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lg — || = t* + a® — 2at cos ¢. (13)

[ 5 o I AT 36 T ¢ A — R DX I e RS S IR = OIFAF T o® it = Ry Il

cosp > cosd £ |lg—c||? < RZ +a*—2aR; cosd = a®, FJa—HRNT a =R, /(2cosd),

S C Blc,a)o

FIEHR/Ne B po = s1v pr = 81+ Ryu(0y £0), ZEEALE B(c,a) B9E A o &

A=A =1/(4cos?0)s N\g=1—1/(2c0s?0); § <45° =M EIEHHFN 1, HIER
NG e = Aopo + Aypy + A po TRXMEREHD 2, BN EES X

D Nl —21P = @® + le = 2|* > @, (14)

J
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BT = M BE R AT a3 THBEE S MIPLAUE K= A, S0 a SR
ANERIN a0 § = 0 HTIAEHAES . SN KIE R, ABERE . 5.
U]

el S SRR L B E I AT IR S0 5 4 L Se T A AR B N,
QMBI , 9 K, B /NE T AE T N

6.5 AFAIHZRANREEERE

i K1 €S C B(c,a) 5 (11), B

1500

= Ble, b b=R_—a=1000 — ———
Qo (c;b), “ 2c0sd’

(15)
B 4.

K4 RS

RELM O BAHOIEE o/ Ok REMEFE D/ K
1° 750.114246 249.885754
1.005° 750.115391 249.884609

PRR AR b > 0, WA RS YA 2800 1) i B 22 4 e DX A AT A T AR 2 e
i 1 24 DX A 28 A 25 /)N L T [0 ™ R PRI S5 R O — B 5 p(K) > R
I ARAS AN FEFE PRI R 1) o JUIT b Qo 2T B 7R 17 75 [0 B 75 49 750 kAL 2424 250
K, HEMSAMEZRDL) 500 K, BRIREER 1 R R G WEA B 5 SR (Fff
255 (1) B Hlgs A2 JRAL B RIERH , BIAE ¢ f2F Q 4b, S daik. JkiHALs
HESERSPR RSN, TN Q, = B(c,b—n) (0<n<b, #n=001
K): HELEIRZ A ERN G THRENEL n, ZMAAEFRBIETIA (¢ — 9] < 10005 X
S TARERE, AR ERK . A ER AR K AMLE, AR R TR X X
oy Rk Iiik . AR Qo IEHIE.

6.6 “BUFHIEMIBIR" MEFENX

PR ESR. X q € Qp, #iRIA direction &iE# 3., EX Kai(q,8) = K1 N
Wi(q, 3,0) (4kSLZNEHE B 5 RIEMHEEREE) . HIFESEE Y 2R F near, &
X Kn(q) = K1 N B(g,5), # p(K,) <5, Al BEIETEYHIALEGY M IFERR, W2 20
KIEBRFAM, PLBITHR— N AE. Ll ds B AMAEE, X g —ql > 5 MRk
PLEILEEITAL hy(g) = atan2(g, — ¢y, 9 — ¢2)» WIWTREEEG A Blq) = {6 : Fg €
Ky, llg—dqll > 5, dsi(8,he(g)) < 0}o XEFHFTA RFREMBTTRERE, AR
WRZE ] DLREATL ST F R
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B R AR . X J(q) AFFAEE direction 433 p(Kq(q, B)) 53E4S near
5332 p(Kn(q)) W8S, BIARSRFrA AR i SR B RSP A R AR . ASAETE R LI 43
YABERER K. 5 HARRIE R A R KIS A T (). ZIEFR BEIRSS — IR ISR
BOR: J(q) < 20 WA AT BB S SZHA B AR 20 RIIIRSFERLE ;s B LA E A
1F 45— ARBU NS AT RE 0B o BRI M K T4, # J(q) < p(K)),
AR —RE M /N - ASREAL B I — U D00 Hi T B b0 SR PR B 3% . TS RE RAIE R
e B35 20 KB E

BB ST . SRR — T, A KSR R k8 B R ok

C(q) =llg — s1l|/5+ 5 F. (16)

