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BRI AR 5% 08 B A U T E A IR AL bR m 2 (B R EE B, ALFE /K1 IR B AN B R S .
BRI E N 6371000 2K, FH LATHE PR AN AR AR 2 (B KFRE B . AL EE T
FEZS, R AT B I P S A B EE

® Hirsk¥

5 SCH bR R B T H BT A R %A I 15 45 2 1] (R I TR Bk 22 1P T F . BARSK
YT R AN @ MRS AT, VT AL R T [A]S R  TR) 2z TR R
V77, FER TR RZET TR, AN H bR EUE AT e ME

Objective = Z Z (% + to; — tij>
Horr, Sy kiR MW A HIEEES, ¢ R, ty T AR AR A, t 22
LI [A]
® LRk
BOE T LIAGEAT, WROREEXS B AR (R ZZ AN 5 A XS HOR A T ORI TS
FE 15 B I (A A G BRI, 38 G HH AN ) 22 5 KA1 o

5— |t —to;| =0, Vije{l,2,3,4}, i+

® I F &M LEIE I
WAL TSGR . DR L T EAN S B SHEEUETEE,
WIWNZEEEAE 110 ) 111 FEZ i8], ZH5FEEAE 27 3 29 E2Z 0], MFEAE 0 3] 2000 K2 6], &%
SRS [RIFE-200 2] 200 FP2 (8] WI4R % 00 022 S0 0 5004 ()~ 3 dE AT W B, DB AR A4k
it A2 A BB UG AR
® L RF
i SLSQP JiikitAT i LR AR Ak . AT R 1A OB A0 R B S5 ,
15 B bR R BUE B /MY, I R T LR %A
RTINS R ERR e v, BT T 2. @i 5] N BEATL R ZE A ECHT O 4
FHEEMATRE, DI EE RAEA A 24 BRI .
7.1. 3 R
TEARTHIRE A, FRATXE 1000 2H A4 A s 34T T VRIS 0 br, B3R T
885 HAMULSIEE R . XL Jmns T VUNAFERENAE. 4E. &fE, DEAEBRKR
AR TE] S, RN RATR:
= 3 gL

5 FEI1H E2H . %5 884 4H 5885 4H
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W 1 &
BREL 1 A
W1 e
Wi 1 &R I [E]
Wl 2 &%
BRE% 2 A%
VR 2 i
Wi 2 1R LI [E]
Wl 3 4
Wl 3 4iJE
W 3 e
Wi 3 R LI [E]
bR 4 2
VR 4
VR 4 e
Wi 4 55 R I [E]

110.450135
27.979312

740.289106
-35.813936
110.600913

27.34129

740.285714
-34.373986
110.642222
27.998251

740.285714
-34.897014
110.655268
27.396925

740.286648
-33.456228

110.424091
27.702518
740.093314
16.931623
110.452056
27.664861
[740.2851
21.011754
110.420824
27.911459
740.320823
21.931623
111
27.576773
740.379189
21.931623

110.600683
28.250346
740.285714
-5.709348
110.579188
27.399571
740.287478
-5.161878
110.607893
28.266114
740.289244
-4.614304
110.696185
27.443416
740.28395
-4.066684

110.680589
28.289117
740.287549
-12.110538
110.672369
27.363746
740.285714
-5.580486
110.679962
28.293355
740.289384
-11.050405
110.682815
27.375
740.28388
-10.520376

it ISR R TREA BRI E &S, HhEENSGE R MEERDN, B
N T BE SAE R R X N S A . B, FREE 1 BIE RSN B S E o ) S
110.527° #1 27.966° , XTI HIFRAEZE 735108 0.110 A1 0.257, Fa7~ 1 EdsAee AR
INFIT B o KT RREE 4, SFERIT 2 A A B BRSP4 S b 22, g 7 AT
e T 5 R g 1) [X 3

EFEEE B ROR, TR R EZ 2 1 4, H G KRR EEH] 2000 2K, 17 H A%
P& 5, IX AT RE SR AR 5] NI BEALR 29 5% AR 8% 1 10 m R B0 ) 2R A i A e 1k
KB S EPTLE 740288 KA. 5k 3 I RMEB/NEREME N 0 K, RE TR
LR IBENLIR ZE 82

B AN RS i E s TR RRshtE, FpaRE 1A 2 gy a3 1E 53 )
N-2.299 FbAI-1.077 B, WiksHEZERKR, ML T 23 Fp, X BT ER RS A E
PEo AHXTT &, 5RiZ 3 AT 4 (S B (AP I(E R IE, BB 15 A AL I TR AH G e T
BRE% 1 A2,

4 R Gt

Gt E W1 LR PR 1 A PR 1 e SRR 1R R A T
count 885 885 885 885

mean 110.5268 27.96629 741.187 -2.29886

std 0.109514 0.256842 16.1654 23.32708

min 110.3277 27.70092 618.7573 -56.7789
25% 110.4271 27.7023 740.275 -13.3883
50% 110.4975 27.99284 740.2857 -2.11078
75% 110.6298 28.26232 740.2876 16.95241
max 110.7047 28.29951 1050.936 23.28579

RS RW2 Uit
Gl Wi 2 B Wi 2 Hh B 2w PR 2 R AN (]
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count 885 885 885 885

mean 110.5497 27.56907 740.3258 -1.07739
std 0.109582 0.154991 53.52509 23.86217
min 110.368 27.24253 0 -56.3747
25% 110.4517 27.38785 740.2769 -12.8607
50% 110.5014 27.66442 740.2857 -1.55344
75% 110.6661 27.66494 740.289 21.09024
max 110.7928 28.08937 2000 24.48914
* 6 W3 Gl

Giit i G RES W% 3 4ifE A RN VA% 3 8 R A (]
count 885 885 885 885
mean 110.5646 27.97368 741.7488 0.448805
std 0.132302 0.255991 66.3132 24.9928
min 110.4192 27.63565 0 -55.9705
25% 110.4291 27.71135 740.2786 -12.3348
50% 110.57 27.99726 740.2857 -0.99596
75% 110.7046 28.27513 740.2888 21.95068
max 110.8101 28.29951 2000 26.38244

