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HFR R VAR RS T 1) TOA = 4iE i [n) B 7 T — M 2N & il sh S AL B G 42 8 T

FET UL IEZE R TOA 5 A5k 5 AR B AR WL BE 1% 22, AR1S- 88 Bl i o 1A 1. i — 24

b BRSNS, ZE AR TOA (v B0 A Bl 3 4 3 g 0 Bt

SERO R, 42 10 TR T R AR Il 0 =4l A B3 1 SE X L Sk B T AL PR 1) TOA 22 v 531k

e Pt 20 e B R BRI 0 A A W S R, T ULl 1 = A A S TR AU R

4.

x $# W ARNLEE;  BUbigR;  RRUEu

FESES: TN929.533 MERFRERRD: A DOI: 10.21656/1000-0887.400191
0 "5

WA B B RETHLAYE B, T T LI A5 B 0 o7 (R 8A 26 AR R B i sl A (B0 i
S AT X 2 i A T A R b B B 7, B0 Ry e — MR A PR Ry R L AR T T GPS, B T8
28 X 2 FL 0 (base station, BS) BYENL BA LU N W AR ME . — RE SR EEN T,
FAETT X AFEH Ty, GPS 8 5 AN BB AT 0K BE BRI il 2 A AT RETE X 2852 2= 1Y)
IAIEE v SR e b 7 e R Rl A L %) P AR 5 B 2 LR A & I L Ll DRI AR T IX L AR
STEX BE PR AR I 2 280 Z2 AT B AR 3 O AR B AR TE R MR 4 L B
AR A Lk S R 755X 7 K R S M), A 2 T Rl S T 1 7 [ A

2 i R N AR R A SR g 3 e R 4 i i v BT K A S e Al A Y S
B, AR5 A0 W R A Ao A A 07 B UL %) 2 o o7 B AR L4 L B T 2135 A B (angle of
arrival, AOA ) I 5t A 5 03 77 125 A& T 23K 18] (time of arrival, TOA ) Ik ) 5 13 J7 % | BT 334
¥ 2% (time difference of arrival, TDOA ) ] 5 [ 8 {37 77 ¥ 55 , 2 it 1 v AHF 9% 19 S B 2 kit f— 26
FXPENAG R, 2k T4 2215375 AEMLEE (non-line of sight, NLOS) f&4% 4.
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FE =4 Az ) JE ey ) A e (A A A R A i 1 155 P 1 R P A i A R o2 {1
TR SRS BN T ME S AR RLEE AL S 1 S e, AT T 2R AL EE e A
TP ER ARSI 1) 38 AR I N R A2 5 2 ) RIS 5 A I LR {5 5 RS
FHRLBEAS 5 e AT A BAT AR 19 58 AL R A« Chen 78 A 38 30 52 1 0 T T B AR
PRI 22 1] LU FH B 22 ARy 5 e a7 5 Roos T Myllymiki 2518005 5 (o7 [l BB R ML 2 2 >
B TR, e SR JE B T — AR5 P 2R it bk — 4 58 7 [7) 8L ; Kleine-Ostmann 2542 1 T —
Fhi&E A T @ MG T A BE B S 4 80) , Kyriazakos 1 Mangold 2 H T 4 55 T B Markov #5554 fiy
BN A T8 LA 111 5 Nhat 5548 H 56T 28 I 26 1 JEL B 4 A LA 22419 s i 3 U fs
S8 EFE R (received signal strength indication, RSSI) , %t A0 B Ak A5 SR Il 2k 22 )2 BHL, A
TSI E N 5 Wylie FEHEH T — 2 07 5k J B AN TS BR AR LR 32 251 s Chan S5 42 T 76
BRI Gauss 7347 B —Fh b RE O B A9 8 (155351 s McGuire S5 42 Hy T —Fh - R 4
T s gk T — R T 0 5 SO s O T ik SE T SRR AT IR TE R AR S B SRR R AE
5 AT I SR, DO A TR 5 6 F RS 9 23 (B 85 50 80 A AR A 1 AR 4
FERSALYEA TGP T —Fh e G Rk 15 H—Fh il AR A B R AR AR T

il L )RR 22 R A R TR LS Al BB G BB o A Bl ] SR 2
B FE R PR Y S A X i i 7 ) A BB Pk B R AT B A R BRIt 25
R, AT A T R AR A B SR T