DL J(q) R SRS IR B (6.8 WHURSF B T(q), MR LRRK, B

PREE J(q) < Jmin + 7 L RGFRCOELF Clg) e/, H 7 > 0 2 BATFEHIRYE
AR ER Ok), =0T ACABBORE LE SRR 7

6.7 XBHEER/LAMER

TERE R LALE g WL, ICMWEEEEE A r, o, ESEMLR AL R uy, ug, X R
BB n1,neo MR/ HALBE DS U5 BEAR /N, J7 AR B — B R T 4
ni-Ag = rie; (Jeg] < Oraas JREE), RIS HRAHHE X3 ABL 5 55 i IRZI IR - Agl < 7idraa
FRAE. HIEL MR ¢, Bm BRI RAHE R | sin¢|, Xk [\ AR H K FETE
VELNVEW AR, A3 AL TE AR
(17)
XARERE T IR MRIE T PATBUR I8 MR SR OR . TR AR /R T,
IEMAARSEAR . HESLIEMERM, 5 o b g A, HARMAEIFIETRE
RIS, WA RE H M H 5 B R R [ o R ™ B 0 A B TR L B 90° B2 SR A
ASAUH BRSPS, B LU EE IR, 24 M P ER
Fi AR bR o
6.8 [ESNAEL R T EE S IR X B4

WYL LN . BRERR R SARNENES N, S8 RHERRE R %

B EESE T o S T 1 P TR, M > 3 M50 R o) = u(2mj/ M), 5
X

Py(o,R)={x:v;-(x—0) <R, j=0,...,M —1}. (18)

R PG AR 22, B(o, R) C Py(o, R); HIARHILEAS S5O MR RS A Rsec(n/M), T
I3 45 ML R 3 R AR AR HE AR Risec(mr/M) — 1] 4 K1 = Py (0,1800) N W (s, 61, 8) N
Par(s1,1500), W) Ky C Ky, SHE 8 80 iR P P AR E . 5304 il
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SEALTE AU BT . A AR B A2 R 3 R R HIE PL B B R R A PR I I 25 1
B4 A ARG Q) BIBHDRE SN 2 TSR /INBIR G 0 AR REH S B AR T
A IR 451k BRUIERERMAMIZIAN K = conv{v;}, W max _z [lq —
gll = max; [lg — ;|| (5 5.4 SR BN AEIE) . EARIE S X S5 A BRAN 8] 45 40 R
lg — vyl < 1000 2 s IR 350 A0 228 I 01 5 0 2 0 I 8 AT . 900 B AR A
o 1 T o

O TR B SF A o UM IS U T S 2500 A LA B 19 T ) S
KA, T REIR L IE R RIS o K8 4 B SR s T IX) 1 (Pt B0 B
hyy BERS +hy/2 < 90°, B 0° i X 4518 6 BE B AL ) .

2 XMER B € L. W(q,5,0) € W(g, 5,0+ hy/2).

WEB AR AR TS LR, 7B 8 R H BB A 0, T B B IX )
U B B N By /2, EIE R B B = AR, T B O R B R B
Tl T ACFE A B S A B O

FE L Uj(q) = Ky VW (g, 85,6 + hy/2), V0I5 7 DK I ATA 2L SE 3800 7 ) SRS e
RKHETF Uj(a). I p(Ka(g, 8)) < p(Uj(q)); near 43 HGE— L5 min{5, p(K1)}e 4
T(q) RFAEIEZE Us(q) W/ Ma B2 5% ERIRRA, W J(q) < T(q) CREBILAT
AT HOL: R SE B S AT A S P SRR 2 A HE) . = A IX A S A
ILRAAEAR B b B A, 2 AR I I BN T I o SRR 55 LA B ROR A
5, FERE N A P SR A I b RO S T B BRI, SRR IR T
ik 1 SE RS R DK ] BB LI RE AR I3 A A

6.9 EREZESHRIER
BV 2 (4 DX A R AGE 32 3l ie) )
L AZIS B YOI Ay o) — 4 IR A ROR T B, M K BHARSFR7R |
2. ¥ (12) i av ¢ 5 b =1000 — a, BEHOHEIREBEMLENEZ b —n;

3. EARREEE: B c &g = c+rcosju+sinjuy) (0 < rp < b—ns
Y; =2mj /Ny~ uy = (—sinfy,cos6)), ARk A 3w e HINCE B PRI ;

4. SHGAMERE S EIMI R FEPRAY (), PRAFIRIR A DX ) Kk 7 B [ 4 A iAy
A ;

5. MRSSHT BN, BT B T % RS LB SR A, I DL
SE M T R 58 42 ) 43
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6. TETHETUEE P N BEMBAE TN 25 02 B o SR A X R R i Ab L ) 2 s A
FEI I 12 5] 24 i 0 IE 2 A ) B i s

7. FERTHENL B[R] —MiE . % near ML ERR: # direction NI A SZRR iS4 58 Hr
it A I8 B /ML R, 2R KT 20 RIHRZEM A, ANEFRPIIKEN B4

