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R (JE= A Q(K) # @ BHAY p(K) < R .

W fE X p(K) = ming Fi(q): Fx #£2HME (gl — co 8T HGF, R/MERE,
WCTFAE g 8 Fr(q) < RP5“GR/MEAREN R 5E2%4 . O

W p(K) = R_ W, 2 XIAUE T/ ML E oA (E—PER 5.6 75) ., |
AR A AT 8 A E R, PREIESE S TR A .

AMIR % I 754 K. BB K C B(e,r) Hr < R, WXHEE lg—cl| < R_—r
MIREA g —gll < llg—cll +lle—gll <R, i

B(c, R-—r) C Q(K). (11)
XEMBEG T ERN Tk R H—E r > R TR SR A8 1 B % A R
NEEIRHHIEF , ARERILH) E B LM O(K) %,
6.4 HAEMNBETS EEER
BB (0 =1°) X—BEHE, f (11) Fras il oM 8 BT DLAT #5425/
Py Fedi Ha i/ NEAH Q 43R, B B2 BB S = W(s,01,0) N B(s1,Ry), H
HAIBR g=s1+tulli+¢) (0<t< Ry, |p|<0)e &

R,
a:
2co0sd’

P2 (B AR R ML) XF0 <6 <45°, S iR/ MIBIETE A B(e, a).

=)

c= 5 +au. (12)

12



WEH SBIEEE . X g =si+tu(f+9) €S,
lg — c||* = t* + a* — 2at cos . (13)

[ 5E o WA 06T ¢ AT R R DX ] RAB AR s U ot = O 45 T2 0”3t = Ry Il
cosp > cosd B |lg—c|* < Ri—l—a —2aRy cosd = a?, Ffa—HMRNT a= R, /(2co0sd).
S C B(e,a).

FER N Bl po = s1v pr = 14+ Ryu(bh £0), ZH#FE Ble,a) BIEE L. 4
Ay = A =1/(4¢cos?0)s Ao =1—1/(2c0s?8); & < 45° Bf ZAEIEM AR N 1, HHAL
ANFF ¢ = Xopo + Appy + Ap_o TRIMEREH G 2, HIAEEES X

> il — 2l = @ + fle — 2 > o, (14)
J

WA S X = S EREREANT o) AR S MBRDAEGX =M, giat MM
RN ao 6 = 0 NN IZIG S EA . ZICBUNRKE Ry MABRERE, 57,
U

eSS IR AL BB S AR 00 . B4 H S B A R i NRL, 5
QMRIE, HE K B/ REE /N
6.5 ABEFAHZERAMNREFIEREREZ

HEI Kl g S g B(C,Q) 5 (11)9 EX

1500
9 (¢, b), b=R a 000 5 coss’ (15)

B 4.
K4 R ERETSH

WRENAM O I FOIE o/ Ok AR b/ K
1° 750.114246 249.885754
1.005° 750.115391 249.884609

PRREAR T b > 0, WA S YA R I 1) Jim 1 22 4 e DX B AT e ™A 3R 2, T
i T 24 DX A 28 R 25 /) T [0 ™ R PR A5 R i — R 5 p(K) > R
IS AR A AN AE PRAEFENC ) 50 o JUT b Qo 52 F 15 M7 1) 75 [ i 77724 750 DRAL- 2424 250
K, HENGMHEZRAZ) 500 0k, EBRAEESR 1R G EE WEA A8 E SR (6
255 (1) B MLt A2 P01 B IRIERH , BIAE ¢ (0T Q 4b, s ik FAkiHALR
HHES RSP TRE N, TN Q, = B(c,b—n) (0<n<b, #in=0.01
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oK) HELEIRZ BN G THRENEL n, ZMAAFRBIETIA (¢ — 9] < 10005 X
A TARERE, AR EK . A ER AR K AN, AR ERH TR X X
oy Ry RIEREIiiL . AR Qo HIEHIE.