® TR 4 Gt
G VRl 4 B WG 4 i VW 4 mis VR 4 R AL T

count 885 885 885 885
mean 110.7606 27.40162 743.6317 0.797483
std 0.135592 0.112611 77.83329 24.73169
min 110.2798 27.22689 4.91E-07 -55.5662
25% 110.696 27.29375 740.2787 -11.8074
50% 110.7269 27.35287 740.2857 -0.01602
75% 110.7704 27.4999 740.2875 21.95068
max 111 27.76445 2000 26.38244

N DO B HE S IR bR S oy A AT T BT BT, 45 SR R RO R 20 AT A
FasE, RYIHZHIRZERIFZWEE N M, SR FE DR 1 R A I 8] (1) 3 A
VU I e AR sk, SRR WX B FR AR AL VR 22 EONBURR, Ve RO, ek
H PRSP R X 2 AN 5 P B e
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7.2 ETHEM AR ANE IR X BTREZE (LIS IE

H T R 22 TevE e A VH bR, N T R R AE AT AR I TR) 5 22 PP AR 40 1 o qn] S22 K i ok %
OIS B AL B ), 3K BB B R SR VIR H LA 2 SRR, DASR s A A R
ZITER ML 22 IR IS S JBE 7, BE W8 S B0 B8 YRR 1 7Ll
7.2.1 BIETIACTE

N T NSRRI 88 2 SR, JRATT 75 B AR RN AL PR DL B VER AL FE B IR 40 R

® A RFRE AR

BEMLA B2 A KR I S B (0,4, 2)

o HEEBHFRILHT A
R LA B AN I e a6 BB, THIR S P S A% B A U ¥ 46 BRI 8] 2, 5
HIE ¢ BONF R HRAIRIE T2 508

ttrue,ij - \/(:El — wj) : + (yl : y]) i + (zi — zj) i + tO,i

Hrb, to N i MBS BRAERTT,  Cayyiz) NEA TR
® AINBENLIRZE
LEVT B LS TR]) B InBE LR 2, B Sl il Ecds « 1% 22 € ARMIIME N 0, FrifE
ZE N 0 IIERS AT

tobs,z’j = ttrue,ij +e

7.2.2 EXAEFF
N TV RE ST, BATE ST AT IR b
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® ITiIRIRZE(RMSE)

RMSE = %E:«@—av+(@—wf+(z—mﬁ)
i=1

o, (&0,00,2:) NTRNGLE, (2:,y:,2) WESEGLE, n IFEARHR,

® PN IRZE(MAE)
FH i 5 T B ) 5 B S ] 22 ) ) iR 22

1y
MAE — E;HO” - tO,i|

Hodr, to, TN E R A (8], to,, N FCSL B R LE I ] o

7.2. 3 e AR K E

BENLARARIE T2 AR S, 38 A 22 N I R SRR IR AT 5 S 8T 24k e b
TRIRZE o B I M8 2 AN M I 45 G e AT B T &5 R $R 158 20 (1) 6 e 1k v A
I8 MR A A 2R A e A 5 AN e s B i R B B, B IE A T K IR B 8 A In) A
BEATLAR AR 453 5% bR 500 7 0000 5% 22 2E i, 1 L U ) 3 3 PR o) ke SR 1) R 2% i R B
FUSZH, 5] Q3 3 R AR P 3R BT A B INRE AR . K BRI AT LA R

L= Zn:(yz@z)
Hrp, L RRTURREG v RS | MRERIESHE: 9, 80R8 | MR

IEIER

BEHLARAARIE I A R 22 A SRS AT SR A R A A, S WS S ST A )
I8 H H BIRAE (bootstrap sampling) SRSk, BLR & K E A 34T 120 3%«

Step 1: HIEHALE

Ho, AERCEE FTAE A OCRHIE CRniRii& & a8 . BRI R sh ik i ] 55D 1%k
PaE, DA BbnE (BREZIIESEA ERETE]D o 28, #HTHEEEYE, AFE R
AR AR, PR B —REE LS M B Y B I 2R R0

Step 2: MIEFEHIARBLIE

BRI 25 A5 N ZRE R SR A B BE ML AR AR Y o e 32 508 I S 40, Wik S s
NS, RS, BRI S, BRI Z00 IRAEE:

(1) BRI

TR M W L A ) B RN BRI R 1) 7 Bl I TR VR NARFAIE , BR %I 2 405 B AT = A2 DA
N B R AR AN Hn A . B BRI R0 S B AS, My
100 /™R SR 1) B ATUARAARABE Y o BT L5 U SR B 45 F AR AIE A2 SRR R ) — AN BEATL 46

(2) ZHuLEE

® criterion: EHF ‘mse”ENRI R EER, REHTIRE.

splitter: ¥ “best”H0E, WeHrmtER7 UL/ METT ISR,
max_depth: WE AN 15, BRHIHEHRIRE CLE R IE G-
min_samples_split: WENS, WHLRERIDT ST K B/MEAREL
min samples leaf: WEN3, BRI T 5 ST TR 5/ IMEAREL.
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® nax features: WHEN 1.0, BIFEX]D T S 2% B ATA RFIE .
® nax leaf nodes: ANWEPRE], oM AEKBH KR BERIH T S
Step 3: FERIPPAY
R R AR AT T, H IS RS B E 2 MR ZE . KRBT RE
(MSE) . #77ii%ZE (RMSE) | ‘P40tz (MAE) SF48bn Pl v ae .
7.2. 4 {RHLR K E A
LR K (Simulated Annealing, SA) % & —FhdE T 9B KRR MR, B
W AE 4 Jr 18 2R IR Hh A RS0EE G B N JR SR B LA » AR K B 1 A ARl 1 45 ) &
RIREIZIEC, CL— e MR 2 B M, I 7E A 2 (] BE LA R 4 R s
(1) Metropolis N
Metropolis #EN2 IR K BIVERIZ 0, 8 o VFSEE DL — & P 242 52 bE 2 1 g o8

ZfE, A BT B BRI . 2 PPIRSIMR P, i T4

U —5®)
e e if~f(A4) = f(B)
Her, A f(B) 73S aRIRERFIRES I BAR e, T 2 4HRE.
(2) BHUR KBS E
Step 1 (F&HiL) -
WEYIIGERE t=100, EEZM AT a=0.95, MY RYIGESELE So. SR
A k=0,
Step 2 (FrESHELR) -
EMAESELE S AR, @ alr AR RS S5 S = Generate (S) -
Step 3 (BEZHESHE)

s B S =6 =) e Metropolis #E,
DHER Pe 82 S {ENTF—MRE S.

