERERERNT a O
HT K CS, T&
1500 1500
qEB( 2cosd u(6), 1000 — 20055) (17

R Ayt H B oR A — P B At D tele, SEBRAlE A ISR 4 1 mme SZIRIBEA AR Q(K) B —
AT
£3 R Eass. mk 07 BEHE

WERA PORTE R S o/m REEAER/m

1° 750.114246  249.885754
1.005° 750.115391  249.884609
TELR SR AR AT Q BT B S I TR . 8% RE A AR AT S K A IR Bl [ 5 5

RHIFET L. AT A RGBT, 2B R st A A E A B 2L
(LESE
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1500

1000 .
\ a=750.1m

500

\
\\
'
£ )
> 1
1000 - &< 249.9M '
-500
-1000
-1500
1500 -1000 -500 0 500 1000 1500
x/m
AEAE W(s1) - - - - BEFBESMEE B(c, a) R2Bi%E B(c, 1000 - a)|

Bl 6 S5 RN IRIE K. ZEDhEREBW A S, HE/NIE R B(c, a) 5 0REHIM 5L 5
B(c,1000—a); A EEE0, a = 1500/(2cosd). L6 = 1° B} a ~ 750.114 m. 1000 — a ~ 249.886
m, 5%3—%,

73 ENHRIERS BRIKEK AR

TR ) 5 0 5 A0
min [ sup  p(K) N O(g,y), =2 (18)
q€ Qin yeV(q,K1) 5} ox

Horp p BRSSO E, y RRATREMI, O(q, y) AHE I AT FT 4, FARERIL T
JOFHE: el /AMERINR R PR BIFERT . T3 1 2 SCHUM Y A, B )
L B(q,5)0 XA AL A 2 F B BB B e 24 T B 3R

SRR IR R TR RBUR E RA B e, 24 i SR SR AT FRABSEIE DL o HE K (15) R0 I
AL 0.4,0.75, 1.0 BEAIF LA 12 AT, MEER (b + 5)2r/12, 3637 fo X
TG g, 7E P AR LIAKRT 60 m B A BERAE, & 2ETAR . Xl ARAER g
M2 4L bearing(q, g) £ dere, THAET AL SR I MI AR . FE 5 AMTHE near 43 3¢
BRI R AEAE R T (q)-

BHAE (J(q), lg — pll /5) T/ N R, SRJEHFF L SR RAR R BE N 2= 15 m E R HAE5)
BINE RPN BB L, T A IR 5 E LR s MR fisX (15)

H
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B 2: DB EZhE R (R algo-2)

BN EORME SR E, SUERCERNEEN M MaihiE.

it TR SRR AR RIERZS .

L U (1) MAMLZ AT J5 800 F i A 4L

2. RN E BRI Z 2R b = 1000 — pou — 1072

3. F b <0, FEMEGEXIUELCE ML 750 A: R 37 AR5 A .

4. X AMOR I RS 5 7 B . AN BB AY . E] T

5. HRHPE G BEI KL R, ELL 15 m RAR R FEE A

6. ARFEHT LI G TR . near FHITERR, direction MR /INMI IR E [ EREGE N
&
GHARIEECA Ny FHEARECR Nyw ZBTEECR m, —KEE R O(m), Eit

HRFEHR O(NyNy(m + Cyvec(m))) o BFER A 0] — 1 A S8 5 d5e/INVEL FL BT 7 6

SGiBQESUNIZ LR S E 7 3vin

8 EE=: £ME%ZIFERAMNIEIERSRNEE
8.1 Z—AtEHIRSESZKE

#3 (1D) BRHEk, ik B b A2 BR IEE BRI L0 N S MU IR T TH
oV P E RLIE BRI R T = T/NS s AREMEIERRIMEMEE 5 s . TG
SRAPHIBIGE R AARPUE , AR A PUIUE ;. #E -SR], s A
KR AW, ToRE R A

EHFERRZSHE RN C LI W R CiFRR CIETC IR . 1 UGk direction
Y, near RIVESLIZBUEAFTEDR . S /)Nl Bl A 4 b S T BRISAIL,  J8C2h i) BLKE IR 25 B
CifkR. BUERIMRESE S, S A Gt WA R A TG S, A S E T
o

44 iy ML P BRIA R BayesLoop: b iHRIWESIMi#T 8 35 5 0 IR ZIE: IEHRE
[5] IS 8 FIE T3+ SR gk B 5 B E UG e A 4R, e Gn— IRBCE SO, UL
DR NS M R EEAS . ok B 25 AN H BRRHIE R o S 7 B 4% 5 BRI 48 5 #3h
R sl B ENSHER=ZREFARSMES5ER . MITRERAE 2-opt IR EHE, If
AT A0l O BT P 32— A [ S iR

82 tRENEBEZRSTIRIERE
EL S ey

S(a):{(0,0)}U{a (cos%”,sin’%) :k;:O,...,5}. (19)
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il 4 (B RENER). 40 <a/V3<RE, {LE g e QBRI SR Al

- O R
Deoy(a) max{\/g, \/R +a \/§Ra}. (20)

TER. B g BRI N v, HO7 LS BB RS i Al ©/60 #5 r < a/V3, BEBUE A
BIWlo #r > a/V3, MARTXEH, JESESIE S A 4+ o® — V3are IR
RTE [a/V3, R] LR ARME T SIS, 4500 o®/3 5 R* + o® — V3aR. O

Ui bayes HBEHL @ = 1159.7 m, HR, (20) 5 Deoy = 984.539136 m, i/ NEEIK
/2] 15.461 mo FILEASEFa IR 2 /D 7E—ulh T gl . JEMETE B 2R A TS
5 AR IGE AN FETE IR TR IEYR . DU A BB R T A MRS AERE . 1]
SRS S 0 B B A I 25 R o IR RE T8 A I T A SRR TE R 5 SERR P T A EORTE
AU S E A S, W RS EEEIE L AT E SR (G, BE) Xreppkid .

Tk BALEBR
WEZ: Ul P e R
HAAE A 1000 m Y fRIE

a=1159.7m
R = 1800 m
BRIFFEES < 984.539 m

B 7 A m T ws r kA i S I IR 4.
7 4 H ok e i S e MBI B BT R 2R o IR R ST 0] 75> Rk B TR S A2 4
H 6ao 4TS5 RS B SRk RIS S LK E DL 1E BRI ER B RN Bl 3 [ 44 B o
8.3 IESAMIMAIWEIFREZER T

A CRIPGELES MM P direction #HEHEESE B(s,1500) SMIL AT K
W F AN S . near 5 B(s,5) AMIZIATGARZE . 410 PRI no_signal BIRE

N

llg — s|| > reee > 1000, 21

HERR B AT AT A7 R 2 AR IR D, RIS A7 4R G 387R SOV I o 1Y) 25 )
A, [RIINH R B 8 T Lfas 5 M A

15



PRI £ = 14.65 m, G IO SR AR IRRIERS R ¢ = 0/V2. FIIRIRE T
AATRES Q ARSZHAS, HELUT S HERR AT T O 2

no_signal: |[z—s| <1000 —¢, = MiBE;
near : |z —s|| >5+e, = MEE (22)
direction: |z —s| > 1500+¢, = Mz

T TN MG A 5 d = ||z — s|| > e, WFTHEAR TSR T3 Al 22 ] /i arcsin(e, /d)
R PR MR N e R AR ER, IR ST R A T RE T L. A A ERE
1 Oerr AR N F 1 B IS A BRI o

IR HERR AR R IR DA B AT AT . B ML PR AR A I, A TR
A TREAS O (|2 — 5| > 1500 + ¢,, NFE s WELFTES . HFFEREMKE
TEd /NEWCRIEL A, O BIE 55 A%, AT ER R S FE M P AR L i 2521, A
[[ORER=Y ISR RUIRSE SR s

8.4 (ERBIkSSERFIE

Wl — R Bk 2 SR A R B ARG U s TR =HY BayesLoop #E— 35k Al
WA R LG B AE o AATECRIERACIRI BT . FEC N AR A AT I 72 24 AT T
J7 1 LR RSO RS /) B[ B A SR R A R AR B[R] I
UMM ES R A, HIREBIE SR S RN . XMk ¢ T

G2 (g, YY) (||P—QH Hq—mcll)
—— + A 23

Her A = 0.05, 290 SCHIER/MERIT BN RIEE IR LR M BRfE B, 7
Bl IR ) A DR PR AR GEAT . PR S B 800 AN FAEA R T MR BRI, IRLIYY
rerr € [1000, 1500] flHRIBCIER . P SRR T B HUR B ERINBUIHEL . Bl A2y 152
TR 3k K ST

TR ] e B i S 5o IS A T A 9

Jig(q) = E [log

pe + be + 0.5 < 20, (24)

Horpbe > 0 9RRSH R INARE. ME2RRAEEKE, oo RHEDEEEE b5
0.5 m St [E R AR I EM R . = T RIAR R, daT A

Pgrid + €g +0.5 < 20 (25)

HIPIAS BRI . o peia MBEEHS ORISR MR T RAE—FE 70 551 R AT T
Bl FIRRRIEEAGE, APRELO S ATACEE A PR 5 i B BR300 2
XA, S ORIE B R A AL
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8.5 FFAMERE ERVURENESHF

GRS REE = RS iR, R IR E IR e Rsk
PRI RR o Sl A IO ST 8 T e AL RS, DA WHESS A L R AR
oA

k-1 — 0 k
ctmy = Il 5o manll 5y o, 26)
j=1 Jj=1

o 45 IS IA] ¢, ARASE NAE S5 I BB, SRR A BURZIE . R IE S8 IR a6, 3R
IR AT 4 TV A 2-opt 0RE s BRKABIT S RIF A E LSS . B EIHNE &
WA SRR o XREHT A BUR IR W4 J5 AR 17 Bk 5 R L I T T A A3 1 0 R % P e A B
%o

CASSEALE AT DA ZORIEHTARTE LA B . PR ORAIE AL AL T RE L
Wrie, HBNEA R mycds . 180 e A A5 4 i), ol as >R B 174780
ShReEl . REBLIE E IR EE, PRI S R A A

8.6 BEZ=STERFH

Bk 3. PIMSEAFARIEE 5 BB R SR IAE (X7 bayes)

BN BRSHL BT SERIEED .. Ml BEEAIIRS S SRS

L KB -ErE A E, WUIRUBUERAS . (B AR S AR IR AR

2. BENERIBCRAE. BE R RBLTE, BN TAE BRI .

3. MERE . EAMERERES oM B A TE S BRI .

4. HEEOEAR S TR AR 2-opt HEF . PATEAESS . L Sema B BHT g 56 5 AR S 74 BEE TR
SRS %o

5. B TERANE . AT IR ARSI EFRAS, RIIE hL .

6. 4 CLiEFR 16 MR, s MBUEY C R e TS G . MR H . AR ES PR 2 A
JE B T AR A A DA
“THRBUAE] 167F TR R MMERCAAER 16 AN AEIFE, T R ETHE

BREARARMBIE, B E R BN AR R AT DGk SEAL P
BEAMATHERZEH . B 5 THEREME. ST EINAR%

SRR ERROY 8: 54 Phllm i s R RN, IER S PERSIF L. BFLI#E

1 8 R BLSE TG g e, PR SR H I ), Seln it i 7E R B A RS Rt g AT 5K

DL R LA BEAUL B ARG o
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8.7 BITHERGI

8 Wi — R4 s Sk (524 BBMO-HZG2-77N5-NKKC, 10 /M) : ZEK #% sl
Rz A B 5 R BRAUE , A EJ5 aFAERIK, T T D REARL I ) b A -5 i R
Zlo ZIRUHVE R EMNE S HRERMESRSE R AR, DL R S 5 )
TR B Q BARBARIES: BERTEAREA, AANIERES.

BhfE S¥ t/s
1500 Jenter BRIATE 0
1000 /measure ch1 (0,0) 5
500 /measure ch2 (0,0) 1
€ /measure ch3 (0,0) 17

- 0
> /measure ch4 (0,0) 23

-500
/measure ch5 (0,0) 29
-1000 /measure ch6 (0,0) 35
-1500 /measure ch7 (0,0) 41
/measure ch8 (0,0) 47

-1000 0 1000
x/m /measure ch9 (0,0) 53
BRI ‘

0 500 1000 1500 2000 2500 3000
AR t/ s

K8 &ImiiEsi)s (BBM9-HZG2-77N6-NKKC) HIafT K. #mAMAREe], JEEXNICx.