6.6 “BRIFFIEMIR HHFEENX

RTFERES. X g e Q. AR direction K4 6, X Kalg,8) = K1 N
Wi(q, 3,0) (4kSLZMEHE B 5 RIIEMHEEREE) . HIFESLEEY; 7R F near, &
X Kn(q) = KiN B(g,5), # p(K,) <5, A HITESHIOLE G IR, 2 20
KBRS, PLBITHIR— N, Ll ds B AMAEE, X g —ql > 5 Mgk
PLEICESLITNL he(g) = atan2(g, — gy, 9» — ¢2)» WITTRESAEER A Blq) = {8 : Jg €
Ky, |lg—dqll > 5, dsi(8,he(g)) < 0}o XEHFTA RFRZEMBTTREREL, AR
WZE ] DLREATL S E Rl

BN EREReAR . X J(q) AT AT RE direction 4332 p(Kq(q, B)) 5IEAS near
5% p(Kn(q)) B_ERGFL, BIARRFTA AR T R R A B 42 s AT BRI 4
IAZER K 15 E BRI TER 2 5E KRN FER T (q) o IEIR B IRS — IR IE R
TR J(q) < 20 BHEANTTRES SR R 20 R RSEELE ;B LA E IS A
45— THRBNIEEBRE K. HEREREE Ky T8, M J(9) < p(Ky),
TEA—E A% /INT BB R “BE N — LI HE RS B 06 SR T A 3 . B S BB RIIE T 1K
I ) BR3E 20 2K HI1E

BAEAR ST . SN R — AR, A RBNVER BEARL f1Y &h

C(q) = |lg — s1]|/5+ 5 #b. (16)

PL J(q) R EbRITERIER R (6.8 TIROLST BB T(g) , MGG Laareih, &

PRETE J(q) < Jmin + 7 BEEILRGFROELH Clg) /A, Hp m > 0 REAFWIHE
PARER Ok), =0 R ASCABBORE LR SRR 7o

6.7 REANBEILI#ERE

TEABE LA E g M, ICPIESEEES A ry,ro, FLSCHRER AN M B uy, ug, XF BV
E N na,nge MAIRZER /N HALBEHLZAR 005 BEAR /NI, 7 67 R ) — B 45
ni-Ag = rie; (es] < Oraas PREE), BIJSFRAEH E X IGAALL B PO S5 HPIR LI |- Ag| < 7i0raa
RE. BHIMKLZSMAN ¢, EIRIEFERTTHRLIE S | sing|, Xk At 5 TE
YRR AR, AR T AR ,
rad (17)

XAERE T M DI TP B A I IR E M E ORI R LA T, %
IEHMAMLZ2BAR . HEZFEMERM, 5 o b g 5%, HARMAEIFETR
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IRIKCHER, WA RE Fy A 0 D R 181 ™ B ) A B TR A 90° B2 JRy eIt
AL AL SE% B P IARE , FeZA LUR ISR S abnvb i, 282 A AR 43
(ipaEig iy

6.8 EEMERAVRTEMSIZEX BT

SMIDIG NI . BHAEREIR R AR B R NS LY, SR HRRR 10 2
MRS B RS 1 BEFm TR, BM > 3 A5k R v = u2rj/M), &
X

Py(o,R)={zx:vj-(rt—0) <R, j=0,...,M—1}. (18)

HFTPASERX, Blo, R) C Pu(o, R); #HARYIZ A MBI RL.OHIEE RS A Rsec(m/ M), #l A
[5] 355 A/ i 5 A 72 T 8 H st Rlsec(m/M) — 1] 4 Ky = Py (0,1800) N W (s1, 61, 8) N
Par(s1,1500), W Ky C Ky, SPAEA 55— B0 R 1 28 7 (L B 0 I S U i 3
RIGIETE AU E R A, SRR IR 42 R 22 R 0 IIE B 2 R I R e AR R 22 5
A KAE R AT Q,: RIMERLKESML 2 B S NEMR R . LA RESR ML HE B AT
REKIRM RS 4t HEMERE RN LA K = conv{y;}, M max z [lq —
gl = max; lg —v;|| (55 5.4 FIAHRF BN AIBIE) , HARGFEC X 35k A7 BRA 18] 8 29 3R
lg —v;ll < 1000 25 H: BRLK IR 28 I D0 S 2% 550 10 B AT e e, AR B BURMGRR
R B R TC A o