Step 4 GREFEH) :

FHREBH t—a-t

Step 5 (Z1EZMHHAIKT) -

BT 1 A IR P A T B B B RO L M, I
MBS,

{1 if~f(A) < f(B)
P, =

AT A REISE R BRHISE A RRE SRRERE

o ~
a0 /’ » rd

H
10.45 4
ol
4 4
R R SR
A ERSE A R E A A _FERN &
1000 » )
o A - .
< 0 / P
" »
10w . / o
o ,
1 L .
- 10.60 o = S "
= Ey, = 1000 =
® 1088 L] L L
3 20
-
s
.
110,45 74 4
g
’ e
040 D3]y o{o
R RRE s
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Kl 10: BASHE

PATR A2 45 A B 204 1V 48 43 BT 45

TR X FE R L ESCEE b, B AER L TION T 8 AR 110.4 & 110.7 A, 4
FEAE 27.7 [E & 28.3 X A AL . RIS, BRI 5 1 s R M 500 K £ 800 K, LA
T 35 1 R AL I T A-60 0 2 20 BB EGVE . X U TN A5 SR R B TR AL ) R R N ] S

TR 2, BEALEFE BN SR T RE Jy, SREVEE M 110.4 B & 110.75 B, 4
FEM 27.3 A 27.9 &, R 500 K% 2000 >k, 54K AN A A-60 F0ZE 20 Fb. FEH MK
T 25 S5 e Br A = FEW &, i3 — DR AE TR A .

TERRRZ 3 I, BERLFI 72 G E M 110.4 & 110.8 &, ZAiJEM 27.6 E &
28.3 &, mifEM 500 K& 2000 K, FH4% KA EIN-60 #2520 Fb. AR T IX e S
T [F)RE s T AR s R R, RIS E v R AR A R Y L PN A e R R TR A AR

B TR 4, BTN VS I 1105 FEE 111.0 &, M 27.3 % 27.8 &,
A2 R FEAE 500 K 32 2000 K2 8], ¥ 48 & AR B [a] DU AN -60 FD B A 22 1750 b . R I [A] 15
FERR, BB AR B 6 B2 SRS B 00 T0000,  F I T A58 28 Acb 3 W O L I (%) 5 K R

T A BRI 1 1 22 AL E 0.012%, TR2R2 HH#k 0.999, T EM TiREZHE. X
— &b B3R IR T 0 BOAE I LA R AR

I\ BB R HET

8. 1 A=

RS RT KR AE AL IR Y 1 — I E) 22 2IIA (TDOAD BRI B A A A,
Hadd N TG A BT SR . AR R @ AR rh, RATTFE 0 %5 58 1 SERr B A
2 FOCREA R, BB ML B (AT Ry o 7P T PR R g 2 DA B 8] [R5 IR W PR 55, R
TR S PEAT AT SE R DU R AR A
1. BAREREE: ASCESHCEARAR A DOR S | RN e G, By
B 7 ZIREENE DL, BENE AL TR T N A Ak R SE B

2. FREMIGUEHE: @R FER B2 AR, SEe 7 RBRCE, IF
REWS 4K 2R S A A o

3. REMHE. BHXHMLI ALK R RIBENLIRZE, SR TBIETE, WE0n 1A
FrIREE I -

4. MM SIABENUARMARAOR K EZ T 2 H0R I, AP
AAJ5iEE iR R T L HERR T .
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8.2 HHEIMREHFENRR

UG AR SCAE K ET R % AL A8 i T B R R, (BEE A E b, FE
T DA e -
1 FERBEEFE: SRS s, THRZREE N, S E R
(e R . IX AT B 3 B T2 BR PR 85 v B 52 R
2. MERERFEAL: BREEEN RN HE R EARERE, flanthE
PIRLAR . AUESRAF LR FE AR S, IR LG H AT BE XS 2 J U AL F R 1k 2 2
AR
3. BECAb TR PR R R AR RARE R, HA R St S Hu
FIOCAL,  DASRE i S50 IR AL SR i R SR A I 22
4. GRZSEERRCHINR: RE RIS TR IR UE, HE IR B S SR A
TNRIIAR, X AT RE S RS A Y AR SE BRI H 0 R R AT S
8.3 REESKXKAE

ARICHTIE SR K AR 2 e MY, Gl B A I ) 22 27k (TDOA) HARM S E AL
WELE, BB UK F R B SR AL 1 — Mg 177 30 AR RE R RS A 2o B B T ot UAc 2
MIEERES, MIahE A RZ RS B AL B S R A B VI Z. BEAh, BExr iR,
ARICRH T ORI, ARSI T AR (R TS Ay SE 4
N7 AR AR S, BN R AROR R JETT 1A
1 BB #E— DA R, N E ISR AR R, il A
FRITBE 2 Ik AR I e 26 RO P AE A 22, DA S R 18 TSI o 2