ARSCHRDTEE T TOA W47 B 09 =2 7 [, A7 WA J7 T BB S , H— A T R AR LI
B IIR 2 2R e & K = 2ERS 80 0 U AL TR R [m) B3, L4500 Sk 3 44 Ay 15
SRy N ST DG T RS Bl L 1 B S AR R T A U R S AR AR T T
AL IHZRE A TOA 7 {75572 ( TOA-geolocation algorithm based on evolutionary game, EGTOA ) , if
AT R BRAR U 158 25 | ARAT B A A RS 3o 1) 057 A TH 28 Z 00 Sk 17 T B %A D Ak
U AT ANEE S R A S L AL R IR 22 B SR B | TE TR A A Y BE il B 5 | AR FULKE 3 | 45 5B
FESGAR L | MEADLE G A0 B AR R 70 A1 AR B3, LA R 400l + S B BV Ay Jmy b N A7 8 A 1ol
5 TR B RS Bl A s = G A it 2 A A A B L A

WICFZEAS AT 55 1 4R T T AR BRI T = 4k 6 1 & T Sh A A K Bk
B 2 TR il 67 B AR AR S A 9 B B R 22 B B IR e 52 I kel S5 380 R DL il | D Rl 40
il + S PR B AR A TR SRy v RS 55 3 TV AT 1O F SRR s B — T AT TR,

1 A RLBE PR R = 4 i 1 AL 2

1.1 EHESE

2598 (game theory) " BEURBCEN 02—, FERR LS 5 E AR AT S
EH AR PR S 55 S A S RO SRR, IS 1 SRS I IR B R 25 1 0 2
W, W IE HA T4 A Ve BB 4 Y B AN D7 vk TR vl A4S R0 20 B 3 £ ) 4% v 1 B
BT, BB H T D% shail (5 X 25 Hh (18 22 BT T IR R, LU AN N 2% B2 540 i DR s ol B2 A48
il o AL ] PV Ak £ A )

28 20 Il R RO TR 2 S8 R Y, (6 BLSE v (9 D SR T R AR IR B 58
SRR, Y R A BT Bl PSR In) A 2B, AT 38 R FR AR 5 B Sk An SR 2R 2 5 5 ANl
B 5 A BRI, WFRIXRE B T2 S A PR 2 A PR M 2R R R AN AT e — T iR
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AR B F VLR | T2 7 I I e e s 27 ~1 RIS Ok 4R B 1Y SR I AT B BRI 195
— AN R AR SR A P AL A, B s g

1973 4F, Maynard Smith $ii3 £ P78 AL LG4 1 7 AL 2R AL g AR R A
AR A 1 7 TS« e R A G AL PRI A RE RS AR A R S AT SRS 1 LUR R B OE 2 92
R RALTEAR T A LABEAIL ) 757 e 8 AN [7] T8 A A SR e (] BB RE RS AR A i SC AT Ad
M, AT BERARAHEL ARSI A RS ) IR AL — PN WS (9 | R — e > Sy Y i
i, 3 R N LR AN BT A ) AR E SRR T A TR B PP SR A A,

A PR B T IR ST 2 A I 9 R R A I AN 2 — U PR R A 45 2R T EL R 3 2% T 2416
AT BRI 5. A5 FREBEAE 2R T5 2 A TR i e > 1 2 e iR 4R B A SR, SR
5 A 5 ) A AR SR 2 i 2 L ) 52 1 S SRR AN

dx;

E=xi(ui—ﬁ), (D)

o, S5 O BRI u, SRS DTSR u SR

h BB IR B 22 1 IR R, o 28 LA T S A AN R

(?;:ﬁ(x,,xz,---,xk), i=1,2,-k, (2)

FRE LRSI A AL R RS SRR T R B ek, B RS S IR
1.2 BHEMAENLIEFFRE
1.2.1 R AR

RRAEHA TSP m A BS ZHEMNE 250 n D shii MS 5 4> BS 1Y
HERRA (XY, Z,) S MS BAARN (x;,y,,2) ,i= 1,2, ,m, j= 1,2, ,n % R, FIRE
¢ > BS 555 j A~ MS IARIEI RIS, r, 3850 4 BS 55 7 4 MS AYHLHLRE Y.

B2 7> MS BUER SPEZA BS ZIEI B, B4 0 4> BS USRI A, =r, /R, (PLBEHIES
AR Z L) RIS (x,y,,2) , Hob, x Ly, Bz #1002 A B RRER.

