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AL F RO RO I, B ENE AT 2 AL XZ R B ERAN D R AR R IEIE L BeA L
DRI, A SO X o e 5 SV R AL 1 37 S A AT D% 1) AU e E 7T, 2 AR S ot 25t (1) MK
AL BT, T RAR 5 IR AL (R AT 7 A LR REAT RAE, JF13H T TOA, TDOA, AOA F55E
REBAR T RIRR AL E AL 75 R )\ S LTI N AR SC R (2) XS LSM. Ap 57t il S5 3 AU 7 S e 1m) i, 73
T HABEA G2 AN AL T LT Hh Fh 20 AR R BG AR 2 J LT IR SN AR &R, IR IR I T 2O T i, 1%
DTSR A7 5 rh T A5 Al AT M A, AR W] 25 T A (R 3l AR LA 0 0 SRR AR I g AT o
HEMGTE . RS EBOR AN 4 R 2 B, A7 RO o 158 (o AT 57 A BOI UL 5T 7 8 17 L, JF3RAS T R AR 1Y
AR FE (0 LA R (3) A1xT LSM ALl 7 ff 1 /LA R A7 1R 22 AR AH Ok e i, it 25 I B 39 77
%, RITEREAT S8 LSRRI, SEox 23 18] RUBEREAT AR LRtk i, i 5% Al byl 25 S) B S5 21— AN g 23 ), 2R
Jei B IE LR 7 5 S SR T I T AR S B 2 8, AT LR, 5 P S L A S S ] S S B % 1], T
S 752 BE 5 A SR DRI AL 7 7 AR 1 e, B I AR SR A VR [k A2 Ao e i) FRURE 222 8 %o 5 L IR 22 17 R
RISZNE, I8 1 EAAS L. ARSI I TAEXE B A rh i B Ar S R AR AN & e e A B0k
BOF R T R T

2 FrEfEERE S JLAHRIMIR KR

2.1 LSM RS S5HHR ST
X HL S MR B IS LI A1 B R E S i T eid:. @ L ARBUERE A W R k:

R(A) = {Az|z € R"}, A€ R™" (1)
W f5e /s — SR R L AR 0
Fb¢ R(A), beR", min = [|Az —bl|,, (2)
Horb b Am B BT 270805 2- 08I RS R @ MARSEN, HIsR R LAsCh
min = || Az — bl[5. (3)
XA (3) RTIREE = RiwT, mILAAIFEOVER IS, B
0||Az — bl|3 _ _
T2 =24T Az —2A"b =0, (4)
B BPREE o
x=(ATA) A b, (5)
M (5) FIRBUERE A 1€ XAMEE H, IREE = AW FZ
tr(ATA) =n, (6)

I AT A iRk, SEI AT A fEEAERE, ISR « AW IRIA X 2 2kt fr, i 23X (6) MIBE R
AE? LLEANE 2T (6) I SXAZ U BEAT L B Al TR ? TX P 178 e S A 1) s 45 15 BAR B R AE
NHERDS. VT8, 8 IR B AR S A) L T Bk S A (AR LE AR ], BB A R
3 N[ ETCGEMTR Y. I A S AR A6 K 2 BT A T e R A S M 2 (R, LoD SRR AR,
IR AFAE LA Oh A 57 A 5 SUEARARIL. AR R AR T 5 L I 7 R AR 1), 3645
T A ABLAT S 1) A AR R T . WA 2 TR A R, A SC AR AT AR M Ay 7 A 2 [R) I Aok r 3 it
2 [ 28] I R s T, i B A S 30 L 2 ) R 3 AL 3 e i 22 1)
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UE

() (b) (©)

1 (MEEFE) (a) TOA EMFRIEREE; (b) TDOA EMFRIEREE; (c) AOA ENFERERE
Figure 1 (Color online) Schematic diagrams of (a) TOA, (b) TDOA, and (c) AOA

2.2 #T TOA By LSM ZEIE LT (TOA-LSM)

WK 1(a) fios, WA n A BS Z5E40, BS; 5 UE Z 05 5 BGRR[0 ¢;, FBGHEEH
H 2 FAE R E N ¢, i € [1,2,...,n] Xox BS HIF5, BS; 5 UE ZIHBEE d; N

W BS; WIAAFRN (24,14, 2:), UE BIAEAR A (x,y,2), M BS; 5 UE Z [AIAIREES N

d; = \/(331 —x)? 4+ (yi —y)? + (2 — 2)2. (8)

BS; 3|5 S RN
ri = ||, yi, 20)| |2 = V&2 + 92 + 22 (9)

UE 2| SRR s A
r=|[(z,y,2)|[2 = Va2 +y* + 22 (10)

Kz (7) AR (8), Wil e B AT
—2u,x — 2y — 222 + 1% = P2 — 1l (11)

45430 (5) AT 2R AL, Hrh

z = (z,y,2,°)",
—2x1 =2y -2z 1
A— . . Coa
—2x; —2y; —2z; 1 (12)
A% —rq?
b—
c2t? —r;?
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BB MR 4518, (1) 72347 TOA =4 (3D) MBS, BEE tr(ATA) = 4, ik, &
DT 4 BS A REAT LSM R ¥ 2,2 = 0 FRAR (8)~(12), MIRMLH TOA —4 (2D) fLE Ak
i, SRR tr(ATA) = 3, Wik, WZ /DT 3 A BS AREBEAT LSM Kif; st — B yi,y, 20,2 = 0 4%
AT (8)~(12), MR A TOA —4E (1D) FLEAGTE, HH tr(ATA) = 2, WFk, MZE/ADFFE 2 /4> BS 4
HEAT LSM SRR, b BS HUS L ERMIOLTAIER 1 REDRA 2 5IAT 1 AMISMAH IR
H.