2. FRACRMARAL: BEAUHRIILA SRS, B SRR AL B OOARE EE £R N A R
JUHGRAETN R 2% A 2 I R BN, 1 DR REAS DRag Ul 42 J=) S DL e o

3. SKUEEE AR EIL SEBRCER HE S S ORI A, AT T S 5
82 2 1 rh B UE AR Y (A R PE AT AL g

4. ARZEACERSE: BN RRERIENLR], LRE 5 B FISSRL A iR
72, LA iR ) AR SRR

5. BHERUIEES. Malass. B4, KA B EEYUN et iR,
X I AR AL AT A0 B I B it

Bt BRI FFELHED FIRT FURIIR N, KA R e L BORAT B S B BE van J= IR A 1 2
ARTEENE, D9 KT R JE FIARBZE R R TAR SR AL IS SERYEOR S, BEimfEzh 5
AR I AR 2D AR K S
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import numpy as np
from scipy.optimize import minimize
import matplotlib.pyplot as plt
import seaborn as sns
from mpl _toolkits.mplot3d import Axes3D
import matplotlib.pyplot as plt
import seaborn as sns
plt.rcParams['font.sans-serif |=['SimHei'] # 3 SCF
plt.rcParams['axes.unicode minus']=False
# A
coordinates = np.array(|
[110.241, 27.204, 824],
[110.780, 27.456, 7271,
[110.712,27.785, 742],
[110.251, 27.825, 850],
[110.524,27.617, 786],
[110.467,27.921, 678],
[110.047,27.121, 575]

D
times = np.array([100.767, 112.220, 188.020, 258.985, 118.443, 266.871, 163.024])

# A 340 m/s
speed of sound =340 #m/s

def haversine distance(latl, lonl, lat2, lon2, elevationl, elevation2):
# ek, A K
R =6371000
#OR L T LR R R
latl, lon1, lat2, lon2 = map(np.radians, [latl, lonl, lat2, lon2])

# SRS
delta lat = lat2 - latl
delta lon = lon2 - lonl

# Haversine A 3\
a = np.sin(delta_lat / 2.0) ** 2 + np.cos(latl) * np.cos(lat2) * np.sin(delta lon / 2.0)

**2

¢ =2 * np.arctan2(np.sqrt(a), np.sqrt(1 - a))

# TSR R 18R KT B

horizontal distance =R * ¢
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# TR Z RN HSER g, HEEies
vertical distance = elevation2 - elevationl
distance = np.sqrt(horizontal distance ** 2 + vertical distance ** 2)

return distance

# THE T A 2 ] PR B
def calculate distances(base pos, positions):

latl, lonl, elel = base pos

distances = [haversine distance(latl, lonl, lat, lon, elel, ele) for lat, lon, ele in
positions]

return distances

base position = np.mean(coordinates, axis=0)
device distances = calculate_distances(base position, coordinates)

def objective lat lon(x):

lon0, 1at0, z0, t0 = x

residuals =[]

for (lon, lat, z), ti in zip(coordinates, times):
dist = haversine_distance(lat, lon, lat0, lon0, z, z0)
predicted time = dist / speed_of sound
residuals.append((predicted time - ti +t0) ** 2)

return sum(residuals)

initial_guess lat lon = np.append(np.mean(coordinates, axis=0), np.mean(times))

result lat lon = minimize(objective lat lon, initial guess lat lon, method='"Nelder-
Mead')
result lon, result_lat, result_ele, result time =result lat lon.x

print("Optimized coordinates: Longitude = {:.6f}, Latitude = {:.6f}, Elevation = {}
m".format(result lon, result lat, result_ele))
print("Optimized time: {:.6f} s".format(result time))

if result_lat lon.success:
print("Optimization was successful.")
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else:
print("Optimization failed:", result lat lon.message)

def callback(x):
global allvecs
allvecs.append(x.copy())

allvecs =[]
result lat lon = minimize(objective lat lon, initial guess lat lon, method="Nelder-
Mead', callback=callback)

iterations = range(len(allvecs))
objective_values = [objective lat lon(x) for x in allvecs]

plt.figure(figsize=(12, 6))

plt.plot(iterations, objective values, marker='o', linestyle='"-', color="navy',
markerfacecolor="red', markersize=8, linewidth=2)

plt.xlabel('iEARIXEL, fontsize=14, weight="bold")

plt.ylabel(' H ¥5 & £ {H", fontsize=14, weight="bold")

plt.title(' H br bR 2 SIE AR, fontsize=16, weight="bold")

plt.grid(True)

plt.show()

device lons, device lats, device elevations = coordinates[:, 0], coordinates[:, 1],
coordinates|[:, 2]
predicted_lon, predicted lat, predicted ele = result_lon, result_lat, result_ele

fig = plt.figure(figsize=(12, 10))
ax = fig.add_subplot(111, projection="3d', facecolor="lightgrey")

ax.scatter(device lons, device lats, device elevations, c="blue', label="13 il 1% #%', s=150,
alpha=0.6, edgecolors='w")

ax.scatter(predicted lon, predicted lat, predicted ele, c="red', label="FiJ f¥] 5% &% L &',
s=200, alpha=0.9, edgecolors='k')

ax.set_title(' i I ¢ #& A0 UM Bk #Z 47 B B = 4E K], fontsize=16, weight="bold",
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color='darkblue")

ax.set xlabel("& % () ', fontsize=14, weight="bold")
ax.set_ylabel('Zh % () ', fontsize=14, weight="bold")
ax.set_zlabel('JiEHk (CK) ', fontsize=14, weight="bold")

ax.legend(fontsize=12)

ax.grid(True, linestyle='--', color="darkgrey', alpha=0.7)

plt.show()

Q2 X4

# import numpy as np

# from scipy.optimize import minimize

# from scipy.spatial import distance

&

# np.set_printoptions(suppress=True)

&

## NG s PR AR R AT AR I T

# coordinates = np.array([

& [110.241, 27.204, 824],
[110.783, 27.456, 727],
[110.762, 27.785, 742],

[110.251, 28.025, 850],

[110.524, 27.617, 786],

[110.467, 28.081, 678],

[110.047,27.521, 575]