I

(X, —x)" + (Y, —y) +(Z, -2z)°
f‘i(/\lj9/\2j9”.!/\mj): . R n : . _/\i]’9
ij
WS H BT R .
d)\ij_ (Xi_xj>2+<Yi_yj)2+(Zi_zj)2 )
dt R; v
i=1,2,m,j=1,2,-,n. (3)

IR IOV, A dAy/de = 0, WA
MR = (X, —x) + (Y, —y)’ +(Z, -z)" =
K, = 2Xx, = 2Yyy, = 27,z + Q;, (4)
Hrp
K=X+Y 47,0 =22 +y° +2, i=1,2,,m,j=12,n.
AR TR IEAH mn DITRE A 4n + mn A, TRENEUNTAS AR, TR A T
FR 22 20 Ak LT BIE S AR e S AR A 52 3 2507 AR AL
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1.2.2 B H3h &7 AR B KM
1) B SEREB A THN A, BO(EL, AR Ry 4n A, HE— 20 0] LUREARZAE TR (4) T £k
NEAETTRE PRI,
Fei=110AR(4) A
AR, =K, - 2X\x, = 2Yy, = 27,z + Q;. (5)
A (4) H3(5) Mk, 5
20X, = X)), +2(Y, =Yy, +2(Z, - Z,)z =

Ki - Kl - ()‘3]{3 - )\%jR?j) . (6)
JEEL 4 D BSOCFARZHE N 2~5, 3R i% 5 4 BS ANTEE—F1H F)fCATFE(6) , 15
Bqg =p, (7)

Hrp
Z(XZ_X]) 2(Y2_Y1) 2(Z2_Z1>
2(X, -X,) 2(Y,-Y) 2(Z,-7)) ~
B = ’ ¢I=(xj,y,-,zj)l,
2(X4_X1) 2(Y4_Y1) 2(Z4_Z1>

20X, - X)) 2(Y,-Y,) 2(Z -Z)

Ky = K, = (AR5 - ALRY) | (K, — K, = (r = 17)
)- Ky - Ky = (AR - MRY) | Ky =Ky = (5 =) .

K, = K, = (ALR, - ALRY) | |Ky - K, = (ry = 17)

Ky = Ky = (AR5 - ARY) ) \Ks - Ky = (15 = 1)

R/ "FIERAMF B = (B'B) "'B'p, 1355 j > MS LB (5,,5,,2), /= 1,2,
2) it A, B9E
AN, S 0 BS XNAYRENL R R HBUENERE (A, =r/R; 1 j=1,2,--,n}, R A,
BRI EERN G, BEA, ~ 7 (e, 00), FEDTRRE A AV A, WA R
2Xx, +2Yy, + 27z - Q, + AR = K, i=1,2,,m,j=1,2,n. (8)
XTI mn A B ERA 4n + m A, BT FRRANFE TR Z A, A AL
KFEFARANE, EREH A m, A BS il n, A MS (RS 18 I BRI R, i 15 4n, + m,
< myn,, NETENERAREANEUUE D Bln, =3,m, =6, B3> MS F16 4 BS, HHX 6
A~ BS FAE R 4 ASEBAE R —F- 1 L.
TR (8) AR X
Ah =b, (9)
Hrp
A=(A | A1 A), h=(h, h, k)",
b=(K K, K K K, K K K, K)",
A, 0 0 A, 0 0 A
A =0 A, 0/,4,=[0 A, 0], A, =|A4,
0 0 A, 0 0 A, A
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2X, 2Y, 27,
2X, 2Y, 27,
A= . . l,Ay=(-1 -1 -1 -1 -1 -,
2X, 2Y, 2Z,
R}, R,
R, R,
Ay = , Ay, = ,
Ré] Réz
R,
R3,
Ay = . s
Rg,

Ry = (%,,y,,2,,%,,2,2,,%,Y3,%5) , By =(0Q,,0,,05), hy = ()‘%a)‘i""a)\b .
MA=(A A A EaSnt, FRBRAGM R =A""b, 1558 6 1 BS XA A,, DL 34
MS BIRLEAGTT (%,,7,,2) YA A TEA, BUA,, BAL B 3 50 il & —30m E B4R
M AN [, H R E RS 5 R BUEME A L EEX 6 4 BS, Q1SRRI R (1 MS AN Ek T4
T 6, UAER T g MS P EHTH 3 4> MS KL R, 5iX 6 4~ BS BCA 1 EIHT M B4, oK figf 5
3ANHE MS O BAGTE (%,,5,,2,) 5 AR B9 MS NEUNT 6, I T iy 420k MS 5ix 6 4~ BS
Bl & A5 2B 7 R, B M R AR B Ak MS i hi B AN T (%,5,,2) .
il
re=(X mx)t (Y =)+ (2 - 5)7, (10)
é\