SER
8. BAEFEB RIS T AR El no_signal, #ESIERGHREZ . il 27 IER.
VG AP AFAE S AR R A — 30 JR A B A AR IE Y direction 43 3¢ 8 Fife

o
BT e 3 B B2 16 A J7 RO 49 MMk S X AR EH R
FIBE S P RB), S 3 1 49 SE SR TR, WAZEMASE. &iEEEh
Ny~ AXIEECH Nov BAEEEEFEECS £, SR8 ik ZAREn £ E R
HF O(N,Ngk?), FHimBEASR/NETE 2548 H SRS A RE 20 . Fddi Ok
WERYAE : BT s T EE B 2 i XN, FFEL €A PR 5 PR A BT+ BE @ Ll

B ASORIEM ¢ — J(q) el WAIE A IRAE A R RO A Q(K)
i Ry e o

MHNEE . () K A% RGBSR, AERRIES; ) HkEGR
L near: BHIEEM, ANEEMAARMRE: (i) —BEAWHLE p(K) = 1000: L4 X
BRAE A e ML B DX AN R (iv) p(K) > 1000 AETEXHZ S A 2 BR AL B (R IIE
FEMCH s, BLO DU SRAME BRI BE B IR R, BUGE R & M BRI B % D IE il
PRSP B, P i S R ASRE R I FR A ARIE;  (v) AMILIBIEAR KT 1000:
HEEHZIE B AR, AR Z X AZ; (vi) MEHER 0°/360°: {1 &
A B G FE AR (Vi) PRI B R 52
W, KNS RN (vil) BN SRE R (A
mRR S, ARE AR A R RIE (DLIRIEE 4) . [ DXl 2 ] 5 e R0 b 52
fifh]

7 [EIRE3: 2ETFHIENEREMNSERIAE
7.1 BB SR ER AN EEY

TRIEREBLBNVERERT , 58 BUAT55 P 7 ke FULIS ]

T = g + Nswitch + 5]Vmeasure + 5Ncslear + 3chlear’ (19)

Hop L B Bsfe (SRS 5T RN, SHE Y RBU T i 32 A 5l
VB RALE o SefRE2ARERR . FEUh T Aatd it DR IR SGE I ). /i
LE SR LR 100 /N s BRFPIZATIN E) 55 % 20 73 PPe LR, 38T,
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72 EEEBHEAMEL

FE s AEXIHHE NG no_signal, HAEHEERLL s urputy 2442 1000 ORI BN AFEZ
BHETR CHREBCER T R 1000 k), ANRE—AHHEERE] 1500 Ok o HRtb iy s o i e

S = {(7004,7005) : i,j = —3,-2,...,3},  |S| =409, (20)

HA % [—2100, 21001 G148 Qo WHE—HITNIIIE g, HATTERITH 4 Mg E] g 1)
R B AT T00V2 & 989.95 < 1000 K, MUBFFAEARSALINIAL . S g fr T 4 A& R
MERER, St g PAEEL PR ES ZE/D— Mg (B4 m & NAE R I
PHE, 59 TEMERTIE). Fit 49 s — R ] RAE A BLZE R ; TR TE RIS
AT X B VA NAH AR SR CAN L. 49 B x 20 SIE £ 980 AR, EALFERT R
1.32 x 10* >, 7£ 100 /N LRRINE FE it 2S5 ] SERRiAT o e s BRAE Bk« R A
=L HENE. LB N ENBNG .

7.3 EWM—ENMN—EBRFIF

BUSMAE R SGEIRG : RH/ CRIFEEN / TS/ Bk / CiEWI R,
DR Koo WMIBRARER: TR BUIE — FHIE 2 (0L S G K, %
p(K.) < 20 — BENE] Caol(K.) P BEY SRR ST 0 — THFBEIC R SIS, £A4
CLR DL T B / WM DURE I HE 7 ALBE s (e RAE A0SR [l near I 7 B
AT
74 (IR SR

LRI AL FZ2—: (1) CEIER 16 MARBERE (BE ER); (i)
FAFGER COA ERR R A e s SIE AR FE. Z8 10 M. #8258 TIRE
B8 RS AR TS IL A FRFB 170 R B A MR 32 A ARHIE R
B, ANERINEIC. SSRGS T
B IERR T IR AN 5L

FTHESE

A=) Ty ]
PERR IR A

LEZWAGTHE GERRELH]. P ENIERETE) fFEgEEN]
8 [8lfl 4: &E[ETFHIRHIKEN S ERR
8.1 EELNENMFERY

5E ) JRA AR AR R BE R < R HAS DN RALT P A" B no_signal £
WAL B —P R — R EREBOR . B ANERS Qi a7 4R A, U RE A E S

WP TR L) = 21)