D

#

#

#

#

#

#

#

#

# times = np.array([

# [100.767, 164.229, 214.850, 270.065],
# [92.453, 112.220, 169.362, 196.583],
# [75.560, 110.696, 156.936, 188.020],
# [94.653, 141.409, 196.517, 258.985],
# [78.600, 86.216, 118.443, 126.669],
# [67.274, 166.270, 175.482, 266.871],
# [103.738, 163.024, 206.789, 210.306]
#

#

D

#

#speed_of sound =340 # i, . K/AD

# def haversine distance(latl, lonl, lat2, lon2, elevationl, elevation2):
# R =6371000 # shBRVAR, Hfir: K
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latl, lonl, lat2, lon2 = map(np.radians, [latl, lonl, lat2, lon2])

delta lat = lat2 - latl

delta lon = lon2 - lonl

a = np.sin(delta lat / 2.0)**2 + np.cos(latl) * np.cos(lat2) * np.sin(delta lon /
0)**2

¢ =2 * np.arctan2(np.sqrt(a), np.sqrt(1 - a))

horizontal distance =R * ¢

vertical distance = elevation2 - elevation]

distance = np.sqrt(horizontal distance**2 + vertical distance®*2)

return distance

def objective(x):
residuals = []
for 1 in range(len(coordinates)):
for j in range(4): # DU/NEIEFHAF
#x TS IE SRNAERE. A%, SRR A
index =4 *j
lon, lat, ele, t0 = x[index:index+4]
dist = haversine distance(lat, lon, coordinates[i, 1], coordinates][i, 0], ele,

FH o o H o o o o o o o o N O O o

coordinates][i, 2])

# predicted time = dist / speed_of sound + t0
# residuals.append((predicted time - times|[i, j])**2)
# return sum(residuals)

# from scipy.optimize import minimize, Bounds

# from functools import partial

## T SCHELR R AR AN (7] 29 3R

# bounds = Bounds(

# [110,27,0,-200] * 4, # FANSHH TR

# [111,29,2000,200] * 4 # &S L5

#)

## FEREXTIN 8] ZE AN 5 FPHIAT R

# def time diff constraint(x, 1, j):

# return 5 - abs(x[4*1+3] - x[4*j+3])

## FIRA A I ] 2R

# cons = (

# {'type": 'ineq', 'fun": partial(time diff constraint, i=i, j=j)} for i in range(4) for j in
range(i+1, 4)

#)

## A8 H SRS A0 B AR 55

# initial guess =[]

# avg_time = np.mean(times, axis=1) # MR K IFFIICRE RE NS
# for j in range(4): # DU/N&H1%

& # A3 PR B r o (5 NN ) B (A 04 0

# mean_lon = np.mean(coordinates[:, 0])

27




mean_lat = np.mean(coordinates|:, 1])

mean_ele = np.mean(coordinates|:, 2])

mean_time = np.mean(avg_time) +1 * j

initial guess.extend([mean_lon, mean lat, mean ele, mean time])
## 3 AT 2R AL T 1%

# result = minimize(

# objective,

T O H

# initial guess,

# method='SLSQP",

# bounds=bounds,

# constraints=cons,

# options={"maxiter': 1000}
#)

## REmig R

# if result.success:

# print("Optimization successful.")
# print("Optimized values:")

# else:

# print("Optimization failed.")

# print("Reason:", result.message)
# result.x

&

## L] 2% AR B TR B A S

# import matplotlib.pyplot as plt

# import seaborn as sns

# plt.rcParams['font.sans-serif ]=['SimHei'] # 1 33 #F
# plt.rcParams['axes.unicode_minus'|=False

#

## € Bl e ORISR B GE A 45

# allvecs =[]

# def callback(x):

# global allvecs

# allvecs.append(x.copy())

#

## BFTHATOAL,  IXAE [ B8 R AD sk AL 2
# result = minimize(

# objective,

# initial _guess,

# method='SLSQP',

# bounds=bounds,

# constraints=list(cons),

# callback=callback, # ¥sH1[ElA
# options={'maxiter": 1000}

#)
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#

## 2l H bR R B AR R A g s

# iterations = range(len(allvecs))

# objective values = [objective(x) for x in allvecs]

#

# plt.figure(figsize=(10, 6))

# plt.plot(iterations, objective values, marker='0', linestyle='-")
# plt.xlabel (LRI EL)

# plt.ylabel(' H ¥ R ZUE")

# plt.title(' H b bR ZUSAIE ALY

# plt.grid(True)

# plt.show()

&

&

# from mpl _toolkits.mplot3d import Axes3D

&

## VR LA NS EE

# device lons, device lats, device elevations = coordinates[:, 0], coordinates[:, 1],
coordinates|:, 2]

&

## ST AR R A A = s

# predicted data = np.array([110.53779996, 27.94783481, 740.28760802,

# 110.53227339, 27.7133995, 740.28571429,
# 110.56092896, 28.20618503, 740.28392525,
# 110.73513878, 27.35342774,

740.28795334]).reshape(4, 3)

# predicted lons, predicted lats, predicted eles = predicted data[:, 0], predicted data[:,
1], predicted datal:, 2]

#

# fig = plt.figure(figsize=(10, 8))

# ax = fig.add_subplot(111, projection='3d")

#

## 2 v o B

# ax.scatter(device lons, device lats, device elevations, c='blue', label="1i | % £ ',
s=100)

7

## L T SR A A

# ax.scatter(predicted lons, predicted lats, predicted eles, c="red', label="Fill )5k #Z% L
&', s=100)

7

## WE BRI RS

# ax.set_title(" Il ¥ £ AN B B A B 1 —4E )"

# ax.set_xlabel('ZE () )

# ax.set_ylabel(ZiE (FF) ")
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# ax.set_zlabel("&FE CK) ")
#

## EGIER

# ax.legend()

#

# plt.show()

N TR R RS ORI, BATRT BOE RS ARid

BRI RS . PN R B sUE B 1

“python

import numpy as np

from scipy.optimize import minimize

from scipy.optimize import Bounds

from scipy.spatial import distance

from functools import partial

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

# BLEBEIRAR
plt.rcParams['font.sans-serif'] = ['SimHei'] # ™ 3CHF
plt.rcParams['axes.unicode_minus'] = False

plt.style.use('seaborn-darkgrid') # 1 H] seaborn ] darkgrid £\

np.set_printoptions(suppress=True)