)

,=1,/R,. (11)

BEDLAS I A, BUEER (A, =7/R, 1 j=1,2,.n}, B u, =EA,), 00 =S(A,), i
(A, =71 /R, 1 j =12, n} HEMERMERIG BN 7, WA X, ~7(0,,00) .

e S EVRBERE B A ry = AR, P A, e (A, =7/Ry1j=1,2,-,n} HIEMESR
MMM A, ~ 7 (e 07)

KRB BE BIAGE ;= A R, ARASEIEAR 1 20K MS IALE (x,,y,,7,) , ¥ EIRTHRL R 25
RSN
1.3 ETFELEZEER TOA 8% (EGTOA)

Step 1 WItHfb AR gl MS L EER V= { (x,,y,,5) | j=1,2,-,n} Fa{fEsl BS
PEESG U={(X,,Y,,Z)1i=1,2,--,m}, Hn iy MS $it, m Hy BS $it, k«—1,n, <3,
m, — 6, Hrh—FIRIR{E.

Step 2 7E VU n, A MS,7E U LR m, 4> BS(AERE 4 MATER—F1i L), FIH
m, A~ BS Fl n, A~ MS BA7E AL AR AE LRI 5 P 2 455 B R 1 R4 (9) , ne—n — n,.

Step 3 RIEITFEH Ah=b, 50, =30, h=A""b; X4n, >30, h=(A"A)'A"b, & n,
AN MS 5 k ROLEAGT (5,,7,,2)
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Step 4 WK n =0, Fstep5; W n=6, FEVHEE n, HSMS, ne—n-n,, m, I~ BS{{
FEAAE; R n <6, % n, =n, n—n—-n,; X n, ™~ MS Hlm, A BS K& TR (9),
step 3.

Step 5 X5 j > MS W% k IRBLEANTE (£,,7,,2,) , TFEHES @ 4> BS ARG E 7,

(X, =27+ (Y, =37 + (Z, - 2)7, WEE SR I A, = 7, /R, , WSS (A,
ro/R1j =12, n} PEMERBRDI G XN 7,i=1,2,-m, j=1,2,---,n.

Step 6 AT i=1,2,,m, j=1,2,n, W FHFREHMEIT AL, € (A, =7/R,
j=1,2, 0}, BIMERERIRA AT 7, iRtk A, V3508 i 4> BS 555 A MS AURLEEREE] r,
AR .

Step 7 k<—k+ 1, X% ;AMS (G=1,2,--,n), B step 1 FHIFT 5 1~ BS LA step 6 15
BN r ARATTRRE(7) RN E/N K45 ¢ = (B'B) "'B'p, 1555 j > MS W45 k AL &
f3F (5,.5,.3) -

Step 8 WUR k=3, FIELHG R k< 3, 5% step 5.

2 TR A = 4R Ak

3 BS SLEAE x,y,z = DI71] B AT W AR, EIA TR SRR E AN A Z A, I E i
Fey st R DALl | i AR P ol I B R o
ic

AX =max X, - min X,, AY =max ¥, - min ¥,, AZ = max Z, - min Z,
AX Fll Ay*ﬁé’;,1ﬁAx>>AlZ. L | L L
0 a = AX/AZ, W55 i A BS K35 4] B Y RE LS, (virtual base station, VBS) , 4845 (X,
Y., Z),

X, =X, Y, =Y, Z=minZ +a(Z -minZ), =23 (12)
550> VBS 5565 7 A~ MS LRI 2
= ()‘if'Rij>2+a2 (Zi_mkinzk)z’ 1=2,3, (13)

A, o FIR EGTOA BELS RS BENL S, A, =1, /R, .
X RRL (7) 34 0m 2 SRR
Bq =p, < 14)

B, P1J
B: ’p: ,q:(x’y’z>T’
R

20X, - X)) 2(Y,-Y,) 2(Z,-Z,)
20X, - X)) 2(Y,-Y) 2(Z,-Z)
20X, - X)) 2(Y,-Y) 2(Z,-Z7)
20X, - X)) 2Y,-Y) 2(Z,-Z,)

i 2(X, - X)) 2Y,-Y) 2Z,-Z) 2—K1—<?§,-—r%,->]
2: ~ ~ ~ 7p2: ’
2(X3_X1> 2(Y3_Y|> 2(Z3_Z1)