BBUIX B PRFIPAG o AU D B BE R B S iR 5, A BB 15 T
KAB, P REIHE L IE S PR o K ) B ) B S o s I 1 (s By B BE
Ry, BSR4+ h;/2 < 90°, B 0° B X ) HZ 8] A BEES AL B o

w2 WER B E L, HW(gB,0) CWlg, B0+ hy/2)

HEH M ABNAE EAETOSALE, HIT R 4 B E R A 0, T 5 2 X ]
HUOREE B AL by /2, mIBREEER =A%, H7m B HuOo iR i i 2
s TR RTERAS P A B S R B 0

FEX Uj(q) = Ky N W (q, By, 0+ hy/2) . TR X I8 BRI 20 S o0 B R 57 )
WHET Ui(q), T p(Ka(g, B)) < p(Uj(q)); near 43 M GE— L5 min{5, p(K1)}o 4
J(q) AR U(q) WE/MIE R S ERMRKRE, W J(g) < J(q) ORl#ILAT
WL TR SR B AT M AT SEUEIR A o 50 X Rl s Bg s
VIR N, b SRR AN, 25 AR 1Y B & N8 T7 1) o S B AT 56 DL/ B SR
it PR\ BB A e A X ) B R L p s TR IR A, e AR IR SE B
WOk H e B SR IXE] . ARER BMLIFAEA R R

6.9 IEXEEEL5hRER

B 2 (A XN B A R e = sl )
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L B ORI — & B R A ROR L, MY Ky SRy 7
2 4 (12) W4 av ¢ 5 b=1000 — a, WHUH R IREBULIIG/INER b— s

3. M RRGEEE: Bl c & qg = ¢+ rcost;u+sinpjuy) (0 < rp < b—ns
Y; = 2mj /Ny~ uyp = (—sinfy, cosby)), 2uBFELE A 3 R EIEE B IRIE

4. SHEAMERE S EIML R FEPPAY T (q), PRAFIRIR A DX ) K ki R B [ A A
R

5. RAEH T BN, BRI 7 0 R AU R AR A, b DL
SE MU T B 58 42 ) 435

(o3 N TN DOWNE K 737 i B iwi 1o VA R o8 7 NN T B 2 1D R 7 ES R (K =X
FEIS IS 12 5] 24 i IR 2 A ) e B s

7. FEFTRENL BN [R—AiE . 5 near NI HLTERR; 4 direction I I SERRILECHE B
fREESIFEER/MIEIR, LRI T 20 KBS, NERBIRENMNESL
SERY:

8. BAEPEBRIE S T AR El no_signal, #ESIERGHREZ . Pl 2w IEA.
VG BAPBAFAE S AR R A — 30 JR A B A AR IE R direction 43 3¢ 8 Fife
o

flanar e 3 2 BE 16 AT ELG 3 49 Mk SR XU B R
HIEAE P BER B, 53 /Y 49 B MR TR, WAREMLS . BlRiEdy
Ny FAXEEHR Nov B JEREFEE N b, SR 5 S A R
1 O(NGNsk?), FAMMEAREER/NEHR 1548 B B ST A e 2% . Sk R
EAYSE : i s B2 T EIERT 202 XA . FFFESS e AT FRAGEGE 55 1Al BE T 421 S ML
B ASORIER ¢ — J(q) i eidh, WARIEBA RGEE A R R A Q(KL)
i Ry e o

WRAEIE. (1) K 9% MR sBn A —80 PEEMEEG: () BRER
Ot near: EHEEER, AHEMAMRGRR: (i) —BEFHLE p(K) = 1000: 242X
SRR A f VL B B R XA B (v) p(K) > 1000 AAFFERHASE A 2 B B IR IIE
B s, RO BUR SR MU R B IR R U . B0 58 & M s R M B 1% DB 24
PEFIRRE B R L, DI sh R RN RE R AR M ELORIE s (v) AMBIEIEAR KT 1000:
HEERHIZIER AR, AREAESELREREONZ: (vi) DEHHEGT 0°/360°: Al 1 &
ARG EE XA, G B AR (vid) PRI sS4 95 (R SE e R I Ak 4k
T, AMENEFRY SN EAR: (vii) ERBONE R : BERFERRar, (BEBoE 2
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e R, A REEFENT FAS M AR ORIE (Il 4) o e DX s B P 5 3 )0t B 525
f4h]