P4 TE L BRI ] =

(22)
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#5 3 RIS R (HRBHE 1K)

e S Y T T S v - s G 3 = VAR =1 b N L B 95 e ]

i 1 [f7iH] [f7iH] (1] [f7iH]
sk 2 [f7H] [f7iH] [f7iH] (1]
i 3 [f7iH] [f7iH] (1] [f7iH]

Fae2s Al o o W EEFELR NS no_signal Wit % MBS E 5287 A 18] Mg ;
TR A 4 A7 4R S, HO 0 E AR B R
8.2 BEAMELNEEIBRNIABI

H 7.2 THMEISIE: R g DL T RTTESIC 4 S A N ER, A g AR R LS
PP DS B MG S %S R B R BE S AN 989.95 < 1000 k. AL 49 MEE
S A 4 1) 5 8 T TR — e R B, BRI Q RSN R ST (A% s Ao i
H QD).
83 KEESEHEEER

ELR I E M RAE E M TP T RE IR R G5 MEMAREEES K, Higil
K 20 KA JHPIRE: OB PEZ SR A 10v2 ~ 14.14 < 200k, (REE K
I AMIHERA AS A T B T2 TR A PR IE 458 5, B R ahfE. RIS R

N < ((w/zo] +2)<[h/201 +2), (23)

Hort w, h AR IMIMER T 5 s B IR AR BRAEI A L/5 + 3N o 35 K AMIR
SRR (A2 1500 KBS AAMIMERR LIRS RD . BRI ISEHUE, Mo4ks:E
PEAR MBS B o B S IN [B] UG- AR 1 SR B > S I B SR v - R AE I " fh T, i 2
PG e N HABAE 55 BAZ PSR

6 W4 EXMEALE R RBHE 1)

WA G gD EER TN P ERL BRI R IE 7 i

it 1 [fiH] [15H] [5H] [1FiH]
s 2 [fiH] [1FH] [5] [1FiH]
s 3 [fFiH] [15H] [5H] [1FiH]
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B3 SLBIATE N (2) 2RERRSTIL: A RRERBCFY. 55 HHERR 1000
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SRR Yk (1) ESERCRARMHERAE, 2RxndEemRt, s
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A IEMBXHYIRR
(52 52 i B0 M SE PR SCHEA RGN 2, SR % B IS —2L]

T SCHEMRICIES R

SCHE/H R P

BEH

geometry/  JLATAIAH
planning.py  [AJ/# 2 ik i T A
examples/ql/ [al# 1 %y NAEA

A AR f/ M E

first_bearing candidate_disk

EHEN=

FIE A

output/ql/ [l | Futh Skl Uik Tl

B IZFIRIKEE

PAF D9 SR T A% O IR, e BT asq 7 AR LA SCHER R R4 M v

B.l src/mcm26b/geometry/localization.py: XS ENJLIATAIZ

"""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.

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

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))
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46

47

48

49

65

66

67

68

69

def

def

def

def

or not isfinite(v) for v in values):
raise ValueError ("Abr. 70 FEFIRZE A A2 A TRALE™)
if not 0 <= self.half_angle_deg < 90:
raise ValueError ("{RZfLfE [0, 90) & I MLE")

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[1l)

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[-11[0] - out[-2]1[0], out[-1]1[1] - out[-2]1[1]1)
(pl0] - 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):
break
out.pop()
out.append (p)

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

77 | def diameter(points: list[Point]):

78 if not points:

79 raise ValueError ("% AR AATE & P EAE")
80 a = b = points[0]

81 value = 0.0

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

83 d = distance(p, q)

84 if d > value:

85 value, a, b =d, p, q

86 return value, (a, b)

87

39 |def _circumcircle(a: Point, b: Point, c: Point):
(b[0] - al0l, b[1] - al1l)

(cl0] - alo0], cl1] - al1D)

92 det = 2 * cross(u, v)

93 if abs(det) <= PARALLEL_EPS * max(hypot(*u) * hypot(*v), 1e-300):

90 u

91 v

94 return None

95 uu, vv = ul0] **x 2 + u[1] *x 2, v[0] ** 2 + v[1] **x 2
96 center = (a[0] + (uu * v[1] - vv * u[1]) / det,

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

98 return center, distance(center, a)

99
100

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

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

103

104 Radius is recomputed against every vertex to preserve numerical containment.
105 Coordinates should be normalized when there are very large offsets.