Hr
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K=X>+Y+7", =203

IR =Tk g = (B'B) ' B'p, 355 /4 MS BB (5.5,.5). 7= 1.2,
.
25 b YU BS SF B A AR B AX,AY Al AZ BOBCR GO A st FIRE R
RIAR 20454 MS B AR BR7 B AT

WA BS o7 8 oA 7 EORN ST, Ay AX BECER O AY BB O (H AX B9RE e
R T AZ BECRY WSEIETT EGTOA 54 A4 EGTOA 45 R4 (13) #y i MUBEEE £, #2250
(12) A48 FE AL BER G VBS I READLBE 0 + S PR ity | F— UK il R 4.

FEF HE L vk 19 = 4 € {37 515 ( TOA-geolocation algorithm based on virtual base station,
VBTOA) 4iF .

Step 1 #UfT EGTOA F.i%.

Step 2 1E EGTOA 3L step 7 #EHL 5 > BS fO3Eat I, #5220 (12) My I 3E 55 VBS, #%
3 (13) s P

Step 3 XFH ;A MS (= 1,2,-+,n), RAE/D ZIRIERMITRA (14) 15 ¢ =
(B"B) 'B'p, 1855 j A~ MS B EAGT (5,,5,,2) .

3 BN AL

LA 2016 474 EFFT A B0 AR SE S48 A I B0 £ ok AIE Sk Mk R, R 4R 1A 30 4
BS.1 100 > MS, £ 7 30x1 100 > TOA T FM s , £dla g 2 A 40 4> BS |1 200 > MS, £ 40
x1 200 > TOA T BN EEHE X 2 IR EER LS T MS MHERR (7S SR GG,

TEMANEHRLE 1531847 Fik EGTOA ik 45 B P 4R BS 19 A, IUE M S 800
FLHA u =E(X) Mol =S(A,) B4 A BS XFRIA A, BRIy 25 AR P R e i 5
BN A BUE BT AN BS 19 A S EARSEIT , )7 A0/ N BAR4E 2 1 A B (E
1, FBZEE S X N 1 37 55 T LA AL A A R PR

HEEMA B BS AL E /-G, FEERAE 1, AX = AY =~ 600,AZ ~ 3.3; fE58E
L2, AX = AY = 750,AZ = 2.7, WIDNEHRE T BS S B RTE x,y,2 =07 W) _E AR 22
FEACK,

R 2 AINRBARXIRL A, 5T SH

Table 1 Distribution parameters corresponding to A ; in test data

min u; max p; min a'? max a'?
I=sism I=sism Isism Isism
test data set 1 (m = 30) 0.705 46 0.706 05 2.151x1077 2.184x1073
test data set 2 (m = 40) 0.968 28 0.969 44 3.210 9x107° 4.711 5x107°

TEM AR AR b3 s 17 2 301 Chan B35 Taylor 3%, LA KA SCIY EGTOA B35
VBTOA 535 7E x,y,2 =ANJ5 ] 1 MS o7 BAG A 191525 LU L 3% 2RISR 3 (I 22 e R AE R
Y30 2 PS5 T PO ) W6 2 FNER 3 X AT DUE HY A SO 42 ) EGTOA B 7E v,y W15 [m]
L/ MS A EAG RIS TAL SR Chan B Taylor 5035, HX 3 ANEIETE 2 ) LY
MS 7 EAE IR ZE AR, AR SCHE A 56 T R 0L L3 1 — 4 2 (6 353 VBTOA #E 2z 1) 1Y
fi{ER 2 WAL T Chan B4 Taylor B EGTOA 8.3 31Kk [ VBTOA B4k AR BRI
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F2 EMIASE 1 L4 FhEAGEIRERT L

Table 2 Error comparison of 4 algorithms in test data set 1

Chan Taylor EGTOA VBTOA
max 1% = x| 2.86 2.87 111 111
E(I % -x1) 1.93 1.89 0.68 0.68
max | 3; = ;1 2.92 2.90 1.09 1.09
E(L 7 =y 1) 1.95 1.89 0.66 0.66
max |2 -z 22.05 24.42 21.05 1.62
E( 2 -z1) 14.27 16.62 12.85 0.72

F3 MK 2 [ 4 PR AR ZERT L

Table 3 Error comparison of 4 algorithms in test data set 2

Chan Taylor EGTOA VBTOA
max | %) = x| 1.92 1.90 1.08 1.08
E( R -x1) 0.91 0.90 0.39 0.39
max | 5; = ;1 1.89 1.91 1.06 1.06
E(L 7 =y 1) 0.91 0.91 0.40 0.40
max | Z; -z 23.46 25.39 23.52 1.57
E( 2 -z1) 15.21 17.32 14.85 0.76