7 @3 EEFHREMEREMSEREE
70 BRI S AR
FRIBEBSARENT . 55 AT 25 97 % AL 1

L
T = g -+ Nswitch + 5Nmeasure + 5‘]vglear + 3Nf

clear»

(19)

Hep L oAfeshapsts (SR S1ERTIRMBE)) . SE THE BT e 32 1 I 3l
YEo DAL J9: JofRIEEERERR. RN T AREEE G EREOR S P
PUE B _EFR g 100 NI s R FAsf7 I 1] 53 32 20 23 pPed T4, —F T

72 EWBERLZIMELZ

TE s AR HHUE NG no_signal, HAEHERRLL s orhly. 242 1000 SKIR £ A7 EZ
AR CARGENCER AT RE AT 1000 2K ), ANRE—HHHEERE] 1500 2K o Rty o i e

S = {(700i,7005) : i,j = —3,-2,...,3},  |S| =409, (20)

HA FEH (2100, 2100 A4 Qo XAE—HITNIIE g, HTERITTH 4 & RE] g 1)
BE B AT T00V2 & 989.95 < 1000 K, MUBFFAEARSHLIIAL . S g fi T 4 A& R
MR, Zit g MARE L ST P8 D — A s (4% 1 98 NAH T2
FH, 5 g FEMENTE). Fith 49 sz — Rl vy (RIE L IUZARE R IR . TR TE RIS 2
IR TR K R A NAR AR BT AN . 49 S5 x 20 FE R % 980 AR, ERIEER ALY
1.32 x 10* #», 7E 100 /Nif EFRINA R it a8l Sehapid T g BRiE Bkid . [H) 5
HWEZLWENE. CRIIEE N E DA

73 RI—EMN—FERAR

BUB A BRGNS . A/ CRIFFELL / AT / C / AR,
DRI A Koo PAERIREN: BERHI AU — IR 2 003 4540 K, B
pUK.) < 20 — BB Cool(K.) B B SRR A3 — LTRSS, %4
ELR TR BUN(E BB / SR IEAFERT HEFEACPE RS ATIE ] near IS E)
B
T4 (SRS ERG

SRR GE A T2 —: (1) BlIIiERR 16 M ARBUERJR (Ba B (i)
BAPUEH AT BREIE R A S B B b AN AE. 28 10 MR #8058 TIRE
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fRT RHREE N IR TS 15541 RPN ] 3 1A 2 TR HE R ARIE I
SR AERINRIC. SPRGTHESBS
Pam bR TR 4L

S N Y /\% 3 —
B R T B ) — P S @
gy e SERLERA
R = e A 22)

#5 3 EIASE R (FBHE 1#%50)

WA BIES  WEBR TP P ERiERRI ] BRIz fT i ]
it 1 [f5iH] [f5iH] [l (]
i 2 [f5iH] [f5iH] [l (]
i 3 [fFiH] [f5iH] [155] [fFiH]

[EZkRGETHE GRERLEB). PR fiRRRIT ) fREZRREAN]
8 Al 4: FERTFIFEREN5FRR
8.1 EMEEMMEE

5E ) PR AAF R B R < Re HAS I RALT 5P HAN" B no_signal &)
WAL E—P R R E RO B ARG a7 4R E, BUNRE B S
BRaS AEE R AT HESEZ 2 X no_signal JUL i mi B MR T 5E B, AN R ;
INEERRAS FHAES ] I T AT SR, HA I AN R U