9 B RERNWATEFEBESKEES
9.1 FEEIMERSTESEKN
BOEMBALT g, WIWR ¢ TERNA ¢ W W RZ R A
lg—gll <rer, (¢ —9)-u®) =0. (27)

D FE T WA o R 0L ELEE B SRS 5 m R E] near, IR direction; R
— A GRS no_signal. [AIEH A RTAT XIS R BB AP, R I B T I A2 HI
PR . 0T B BT . T35 DX 8 P A SR 000 Sz e [ 364 5 XA g SRR
0 ) ) B0 55 B S 5 8 ] R R
I 022 St PR 320 SR U 5 A IR ek A M BN e B IR A RIS s A S DT
ji
VgeQ, YV el0,2m), Is€ S:  |[s—gl <1000, (s—g)-u(y)>0. (28)

$E0 o157 DU A DA R L M 7N 1 e -
[l = B R R R 3K (28)s M ATIARE PN 31 Saharh s (fLE x
) BRE A, EALS RN LA BRAR S # BRI R .
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92 FHHRREHMESESM

W S1 = {(700i,7005) : 4,5 = =3,..., 3} HMTHME Q. SMREEAEREN L
2k 700 m A T AR Y o

A S (748 DU A1 E B 5. Slao TR 2N (28), of- 4 1) 55 AT T i) )R ) YR RAIE 42 B o
HER. B g WG A A 0, . vae DUAIEE g BB A2 T00V2 < 1000,
T g ZMMEBNAS, FFEN =00 20N =14 35, Ai(vi — g) = 00 IHEREHI v KA

BLR Y Ni(vi—g) u=0, MOAATBRERIA AL (v —g) - u < 05 ZD—MAALT A
[e A 2P, L) IR AR B R A A O

PUARIBE RS B 5 Al AP B L R e 42 5 . % R B A B0k s AR 25
iER= O
93 BIEHER/NGPENI SHR

M directional SEPIRH q4_mincover_v2 ilHi. FEMELEGN M s; FIESHEL H bR
A (9, ¢s) b SURBRHERE

Aij = HlIsj — gill < raesign; (55— gi) - w(whi) = [ls; — gill $in Yaesign }- (29)
Ul R T 5 A A B Y
min Y oz, > Az >1 (i),  z € {01} (30)
J J

KA B EH S00 A5 TU R RMER R LIE (6], 438 31 Auliml. BitBr Bl il
965 m PHE 5 5° B AR, B4R 15 m BB, 72 NERREE . RIESRE
AR 3256 200 M HCIRS, RIVEFIER 210 990.051 m,

MBS TR S BESLE S, TR TN E S R S IR E . SRR SRR
P BRI E AL e, Sehni] i B HCRAE R A o, B sl SRR E N
do MEMANFEXL B RBEN LR, —dHuasrth

d + ¢ < 1000, (s —g;) - u(yh;) > e+ 2dsin(a/2). (31)
RPERIH B Q RIEh T AR 3L TSR A HUEA BRI, 4 49 AT RR
M EiR S w M EEHE IR ZE AR R AEAR TAEP I8,
94 (NESHEBKEIRENRTESH

Xt E MR B, TERAMBER AL E WA A 0 2 BN B = 24 A simES, #FE08 15°. £
M, ATy AT RE RS e 4R o 7 1 - 0 R B WL 51 BT o B OR DR B T R A
Al s e S UG TEEMEALT 1000 m PRUEFENCELA . A TR 28 AT DLE 3 ) o
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2500
2000 [ . B +90° (FAEFRAE)
1500
1000

500 e

y/m
o

-500 -

.
| EEEEZ 1000m

-1000 -

-1500 -

-2000 -

-2500 ¢

-2000 -1000 0 1000 2000
x/m

o 31 mmvaE|

B9 31 g/ R UM AT (Z2) 5 € PRI FEEE L ). iR E RIS, 35
whRAALT Q 240, TR AN A ST R B ORI A5 R TS S o

it B = bearing(z — s)s Ay = 7.5°, MHNTTHALREN a., BEEARE N 9y = 1.5%
PLd, B M 22, RSFORE ST
WEFM: do(r, B) <90° + Ay + 1y +
BT do(, B) > 90° — Ay —ny — .

5 ZATORBE S AT N AT W5 T s 1 DXCTE], HERRRE A DX TALAS AT DR o O B o
T, AT AR L SR R . FEE RS, R B R R
e B ) RS B AT IRE SRR TR ILEE 12.2 37,

9.5 TAIRMIFRSIRAIERE
PR i B B e R HETP IR A XML ¢, DA B 2h i A

(32)

1, d < 1000,
w,(d) = { (1500 — d)/500, 1000 < d < 1500, (33)
0, d > 1500.
i G WAL BEAREALE, b.(q) h '?*L‘?EIJ I q MAZSI IR T RS S, SR AT ] AU A R -
b-(q)
|gc Zg w, (| o (34)

53 BE 24 ARSI RS, 0.(q) HRE WM LS 5HTE R LA X2 B E . %
B T R A A R A I 1

PRI RAFE R 2 AR R TREBELCRIXTE R, DU 0.5p, p, 1.5p P42
RN MR . HERR CHGER EE MU, RSB RS BIRRME 70% M, JF
M

— —m
Ip q||+Hq |

6 35
5 F T (335)
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Fe/NE o HEL 6 RAS I NI ) s TR B . B SL AR A Y B A TR AR
Joik e SE PSR N, BRI DR B K R SR IR R . BREEA T IR, REIEE 2. X
B SN RA B EVEF o TRl Py i 5 N FE T 5 8 240 oR PR A% 3t 1 15 B
9.6 MRERABRSITEME

YIS HCEN MEIR R 8 R, BUESEERIIR MR B 4 R B KAk, SR
SFIEIELZ D ESLIK 20 m SR E S . (REITA S L2 E T, LSO
VEM TG BE S o RS PIAT— 55 B Oo R 25 6 12

lg — 2| < 10v2 < 20. (36)

g S B TR, HEERRE AL DTS, BARTERDA —IKEEH 20m . 1%
BT AR YT, B U B L350 A A% 3 T o
EHAMIRETD R w, b, BREPAREL RS

- (1519 ([4] )

Mil[ﬁﬁ*%%&@ilgﬁj‘j 400 > Iﬂi?ﬁﬁ%%% Ncell tRTT,95 + treserve o ﬁﬁ*ﬁ'%ﬁﬁk?ﬁﬁiﬁﬁ EIJEJE
PR A AR AR R R AR O B e S FIE 3 e H o FEMRIE XA & I %
Bk 2 ERR HBUS B ISATE T B ) AT PRAIE 56 B TR 1 B o

9.7 BHAMS&IEEG

Gk 4 WITERRUN RS AR R (A directional)
A RAWED, MBS, Ml SR, AR, LA,

Lo st Rl BN 31 Rk A PRI, 49 sl A LI o

2. BERREOEEAEINGG, HETBEI G, SRR SUE .
- RO ARG (R < 1) BRE A B UIEMLINE L i o
- AEPRE R IUIGE - 50T WA IR ROF RS SR s R B . SI4REE
- PSR S A AR S T, ST 20 m 5 A G B
- B RESS G R AL BR MR UITUE : 2B R IR T BRI AR AR AR

AP A T BT RS VR, Dok BB b=
(5 B S . IR RIS AR, ok AL AN, 150
A AT A R SR A 2 O PR TR A R (LTS R 45 5 e A
DA ST AW R T S0 2 A LR 368 900 TE S BT 3)

20
HE o

(98

i

9,1

)
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9.8 BITIHIERH

10 [l — )& & R 2k (5245 GHSN-M38E-74GD-YLUD): Z£ EI7ENE . il
N ES CIERE 2 A, AN E IR ET R (£90°, RERBGLIEM rer) . Hi
L7 1 B s ] o B AEE R AR s AR LT ) 2 1T TEAE S A I A
XM (27) BT WAMESE, (R B X — AR L2 [0 A DY 5 ) A = s 587 LX) 5 1%
JRRIFEATE N IER S

3000

BhtE BE t/s
lenter BRIRIE 0

2000
/measure ch1 (0,0) 5
1000 /measure ch2 (0,0) 1
£ 0 /measure ch3 (0,0) 17
> /measure ch4 (0,0) 23
-1000 /measure ch5 (0,0) 29
/measure ch6 (0,0) 35

-2000
/measure ch7 (0,0) 41
-3000 /measure ch8 (0,0) 47

-2000 0 2000
x/m /measure ch9 (0,0) 53
-REENE —— WATAE [ CRRAIMEA (2909 o  EiEksE]

4000 5000
AR ¢/ s

K10 &€ PR R (GHSN-M38E-74GD-YLUD) HYiZAT I, 48148 0 % P8 A il 1) T DL X 3o
BRG], JEERIRIE .

Mol

0 1000 2000 3000

6000 7000 8000

10 BEAFERMRNGRSHE 556
10.1  BIRIEIFER XN K BA4%%T

AT LI AR A AR BR E A T S Jammers-simulator-full/test [ HZNHrIER
S, = &A= X4 RBOIRIEE e AR NEREEME Ao
ATTRIEA KA project/results HHY H GEFMIEHE, L AK D S0 2R 2 6 24 /E IR
MHAA N . B XIS 1LY, ERRfl W= WRbEfrd s, =28
BImaFER, NEIFEIT

PR FRARERE IR NS PN IERRET ) T BT E T ] T, DABASI
PATFIE BRI B ER S . Hop T = T/N, BRINR T #8EEME R i, Te RAEIT
SR ZRME . AR LLESRBZR, SiHE RS A THIA.

102 [ERE=IENEER

ZWIER MRS A R 13+ 164 10 AN, Rt 38 4, “FIy@EALiE BRI [al 5351 A

238.075. 232.889. 290.686 s/~ =S MBI [A] .2 FN A 9495.176084 s, $&iFFRELE N
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F 4 FRZIERMERGER (RHRBAAL: s, SPAgITRIEAL : s/4>)

Wik W B TS TR FRENLTERRIN TR F2FPist T i )
Mt 1 9HU7-UWJR-BPTR-VYAT 13 238.075 5.596
MR 2 7TCG-C9EC-53VF-HZ5H 15 232.889 3.024
Mz 3 UVUZ-B4MQ-XSUV-HQFP 10 290.686 2.680
AU Y4 I ] oAy

Y Ty 9495.176084 ~
Ny = = 249.873 s/ (38)
KA RBIEREL, 155 253.884 s//>o IIAEX T 84K T i Bk I Y ~F- X5 I [ B
SERCT R B = AR B EI R B

55 =R B AU E] A 2906.863 s, FEARZL =M s s HERRECh 10, HT
FEPEFYITR] 4 290.686 s/~ o THERECR 5 S A 36 6] g g N 1E) . 3% 4 [R5 H X
SeFE bR LUME LA . T ISATIIA] A 2.680 & 5.596 s, Sl T A 5] b i) 52 bRt 8 5 18
BT
10.3 (A EREER

3w

#5 AR IERMERSR (RhBAL: s, SPAgITRIEAL : s/4>)

5 W e Y 7 B THRRE P EIERRIE R T I R
Mz 1 VQUM-ETQ5-74PP-ZQ3J 13 720.171 7.668
Mz 2 5K5T-TRWZ-BPR2-ECAV 10 927.130 5.724
ik 3 K58B-V5VC-E4EF-CRTW 14 614.884 6.051

# 5 5 IR =R IER AR o Z RIS iE R 13 104 14 AN, 2R3 374, °F
Y5 BT RR I 1) 43 518 720,171, 927.130+ 614.884 s/ o 24 KBl I ] = 1 27241.909918
s, B HIASC X4 B 1) oA

_ 3T Ty, 27241.909918

Ty = = = 736.268 s/~ (39)
Z?:l Nz,rz 37

SR EERCER I ] R 754.062 s/ o

S UAERRECH 14, BERIN ] 4 8608.382 s, i F-Y4 Iy ] 4 614.884 s/~ fE
AE=ZAZG, HiEREERSY . PEMIERN ERE. FPsiThERy 5.724 &
7.668 so 25 ZRMBI S RASU S T IR ST A R R R 1) £ O 2l AR 3 )

R o
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10.4  H{EFERT SRR
K () TJHE, 52 R8s E
Twove =T — 5N,, — N, — 5N — 3N (40)
#£ 6 % Q3-1 F/RMEI = —RIERMIR, HARRmSMRILZESHE . 758 i Br gt
B hZE . FeVERES5K (40) ILFE#E R 11 BIFER 4 fF o
26 AWIERMERA SR8 58 shient

Z R g RIWOERR SEBINE/s BEhEs BEhbite

Q3-1 105 96

0 3094.978  2408.978 77.84%
Q3-2 117 108 0 3493.335  2725.335 78.02%
Q3-3 117 107 0 2906.863 2164.863 74.47%
Q4-1 349 275 0 9362226  7277.226  77.73%
Q4-2 361 315 0 9271302  7101.302  76.59%
Q4-3 264 213 0 8608.382  7005.382 81.38%

ot I o
o I >

o I

o+ I g e
oy o
o> I o

0 2000 4000 6000 8000 10000 s

= f23) iRl - kR

B ESIR R AR o i o A% Bl i) pUERE AT 5 A AR T AO 5

12 $e [ —ie ik T 7e2s H— R s G R g 8 B oA shi e 5, s
B R L TR], R SRR Ry 5 B E Y TEBRE BeR DAY REIRERTT . %
AT (1) B2 B [ — R e BE S e R AR, KAk B sk, AREAIER
Giito

PN U B FS Bl ] 7 S R AR £ 74.47% 28 81.38%, J BRI A SAS, izl
o Bl PRI TG 0 e 4 RS AR I B R BT 1), AEAS I S 4 A5 7 — I AR AR . 1 Lo =
5T move AEGE AR BNEE R : W =ARICH 12,0450 13.627. 10.824 km, [i] @ PUfRK K
36.386+ 35.507+ 35.027 km. ZAFALHERS HE 7 SETHE G RE Shid BRI AR 2] . R
SR IARI R B A FIESE LUE 7 B AR AR A AR, Boa TR =0/
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3500

T
b
I BRENE
[— )

3000 [~

2500 [~

N
=3
S
S

KitRUEE /s

1000 [~

500 [~

0
20 40

80 100 120

60
EEFS

B 12 —JR4InjEgk (BBM9-HZG2-77N5-NKKC, 10 M) HYRIT IS RIM . 2% 5k R Z p,
AN IER AL R

10.5 SCIGEERSHT

AUWIERM R ER 75 ANE, BFEfThET 2.680 5 7.668 so 7ML
SHAZEG T, BHE MRS ERA IE ORI, 5 Bk S BIMESHDT
TS G (bR ARG IR ) . 133 232.889 & 290.686 /™ HY-F-34 & {7 {5 B i
) ZAIRARE BRI A 31 s O0E S W A AR DR S
GG, 58] 614.884 & 927.130 s/ HUAH R 45 5 .