# OB NECHE A B AR AR AT IR I (]
coordinates = np.array([

[110.241, 27.204, 824],

[110.783, 27.456, 727],

[110.762,27.785, 742],

[110.251, 28.025, 850],

[110.524,27.617, 786],

[110.467, 28.081, 678],

[110.047,27.521, 575]

D

times = np.array([

[100.767, 164.229, 214.850, 270.065],
[92.453, 112.220, 169.362, 196.583],
[75.560, 110.696, 156.936, 188.020],
[94.653, 141.409, 196.517, 258.985],
[78.600, 86.216, 118.443, 126.669],
[67.274,166.270, 175.482, 266.871],
[103.738, 163.024, 206.789, 210.306]

Vza ™=

(RIS

PR 2 A 2K
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D

speed of sound =340 # FHiH, HAfL: K/

def haversine distance(latl, lonl, lat2, lon2, elevationl, elevation2):
R=6371000 # HuEkP12, Hfi: K
latl, lonl, lat2, lon2 = map(np.radians, [latl, lonl, lat2, lon2])
delta lat = lat2 - latl
delta lon =lon2 - lonl
a = np.sin(delta_lat / 2.0) ** 2 + np.cos(latl) * np.cos(lat2) * np.sin(delta lon / 2.0)
ek 2
¢ =2 * np.arctan2(np.sqrt(a), np.sqrt(1 - a))
horizontal distance =R * ¢
vertical distance = elevation2 - elevation1
distance = np.sqrt(horizontal distance ** 2 + vertical distance ** 2)
return distance

def objective(x):
residuals =[]
for 1 in range(len(coordinates)):
for j in range(4): # PUNEBEFEMF
index =4 * |
lon, lat, ele, t0 = x[index:index + 4]
dist = haversine distance(lat, lon, coordinates[i, 1], coordinates[i, 0], ele,
coordinates([i, 2])
predicted time = dist / speed_of sound + t0
residuals.append((predicted time - times[i, j]) ** 2)
return sum(residuals)

# 38 SCE TR AR AN A 20 TR

bounds = Bounds(
[110,27,0,-200] * 4, # FANSEH TR
[111,29,2000,200] * 4 # &ANSHH L5

# MRS I (] ZE AN 5 AP Z00R
def time diff constraint(x, 1, j):
return 5 - abs(x[4 * 1+ 3] -x[4 *j+3])
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# HIRAE TR I R Z2 23R

cons = [

{'type': 'ineq', 'fun': partial(time diff constraint, i=i, j=j)}

for i in range(4) for j in range(i + 1, 4)

]
# 8 Y SE RS AR IR 46 55 I

initial guess =[]

avg_time = np.mean(times, axis=1) # RN &I FIICEH HEAS

for j in range(4): # WU/ 1&
mean_lon = np.mean(coordinates|:, 0])
mean_lat = np.mean(coordinates|:, 1])
mean_ele = np.mean(coordinates|:, 2])
mean_time = np.mean(avg_time) + 1 * j

initial guess.extend([mean_lon, mean_lat, mean_ele, mean_time])

# A AT 2R B T %
result = minimize(
objective,
initial guess,
method='SLSQP",
bounds=bounds,
constraints=cons,
options={'maxiter': 1000}

)
# A iibss

if result.success:
print("Optimization successful.")
print("Optimized values:")

else:
print("Optimization failed.")
print("Reason:", result.message)

# 2 AN AR TR AR
D G MENE Pih o e SEVCESAINERES

allvecs =[]

def callback(x):
global allvecs
allvecs.append(x.copy())
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# T AT OO, TR [0 3 pR R 10 AR g B
result = minimize(

objective,

initial guess,

method='SLSQP",

bounds=bounds,

constraints=cons,

callback=callback, # ¥/ [=1 i

options={'maxiter': 1000}

)
# x4 H bs s B s AU RE A R LA g 52

iterations = range(len(allvecs))
objective values = [objective(x) for x in allvecs]

plt.figure(figsize=(10, 6))
plt.plot(iterations, =~ objective values, = marker='0o', linestyle="-',  color="purple',
markerfacecolor="yellow',
markersize=6, linewidth=2)
plt.xlabel('iEARIXEL, fontsize=14, weight="bold")
plt.ylabel(' H ¥5 & £ {H", fontsize=14, weight="bold")
plt.title(' H br bR 2 SIE AR, fontsize=16, weight="bold")
plt.grid(True, linestyle='"--', alpha=0.6)
plt.show()

# =4ER] AL
predicted data = np.array([110.53779996, 27.94783481, 740.28760802,
110.53227339, 27.7133995, 740.28571429,
110.56092896, 28.20618503, 740.28392525,
110.73513878, 27.35342774,
740.28795334]).reshape(4, 3)
predicted lons, predicted lats, predicted eles = predicted data[:, 0], predicted data[:, 1],
predicted data[:, 2]

fig = plt.figure(figsize=(10, 8))
ax = fig.add_subplot(111, projection="3d")

# et I A B
ax.scatter(coordinates[:, 0], coordinates[:, 1], coordinates[:, 2], c="blue', label="i M| KL 7%,
s=100, alpha=0.7,

edgecolors='w")

# 2RI AR A A B
ax.scatter(predicted lons, predicted lats, predicted_eles, c="red', label="Fiill ) 5k BZ AL B
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', s=150, alpha=0.9, edgecolors='k',
marker=""")

# U E ER IR AAFRLE

ax.set_title(' ¥ Wl 152 #& A0 70 00 Bk % A B = 4E &', fontsize=16, weight="bold',
color='darkred")

ax.set xlabel("& % (JF) ', fontsize=14, weight="bold")

ax.set_ylabel('Zh % () ', fontsize=14, weight="bold")

ax.set_zlabel('HFE (CK) ', fontsize=14, weight="bold")