82 BELAMELZXMERIBMNAEN

B 7.2 TSR TR g AT RT7ERRIT 4 M S BB NER, AT g BEER S
PP BN s 1A% RIS B SR 989.95 < 1000 Ok FEIL 49 HE
A E AL I 04 ] 5 R MRS — DR IE R L, BN Q A RSN SR (A% s A
QI
83 REGESEMEREBER

TR I E W IRTEE IR AT R REE S M EMATRIEES K, Wikl
K 20 SREIA R : HE OB AT RS IE R AN 10v2 ~ 14.14 < 202k, fRE 5 K
HIFMIAER A A RS R A A R B M, BB RIIE. RS A

N < ((w/2(ﬂ +2><[h/201 +2), (23)

Horpw, h Wi R MIRER S s BRIR A RIGE BRI L/5+ 3N & K AMIR
SRR (AR 1500 DR [E B SMIMER A% R . BHEAREBISEHAE, MIEaksiE
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PEAR MBS o BLSCIN IAI UAHE TAR 1ER AL < SE BB SR v 2 LRI A T, TS
PG e N HABAE 55 BAZ PR

#6 4 EIASR FBHE 1)

e S Y o S v s G S O Y= VAR Ty R N L B 9 e B

i 1 [fFiH] [f7iH] (1] (1]
st 2 [fFiH] [f7iH] (1] (1]
i 3 [fFiH] [f7iH] (1] (1]

9 RENEMSHT

Peri: (1) WASBEESE AFE U (REr e —E R —m/ MU E R ), B
B3 LR (2) SREERRFIL: ARIREARCPY. JfE5 HHRR 1000
K no_signal XM FEAMALE. (SIS TEMIEN, Frd TEER e e A5 e R AT
Bk (3) Ml AXIEHE Bhs Bk, BIX 7 7 Rl 6] 5 72 P17 i 18] 28 4
Ko

s EYEE: (1) BRI EIRHERE, R RR, ATt
L SR A R A A s (2) 49 R SIESRAFTEIUR . HIEN BRI LLR B B e
wIEH AT (3) SRR IEERIEREER, HEAHINITEGR/IMRIEES: (4) 24
RO ZRI0EFR T 1080 1 LA P, A0 3. 4 B PR IRSRIE 5 et 45 A 1R 4 IH T
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A ZEMRXHTIR
(AR 22Tl BT D9 SR SRR A A 2. A5 B IHE—2K]
£ SRR %

SCHE/H R P BEH

geometry/ JUAT A% DAY . 5. B/
planning.py [0/l 2 ki1 first_bearing candidate_disk
examples/ql/ [l 1 4 NFEG BB =M R A

output/ql/ W1 SR oAb TR

B TEFIEK
PUF A L AR B AZ OIS, 52317 AHE DL S MR 4 6 M o

B.l src/mcm26b/geometry/localization.py: REENMJLIAIAZ

"""Intersect forward bearing wedges without an artificial bounding box.

A1l calculations are floating point with normalized station coordinates.

The reference algorithm deliberately favors auditability over asymptotic speed.
Near-parallel plane pairs are intersected instead of skipped (only exactly
parallel pairs are discarded), and the feasibility tolerance scales with the
candidate vertex magnitude, so legitimate far-away vertices of long thin

regions are never silently dropped.

from dataclasses import dataclass
from itertools import combinations
from math import cos, sin, radians, hypot, isfinite

from random import Random

Point = tuple[float, float]
EPS = 1e-9
PARALLEL_EPS = 1le-12

@dataclass(frozen=True)
class Measurement:
x: float
y: float
bearing_deg: float
half_angle_deg: float = 1.0
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46