V2% 1] R 3 RV R A R RS AR I 7 b o ISR I A B v R L I R
B PIOLE [ NGB i SR 2R F o R L RRI . BRI s
A7 I 18153 590 B WIS JE] JAR AR 55 AL PRI 5 SRS R, =38 SR IR A4 AR SO S0 1

fro
11 EEXTEESLLS: mMSEmEEZ%
11.1 dEeOZR588EHE

AR H A N AR HEREZE project/, T 1% _bad JUAT A 415 55 P BA SR
FARIANR A SRR L B 10 TR BT ER SR B 20T, MEBTFAE
I DM HERBE =R A BB EEE M src/nen26b H1 2 1 IR AL R 2E 774K
5, SUEE N N E R FELR IR R AN R AH R S B A B AN R
SEHUR RGBS H 5 EIRIERS . HTHIEHEN S M= PULEN AR
WIFMNL LzAT, BB HEOER R —HR SRR A JREE APl —, g
Ui PR R, R e 1 R R R AT LA . — R A e ] IR A TE B R
A IEH Jexit. ZREEGEHIITNE R, SNHEATRL . RICEATHRET:
P S EL g R, R IRIME. AL S RKRE. WA ES . IREYE I €% 7
fi )& T AR B, B IHFARRE . ATTEE H R & T R AT .
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#7 MRS ELRNZ RS (3 EEE)

i AZOIERR s S
L2112 (= 2 et sz BB

1 HREPHYaRIE /5 5 e 0.000 m / 100.0% 4.583 m/52.5%

2 RIEEMCE / BN R RIS E 100.0%/73.890m  100.0% / 340.747 m

3 RPN 100.0% /3188.734s  100.0% / 14935.659 s

4 EFER/ BERAEE 100.0% /0 77.0% / 24

F T R T PR A3 i IR IR O ¢ R = SR LR, BT R A
7] F e e B DX ORI, AR 2 Y O 4 7 Rl RN e 4% . AR Ty iR ) scripes/
build_paper_support.py M project/results/*.json éEﬁ , EI’—??@*@%Z:??}‘ o

112 [Ofi—: BEREBEZHE

#8 - ERGINERSEEAE (A m, AD NHAXSHMHIIRE)

51 D %% DEfh D% |AD|H% HEESH HEmmih BEEEL
=ERS 26.986 26.986 21.213 5.773 7 & i
B 40.000  40.000  50.000 10.000 FR ER B2
e IR LR Ao A - - - - - - -
FiREBMLE 100.000 100.000  0.000 100.000 A A A
A2 WL - - - - - - -

£9 AL ERENR (BRIRERAL: m, FERAA: ms)

R4/ Tk RSHAE ERTPHIRE HRRRKRZE BEHAE CPIFE

B0 (EE s f) 100.0% 0.000 0.000  100.0% 0.064
A (FEHL40 61])  100.0% 0.000 0.000  100.0% 0.086
Hek (FEESH) 80.0% 7.886 10.000 33.3% 14.202
ek (BEML40 1)) 100.0% 4,583 14.599 52.5% 15.933

% 8 TRIERIRFE M TR A7 T IRB R B« T LRG3 o L A e 2R A
BRKBEFS, A 40 m B94EIH = AT 50 m, IEIREEAEAE 0 m; 3%
S 5 D B e O IR B B A T R 2, R e P LT 3.
155 MEEROE . SRR HERTR N 80.0%, THERZIRE 788 m, ik
3£10.000 m, A EMERNARAL 33.3%; 15 40 ABEHLZ S ELHI_EAR A2 W 5] 100.0%,
(BRI AR 4583 m, BRI 14.590 m, B E TR 52.5%. JHh ol
ST B A A SR R . B S A B YRR 0.086 55 15.933
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ms (FEALEA]) . BEIEREHR L AR DI B AR A
113 [Ef=: 0N Si%kE

# 10 [\ R T EAE 30 ANREVLE YR ARG ERTEE CRERSIRAERNL: m, FEBE[E AL
s)

Jrik RERIR R BN ERIE i PRIk YE  &MEEE BEhiYE
k2 (BRAES) 100.0% 73.890  90.899  607.577  0.104 170.44
Bk LN IRERRE 100.0% 75.627 91349  605.841  0.106 170.28
Hesk: ®HE 1000 m 0.0% 80.111  90.775 601356  0.116 200.00
FL: fEk[EC 100.0% 340.747 375.088  340.721  0.500 136.29

F 10 YEGIHEEVIE DOR R BEA R, B IR RGP E R0 681.467 m. T
H 1000 m LR ok, HABENRIE, RIEBILEN 0.0%: FIEALT M ilix
SRS AR TS S, HERIN IR 80.111 m BYEERMEA FEMK, TES5H
B EHER . EREOIEEIERIL (100.0%), AR MILL ., BIFERFE
BYEATS R 340.747 m, ZAHLEE 0.500, HUYdi—F. BRINGE s TEORIERC N A IR
JEHISME 73.890 m. ZH{E LK 0.104, S{RIEBMILN 9 x 9 M2 S fE (75.627 m)
FHZEZ) 2.3%, WA 37 BRI CHER % H AR N I AS el X BN BIR R a2
XHBEZEAMIL 2 BT R RAETEAL . ARG IME R 2 )5 3R “ORIERMC— I 2 4
EER LRV YA
114 [ERE=: £EFRT

11 PRESHOTETE 18 AMRR LIOICE (RS s, BB #f: km)

VRES AR &ER BURRA THEs  THfis  TiRs BN filkm  J5&HR
bayes (ERIAHEHE)  18/18  100.0% 0 3188.734  3111.256  3663.707 111.1  12.338 0.0
seven (b ffftE)  18/18 100.0% 0 5361.707 5367.455 6462351 1008  23.508 0.0
grid (49 &Ft%)  18/18  100.0% 0 14935659 15275.057 16691.406 430.6  61.550 0.0

FICREMITE BAME B ARG R (FEE 10, 130 16, Fhr5EEMRAL)
AT AT, SUERAIYONE, ZERIAERE BRI bayes P 3188.734 s, L
& seven 5361.707 s, 49 WM& grid 14935.659 s. =X}, bayes tHX} grid H)
S RS TR] T B 78.4%- AL R 80.0%, 7 18/18 35t EHTR, seven #HXf grid T
F% 63.7%0 4000 F, BRIASREGAS I 111.111 ¥R Hif% 12.338 km, [MA&ILLRFFEE 430.556
PR 61.550 km fiifl; BRJSTELRIHAIITE 1.6 s LI (BRIASRIE 0.767 s) . A4 U
Mo LRITEMB B SONELIL, ¥R, HRul St R EMEEST. B4
BINREE I PIAE . AT L =F B ZR AR R e, MHEE siE 5 (5 Bk R & B
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BFT 2B 50,
11.5 [&l@ap . SRERAT

F 12 P ERFITETE 1AM ERIEE (RN s, (IBEAL: km)

Tk AR EER BERA TYEs  Twfis ThRs il fifkm JR&EHER
directional (ERIAZEWE)  11/11 100.0% 0 9069.871 8803.261 12081.148 355.6  34.268 24.8
grid (AR =p4%) 0/11  66.6% 0 18179.173 18345.164 20457.858 573.7  73.876 0.0
bayes ([ =) 011 77.0% 24 3890.801 3646.178 5054.382 132.0 15319 0.0

£ 1RICKE=EMITE. 11 MR BUE core 5 boundary W4, boundary 43827 &
B0 B S AR E M IR, JEE AR L. directional 7 11/11 J§ &AL, 2%
100.0%, Y5518 BE 24.818 ¥k, X MRS S E L5 o =1 bayes EL
PR 2B 77.0%, HHI 24 YRBRE R A - k4 1) S 1IE B HERH S & 36 00 2 1 R
FIAARTEAE, R E FIR B8 (3890.801s), {HEEISEAEM . grid (Y 49 s 556 & I R
RITEHE, EEH 66.6%. FBRINE] 18179.173 s, WA WM 5 E#&1EER, €
DA RS AE BB IRAS, 0/11 /i@t AR 2. directional 14 9069.871
s, Lt bayes & 142.9%, fiiff 34.268 km %} 15.319 km; HTHL 11 /FEWIrk, x—
FOAE A B BRIA SR B8 " IES , 7€ 1o IR _E N SeORAEAIRT . PO o

11.6 TEESEIGMIZGILS518R

PULH N LB SRR A A8 - Rl — iR 250k B ARBLE B, SRR B IR0 5 o
ARG T = 2R R i R el s S i 2k 2, U — #3810 1Y)
H—F Befa: M =R =R R RE AT . SO SRS I ok B 5 B 450k 5 R EhHE
PR e A S s R A 22 R IERRYE . SR 2 SRR S RTTER”, PR
L 55 T AN Tl 2 5 8 3 R D A T A 4

WARAWK . BV AR RE, R ST W project/results/
*. json, ANBEVRULHEWTE 7 MM 2040 . FEECARAEEAN : RIEELG . LrftE L W%
B SR RE ST BB AE R A I R AR BN RER RS H BRI A KRR
JE 5 )Y B AT DU P R R A A R, AR BRI E SRR . AR TR
5565 10 TRV T Gt HARAIE , PRS- AN o] AR

12 RENENSHET
12.1 BB EE
AR EA AL BAE R R R 2 KB W I AL ok B S B AT 4. )
B —i@d TS A EAR, DL NI R RERYS BSR4 5 TR oK e
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BORFR AR R A4, = MAE AW E BT 8. JUTEN. SR
PRI RS h gt — B G Is HIR R K .

2% PR 2R 1 T U 5 R R SRR M e A DB H A R PR E o AR 3RS AT AP 41
ML= A A AR M AT AT X, 5 B AR A T e A R T e i R A I i JT IR AR HE
Keresh. Kl BRI G— Bbs, FHAERNZ] R 5 BRI ES OT

X SE IR LB BB LR AT RS R A A TR TS AR
BELEE GRS 3 SRR i AR 5 5 T e R B A o S IRIES AR
T AR 2 1 SR PR 1) v 1) T e R e ) AR

122 KREIE

8 10 B R R ADURS BE o BEYE 2 DL BERAE RN S A 2R R B IR G T AR
5 BYEAR 7 R e, (S5 HEP R B S0 iG 05 2-opt R & X287
WAL A BT S 2 R VRO IE o J5 22T X ] 43 32 58 B2l Ja 0 2 A2 AR 4B
R, SR RBIRSIEHEL, B0 SRS AR B A SR A

FEOL 31 O RIESEERIRER . DA ITSAE 15 m RIARAD 72 ANE A 158 B AL
BiiF. RN ERZESR 15/v2, ) 990.051 + 15/v/2 ~ 1000.658 m, it &/ Mzl
& BRI ETA AARER 00, AR DGl Rl mPisl . B Y A B i R A
REME L . R ) MNZIRAE S8R ZE, Bk T 49 57
%5, TEMRI R s M S FER

P IRRA R HEEMETE . 287 eI 24k ik, IFLL joint_empty ARFHFHK
SRR A IEE , ARSI 2w 5 o R TEAT NS TT R, R Rk
ENE AR DA EZIFE TR SRS BRBMNIRES, 4E9

Hc — H(c)mni U Hgir’ (41)

I EF PR AIATES o B IRE B =AAHRR 120° B0 I 5 mT DAIR) Il 2 1 155, 40
ASRE [ N T A [ S By P o RIS SRR AT OR B X — e, A e 5
WL A —E o

PSSR AR T & 1k o RS0 o 5 PR TE IR 78 20 2 A1 1 A K ABRAIE BT A7 28 31142
FEAPRPUAN SE i FRERUER JULEL R BRI X IR S W N e A2 0%, 24 i 400
A% L BRAL 2 BR A 1 B o R SR AT BT & B A AL S T AP BT . RS RIS
OUT B EL B

PRSI o AT UE MR S8 8 1 P 8 Z IR R BRI 45 RIS, (HREAR
AR URE A L E S B0 BTG A RSB R A M AR AT, 4
ARG REEARA RN . AR FTTET EE o b T R RIS ,  [7] I OR A SR i
A BERMPEEFEE, DA ERS X RF AR A 5Tk .
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7N, HOREXT PR B i sk e dE . 55 11 T il 5 B4 0T LU B 177 P A7 1] BRI
MLE, TROLEIE) . RZEE S E SRR %, BmtAIE: UREAR,
BEFEIR D IR RFEA R T 858 IR T iR D —25, T A& i P R HE
., WARESE FIERS T EAEE,
12.3 SHF WAL

FEBZH B Z WA HAER AKX 5. B oa(d) = 1500/(2cosd) 5 d'(0) =
750secdtand, HH o DIIKEE . IRERLAWE RS REMEMEEE, Ff45/h
PRI B £ . 3 3 4 T AL/ INE NS E BE IR T AT KA 3

3 (20), FPAEH I SR K MR KB SR . BOAREIRE 4 15.461 m )
PR . PN K T FEA €, PRI O B iR IR, T 4EMASEE KBS 2 K
IEEG, P AERSEE . AR ST 8] a) BT
12.4 1=EBIHE

GAERLE T A BT MR E TS HE S TRHEE . SN B s s % s 30
ENL. )WY, ARPEHTINIR &SRR R ZERSERE] s XT3 H br
EUAANERY, TP RSB SR, gkaR AEA M B bR aHE Pt
FERA UL

S Ik
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A EXHHEFRSEFUH
A ES SISO R SHA-256 IR 51 T2 130 8SOR FEI H BHR . 4 2026

RS E A4 4T3k PUIARE 2.5 em, TR R E DT IGESES S (3], FighthJ
WS F RGN B .