XAz VBTOA FEEBCRIG JFE R 3T i T
FEHEAUFESE 5| A ZRiT, EGTOA B 1 step 7 1, ¢ = (B"B) "'B"p #3585 j 1~ MS B4 kX
(BT (x,5,,2,) W TR PR — R A
0.0009  0.0005 -0.0008 0.001 1
(B'B)'B"=|-0.0010 -0.0016 0.0020 0.0013
-0.0566 -0.2113 -0.1190 0.1580
FEREAS AT R AR N T 4 G280y, Horbp s 3 47 ol i 46 XHE B o R T4 1 IR 2
1, BT p PAEERA N DR PR IR R T &, Fy, D22 X5 R AR R [
R,
TEREAUFEN 1A Z 5, 6 T 56 R 4UHE il 1) = 2k 52 2 55% VBTOA, J step 3 1 Hi ¢ =
(B'B) 'B'p 1455 j A~ MS MO BT (5,,7,,2,) , T8 i — e A
0.0009  0.0008 -0.0006 0.0009 0.0000 0.0000
(B'B) 'B"=|-0.0008 -0.0007 0.0025 0.0006 0.0000 0.0000
0.0000  0.0000  0.0000 0.0000 0.0019 - 0.0004
55 3 ATRAR YA SHERIER 1 FN5E 2 A7 BOAR S SRR 2, ROIRZEFN &, My, BOIRZE AN 1Y, 5F
TAVBE AR R AR .
K S S (RVE FH R (L L BRI TE vy, 2 3K 3 /N [h] b A 91 T R B R B0 Y X R A5 5
(¥ (B"B) ~'B" JiFFES 3 ATER I A XHE AN 1 RS 2 A7 REBOR 2, NI A5 2, (iR 250 «,
oy, WiR2E R RSO M.t T4k VBTOA 1 EZERRIFFAS /255 — 5 1) EGTOA 5532, itk
MEADEESS 5 L AR R I L i A A

4 & z5

FEBRAREE IR BT TOA =HEE Rl R AR 22, 5| AGAL TR B, D3 i TOA =4E5E

’

’
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P BRI 2 WG R S A R EAT THET ™, DA NI S b /A R b A, S AR BE SRS T 11
TOA =258 {7 [ I 7. T 2 i Sh A A5 AL A0 BE B 5 5 A WL B 2 =2 LAk — 2 AR 43 A
m,, P T R TE AR TOA E 0¥ EGTOA , 1l i AL AT LR A o, 124>,
) i AR AR R 22 W R B S5 ARAR RS Bl i 6 B A L R — 20 Ml B A
OIS B, 7E EGTOA [E N SEVE R LA I 380 2o A4 3 40U | SR K 403 3 + S P
SEoh X Bl e 0, B T SE T AL IS (0 = 4k 2 (1 573k VBTOA LS54 H /R EGTOA ik
WA T2 B e (VAT FE TN 7 B A I B ARG B, VBTOA S35 A B S A 34,
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A New Method for 3D TOA-Geolocation
in Non-Line-of-Sight Environment

HAN Fengqing, XIAO Dan, GUAN Lihe
(College of Mathematics and Statistics, Chongqing Jiaotong University,
Chongqing 400074, P.R.China)
(Recommended by SONG Qiankun, M. AMM Editorial Board)

Abstract: The evolutionary game was introduced to reduce errors caused by the non-line-of-
sight environment in 3D TOA-geolocation problems. A general dynamic replication model was
established for the 3D TOA-geolocation problem in the non-line-of-sight environment. With each
measuring base station as a player in this game, a TOA-geolocation algorithm based on the evo-
lutionary game was proposed. The non-line-of-sight error was effectively reduced through itera-
tion and the position of the mobile terminal was obtained finally. On the basis of the TOA-geolo-
cation game algorithm, another 3D locating algorithm by means of the virtual base station and
the virtual measuring data was designed for base stations with uneven position distribution. The
experimental results show that, the TOA-geolocation algorithm based on the evolutionary game
is slightly better than the classical algorithms. The 3D locating algorithm based on the virtual
base station is more effective when the position distribution of the base station is obviously une-

ven.

Key words: non-line-of-sight distance; evolutionary game; virtual base station
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