# RN
ax.legend(fontsize=12)

# TSI 2
ax.grid(True, linestyle='-', color='gray', alpha=0.5)

plt.show()

Q4 XY

import numpy as np
from scipy.optimize import minimize
from scipy.spatial import distance

np.set_printoptions(suppress=True)

speed_of sound =340 # ik, L7 K/

def haversine distance(latl, lonl, lat2, lon2, elevationl, elevation2):
R=6371000 # HhERF 42, Hfr: K
latl, lon1, lat2, lon2 = map(np.radians, [latl, lonl, lat2, lon2])
delta lat = lat2 - latl
delta_lon = lon2 - lonl
a=np.sin(delta_lat/2.0)**2 + np.cos(latl) * np.cos(lat2) * np.sin(delta_lon/2.0)**2
¢ =2 * np.arctan2(np.sqrt(a), np.sqrt(1 - a))
horizontal distance =R * ¢
vertical distance = elevation2 - elevation1
distance = np.sqrt(horizontal distance®**2 + vertical distance**2)
return distance

def objective(x):
residuals =[]
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for 1 in range(len(coordinates)):
for j in range(4): # DU\ EIBEHAF
#x MESHTHEBRNAE. SJE. miA [
index =4 *j
lon, lat, ele, t0 = x[index:index+4]
dist = haversine distance(lat, lon, coordinates[i, 1], coordinates][i, 0], ele,
coordinates][i, 2])
predicted time = dist / speed of sound + t0
residuals.append((predicted time - times[i, j])**2)
return sum(residuals)
from scipy.optimize import minimize, Bounds
from functools import partial
# € XA PR R AT (] 2001
# MJERERT I (A AN 5 AP EI AR
def time_diff constraint(x, 1, j):
return 5 - abs(x[4*1+3] - x[4*]+3])

#OANEE IR Y AR BRI i (]
coordinates = np.array(|

[110.241, 27.204, 824],

[110.783, 27.456, 727],

[110.762,27.785, 742],

[110.251, 28.025, 850],

[110.524, 27.617, 786],

[110.467, 28.081, 678],

[110.047, 27.521, 575]

D

times = np.array([
[100.767, 164.229, 214.850, 270.065],
[92.453, 112.220, 169.362, 196.583],
[75.560, 110.696, 156.936, 188.020],
[94.653, 141.409, 196.517, 258.985],
[78.600, 86.216, 118.443, 126.669],
[67.274,166.270, 175.482, 266.871],
[103.738, 163.024, 206.789, 210.306]

D

bounds = Bounds(
[110,27,0,-200] * 4, # H NS TR
[111, 29,2000, 200] * 4 # &ANSH LR
)

# A A N TR) Z2 4 3R
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cons= ({'type": 'ineq', 'fun": partial(time diff constraint, i=i, j=j)} for i in range(4) for j in

range(i+1, 4))
# A3 SEAG A BT 45 %5

initial guess =[]

avg_time = np.mean(times, axis=1) # RN FIICZH HEASH

for j in range(4): # WU 1#

G OB SR DA Rt LRIl S L R (B SEIL G IR

mean_lon = np.mean(coordinates|:, 0])

mean_lat = np.mean(coordinates|:, 1])

mean_ele = np.mean(coordinates|:, 2])
mean_time = np.mean(avg_time) +1 *j

initial guess.extend([mean lon, mean_lat, mean_ele, mean_time))

# A AT 2R B T %
result = minimize(
objective,
initial guess,
method='SLSQP",
bounds=bounds,
constraints=cons,
options={'maxiter': 1000}
)
# ke E s R
if result.success:
print("Optimization successful.")
print("Optimized values:")
else:
print("Optimization failed.")
print("Reason:", result.message)
result.x

coordinates = np.array([
[110.241, 27.204, 824],
[110.783, 27.456, 727],
[110.762, 27.785, 742],
[110.251, 28.025, 850],
[110.524, 27.617, 786],
[110.467, 28.081, 678],
[110.047,27.521, 575]

D

times = np.array([
[100.767, 164.229, 214.850, 270.065],
[92.453, 112.220, 169.362, 196.583],
[75.560, 110.696, 156.936, 188.020],
[94.653, 141.409, 196.517, 258.985],
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[78.600, 86.216, 118.443, 126.669],

[67.274, 166.270, 175.482, 266.871],

[103.738, 163.024, 206.789, 210.306]
D

bounds = Bounds(
[110,27,0,-200] * 4, # ©HNSEH) T 5
[111,29,2000,200] * 4 # &ANSHH LR
)

# BIRARRTA N TR Z LR
cons = ({'type': 'ineq', 'fun': partial(time diff constraint, i=i, j=j)} for i in range(4) for j in
range(i + 1, 4))

# 15 F SERE A AT 46 A

# Add random error between 0 and 0.5 to each element in the array
error = np.random.uniform(0, 0.5, size=times.shape)

times with_error = times + error

Q4 2 fRhY

import numpy as np

from scipy.optimize import minimize
from scipy.optimize import Bounds
from scipy.spatial import distance
import matplotlib.pyplot as plt
import seaborn as sns

import pandas as pd

from scipy import stats

from functools import partial

# WO BRI
plt.rcParams['font.sans-serif] = ['SimHei'] # ™ 3CHF
plt.rcParams['axes.unicode_minus'] = False

# @ RBCE RN SAOE I R R TRk
pd.set_option('display.float format', '{:.8f}'.format)
np.set_printoptions(suppress=True)

# IR
speed of sound =340 #m/s

def haversine distance(latl, lonl, lat2, lon2, elevationl, elevation2):
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"R R R, AL R

R =6371000

latl, lonl, lat2, lon2 = map(np.radians, [latl, lonl, lat2, lon2])

delta lat = lat2 - latl

delta lon =lon2 - lonl

a = np.sin(delta_lat / 2.0) ** 2 + np.cos(latl) * np.cos(lat2) * np.sin(delta lon / 2.0)
ek 2