47

48

49

65

66

67

68

69

def

def

def

def

def __post_init__(self):
values = (self.x, self.y, self.bearing_deg, self.half_angle_deg)
if any(isinstance(v, bool) or not isinstance(v, (int, float))
or not isfinite(v) for v in values):
raise ValueError ("AlFr. 7 [a] IR 22 LA A TS FREE )
if not 0 <= self.half_angle_deg < 90:
raise ValueError ("iRZEYANITE [0, 90) JFF; i M1)E")

cross(a: Point, b: Point) -> float:

return a[0] * b[1] - a[1] * b[0]

distance(a: Point, b: Point) -> float:

return hypot(al[0] - b[0], a[1] - b[1])

halfplanes(m: Measurement) -> list[tuple[float, float, float]]:
"""Return a*x+b*y<=c with unit normals, including the forward constraint."""
theta = m.bearing_deg % 360
lower, upper = radians(theta - m.half_angle_deg), radians(theta + m.half_angle_deg)
middle = radians(theta)
normals = [(sin(lower), -cos(lower)), (-sin(upper), cos(upper)),
(-cos(middle), -sin(middle))]

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

convex_hull(points: list[Point], eps: float = EPS) -> list[Point]:

"""Monotone chain, CCW, no repeated final vertex; retain segment endpoints."""
ordered = sorted(points)

unique = []

for p in ordered:
if not unique or distance(p, unique[-1]) > eps:
unique.append(p)
if len(unique) <= 2:

return unique

def chain(seq):
out = []
for p in seq:
while len(out) >= 2:
(out[-1]1[0] - out[-2]1[0], out[-1]1[1] - out[-2]1[1]1)
(pl0o] - out[-11[0]1, p[1] - out[-11[11)

# Distance-to-line tolerance, not an unscaled area tolerance.

a

b

if cross(a, b) > eps * max(hypot(*a), hypot(*b), eps):
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92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

def

def

def

break
out.pop()
out.append (p)

return out

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

diameter(points: list[Point]):
if not points:

raise ValueError ("% AEI A AT E L FHIEAE")
a=>

points[0]
0.0

value
for p, q in combinations(points, 2):
d = distance(p, q)
if d > value:
value, a, b =d, p, q

return value, (a, b)

_circumcircle(a: Point, b: Point, c: Point):
u = (b[0] - a[0], b[1] - a[1l)
v = (c[0] - al0], c[1] - al1])

det = 2 * cross(u, v)

if abs(det) <= PARALLEL_EPS * max(hypot(*u) * hypot(*v), 1e-300):
return None

uu, vv = ul0] ** 2 + ul1] **x 2, v[0] *x 2 + v[1] *x 2

(a[0] + (uu * v[1] - vv * u[1]) / det,

a1l + (ul0] * vv - v[0] * uu) / det)

center

return center, distance(center, a)

_enclosing_circle_reference(points: list[Point], eps: float = EPS):

"""Enumerate all 1/2/3-point supports; 0(m~4), appropriate for small m.

Radius is recomputed against every vertex to preserve numerical containment.
Coordinates should be normalized when there are very large offsets.
Wi
if not points:
raise ValueError ("ZSEE N F /M [H & ")
xs, ys = [p[0] for p in points], [p[1] for p in points]
best_c = ((min(xs) + max(xs)) / 2, (min(ys) + max(ys)) / 2)

best_r = max(distance(best_c, p) for p in points)

def consider(center, radius):

nonlocal best_c, best_r
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119 if radius > best_r + eps:

120 return

121 actual = max(distance(center, p) for p in points)
122 if actual <= radius + eps and actual < best_r:

123 best_c, best_r = center, actual

124

125 for p in points:

126 consider(p, 0.0)

127 for a, b in combinations(points, 2):

128 consider (((a[0] + b[0]) / 2, (al[1]l + b[1]) / 2), distance(a, b) / 2)
129 for a, b, ¢ in combinations(points, 3):

130 circle = _circumcircle(a, b, c)

131 if circle is not None:

132 consider (xcircle)

133 return best_c, best_r

136 def _circle_covers(circle, point: Point, tolerance: float) -> bool:

137 """Whether the circle already covers point; None means no circle yet."""
138 if circle is Nonme:

139 return False

140 return distance(circle[0], point) <= circle[1] + tolerance

141

143 | def smallest_enclosing_circle(points: list[Point], eps: float = EPS):

144 """Welzl's randomized incremental algorithm, using an explicit call stack.
145

146 The fixed shuffle makes results reproducible. Expected linear work refers
147 to randomized input order, not a worst-case guarantee for this fixed seed.
148 Normalize internally so this public helper also handles translated inputs.
149 The exhaustive reference is retained for independent regression comparisons.
150 e