# 13 FrgiE s S kS e A A

ZH) RS K SHA-256

Q3-1 formal-p3-1-9HU7-UWJR-BPTR-VYAT. jlog

fbd7ab92£78a019887£f603172ab6a39e274adb1£917£c2681£1e8073£f£47d911

Q3-2  formal-p3-2-7TCG-C9EC-53VF-HZ5H. jlog
5d83ce87455ce22fadbcbddb60814d9b1f0be54de7bc9d0463777bad7b3922ef
Q3-3  formal-p3-3-UVUZ-B4MQ-XSUV-HQFP. jlog
eeffe419c3df005d0ea78c7ec2c10afed29c4bec782327538537dd7ba7914424
Q4-1 formal-p4-1-VQUM-ETQ5-74PP-ZQ3J. jlog
9a102295d324b5fbbaeced1c6036d13ae7e08a7d7fddb60ceb8dead24e62b15d3
Q4-2 formal-p4-2-5K5T-TRWZ-BPR2-ECAV. jlog
370aac9c2c5d324dd382e57e541ef0da7c5dd4759660d9ealcba8373celeadal
Q4-3  formal-p4-3-K58B-V5VC-E4EF-CRTW. jlog

1c7£1d111£8£fd1a1d0£608d9847c0946b1b0a45bdb7b3£487e0c6d4£4586885f

S HMIA scripts/audit_paper_formal.py #§IE T SRS E T GiiHex
VCRC, A:plsstfbsidn. CSV il LaTeX Fif. EIHAMRH X7

python scripts/audit_paper_formal.py

python scripts/audit_paper_formal.py --snapshot docs/paper/data/formal-results.json

ki A SEBORIRIL AL 5 GE i3 58 AR A TRIRE IS8R . IEEELA
IEX BRI AR E 50 E f R — g P AR A

511 A EE T XL 3 HY scripts/build_paper_support.py M project/results/*.json
Ak, M HOEZR AR B AT uv run python -m project.run. 1ESCIHEIH scripts/
build_figure_data.py #EFTEIIE. scripts/matlab/run_all_figures.m &, ZFERKIEE
HE A4 DL docs/figures/manifest. jsono JHoHT B AF 55 ST I ) ok 4 B R 2 S0
PUEZR R, R TR S EE R, ~251EX4801
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B XEMMEEITHE

F 14 SHERPRE &

SR EH R ibzS
src/mcm26b/ MU fFas o RS BATElE Ll

src/mcm26b/guarantee/plans/
project/

scripts/audit_paper_formal.py

scripts/build_paper_support.

py

scripts/build_figure_data.py.

scripts/matlab/
docs/paper/data/
docs/paper/sections/
docs/paper/figures/
docs/figures/
Jammers-simulator-full/test/

support-manifest. json

SR TR B S BB 25 R B E S

BRI TR BCR 0 UHEZRE S HC R S5 B R 45 R
TER SR A B4 PR Ak 5
X REE. TR RS SRR,

R B R 5 MATLAB H B A

AN IERZE I TG 2 R A i
I B SCIRSCAF:

IR R RN B A R B S

IESCHE (PNG) B HBR T 5 A pldir 4
AN R AT IER H &
SRS B R B S SHA-256

Python 21T I 752 requests, numpy $EHEFZEHIHE . ¥ src HIA Python Bidkigid
J& . FYHH python -m mcm26b.geometry FHAT [ i— L4347, Sifid mem26b. cli i2
FITELR RS . ZELRIMNA ALl #S R R 3, F I ME R PATIRIEAN 1« BARZET T84
Y B D X ¥ AL ) README . mdo

7Y 5] SR A% O AR P TEZ) 5000 F7EESCHRR P, A 3EE LT SHE AT E
BHEMIEE FEMNZHL, PEML. fr 417488
DLRARBER BT ZAR T REZ O, ATEMIH .
mcm26b- . ipynb, src/mem26b/ PR -5 2B TR N AU ARAS , B BRIEL AL —— X
TR R TS B . RS ERSRTF 8, FIEZ O ERE . ARG
S AT IEINL (FERF U AR 25

2R

REHIELREMA, BTl LR 2 SRR F B i 75 58 o

MBI S SRR

S B ENHREAS RiT )5 & BRI EMS I S 4R T It 2-opt Bk

CostBreakdown: —{REVEINMER ZEFERS: F3h + ¥iiE (L&) + ShifEARH.

1 class CostBreakdown:

2 RAREMEISEEN DER: B+ SR (ORI + B,

move_s: float

switch_s: float

action_s: float

@property

def total_s(self) -> float:

® NN L AW
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9 return self.total_us / 1_000_000

10

11 Q@property

12 def total_us(self) -> int:

13 R B A S O R BT BRI e —8,

14 return sum(round(value * 1_000_000)

15 for value in (self.move_s, self.switch_s, self.action_s))

measure_cost: ¥k /measure FUFER]; BaiZ AR, HGE B /TG E A B A

&l

1 def measure_cost(prev_pos: Vec2, pos: Vec2, prev_channel: int, channel: int,
2 cost: CostConfig = CostConfig()) -> CostBreakdown:

3 nin Yk /measure FFERS . FEANHE EHARME S HORGE G NEME R G AR,

4 return CostBreakdown(

5 move_s=dist (prev_pos, pos) / cost.speed_mps,

6 switch_s=0.0 if channel == prev_channel else cost.switch_s,

7 action_s=cost.measure_s,

8 )

clear_cost: ik /clear PFEMT: {EERATIHMMPUIUE, HORE B

1 def clear_cost(prev_pos: Vec2, pos: Vec2, success: bool,

2 cost: CostConfig = CostConfig()) -> CostBreakdown:

3 mgik /clear AR "

4 return CostBreakdown(

5 move_s=dist (prev_pos, pos) / cost.speed_mps,

6 switch_s=0.0,

7 action_s=cost.clear_success_s if success else cost.clear_fail_s,
8

move_time: (LM RIEHIFLBAERS, LRI -

1 def move_time(a: Vec2, b: Vec2, cost: CostConfig = CostConfig()) -> float:
2 TR AR AR (L) o

3 return dist(a, b) / cost.speed_mps

nearest_neighbor_order: IITANFIIIE, 1EMMEHEFE 2 LA,

1 def nearest_neighbor_order(points: list[Vec2],

2 start: Vec2 = (0.0, 0.0)) -> list[Vec2]:
3 nR AT (0. BRR R o e

4 remaining = list(points)

5 order: list[Vec2] = []

6 position = start

7 while remaining:

8 nxt = min(remaining, key=lambda q: math.dist(position, q))
9 remaining.remove (nxt)

10 order.append (nxt)
11 position = nxt
12 return order

two_opt_open: FFE%AE 2-opt Btk LS AW, HEENE A B

def two_opt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),

1

2 max_passes: int = 8) -> list[Vec2]:
3 "I RE 2-opt (ZERiE I RURENER R B, Mg BAREE) o
4 best = list(order)

5 n = len(best)

6 if n < 3:

7 return best

8 for _ in range(max_passes):

9 improved = False

10 for i in range(n - 1):

11 prev = best[i - 1] if i > 0 else start
12 pi = best[i]

13 d_prev_i = math.dist(prev, pi)

14 for j in range(i + 1, n):

15 pj = bestl[j]

16 nxt = best[j + 1] if j + 1 < n else None
17 d_prev_j = math.dist(prev, pj)

18 removed = d_prev_i

19 added = d_prev_j

20 if nxt is not None:

21 removed += math.dist(pj, nxt)

22 added += math.dist(pi, nxt)

23 if added < removed - 1le-9:
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24 best[i:j + 1] = best[i:j + 1][::-1]

25 improved = True

26 pi = bestl[il

27 d_prev_i = math.dist(prev, pi)
28 if not improved:

29 break

30 return best

fE—: AEXS. ERSRIEEE

$¥$Ex*5h8ﬁ,Amﬁﬁﬁﬁﬁﬁwm%%*¢¢ﬂﬁl I ERRE S E S
(A T EIE
Measurement: —Jz~[a] BEMLIN : W5 ALKR. /sl BEEIRZEA RN 1°).

1 class Measurement:

2

3 x: float

4 y: float

5 bearing_deg: float

6 half_angle_deg: float = 1.0

halfplanes: —YCMINA=ALFIMAR: MAHRMNLASE AR, ke Rk,

1 def halfplanes(m: Measurement) -> list[tuple[float, float, float]]:
2 """Return a*x+b*y<=c with unit normals, including the forward---"""

3 theta = m.bearing_deg % 360

4 lower, upper = radians(theta - m.half_angle_deg), radians(theta + m.half_angle_deg)
5 middle = radians(theta)

6 normals = [(sin(lower), -cos(lower)), (-sin(upper), cos(upper)),

7 (-cos(middle), -sin(middle))]

8 return [(a, b, a * m.x + b * m.y) for a, b in normals]

convex_hull: F{FEEMAE GURIE. TEERE), WNLIREFHLERE F—8H.

1 def convex_hull(points: list[Point], eps: float = EPS) -> list[Point]:
2 """Monotone chain, CCW, no repeated final vertex; retain segm---"""
3 ordered = sorted(points)

4 unique = []

5 for p in ordered:

6 if not unique or distance(p, unique[-1]) > eps:

7 unique.append (p)

8 if len(unique) <= 2:

9 return unique

10

11 def chain(seq):

12 out = []

13 for p in seq:

14 while len(out) >= 2:

15 a = (out[-11[0] - out[-2][0], out[-11[1] - out[-2][1])
16 b = (pl0] - out[-11[0], p[1] - out[-11[1])

17 # Distance-to-line tolerance, not an unscaled area tolerance.
18 if cross(a, b) > eps * max(hypot(*a), hypot(*b), eps):
19 break

20 out.pop()

21 out.append(p)

22 return out

23

24 return chain(unique) [:-1] + chain(reversed(unique)) [:-1]

diameter: WXL XM EAR: A F AR ERIL KL AT A

1 def diameter(points: list[Point]):

2 if not points:

3 raise ValueError ("%5 SR A AR FE Y FIIEZE)
4 a = b = points[0]

5 value = 0.0

6 for p, q in combinations(points, 2):

7 d = distance(p, q)

8 if 4 > value:

9 value, a, b =4d, p, q

10 return value, (a, b)

smallest_enclosing_circle: Welzl FEAMSEH/ MILE R ; E eV O IESE B &5 P,

1 def smallest_enclosing_circle(points: list[Point], eps: float = EPS):
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2 """Welzl's randomized incremental algorithm, using an explici---"""

3 if not points:

4 raise ValueError ("7 AN e/ M [ 3] )

5 if not isfinite(eps) or eps <= 0:

6 raise ValueError ("epsihZii Jy 47 [RIE4L")

7 if any(len(p) !'= 2 or any(isinstance(x, bool) or not isinstance(x, (int, float))
8 or not isfinite(x) for x in p) for p in points):

9 raise ValueError (" i EWA%00 HiA7 L 4EALPRZLAL ")

10 origin = points[0]

11 scale = max(distance(origin, p) for p in points)

12 if scale ==

13 return tuple(origin), 0.0

14 local = [((p[0]-origin[0])/scale, (p[1l-origin[1])/scale) for p in points]

15 tolerance = min(eps/scale, EPS)

16 Random(20260910) . shuffle(local)

17 # Frame = (remaining prefix length, forced boundary, returning from child).
18 stack = [(len(local), (), False)]

19 circle = None

20 while stack:

21 n, boundary, returning = stack.pop()

22 if n == 0 or len(boundary) ==

23 # Forced support points must lie ON the boundary. For three points

24 # use their circumcircle, even when their unconstrained MEC is smaller.
25 circle = _circumcircle(*boundary) if len(boundary) == 3 else None

26 if circle is None and boundary:

27 circle = _enclosing_circle_reference(list(boundary), tolerance)
28 elif not returning:

29 stack.append((n, boundary, True))

30 stack.append((n-1, boundary, False))

31 elif not _circle_covers(circle, local[n-1], tolerance):

32 stack.append((n-1, boundary + (localln-1],), False))

33 assert circle is not None

34 center = (origin[0]+circle[0] [0]*scale, origin[1l+circle[0][1]*scale)

35 # Recompute after transforming back: returned circle contains all input points
36 # to distance() precision, including any roundoff from the large translation.
37 return center, max(distance(center, p) for p in points)

solve: [ —FEANM: PPHAREMXE, KazsE. BREBUEE, SahER. ERkE
= E 5 /MO [ o

1 def solve(measurements: list[Measurement], eps: float = EPS) -> dict:

2 """Solve Ql's pure angular intersection (no disk/range prior---"""

3 if not isfinite(eps) or eps <= 0:

4 raise ValueError ("epsWhZii A4 FRIFEL")

5 if not measurements:

6 return {"status": "unbounded", "vertices": [], "diameter_m": None,

7 "diameter_infinite": True, "recession_direction": [1.0, 0.0],
8 "message": "VWATWLI, EAPHIYAFT"}

9 if len(measurements) > 100:

10 raise ValueError (£ SCHUiR 2N 100N ks T KK R i T 2P 32 54D
11 ox = sum(m.x for m in measurements) / len(measurements)

12 oy = sum(m.y for m in measurements) / len(measurements)

13 scale = max(1.0, max(hypot(m.x - ox, m.y - oy) for m in measurements))

14 local = [Measurement((m.x - ox) / scale, (m.y - oy) / scale,

15 m.bearing_deg, m.half_angle_deg) for m in measurements]
16 planes = [h for m in local for h in halfplanes(m)]

17

18 def inside(p):

19 tol = eps * max(1.0, abs(p[0]), abs(p[1]))

20 return all(a * p[0] + b * p[1] <= ¢ + tol for a, b, c in planes)

21

22 feasible_vertices = []