¢ =2 * np.arctan2(np.sqrt(a), np.sqrt(1 - a))

horizontal distance =R * ¢

vertical distance = elevation2 - elevationl

distance = np.sqrt(horizontal distance ** 2 + vertical distance ** 2)

return distance

def objective(x, coordinates, times):
residuals =[]
for 1 in range(len(coordinates)):
for j in range(4):
index =4 *j
lon, lat, ele, t0 = x[index:index + 4]
dist = haversine distance(lat, lon, coordinates[i, 1], coordinates[i, 0], ele,
coordinates|[i, 2])
predicted time = dist / speed_of sound + t0
residuals.append((predicted time - times[i, j]) ** 2)
return sum(residuals)

def time diff constraint(x, 1, j):
AL, R L A S B
return 5 - abs(x[4 * 1+ 3] -x[4 *j+3])

# M DN g 25 FR) AR R AN JAIRIA I ]

coordinates = np.array([
[110.241, 27.204, 824],
[110.783, 27.456, 727],
[110.762, 27.785, 742],
[110.251, 28.025, 850],
[110.524, 27.617, 786],
[110.467, 28.081, 678],
[110.047,27.521, 575]

D

times = np.array([

38




[100.767, 164.229, 214.850, 270.065],
[92.453, 112.220, 169.362, 196.583],
[75.560, 110.696, 156.936, 188.020],
[94.653, 141.409, 196.517, 258.985],
[78.600, 86.216, 118.443, 126.669],
[67.274, 166.270, 175.482, 266.871],
[103.738, 163.024, 206.789, 210.306]

D

bounds = Bounds(
[110,27,0,-200] * 4, # FANSE TR
[111,29,2000,200] * 4 # &ANSHH LR
)

constraints = [ {'type": 'ineq', 'fun': partial(time diftf constraint, i=i, j=j)}
for i in range(4) for j in range(i + 1, 4)]

initial guess =[]
avg_time = np.mean(times, axis=1) # &M% & FIEFK I E RS F
for j in range(4): # DUNE1E

mean_lon = np.mean(coordinates|:, 0])

mean_lat = np.mean(coordinates|:, 1])

mean_ele = np.mean(coordinates|:, 2])

mean_time = np.mean(avg_time) + 1 * j

initial_guess.extend([mean_lon, mean_lat, mean_ele, mean_time])

# etk

result = minimize(
objective,
initial _guess,
args=(coordinates, times),
method='SLSQP',
bounds=bounds,
constraints=constraints,
options={'maxiter': 1000}

)
# B iLe R

if result.success:
print("Optimization successful.")
print("Optimized values:")

else:
print("Optimization failed.")
print("Reason:", result.message)
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result.x

# ZUCKFE A4S

all results =[]

for in range(1000):
error = np.random.uniform(0, 0.5, size=times.shape)
times_with_error = times + error

res = minimize(
objective,
initial guess,
args=(coordinates, times_with_error),
method='SLSQP",
bounds=bounds,
constraints=constraints,
options={'maxiter': 1000}

)

if res.success:

all results.append(res.x)
else:

pass

all_results = pd.DataFrame(all results, columns=[
TR 1 AJE, PR 1 A SR 1 AR TR 1 SRR T
TR 2 AL, B 2 A, TR 2 AR, TR 2 E AT
TR 3 AL, TR 3 A, SRR 3 AR, TREE 3 E AT
VR 4 L, Rz 4 AL TR 4 AR, TR 4 SRR AR TR
D

# ARG R IR A IR ] Excel S
desc_stats = all_results.describe()
desc_stats.to_excel('describe.xlIsx")

# A RCEL T IR s s o AT
fig, axes = plt.subplots(4, 4, figsize=(20, 15))

colors = sns.color_palette("husl", 16)
for 1, (ax, col) in enumerate(zip(axes.flat, all_results.columns)):
all_results[col].plot(kind='hist', bins=20, ax=ax, color=colors[i], edgecolor='black’,
alpha=0.7)
ax.set_title(f#Z 34 - {col}', fontsize=12, weight="bold")
ax.set xlabel("£{H', fontsize=10)
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ax.set_ylabel("#%", fontsize=10)
ax.grid(True, linestyle='--', alpha=0.5)

plt.tight layout()
plt.show()

# IRA74E 3] Excel XA

all results.to excel('allresult.xIsx', index=None)

# 115 Cohen'sd A1 t-&56

reference values =[110.53779996, 27.94783481, 740.28760802, -2.94687516,
110.53227339, 27.7133995, 740.28571429, -1.65106139,
110.56092896, 28.20618503, 740.28392525, -1.30645487,
110.73513878, 27.35342774, 740.28795334, -0.17324655]

mean_values = all_results.mean()

for idx, ref val in enumerate(reference values):
col = all_results.columns[idx]
mean_col = mean_values[idx]
std_col =all results[col].std()

cohens_d = (mean_col - ref val)/std col
t stat, p_val = stats.ttest 1samp(all_results[col], ref val)

print(f"{col} JR4A{H: {mean col}")
print(f"t L iH&: {t stat:.5f), p {H: {p_val:.5f}, R d {E: {cohens d:.5f}")
print(")

# ERL t FEISAT Cohen'sd &5 SRIEIER
cohen _t results = pd.DataFrame({
"% 44": all_results.columns,
'YJ{H": mean_values,
"BRAEZ": all results.std(),
' GAR1E": reference values,
't Giil-&": [stats.ttest Isamp(all results[col], ref val)[0] for col, ref val in
zip(all_results.columns, reference values)],
'p {H'": [stats.ttest_1samp(all results[col], ref val)[1] for col, ref val in
zip(all_results.columns, reference values)],
'Cohen\'s d": [(mean_val - ref val) / std val for mean_val, ref val, std val in
zip(mean_values, reference values, all_results.std())]

1)
# PRAFSE 3] Excel X
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cohen t results.to excel('cohen t results.xIsx', index=None)
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