151 if not points:

152 raise ValueError ("ZSfE N F /M [H & ")

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

154 raise ValueError("epsWA/i A7 fRIEZL")

155 if any(len(p) != 2 or any(isinstance(x, bool) or not isinstance(x, (int, float))
156 or not isfinite(x) for x in p) for p in points):
157 raise ValueError (" i SR fh A7 fE i AL bRl )

158 origin = points[0]

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

160 if scale ==

161 return tuple(origin), 0.0

162 local = [((p[0l-origin[0])/scale, (pl[1l-origin[1])/scale) for p in points]
163 tolerance = min(eps/scale, EPS)

164 Random(20260910) . shuffle(local)
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169

170

171

172

173

174

176

177

178

179

180

181

182

183

184

186
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def

# Frame = (remaining prefix length, forced boundary, returning from child).
stack = [(len(local), (), False)]
circle = None
while stack:
n, boundary, returning = stack.pop()
if n == 0 or len(boundary) ==
# Forced support points must lie ON the boundary. For three points
# use their circumcircle, even when their unconstrained MEC is smaller.
circle = _circumcircle(*boundary) if len(boundary) == 3 else None
if circle is None and boundary:
circle = _enclosing_circle_reference(list(boundary), tolerance)
elif not returning:
stack.append((n, boundary, True))
stack.append((n-1, boundary, False))
elif not _circle_covers(circle, locall[n-1], tolerance):
stack.append((n-1, boundary + (locall[n-1],), False))
assert circle is not None
center = (origin[0]+circle[0] [0]*scale, origin[1]+circle[0] [1]*scale)
# Recompute after transforming back: returned circle contains all input points
# to distance() precision, including any roundoff from the large translation.

return center, max(distance(center, p) for p in points)

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

"""Solve Ql's pure angular intersection (no disk/range prior added).

Nonempty intersections of <180-degree forward wedges are pointed polyhedra,
so they possess a vertex, even if unbounded. Feasibility follows from vertex
enumeration; unboundedness follows from a nonzero recession direction.

Empty diameter is null, unbounded diameter is null with diameter_infinite=true.

Near-parallel plane pairs are intersected rather than skipped: their
intersection can be a legitimate vertex of a very long thin region
(e.g. stations lcm apart with bearings 1 and 358.99999999999 deg give a
vertex ~5.7e10 m away). Only exactly-parallel pairs (det == 0) have no
intersection. The feasibility tolerance scales with the vertex magnitude,
since absolute residuals grow with coordinates.
win
if not isfinite(eps) or eps <= O:
raise ValueError("epsWA/ii A7 R IEZL")
if not measurements:
return {"status": "unbounded", "vertices": [], "diameter_m": None,
"diameter_infinite": True, "recession_direction": [1.0, 0.0],
"message": "BCAMM, BEAFHI AT}
if len(measurements) > 100:

raise ValueError (" £ SEBL 2 PEIR 100K i s T JCHIAR B £ i ~f2 P TRi 3 4y )
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ox = sum(m.x for m in measurements) / len(measurements)
oy = sum(m.y for m in measurements) / len(measurements)
scale = max(1.0, max(hypot(m.x - ox, m.y - oy) for m in measurements))
local = [Measurement((m.x - ox) / scale, (m.y - oy) / scale,
m.bearing_deg, m.half_angle_deg) for m in measurements]

planes = [h for m in local for h in halfplanes(m)]

def inside(p):
tol = eps * max(1.0, abs(p[0]), abs(p[1]))

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

feasible_vertices = []
for (a, b, ¢), (d, e, f) in combinations(planes, 2):
det =a *e -bx*xd
if det == 0.0:
continue  # MFHCPAT: JoACm GEPATXIAIA M e ki, fREE)
p=(c*xe-bxf) /det, (a*xf -c*d) / det)
if isfinite(p[0]) and isfinite(p[1]) and inside(p):

feasible_vertices.append(p)

if not feasible_vertices:
return {"status": "empty", "vertices": [], "diameter_m": None,