23 for (a, b, ¢), (d, e, f) in combinations(planes, 2):

24 det = a *xe -b x*xd

25 if det == 0.0:

26 continue  # WHfPAT: JoA R GE-PATX IS KRG TELIRIA . (RE)
27 p=(((cxe-bx*xf)/det, (a*xf -c*d) / det)

28 if isfinite(p[0]) and isfinite(p[1]) and inside(p):

29 feasible_vertices.append(p)

30

31 if not feasible_vertices:

32 return {"status": "empty", "vertices": [], "diameter_m": None,

33 "diameter_infinite": False, "tolerance_m": eps * scale,

34 "message": "W MBIRA NI KASE. AR LIRER "}

35

36 # A nontrivial 2D recession cone has a ray tangent to an input halfplane.
37 # Use a much tighter angular threshold than the positional feasibility epsilon.
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ray = None
for a, b, _ in planes:
for direction in ((b, -a), (-b, a)):
if all(d * direction[0] + e * direction[1] <= 2e-14
for d, e, _ in planes):
ray = direction
break
if ray is not None:
break

hull = convex_hull(feasible_vertices, eps)

def world(p):
return [ox + p[0] * scale, oy + pl[1] * scale]

result = {"status": "unbounded" if ray else
("point" if len(hull) == 1 else "segment" if len(hull) == 2 else "polygon"),
"vertices": [world(p) for p in hull], "tolerance_m": eps * scale,
"diameter_infinite": ray is not None}
if ray is not None:
result.update(diameter_m=None, recession_direction=list(ray),
message="{F{EIEZFEIR A, KITEH . EHE TR

return result

d, pair = diameter(hull)
midpoint = ((pair[0][0] + pair[1][0]) / 2, (pair[0][1] + pair[1][1]) / 2)
distances = [distance(midpoint, p) for p in hulll
witness_index = max(range(len(hull)), key=distances.__getitem__)
max_distance = distances[witness_index]
center, radius = smallest_enclosing_circle(hull, eps)
area = abs(sum(cross(hull[i], hull[(i + 1) % len(hull)])
for i in range(len(hull)))) / 2
result.update(diameter_m=d * scale, diameter_pair=[world(p) for p in pair],
area_m2=area * scale ** 2,
diameter_circle={"center": world(midpoint), "radius_m": d * scale / 2,
"max_vertex_distance_m": max_distance * scale,
"covers": max_distance <= d / 2 + eps * 4,
"coverage_tolerance_m": 4 * eps * scale,
"max_excess_m": (max_distance-d/2) * scale,
"outside_vertex_indices": [i for i, value in enumerate(distances)
if value > d/2 + 4xeps],
"witness_vertex": world(hull[witness_index])
if max_distance > d/2 + 4xeps else Nonel},
minimum_enclosing_circle={"center": world(center), "radius_m": radius * scale},
guaranteed_clearable_at_mec_center=radius * scale <= 20 - eps * scale * 4,
clearance_certificate={"model": "angular_intersection_only",
"clear_radius_m": 20.0,
"numerical_margin_m": 4*eps*scale,
"radius_with_margin_m": (radius+4xeps)*scale,
"remaining_margin_m": 20-(radius+4*eps)*scale,
"center": world(center)})
return result

B RIES SHRIEEAIE Z AN =

gk 8 1R S AMI 2 0 T8 5 A - P I RGT R s R R 1000 — p, SN RIRE

WA R ER ST I
CandidateRegion: HMEMRIELAHMRTIIMLZUNE (T CCW; R¥FRILA 1-2 K)o

1
2
3
4
5
6
7
8
9

10
11

class CandidateRegion:

e SEBGE GRS IR IAME S (e cows iRkl 1-2 ) o

Q@classmethod
def disk(cls, center: Vec2, radius_m: float, sides: int,
slack_m: float | None = None) -> "CandidateRegion":
if slack_m is None:
slack_m = radius_m * (1 - math.cos(math.pi / sides))
return cls(circumscribed_polygon(center, radius_m, sides), slack_m)

@classmethod

def initial(cls, station: Vec2, config: ProblemConfig) -> "CandidateRegion":
s direction JEHUZEREAE: @ B(station, r_max) HIfRSEAMI. "t
field_cfg, sides = config.field, config.search.polygon_sides
slack = field_cfg.omega_radius_m * (1 - math.cos(math.pi / sides))
region = cls.disk((0.0, 0.0), field_cfg.omega_radius_m, sides, slack)
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17 region.clip_disk(station, field_cfg.r_eff_max_m, sides)

18 return region

19

20 def clip_disk(self, center: Vec2, radius_m: float, sides: int) -> None:
21 mn R4 B(center, radius) MAMIZMTERE (GERLERENMK) o "
22 for a, b, ¢ in polygon_halfplanes(circumscribed_polygon(center, radius_m, sides)):
23 self._clip(a, b, c)

24 self.slack_m += radius_m * (1 - math.cos(math.pi / sides))

25

26 def clip_wedge(self, station: Vec2, bearing_deg: float,

27 half_angle_deg: float) -> None:

28 wen B £ W(station, bearingdhalf_angle) 3KR3Z (R <90°) .
29

30 A LT 5 localization.halfplanes [l [148, 0°/360° BALH

31 sin/cos B IEMLH, KFEH L.

32 e

33 if not O < half_angle_deg < 90:

34 raise ValueError ("ffill>f-fZii7e (0, 90) J&E™)

35 lower = math.radians(bearing_deg - half_angle_deg)

36 upper = math.radians(bearing_deg + half_angle_deg)

37 sx, sy = float(station[0]), float(station[1])

38 self._clip(math.sin(lower), -math.cos(lower),

39 math.sin(lower) * sx - math.cos(lower) * sy)

40 self._clip(-math.sin(upper), math.cos(upper),

41 -math.sin(upper) * sx + math.cos(upper) * sy)

42

43 def mec(self) -> tuple[Vec2, float]:

w R AMEE (B, ) o PREHIEEE LR,

45 if self._mec is None:

46 if not self.polygon:

47 raise InconsistentBelief ("{i7ik X Has™)

48 self._mec = smallest_enclosing_circle(self.polygon)

49 return self._mec

50

51 def witnesses(self, spacing m: float) -> list[Vec2]:

52 PSRRI RN S SRR R (BIRE IR L) o

53 if len(self.polygon) < 3:

54 return list(self.polygon)

55 points = list(self.polygon)

56 count = len(self.polygon)

57 for index in range(count):

58 p, q = self.polygonl[index], self.polygon[(index + 1) % count]
59 length = math.dist(p, q)

60 steps = int(length // spacing_m)

61 for k in range(1, steps + 1):

62 ratio = k / (steps + 1)

63 points.append((p[0] + ratio * (q[0] - p[0]l),

64 pl1] + ratio * (ql[1]l - p[11)))

65 return _dedupe(points, tol=1e-9)

66

67 def contains(self, point: Vec2, tol_m: float = 0.05) -> bool:

68 C AR TEML RN GEAZE TR E VRS, MO AR o e
69 if not self.polygon:

70 return False

71 if len(self.polygon) == 1:

72 return math.dist(point, self.polygon[0]) <= tol_m + self.slack_m
73 if len(self.polygon) == 2:

74 P, q = self.polygon

75 return _point_segment_distance(point, P, q) <= tol_m + self.slack_m
76 for index, p in enumerate(self.polygon):

77 q = self.polygon[(index + 1) % len(self.polygon)]

78 if (q[0] - p[0]) * (point[1] - p[1]) - (ql[1] - p[1]) * (point[0] - p[0])
79 < -tol_m - self.slack_m:

80 return False

81 return True

ClearCertificate: {HKRF/NFA: MRIEHEIMIRE R LIRIZZ IR IR

class ClearCertificate:
PERIED : RERAMLER (SUEBIRK) AL 20m R

1

2

3

4 channel: int

5 center: Vec2

6 radius_m: float
7 limit_m: float
8 certified: bool

37



clear_certificate: HIfRLESEHF/INGL I JA) e 75 W] U T Bk o

1 def clear_certificate(region: CandidateRegion, channel: int,

2 config: ProblemConfig = ProblemConfig()) -> ClearCertificate:
3 "t _poly <= 20 - AMEIEMIRZE - TRRE A ARTREER. "

4 center, radius = region.mec()

5 limit = (config.field.clear_radius_m - region.slack_m

6 - config.search.clear_margin_m)

7 return ClearCertificate(channel, center, radius, limit, radius <= limit)

candidate_points: PRIEFENCEEAAIMEIE AT : SO INAELBIFAR LS5 05 1A ko

def candidate_points(center: Vec2, safe_radius_m: float, rings, angles: int) -> list[Vec2]:

1

2 nGRAIERRCEE N B A D + BB x 5.

3 points = [tuple(center)]

4 for fraction in rings:

5 radius = fraction * safe_radius_m

6 if radius <= 1e-9:

7 continue

8 step = 2 * math.pi / angles

9 for k in range(angles):

10 angle = step * k + step / 2

11 points.append((center[0] + radius * math.cos(angle),
12 center[1] + radius * math.sin(angle)))
13 return points

safe_disk_radius: PRIEFEIEFEAE 1000 — p3 /INFERRIA RN X 15K

def safe_disk_radius(region: CandidateRegion,

1

2 config: ProblemConfig = ProblemConfig()) -> float:

3 REBCE Blnec, safe) MR <0 AREMIE ( MHRMEER) o
4 return config.field.r_eff min m - region.mec()[1] - 1le-3

select_measurement_point: FE{RIEFENCEL N EE T —RM s . E38bs hEBIF R E A E 2, Fom
BRI NE

1 def select_measurement_point(region: CandidateRegion, from_position: Vec2,

2 config: ProblemConfig = ProblemConfig()) -> SecondPointPlan:
3 COFERSIERMCE R TR (P8 Bl XMERMIESEM) o

4 field, search = config.field, config.search

5 center, radius = region.mec()

6 half_angle = field.bearing_error_half_deg + search.bearing_rounding_margin_deg

7
8
9

def move_cost(point: Vec2) -> float:
return move_time(from_position, point, config.cost)

10

11 # 1mm H({ERRTE safe_disk_radius Nigl.

12 safe_radius = safe_disk_radius(region, config)

13 if safe_radius < O:

14 return SecondPointPlan(tuple(center), radius, move_cost(center),

15 "EALIEEC A (>1000) : #5% MEC [HL>, AIfE no_signal")
16 coarse = region.witnesses(search.witness_spacing_m)

17 samples = candidate_points(center, safe_radius,

18 search.candidate_rings, search.candidate_angles)

19 near_radius, sides = field.near_radius_m, search.polygon_sides

20 best_key, best_point, best_worst = None, None, None

21 for point in samples:

22 worst = _worst_posterior_radius(region, point, coarse, half_angle,

23 near_radius, sides)

24 key = (round(worst, 6), round(move_cost(point), 6))

25 if best_key is None or key < best_key:

26 best_key, best_point, best_worst = key, point, worst

27 dense = _worst_posterior_radius(region, best_point,

28 region.witnesses(search.witness_spacing_m / 4),
29 half_angle, near_radius, sides)

30 reason = (£f"“Z‘4{i B(centre,{safe_radius:.0f}m) [§ {len(samples)} fik; "

31 £UHLRFERIR R {best_worst:.1f}m, 1/4 [EIEE/NE 4 {dense:.1f}m")

32 return SecondPointPlan(tuple(best_point), dense, move_cost(best_point), reason)

select_second_point: [AIFH = NI HIE s M) BE M S5 2 FF 40 Hh 28 — R il

1 def select_second_point(client: SimulatorClient, first_position: Vec2,

2 first_bearing_deg: float,

3 config: ProblemConfig = ProblemConfig()) -> SecondPointPlan:
4 wenp3 N[T: PR direction i K1, 3R I {RIEREMC A EE A Zo o

5 region = CandidateRegion.initial(first_position, config)

6 half_angle = config.field.bearing_error_half_deg
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7 + config.search.bearing rounding_margin_deg
8 region.clip_wedge(first_position, first_bearing_deg, half_angle)
9 return select_measurement_point(region, client.state.position, config)

ERE=: BHEITK. RUIERSERIER

PR S E T RA BIERE R, DUR-E R B S A/ R 1A R
FIEAS I o
CoverageCertificate: F#iE45: RAEAHER. M ESHN BArE. OB SEFGHES.

class CoverageCertificate:

1

2 COESRIE  SREEE X + B+ IR,

3

4 kind: str # "full_disk" | "forward_half_disk"

5 target_step_m: float

6 headings: int

7 r_eff_min_m: float

8 targets: int

9 uncovered: int

10 worst_hit_distance_m: float

11 nn_tour_m: float

12 generator_sha256: str = ""

13 verify_heading _margin_deg: float = 0.0

14 Q@property

15 def valid(self) -> bool:

16 return self.uncovered == 0 and self.targets > O

17

18 def as_dict(self) -> dict:

19 return {"kind": self.kind, "target_step_m": self.target_step_m,

20 "headings": self.headings, "r_eff min_m": self.r_eff min m,
21 "targets": self.targets, "uncovered": self.uncovered,

22 "worst_hit_distance_m": round(self.worst_hit_distance_m, 3),
23 "nn_tour_m": round(self.nn_tour_m, 1),

24 "nn_tour_virtual_s": round(self.nn_tour_m / SPEED_MPS, 1),
25 "generator_sha256": self.generator_sha256,

26 "verify_heading _margin_deg": self.verify_heading margin_deg}

CoveragePlan: ZaGitH): mif. BEmiE N HiEP.

1 class CoveragePlan:

2 neny TR R+ S+ R (RUORATIER]) .

3

4 name: str

5 problem: int

6 points: tuple[Vec2, ...]