106 e

107 if not points:

108 raise ValueError ("% fE N F /M [H & ")

109 xs, ys = [p[0] for p in points], [p[1] for p in points]
110 best_c = ((min(xs) + max(xs)) / 2, (min(ys) + max(ys)) / 2)

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

113 def consider(center, radius):

114 nonlocal best_c, best_r

115 if radius > best_r + eps:

116 return

117 actual = max(distance(center, p) for p in points)
118 if actual <= radius + eps and actual < best_r:
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126

127

128

129

130

139

140

141

142

143

144

145

146

147

148

149

150

160

161

162

163

164

def

best_c, best_r = center, actual

for p in points:

consider(p, 0.0)
for a, b in combinations(points, 2):

consider (((a[0] + b[0]) / 2, (al1l + b[1]) / 2), distance(a, b) / 2)
for a, b, ¢ in combinations(points, 3):

circle = _circumcircle(a, b, c)

if circle is not None:

consider (*circle)

return best_c, best_r

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

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

The fixed shuffle makes results reproducible. Expected linear work refers
to randomized input order, not a worst-case guarantee for this fixed seed.
Normalize internally so this public helper also handles translated inputs.
The exhaustive reference is retained for independent regression comparisons.
Wi
if not points:
raise ValueError ("ZSfEN T F /M [H & ")
if not isfinite(eps) or eps <= 0:
raise ValueError("epsWA/ii A7 fRIEZL")
if any(len(p) != 2 or any(isinstance(x, bool) or not isinstance(x, (int, float))
or not isfinite(x) for x in p) for p in points):
raise ValueError (" fifE 00700 AT PR — 4EARFRAL ")
origin = points[0]
scale = max(distance(origin, p) for p in points)
if scale ==
return tuple(origin), 0.0
local = [((p[0]-origin[0])/scale, (p[1]l-origin[1])/scale) for p in points]
tolerance = min(eps/scale, EPS)
Random(20260910) . shuffle(local)
# 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)
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166

167

168

169

170

171

172
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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

def

elif not returning:
stack.append((n, boundary, True))
stack.append((n-1, boundary, False))
elif circle is None or distance(circle[0], locall[n-1]) > circle[1] + tolerance:
stack.append((n-1, boundary + (locall[n-1],), False))
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 Q1l'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.
wn
if not isfinite(eps) or eps <= 0:
raise ValueError("epsWA/i AT fRIEZL")
if not measurements:
return {"status": "unbounded", "vertices": [], "diameter_m": None,
"diameter_infinite": True, "recession_direction": [1.0, 0.0],
"message": "BUAMM, FAFEIYAIT}
if len(measurements) > 100:
raise ValueError ("4 SiHlIt & Halr100 MM s T AHUBERE I8 FIIK T 32 505 )
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):

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

feasible_vertices = []
for (a, b, ¢), (d, e, f) in combinations(planes, 2):
det =a *xe -bx*xd
if abs(det) <= PARALLEL_EPS:
continue
p=(c*xe-bx*xf) /det, (a*xf -cx*d / det)
if inside(p):

feasible_vertices.append(p)
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if not feasible_vertices:
return {"status": "empty", "vertices": [], "diameter_m": None,

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

"message": "W MABLIA AT KANGE. B LIRZER 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] * 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{EIEEFERTTIM, KR, HENTLH KM

return result

d, pair = diameter(hull)
midpoint = ((pair[0][0] + pair[1]1[0]) / 2, (pair[0][1] + pair[1][1]) / 2)
distances = [distance(midpoint, p) for p in hull]
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,
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"outside_vertex_indices": [i for i, value in enumerate(

distances)
if value > d/2 + 4x*eps],
"witness_vertex": world(hull[witness_index])
if max_distance > d/2 + 4*eps else None},
minimum_enclosing_circle={"center": world(center), "radius_m": radius * scale
3,

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+4*eps)*scale,
"remaining margin_m": 20-(radius+4*eps)*scale,
"center": world(center)})

return result

B.2 src/mcm26b/geometry/planning.py: [A)fR 2 BE{FIEXI

"""Distance certificates for Q2; does not change Ql1's angular polygon model."""

from math import cos, sin, radians, isfinite

from .localization import Measurement

def first_bearing_candidate_disk(measurement: Measurement,
max_range_m: float = 1500,
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/(2xcos(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.
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 ("JZU 1500700 A FRIEAL™)
if measurement.half_angle_deg > 45:
raise ValueError ("I fiiE 13{ SRRl ANE LT 45 B 1)
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}
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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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