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

"message": "M MAIMBA LA REFE. Bl LIRER"Y

# A nontrivial 2D recession cone has a ray tangent to an input halfplane.
# Use a much tighter angular threshold than the positional feasibility epsilon.
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 + p[1] * scalel

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}
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257 if ray is not None:

258 result.update(diameter_m=None, recession_direction=list(ray),

259 message="{F{EIEFFLIRTT 0], XITA. HEEATLH K™

260 return result

261

262 d, pair = diameter(hull)

263 midpoint = ((pair[0][0] + pair[1][0]) / 2, (pair[0][1] + pair[1][1]) / 2)

264 distances = [distance(midpoint, p) for p in hull]

265 witness_index = max(range(len(hull)), key=distances.__getitem__)

266 max_distance = distances[witness_index]

267 center, radius = smallest_enclosing_circle(hull, eps)

268 area = abs(sum(cross(hull[i], hull[(i + 1) % len(hull)])

269 for i in range(len(hull)))) / 2

270 result.update(diameter_m=d * scale, diameter_pair=[world(p) for p in pair],

271 area_m2=area * scale ** 2,

272 diameter_circle={"center": world(midpoint), "radius_m": d * scale / 2,

273 "max_vertex_distance_m": max_distance * scale,

274 "covers": max_distance <= d / 2 + eps * 4,

275 "coverage_tolerance_m": 4 * eps * scale,

276 "max_excess_m": (max_distance-d/2) * scale,

277 "outside_vertex_indices": [i for i, value in enumerate(
distances)

278 if value > d/2 + 4xeps],

279 "witness_vertex": world(hull [witness_index])

280 if max_distance > d/2 + 4*eps else Nonel},

281 minimum_enclosing_circle={"center": world(center), "radius_m": radius * scale
3,

282 guaranteed_clearable_at_mec_center=radius * scale <= 20 - eps * scale * 4,

283 clearance_certificate={"model": "angular_intersection_only",

284 "clear_radius_m": 20.0,

285 "numerical_margin_m": 4*eps*scale,

286 "radius_with_margin_m": (radius+4x*eps)*scale,

287 "remaining margin_m": 20-(radius+4*eps)*scale,

288 "center": world(center)})

289 return result

B.2 src/mcm26b/geometry/planning.py: 8% 2 LE&FIE X IE

I |"""Distance certificates for Q2; does not change Ql's angular polygon model."""

)

3 | from math import cos, sin, radians, isfinite

4 from .localization import Measurement

7 |def first_bearing_candidate_disk(measurement: Measurement,

8 max_range_m: float = 1500,
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guaranteed_range_m: float = 1000) -> dict:

"""Enclose the entire truncated first-bearing sector, then erode its disk.

For half-angle <=45 degrees the sector MEC has center distance and radius

a=R/(2*cos(delta)). Intersecting with Omega only shrinks the source set.

A missing sufficient disk is NOT proof that Q is empty. The certificate

guarantees distance only: directional transmitters may still be invisible.

Wi

if any(isinstance(v, bool) or not isinstance(v, (int, float)) or not isfinite(v)

or v <= 0 for v in (max_range_m, guaranteed_range_m)):
raise ValueError ("{ZI P12 AT R IEEL")
if measurement.half_angle_deg > 45:
raise ValueError ("I %% Ml il 15{ S2F2 i B 46 B IS A1)

delta, theta = radians(measurement.half_angle_deg), radians(measurement.bearing_deg % 360)

a = max_range_m/(2*cos(delta))

center = [measurement.x+a*cos(theta), measurement.y+a*sin(theta)]

available = guaranteed_range_m-a

return {"source_model": "first_bearing_sector_with_range_upper_bound",
"sector_enclosing_circle": {"center": center, "radius_m": a},
"sufficient_candidate_disk": {"center": center, "radius m": available}

if available >= 0O else None,

"candidate_nonempty_certified": available >= O,
"distance_only": True,

"max_range_m'": max_range_m, "guaranteed_range _m": guaranteed_range_m}
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