7 kind: str # "analytic" | "certified"

8 coverage: str # "full_disk" | "forward_half_disk"

9 note: str = ""

10 certificate: CoverageCertificate | None = None

11 generator: dict = field(default_factory=dict)

12 def as_dict(self) -> dict:

13 return {"name": self.name, "problem": self.problem, "kind": self.kind,
14 "coverage": self.coverage, "note": self.note,

15 "generator": self.generator,

16 "certificate": (self.certificate.as_dict()

17 if self.certificate is not None else None),
18 "points": [[p[0], p[1]] for p in self.points]}

coverage_points: 49 S LMK, HAITXIA 70012 ~ 989.95 < 1000 m.

1 def coverage_points(config: ProblemConfig = ProblemConfig()) -> list[Vec2]:
2 nna9 PR AR (LAY, ) o

3 step = config.search.grid_step_m

4 half = config.search.grid_half_cells

5 return [(step * i, step * j)

6 for j in range(half, -half - 1, -1)

7 for i in range(-half, half + 1)]

CoverageLedger: ZMUEAMICK, # (B, Mg R) —4Eidik.

class CoverageLedger:

"EBGERLEIRAC: CFUE, PIARRD > 2.

config: ProblemConfig = field(default_factory=ProblemConfig)

1
2
3
4
5 points: list[Vec2] = field(default_factory=coverage_points)
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6 measured: set = field(default_factory=set) # {(channel, point_index)}
7 skipped: dict = field(default_factory=dict) # channel -> Jii[A

8 def mark_measured(self, channel: int, point_index: int) -> None:

9 self .measured.add((channel, point_index))

10

11 def measured_at(self, channel: int, point_index: int) -> bool:

12 return (channel, point_index) in self.measured

13

14 def skip_channel(self, channel: int, reason: str) -> None:

15 eSO E Bk R A (U0 already_cleared / located_pending_clear) . """
16 self.skipped[channel] = reason

17

18 def pending_points(self, channel: int) -> list[int]:

19 "B A IR RS R bR AR B SR R S (Pa) o et

20 return [index for index in range(len(self.points))

21 if not self.measured_at(channel, index)]

22

23 def coverage_ complete(self, channel: int) -> bool:

24 nEAGE R RS A (B aABkE) o

25 return channel in self.skipped or not self.pending_points(channel)

seven_points: J§ 5 FAANSE S LU B EE

1 def seven_points(ring radius_m: float = RING_RADIUS_M) -> list[tuple[float, floatl]]:

2 U + SR E 6 BN LA d.

3 return [(0.0, 0.0)] + [(ring_radius_m * math.cos(k * math.pi / 3),

4 ring_radius_m * math.sin(k * math.pi / 3)) for k in range(6)]

seven_plan: 2 =[fEtrE it FHRAE 1159.7 m B IR 25 00 B AN 984.539 m.

1 def seven plan(ring radius_m: float) -> CoveragePlan:

2 s = R AT (B SEIEMI B validate_seven_coverage ZiiH) o "M

3 return CoveragePlan(

4 name=f"seven-r{ring_radius_m:.1f}", problem=3, kind="analytic",
5 coverage="full_disk",

6 note=("f#HTEH max(r/v3, sqrt(®R*+r?-v3Rr)) < 1000; "

7 "r [1122.9, 1732] WAL, JRAGRAR N BB ,

8 points=tuple(seven_points(ring_radius_m)))

verify full disk: (E=(HBERGTR S (RSN A s TE AT RO SR NERCIRI B A o

1 def verify_full_disk(points: list[Vec2], step_m: float = VERIFY_STEP_M,
2 r_eff: float = R_EFF_MIN_M) -> CoverageCertificate:
3 nEERNE S @ RGBT A r_eff RN, M
4 points = list(points)

5 positions = omega_positions(step_m)
6 table = _bucket(points, r_eff)

7 missing, worst = 0, 0.0

8 for (px, py) in positions:

9 ci, c¢j = int(px // r_eff), int(py // r_eff)

10 best = None

11 for di in (-1, 0, 1):

12 for dj in (-1, 0, 1):

13 for c_index in table.get((ci + di, cj + dj), O):

14 cx, cy = points[c_index]

15 distance = math.hypot(cx - px, cy - py)

16 if distance <= r_eff and (best is None or distance < best):
17 best = distance

18 if best is None:

19 missing += 1

20 else:

21 worst = max(worst, best)

22 return CoverageCertificate("full disk", step_m, 1, r_eff, len(positions),
23 missing, worst, nn_tour_length(points))

verify_forward_half_disk: HSPUNIEFEIE S (B AL E 5510 #AATERT A4 N 3 o

1 def verify_forward_half_disk(points: list[Vec2], step_m: float = VERIFY_STEP_M,

2 headings: int = VERIFY_HEADINGS,

3 r_eff: float = R_EFF_MIN_M,

4 heading_margin_deg: float = 0.0) -> CoverageCertificate:
5 nSEPEEE S (poh) AR AR A e

6 points = list(points)

7 targets = forward_targets(step_m, headings)

8 table = _bucket(points, r_eff)

9 missing, worst = 0, 0.0

0

1 sin_margin = math.sin(math.radians(max(heading_margin_deg, 0.0)))
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11 for (px, py, heading) in targets:

12 ux, uy = math.cos(heading), math.sin(heading)

13 ci, cj = int(px // r_eff), int(py // r_eff)

14 best = None

15 for di in (-1, 0, 1):

16 for dj in (-1, 0, 1):

17 for c_index in table.get((ci + di, cj + dj), O):
18 cx, cy = points[c_index]

19 dx, dy = ¢cx - px, cy - py

20 distance_sq = dx * dx + dy * dy

21 if distance_sq > r_eff * r_eff:

22 continue

23 if dx * ux + dy * uy < sin_margin * math.sqrt(distance_sq) - 1le-9:
24 continue

25 distance = math.sqrt(distance_sq)

26 if best is None or distance < best:

27 best = distance

28 if best is None:

29 missing += 1

30 else:

31 worst = max(worst, best)

32 return CoverageCertificate("forward_half_disk", step_m, headings, r_eff,
33 len(targets), missing, worst,

34 nn_tour_length(points))

plan_instance: ZAFRPUE TR IEBIHRITEISTTHHER — 0 PERE M.

def plan_instance(name: str, verify: bool = True) -> CoveragePlan:

1

2 mngE— N FATRIRCE SR (N BT 7 N ERIER TR o

3 if name == "square49":

4 return square_49_plan()

5 if name == "seven'":

6 return seven_plan(1200.0)

7 if name not in EMBEDDED_PLANS:

8 raise FileNotFoundError (f" 4447 511 ¥ {name!r}; I 4 : {plan_names()}")
9 plan = embedded_plan(name)

10 if verify and plan.kind == "certified":

11 certificate = verify_plan(plan)

12 if not certificate.valid:

13 raise ValueError(

14 YA E R {name!r} BATIIRER RN "

15 f"{certificate.uncovered}/{certificate.targets} 4> (p,h) RHEH")
16 plan = CoveragePlan(

17 name=plan.name, problem=plan.problem, kind=plan.kind,

18 coverage=plan.coverage, note=plan.note, generator=plan.generator,

19 certificate=CoverageCertificate(

20 kind=certificate.kind, target_step_m=certificate.target_step_m,
21 headings=certificate.headings, r_eff_min_m=certificate.r_eff _min_m,
22 targets=certificate.targets, uncovered=certificate.uncovered,
23 worst_hit_distance_m=certificate.worst_hit_distance_m,

24 nn_tour_m=certificate.nn_tour_m,

25 generator_sha256=(plan.certificate.generator_sha256

26 if plan.certificate else "")),

27 points=plan.points)

28 return plan

oE = MIEIEE

AT TG MG SEAFEE , HAG O I €/V/2 N4 5 FRINAG . b S SO0t D0 B8 3 ke ) 5 e s
EB
ChannelParticles: BAAMUE M MIARIRGESE : MOOME (/V2, FraMEAE N Zaa, BOLE
FIFERE R AN o

class ChannelParticles:

AR R A

1

2

3

4 def cell_center(self, index: int) -> Vec2:

5 i, j = divmod(index, self.width)

6 return (self.x0 + (i + 0.5) * self.spacing m,
7 self.x0 + (j + 0.5) * self.spacing_m)
8
9

def discard(self, indices: list[int]) -> None:
10 " ATEMBRATT - A A R T R BRI ERI
11 self._discard(indices)
12
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def _discard(self, indices: list[int])
if not indices:
return
coarse_w = self._coarse_width()
for index in indices:
if index not in self.alive:
continue
self.alive.discard(index)

-> None:

key = (index // self.width // _COARSE_FACTOR) * coarse_w

+ (index % self.width) // _COARSE_FACTOR

count = self._coarse.get(key,
if count <= O:
self._coarse.pop(key, None
else:
self._coarse[key] = count
self.version += 1
self._mec = None

0) -1

)

def _kill_disk(self, center: Vec2, radius_m: float) -> None:

o ERAR OB center <= radius_m [KEFRETEAS CEEAAE WWBHLTRE) .

if not self.alive:
return
reach = radius_m + _DIST_EPS_M

ilo = max(0, int(math.floor((center[0] - reach - self.x0) / self.spacing_m)))

ihi = min(self.width - 1,

int (math.ceil((center[0] + reach - self.x0) / self.spacing m)))
jlo = max(0, int(math.floor((center[1] - reach - self.x0) / self.spacing_m)))

jhi = min(self.width - 1,

int(math.ceil((center[1] + reach - self.x0) / self.spacing m)))

limit_sq = reach * reach
doomed = []
for i in range(ilo, ihi + 1):

dx = self.x0 + (i + 0.5) * self.spacing_m - center[0]

base = i * self.width
for j in range(jlo, jhi + 1):
index = base + j

if index not in self.alive:

continue

dy = self.x0 + (j + 0.5) * self.spacing_m - center[1]

if dx * dx + dy * dy <= 1i
doomed . append (index)
self._discard(doomed)

mit_sq:

def _kill_outside_disk(self, center: Vec2, radius_m: float) -> None:

o EEAS O EE center > radius_m FEGAS (BREEN) o

if not self.alive:

return
reach = radius_m + _DIST_EPS_M
doomed = [index for index in self.

alive

if math.dist(self.cell_center(index), center) > reachl]

self._discard(doomed)

def _kill_outside wedge(self, station: Vec2, reading_deg: float) -> None:

"R A ARG _ett + AT

FAR B SR AP

AR = asin(m / max(dist-m, 1)): FAE—RURXIROOE T AL

MZEABLE ORI AE T m, i)

if not self.alive:

return
sx, sy = float(station[0]), float(
doomed = []

for index in self.alive:
gx, gy = self.cell_center(inde
dist = math.hypot(gx - sx, gy

SrREEAYE m) o

station[1])

x)
- sy

if dist <= self.margin_m + 1.0:

continue  # FEWFINA: AEPN AL ATHR AR R, ASETH

angular_margin = math.degrees(

math.asin(min(0.9999, self.margin_m / (dist - self.margin_m))))

gap = angular_gap(math.degrees(math.atan2(gy - sy, gx - sx)), reading_deg)
if gap > self.half_angle_deg + angular_margin +

doomed . append (index)
self._discard(doomed)

def apply_measure(self, station: Vec2,
svd_deg: float | Non
directional: bool =

result: str,
e = None, *,

False) -> None:
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90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

def

def

def

RO RTEAR . FUIRORBTEIN Voronoi AFELHMIE (BLBUERE) o

““directional=True "~ (#fPU[]) : no_signal s AN ZS )ik ** E [ 5
FA BRI VT RE DK 1B R, OIS PR £ R LU e 4
:class:  ~mcm26b.belief. joint.JointBelief ™~ ZEf/,
win
if result == NO_SIGNAL:
if directional:
return
# no_signal dist > r_eff >= 1000: F%4&¥% A\ B(s, 1000-m) Al
self._kill_disk(station, self.r_eff min_m - self.margin_m)
elif result == NEAR:
self._kill_outside_disk(station, self.near_radius_m + self.margin_m)
elif result == DIRECTION:
if svd_deg is Nonme:
raise ValueError("direction AL/ svd_deg")
# direction [a# dist <= r_max [JUi[f]
self._kill_outside_disk(station, self.r_eff_max_m + self.margin_m)
self._kill_outside_wedge(station, svd_deg)
else:
raise ValueError (f" /RN M455H: {result!r}")

alive_points(self, limit: int | None = None) -> list[Vec2]:
sorted_alive = sorted(self.alive)
if limit is not None and len(sorted_alive) > limit:
step = len(sorted_alive) / limit
indices = {sorted_alivelint(k * step) % len(sorted_alive)]
for k in range(limit)}
indices = sorted(indices)
else:
indices = sorted_alive
return [self.cell_center(index) for index in indices]

nearest_alive_distance(self, point: Vec2, limit_m: float) -> float | None:

"R EAAASOEERS ) > limit_m IR None CHUMSIAFT + THITAD o

RIETE S W NGRS OIER (35 <= limit_m) : None RIRFTA
SEAASOAEE limit_m, HARRGLECIIABREE, REHA.
if not self.alive:
return None
coarse_cell_m = self.spacing_m * _COARSE_FACTOR
coarse_reach = coarse_cell_m * math.sqrt(2) / 2
cw = self._coarse_width()
ci_base = int(math.floor((point[0] - self.x0) / coarse_cell_m))
cj_base = int(math.floor((point[1] - self.x0) / coarse_cell_m))
ring _max = int(math.ceil((limit_m + coarse_reach) / coarse_cell_m)) + 1
best: float | None = None
for ring in range(ring_max + 1):
lower_bound = max(0.0, ring - 1) * coarse_cell_m - coarse_reach
if best is not None and lower_bound >= best:
break  # HAMARITAIEOE >= TR >= HuiEl
for ci in range(max(0, ci_base - ring), min(cw - 1, ci_base + ring) + 1):
for cj in range(max(0, cj_base - ring), min(cw - 1, cj_base + ring) + 1):
if max(abs(ci - ci_base), abs(cj - cj_base)) != ring:
continue # LY i[#f (Chebyshev #f)
if (ci * cw + cj) not in self._coarse:
continue
ccx = self.x0 + (ci + 0.5) * coarse_cell_m
ccy = self.x0 + (cj + 0.5) * coarse_cell_m
if math.hypot(ccx - point[0], ccy - point[1])
> limit_m + coarse_reach:
continue
i0, jO = ci * _COARSE_FACTOR, cj * _COARSE_FACTOR
for i in range(iO, min(iO + _COARSE_FACTOR, self.width)):
base = i * self.width
for j in range(jO, min(jO + _COARSE_FACTOR, self.width)):
index = base + j
if index not in self.alive:
continue
dist = math.dist(self.cell_center(index), point)
if dist <= limit_m and (best is None or dist < best):
best = dist
return best

guaranteed_no_signal(self, station: Vec2) -> bool:
" ER S LI AR AL > romax (>= r_eff) b no_signal, W THIEMHEE. "
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167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

236
237
238
239
240
241
242
243

def

def

def

def

def

return self.nearest_alive_distance(
station, self.r_eff _max_m + self.margin_m) is None

mec(self) -> tuple[Vec2, float]:

nERE R MIE R (B, BAR) 5 4% version ZEff. "M

if self._mec is None:
if not self.alive:

raise ValueError ("=E{74E 075 (JZMHE Ol E WIS ) ")

points = [self.cell_center(index) for index in self.alive]
self._mec = smallest_enclosing_circle(points)

return self._mec

subsample(self, size: int) -> list[Vec2]:
nER S RS MO RAE (REF ERE, RE RS EE) o

return self.alive_points(limit=size)

expected_survival(self, point: Vec2, subsample,
representatives) -> float:
"E[log SEAFNELY : BNZI S I EEE S AR R

r_eff AHEHEMATALS: dist (1000,1500]1 If# r_eff~U(1000,1500)
U p_ns=(dist-1000)/500 >N no_signal 43 HEZR,
- no_signal 4337: il B(point, 1000-m), ZEff = FRAEFEAMLE);
- direction 4337: DIMMRE ST ANMIHEEAL, Ml B(point,1500+m) NELF;
- near 4337 (dist <= 5+m) : WATHEILHER] sm B, EAFHELELT 0.
if not self.alive or len(subsample) == O or len(representatives) ==
return 0.0
if _np is not None and isinstance(subsample, _np.ndarray)
and isinstance(representatives, _np.ndarray):
return self._expected_survival_vector(point, subsample, representatives)
eps = 1.0 / len(subsample)
keep_ns = max(1.0 - self.fraction_within(subsample, point,
self.r_eff _min m - self.margin m),
eps)
log_keep_ns = math.log(keep_ns)
total = 0.0
for rep in representatives:
dist = math.hypot(rep[0] - point[0], rep[1] - point[1])
if dist <= self.near_radius_m + self.margin_m:
total += math.log(eps)
continue
p_ns = min(1.0, max(0.0, (dist - self.r_eff_min_m)

/ (self.r_eff_max_m - self.r_eff_min_m)))
reading = math.atan2(rep[1] - point[1], rep[0] - point[0])
survivors = 0
for p in subsample:

if math.dist(p, point) > self.r_eff max_m + self.margin_m:
continue
gap = angular_gap(math.degrees(
math.atan2(p[1] - point[1], p[0] - point[0])),
math.degrees(reading))
if gap <= self.half_angle_deg + _ANG_EPS_DEG:
survivors += 1
keep_dir = max(survivors / len(subsample), eps)
total += p_ns * log_keep_ns + (1.0 - p_ns) * math.log(keep_dir)
return total / max(len(representatives), 1)

fraction_within(self, samples, point: Vec2, radius_m: float) -> float:

if len(samples) ==
return 0.0

reach = radius_m + _DIST_EPS_M

if _np is not None and isinstance(samples, _np.ndarray):
distance = _np.hypot(samples[:, 0] - point[0], samples[:, 1] - point[1])
return float(_np.count_nonzero(distance <= reach)) / len(samples)

count = sum(1 for p in samples if math.dist(p, point) <= reach)

return count / len(samples)

expected_posterior_radius(self, point: Vec2, subsample,
representatives) -> float:
men— RS R OR) - R TR, EAREERIE TR

SHFAMREEEE GE{EkE) 1% r_ef£~U(1000,1500) fiRHrAlsy
no_signal/direction 433, near 4)3% (dist <= 5+m) J5ily 5m #%;
Beoy SRR AT R OO R BB B, (W22 << #&HE, HOPHD)
5 UM worst-posterior [mj, (HAEMT& AR M =474,
HUBEERERIR (REAFEBREEEM) .
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244

e

£

fi

245 if not self.alive or len(subsample) == O or len(representatives) ==
246 return 0.0
247 if _np is not None and isinstance(subsample, _np.ndarray)
248 and isinstance(representatives, _np.ndarray):
249 return self._expected_posterior_radius_vector(
250 point, subsample, representatives)
251 eps_radius = self.spacing m / 2.0
252 total = 0.0
253 for rep in representatives:
254 dist = math.hypot(rep[0] - point[0], rep[1] - point[1])
255 if dist <= self.near_radius_m + self.margin_m:
256 total += self.near_radius_m + self.margin_m
257 continue
258 p_ns = min(1.0, max(0.0, (dist - self.r_eff_min_m)
259 / (self.r_eff_max_m - self.r_eff_min_m)))
260 members_ns = [p for p in subsample
261 if math.dist(p, point) > self.r_eff min_m - self.margin_m]
262 reading = math.atan2(rep[1] - point[1], rep[0] - point[0])
263 members_dir = []
264 for p in subsample:
265 if math.dist(p, point) > self.r_eff_max_m + self.margin_m:
266 continue
267 gap = angular_gap(math.degrees(
268 math.atan2(p[1] - point[1], p[0] - point[0])),
269 math.degrees(reading))
270 if gap <= self.half_angle_deg + _ANG_EPS_DEG:
271 members_dir.append (p)
272 r_ns = self._branch_radius(members_ns) if members_ns else eps_radius
273 r_dir = self._branch_radius(members_dir) if members_dir else eps_radius
274 total += p_ns * r_ns + (1.0 - p_ns) * r_dir
275 return total / max(len(representatives), 1)

Bf=: FERBHEESSRNESZHF

GRS KM R AW EMNEEEREMES AN, SHUT TR EHE

BRI RIS -
BayesLoop: [HFH=[PHIR: PRGN IE COWMIE R (7 B8 AR 5 B IRIMESTHEF -

1 class BayesLoop(OmnidirectionalLoop):

2 EESUUIRARR: SR + RIS + REMES .

3

4 def _build_tasks(self) -> list[Task]:

5 tasks: list[Task] = []

6 for index, point in enumerate(self.ledger.points):

7 pending = self._fused_channels_at (index)

8 if not pending:

9 continue

10 switches = len(pending) - (1 if self.client.state.channel in pending else 0)
11 tasks.append(Task("station", tuple(point),

12 self.config.cost.measure_s * len(pending)

13 + self.config.cost.switch_s * max(switches, 0),

14 station_index=index, station_channels=tuple(pending)))
15 for channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :
16 cert = self._best_certificate(channel)

17 if cert is not None and cert.certified

18 and channel not in self._clear_failed:

19 tasks.append(Task("clear", cert.center,

20 self.config.cost.clear_success_s,

21 channel=channel))

22 continue

23 if self._defer_to_station(channel)

24 continue # R AR TT AR A PR U PR

25 point = self._select_point(channel)

26 if point is None:

27 continue

28 tasks.append(Task("locate", point,

29 self.config.cost.measure_s + self.config.cost.switch_s,
30 channel=channel))

31 return tasks

32

33 def _execute_station(self, index: int) -> None:

34 R R IR CBRIRN T ug) 5 BRI k.

35

36 PO-1: 7%yl [ I ) it 8 % B AR S ME " A /58 =TT AR AR

45

J=Xie LU



37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

91
92
93
94
95
96
97
98
99
100
101
102
103
104

106
107
108
109
110
111
112
113

Wb I B . IE— BT R g R . AN T o
W
point = self.ledger.points[index]
pending = self._fused_channels_at (index)
unknown = [c for c, b in self.belief.channels.items()
if b.status is ChannelStatus.UNKNOWN]
self.skipped_measures += len(unknown) - len(
[c for c in pending if self.belief.channels[c].status
is ChannelStatus.UNKNOWN])
# YEHGESE, WD FuE near BEEREBRAF Wi
pending.sort (key=lambda c: (c != self.client.state.channel, c))
for channel in pending:
if self.stop_reason is not None or self._count_limit_reached()
or self._virtual_cap_reached():
return
detected_before = (self.belief.channels[channel].status
is ChannelStatus.DETECTED)
outcome = self.client.measure(point, channel)
self.ledger.mark_measured(channel, index)
self._record_measure(channel, point, outcome)
if outcome.result in (DIRECTION, NEAR):
self._may_clear.add(channel)
if outcome.result == NEAR:
region = self.belief.candidate_set(channel)
cert = clear_certificate(region, channel, self.config)
if cert.certified:
if self._attempt_clear(channel, point, cert):
self._clear_failed.discard(channel)
else:
self._clear_failed.add(channel)
self._may_clear.discard(channel)

else:
self._anomaly("near_without_certificate", channel, position=point)
continue
if not detected_before:
continue

if outcome.result == NO_SIGNAL:
# FHECHRI: PRIERE N AR TEE no_signal, JRSFHEMESH
region = self.belief.candidate_set(channel)
safe = (safe_disk_radius(region, self.config)
if region is not None else -1.0)
if safe >= 0 and math.dist(point, region.mec()[0]) <= safe:
self._anomaly("no_signal_in_safe_disk", channel,
position=point)
continue
cert = self._best_certificate(channel)
if cert is not None and cert.certified:
if self._attempt_clear(channel, cert.center, cert):
self._clear_failed.discard(channel)
else:
self._clear_failed.add(channel)
self._may_clear.discard(channel)

def _record_measure(self, channel: int, position: Vec2, outcome) -> None:
"tvbelief (NIEF) 5 PF (AEHE) WP HEH: PF SHHERE. """
self.belief.update_measure(channel, position, outcome.result,
outcome.svd_deg)
# [Fl— 0.5m WM x [F—WGEMELRN: Pl E—KET7E
# RIS EFETE S E L, AU % M IR R AR
key = _point_key(position)
seen = self._measured_points.setdefault(channel, set())
if key in seen:
self.redundant_rescan_measures += 1
seen.add (key)
self._clear_failed.discard(channel) # il
belief = self.belief.channels[channel]
if belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT):
return  # CUENE: TERR/BUERM no_signal HEEEILK, ik PF
pf = self.particles[channel]
pf.apply_measure(position, outcome.result, outcome.svd_deg)
if not pf:
if belief.status is ChannelStatus.UNKNOWN:
self.belief.mark_absent (channel)
self.absence_evidence[channel] = "pf_empty"
if channel not in self.pf_absent_channels:
self .pf_absent_channels.append(channel)

447 98.84Y

SIS R W e B RV S T

else:
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114 self._anomaly("pf_empty_while_detected", channel, position=position)

115 self._apply_count_bound()

116

117 def _best_certificate(self, channel: int) -> ClearCertificate | None:

118 meME RS FOWIIIZIE PR SEARAE R N AR LB ML,

119 region = self.belief.candidate_set(channel)

120 cert = clear_certificate(region, channel, self.config)

121 if region is not None else None

122 if cert is not None and cert.certified:

123 return self._near_clear_target(cert)

124 if self.config.bayes.grid_cert_enabled:

125 pf = self.particles[channel]

126 if len(pf):

127 center, radius = pf.mec()

128 limit = (self.config.field.clear_radius_m - pf.margin_m

129 - self.config.search.clear_margin_m)

130 if radius <= limit:

131 return self._near_clear_target(

132 ClearCertificate(channel, center, radius, limit, True))
133 return cert

134

135 def _select_point(self, channel: int) -> Vec2 | None:

136 nERLINE A IR log SEAFEALL + - BB RN fEE.

137 context = self._probe_context(channel)

138 if context is None:

139 return None

140 candidates, info_score, center, position = context

141 bayes = self.config.bayes

142

143 def score(q: Vec2) -> float:

144 # —UCENLE TR AR A BB AT BRI 5 AR B S I I 31 7

145 move = bayes.lambda_move_s * (move_time(position, q, self.config.cost)
146 + move_time(q, center, self.config.cost))
147 return info_score(q) + move

148

149 return min(candidates, key=lambda q: (score(q), _point_key(q)))

150

151 def _localize_and_clear(self, channel: int) -> bool:

152 "R IESCENL TIEIR (resolve BEXZEAzR) @ PF #hxi, RMGRMERL. """
153 search = self.config.search

154 self._may_clear.add(channel)

155 for _ in range(search.max_localize_steps):

156 if self._virtual_cap_reached():

157 return False

158 cert = self._best_certificate(channel)

159 if cert is not None and cert.certified and channel in self._may_clear:
160 if self._attempt_clear(channel, cert.center, cert):

161 self._clear_failed.discard(channel)

162 return True

163 self._clear_failed.add(channel)

164 self._may_clear.discard(channel)

165 continue

166 point = self._select_point(channel)

167 if point is None:

168 region = self.belief.candidate_set(channel)

169 if region is None:

170 return False

171 point = select_measurement_point(

172 region, self.client.state.position, self.config).position
173 outcome = self.client.measure(point, channel)

174 self._record_measure(channel, point, outcome)

175 self._may_clear.add(channel)

176 if outcome.result == NO_SIGNAL:

177 region = self.belief.candidate_set(channel)

178 if region is not None and safe_disk_radius(region, self.config) >= 0
179 and math.dist(point, region.mec()[0])

180 <= safe_disk_radius(region, self.config):

181 self._anomaly("no_signal_in_safe_disk", channel, position=point)
182 cert = self._best_certificate(channel)

183 if cert is not None and cert.certified:

184 if self._attempt_clear(channel, cert.center, cert):

185 self._clear_failed.discard(channel)

186 return True

187 self._clear_failed.add(channel)

188 self._may_clear.discard(channel)

189 return self.belief.channels[channel].status is ChannelStatus.CLEARED
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[EIRR: FAERIE. W] ILME S WA E Rk

FEASSEATA IR IR AL IR S e e 5, P DM TR R HR Y s R (g s

1 TR BRI -
JointBelief: FUSTHEMIALE S W FIBRA ML WA 24 44, SOOI HFERAR DTS FE S IR
TN I AL R 1]

1
2
3
4
5
6
7
8

9
10
11
12

class JointBelief:

CUEOSGE (RLE < WD BRA AT

def

def

def

def

is_absent (self) -> bool:
nRA RS EMUEATEEIR (IR OR B ) o

return not self.position.alive

sample(self, size: int = 256) -> list[int]
PR STHREE AR GEAM; E el e .
cached = self._sample_cache
if cached is not None and cached[0] == self.position.version:
return cached[1]
alive = sorted(self.position.alive)
if len(alive) > size:
step = len(alive) / size
alive = [alive[int(k * step) % len(alive)] for k in range(size)]
self._sample_cache = (self.position.version, alive)
return alive

expected_posterior_radius(self, reader: Vec2, size: int | None = None) -> float:

nr— KRR R EUE: MEC 42 Ok) 1 D1 {HMRAL

H :meth: ChannelParticles.expected_posterior_radius” f]ux #%uﬂ ?4
no_signal 7} ERPEAMUSHEEE > r_eff FHER, Moo B R

F 1 H

R, I

p_vis(p) = P(r_eff Ip-ql) X cover_ratio(p, q)

Her ““cover_ratio™ JEIZARBIIN MG T REE R q JTALIRIAL Y L.
Iy 3PARTE XL

- direction (I, 3E near) : Ch q AWML £, JEEIR4E R 75 L
AR ] i S R o Hlif T RAER 0O B R B S

- no_signal: & [l YRR E B IS MGG ++, A0 E SR BRI R Y BiE

- near: J5¥f 5m #%.

IR IME R Tl e . AS A28 SE, Bt/ AR 24 .
Wi
pf = self.position
if not pf.alive:
return 0.0
if size is None:
size = self.config.bayes.score_subsample
indices = self.sample(max(2, size))
if not indices:
return 0.0
stride = max(len(indices) // max(self.config.bayes.mc_representatives, 1), 1)
representatives = indices[::stride]
if _np is not None:
return self._epr_vector(reader, indices, representatives)
return self._epr_python(reader, indices, representatives) # pragma: no cover

prob_detect(self, reader: Vec2, size: int = 256) -> float:
"UMYE Creader” ALREBENAT—RAT (MLE, M) MMEERE (BAZR) o

r_eff ~ U[1000, 16001 f#HTARSy: WRIHE A TAYAL 5 AL
THAHT, AS5EMZ2HE.
cells = self.sample(size)
if not cells:
return 0.0
total = 0.0
span = self.field.r_eff max_m - self.field.r_eff _min_m
for index in cells:
gx, gy = self.position.cell_center(index)
distance = math.hypot(reader[0] - gx, reader[1] - gy)
if distance > self.field.r_eff max m:
continue
if distance <= self.field.r_eff_min_m:
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70 p_range = 1.0

71 else:

72 p_range = (self.field.r_eff max_m - distance) / span

73 if p_range <= 0.0:

74 continue

75 bearing = math.degrees(math.atan2(reader[1] - gy, reader[0] - gx))
76 cover = _COVER_TABLE[_table_index(bearing)]

77 bits = bin(self._mask(index) & cover).count("1")

78 if bits:

79 total += p_range * bits / HEADING_BINS

80 return total / len(cells)

81

82 def apply(self, station: Vec2, result: str,

83 svd_deg: float | None = None) -> None:

84 nCEECEIR A AT TR (DRSE, IR (RLE, WD KB o e

85 if result == DIRECTION:

86 self .position.apply_measure(station, DIRECTION, svd_deg,

87 directional=True)

88 self._apply_heading(station, keep=True)

89 elif result == NEAR:

90 # near [FFZRWT DL (PEIUALSE ) 5 1) P50 B )

91 self.position.apply_measure(station, NEAR, directional=True)
92 self._apply_heading(station, keep=True)

93 elif result == NO_SIGNAL:

94 # PEE B AU GRS ok s PV " BEAS IR ARPETE v_eff _min [H#LA"
95 # I, no_signal 7 A:IH'?E[LJJU"' iR M OEIMENE— ] margin,
96 # WMUREE r_eff_min - margln H + margin 438 1000~1010m quﬁ*ﬂﬁw
97 # WY AU R, TR RE MR IR T A R IR R B )

98 self._apply_headlng(statlon, keep=False,

99 within_m=max (

100 0.0, self.field.r_eff min_m

101 - self.position.margin_m))

102 else:

103 raise ValueError (f"/RJIMIM45H: {result!r}")

104

105 def summary(self) -> dict:

106 RS MU (5 NSRS summary, fEHITFSIESCER) o

107 cells = self.sample(256)

108 bins = [bin(self._mask(index)).count("1") for index in cells]

109 return {"cells": len(self.position),

110 "sampled_mean_heading_bins": (round(sum(bins) / len(bins), 2)
111 if bins else 0.0),

112 "heading_bins_total": HEADING_BINS}

DirectionalExtension: [A[ZHPUMIER: €M sit . BERYARRES RS 0 15 R T K

1 class DirectionalExtension(OmnidirectionalLoop) :

2 AR ARIAEN (PB) ¢ AR + EMDWIALIE + JEEERR.
3

4 def _localize_and_clear(self, channel: int) -> bool:

5 neSERL TR e L ik . EEERIE TR R

6

7 5 pa 255 (RIEHAMCELNIY no_signal 1‘ﬂﬂ%7kmf)i¢ﬁﬁj_}‘j"

8 DU RET S E"XEEAR —> IR TR (TN ERL

9 H max_blocked_probes FRii) . Z)u%/}xﬂﬁ(n&ﬂﬂdu%mhw

10 R

11 search = self.config.search

12 self._may_clear.add(channel)

13 steps = 0

14 while steps < search.max_localize_steps:

15 if self._virtual_cap_reached():

16 return False

17 region = self.belief.candidate_set(channel)

18 if region is None:

19 return False

20 cert = clear_certificate(region, channel, self.config)
21 if cert.certified and channel in self._may_clear:

22 if self._attempt_clear(channel, cert.center, cert):
23 return True

24 self._may_clear.discard(channel)  # JF-f{4M: 4hlJ5 A ] Hid
25 continue

26 if len(self.blocked_probes.get(channel, [])) >= search.max_blocked_probes:
27 break  # BT HIRMABLER : ERFH, R EIER

28 point = self._next_probe(region, channel)

29 within_range = (math.dist(point, region.mec() [0])

30 <= safe_disk_radius(region, self.config))
31 outcome = self.client.measure(point, channel)
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32 self._observe(channel, point, outcome.result, outcome.svd_deg)

33 self._may_clear.add(channel)

34 if outcome.result == NO_SIGNAL:

35 if within_range and channel not in self.directional_observed:
36 self.directional_observed.append(channel)

37 self.blocked_probes.setdefault(channel, []).append(point)
38 continue # FLANGHESWMATRELEEAE, THILEE €M
39 self.blocked_probes.pop(channel, None)

40 steps += 1

41 if self.belief.channels[channel].status is ChannelStatus.CLEARED:
42 return True

43 region = self.belief.candidate_set(channel)

44 if region is None:

45 return False

46 cert = clear_certificate(region, channel, self.config)

47 if cert.certified and channel in self._may_clear:

48 if self._attempt_clear(channel, cert.center, cert):

49 return True

50 self._may_clear.discard(channel)

51 return self._fallback_clear(channel, region)

52

53 def _observe(self, channel: int, point: Vec2, result: str,

54 svd_deg: float | None) -> None:

55 RS EE RS (BLE < 8D BT

56

57 s||ﬂi UL E ??U\ﬁﬁ?%JL (dlrectlon/near) BFEESr s AL E DL
58 ]” l'hm uuUIEH AR T’ﬁ}\}'ll: s |"‘J[4f f/\ﬁ H jj"\ H*ﬁ(éﬁH"l
59 mbb\él’I’Jfrk WIUER (4% W‘s’JmlT'ﬂluJ*mﬁ“ s AT PRS0 EAG I o
60 e

61 self .belief .update_measure(channel, point, result, svd_deg)
62 if not self.config.search.directional_joint_belief:

63 return

64 joint = self.joint.get(channel)

65 if joint is None:

66 if result not in (DIRECTION, NEAR):

67 return

68 joint = JointBelief (self.config)

69 self.joint [channel] = joint

70 joint.apply(point, result, svd_deg)

71 if joint.is_absent() and self.belief.channels[channel].status
72 is not ChannelStatus.CLEARED:

73 self.belief.mark_absent (channel)

74 self.absence_evidence[channel] = "joint_empty"

75 if channel not in self.joint_absent_channels:

76 self.joint_absent_channels.append(channel)

77

78 def _next_probe(self, region: CandidateRegion, channel: int) -> Vec2:
79 S ) R R IR R LA

80

81 - /Hb’ujﬁL worst-posterior FEximy (PRIEHNCELAN)

82 S5 1 WIS X MEC [ELOIOWERTT I, B mhﬂi#

83 - zlﬁ: 28 MEC A0 B4R = BYIRIR, G0 E EAOES A

84 BRIR +45° o JUMIIA SN SE iRk s IR BT DR R

85 WAL T L (lg-cl = ) Hm ?l‘UJ‘fia ] AR ALy B

86 YIS, E A PR AT DAL . BT lru:}'u.HlJ nIJ"Mﬂ%%Q%

87 K’r@hﬂdlﬂﬁlﬂiﬁﬁrﬁ%uk /L‘%’UA/LJ%H:UM%H—JKT[HJ

88 e

89 visibility = self._visibility_probe(region, channel)

90 if visibility is not Nonme:

91 return visibility

92 blocked = self.blocked_probes.get(channel, [])

93 center, radius = region.mec()

94 if not blocked:

95 return select_measurement_point(region, self.client.state.position,
96 self.config) .position

97 safe = safe_disk_radius(region, self.config)

98 first = blocked[0]

99 if len(blocked) == 1 and safe >= O:

100 dx, dy = center[0] - first[0], center[1] - first[1]

101 norm = math.hypot(dx, dy)

102 if norm <= 1le-9:

103 # EAHOERERAETEELG . A EERE, IE +x EiR e,
104 return (center[0] + safe, center[1])

105 scale = min(1.0, safe / norm)

106 # WPRTI, RBEEK = min(norm, safe): [RLCNGIRR S BEIAIE R .
107 return (center[0] + dx * scale, center[1] + dy * scale)
108 base = math.atan2(first[1] - center[1], first[0] - center[0])
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109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

def

azimuth = base + math.radians(45.0 * (len(blocked) - 1))
return (center[0] + radius * math.cos(azimuth),
center[1] + radius * math.sin(azimuth))

_fallback_clear(self, channel: int, region: CandidateRegion) -> bool:
e E RS S A R RIS AR T R (R BCAESR B o e
search, session = self.config.search, self.config.session
width = max(p[0] for p in region.polygon) - min(p[0] for p in region.polygon)
height = max(p[1] for p in region.polygon) - min(p[1] for p in region.polygon)
cells = fallback_clear_cells(region.polygon, self.config)
entry = {'"channel": channel, "cells": len(cells),
"bound": fallback_cell_bound(width, height, self.config),
"posterior_radius_m": round(region.mec()[1], 3)}
self .fallback_log.append(entry)
if len(cells) > search.fallback_max_cells:
# SR T BT BRREMMS. MR [HHRsal .
entry["outcome"] = "skipped_cell_cap"
self._anomaly("fallback_cell_cap_exceeded", channel,
cells=len(cells), cap=search.fallback_max_cells)

return False
# PUSETIHAZN . N KR x BERE AT + BHRE, SREAED.
remaining = self.client.real_remaining_s
if remaining is None or len(cells) * session.real_rtt_p95_s
+ session.reserve_exit_s > remaining:
entry["outcome"] = "skipped_budget"
return False
attempts = 0
order = self._fallback_order(cells)
for cell in order:
if self._virtual_cap_reached():
entry["outcome"] = "skipped_virtual_budget"
entry["attempts"] = attempts
return False
attempts += 1
outcome = self.client.clear(cell, channel)
if outcome.result == CLEAR_SUCCESS:
self.belief.mark_cleared(channel)
self.cleared.append(channel)
entry["outcome"] = "cleared"
entry["attempts"] = attempts
return True
# R ELES HE, MOBEREAE— K <= 10xsqrt(2) < 20m: 4xff
# RGBSR TR, 5 SR, AL R ik o
entry["outcome"] = "exhausted"
entry["attempts"] = attempts
self._anomaly("fallback_exhausted_without_success", channel,
cells=len(cells))
return False
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