B

PIARY

C:

(2) HIER] AT A FrotJSL AR RE AN IR B B A ST DOB I )5 AT / SR A IEAT / 51 40 0; 8
FERISEAT ) 5 AR T LA B AR 2 BT A ¥ BS . 58 A1) UE 7E3%E 58 A5 R Hh IAFAE SR T LT Hh b
IR R, BEMA DLUR 418 FREOH L 3D ML E M TTe, & 4 /> BS AL, 8t 2D ML E AT, B 3 A
BS ALk, 81D RLEAG TR, & 2 4> BS A3kl BS JUMHAMEAHE FIRZA R KGR tr(ATA)
ARk, B LSM SKRAFIRZAS T o I HHILET S sl J LA 0 0 45 A 3 AL 2 3k 240 RO 28 DU SR A
AL T . BRI b AL SRR AT S T B AN B B, AR X 2 R Rkt e Ao Ut IR A
SN, EAEENE, F RSO tr(ATA) W, {2 b= 0, WS BRI R T, Hik
MRS R« AATM, X T U 724 bR R — Rl 15 03 AT LU TE .

(3) 45k BS # n > tr(ATA), MFTE BS IR HR KL RFEATE 7, KIE m A~ BS N2 (2)
U RN ARG R, MRS 5 AL BS 5 R0N n—m A % n—m > BS Xt R tr(ATA)
TR IEH H LSM SKAR, 15 0t 5 Z A K 7 i 2540 58, K AE 3.1 N4

2.3 #HT TDOA #) LSM ZHEuEUEMEit (TDOA-LSM)

WKl 1(b) s, LA BS; 2% BS. & t;; A UE KHKE S EE BS; M BS; BIKFEIZE, | BS,

dij = dz — dj = Ctij. (13)
izl (8) AT (9) 15
di —di =77 — v} = 2w — xj)r — 2(yi — y;)y — 2(z — 2j)z. (14)
st (13) A (14) 15
(:TJZ' — .’JL‘j)CE + (yz - y])y + (Zl — Zj)Z + Ctijdj = 0.5(7"1'2 — T‘jz — CztijQ). (15)

g (5) RIFTS2ImAM, FHrd
x = (z,y,2,d;)",
Ty —Tj Y1 —Yj 21— 25 cty
A=| o r i)
Ti—Xj Yi — Y 2~z Cli (16)

7,12 _ 7ﬁj2 _ 62t1j2

TiQ _ T.j2 _ Czti]‘Q
AR, KUK 2 5 E MRS BS 1E 85 % BS, WK (16) AT LA Y3 (17).
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5 2.2 AINYIAHT AL, AT LAMS B BAGTH S A1 BS B LA IR NI R WR: 3D A7 B AT A
5~ BS AL 2D AL BT AR 4 A BS AR, 1D L E AN TFIAE 3 A BS Ak, H UE B R
RETEH 3 A BS —4EALbr U IR B N AR BT ittt (A S 2B ). 5 TOA ALE M THANF, 18
BT TDOA 1 BAfliiHR, FEIEE —4 BS 1EAS% BS, I IME RS R, RN 7EREUER RS
HAb BS 5%2% BS Mt E &, [(FAASENTFRA BS £ 1 (A% BS 5Heliifr
BIWFRE), AT SO E M TH, TR E MR /D BS B4Uatt TOA M2 1. HiEEH T TDOA
KB RS 5 RIA N BS KA 22, 23T 1D S BAG T, 3 4> BS K ELR B LA ) X 35
LR T, R YR B UM X SO B A T E X R A B e TR 2k B o ) X H A
FLFE LR B ity i A Re R IR A T

T = (w,y,z,dl,dg,...,dj,...)T,

To—T1 Y2 —Y1 22— 21 ctor 0 0

Ti—T1 Yi—Y1 zi—21 ct;p 0 0

A it

T1—T5 Y1 —Yj 21— %5 0 Ctlj 0

xi—xj yi_yj Zi—Zj 0 Ctij 0

2.4 #HT AOA ) LSM ZEIH{IEETT (AOA-LSM)

W BS; 5 UE 25 S HAAN ¢ € (—m,n), WIAN 0; € (—m,n), WK 1(c) Frax, M2 LA
TRZ:

z — x; = d; sin 0; cos 1;, (18)
Y — y; = d;sinf; siny, (19)
zZ—Z; = dl COSs 97 (20)
Bz (18) A (19) WIS
xsiny; — ycosy; = x; sin; — y; cosY;. (21)
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z=(z,9)",

sinyy —cos

sinvy; — cos; (22)

x18inYy — y1 cosn

x; sin; — y; cos P;
= (20) A1 (22) HE—BRAE 2

1 m
— Z(ZZ + dl(z = Zi) cot 91), 0; # 0,

i=1 /

2<m+m' <n, (23)
1 m
- Zzi7 92 = 07
i=1

Hrt di(z = 2) For d; EKFH LIRSS EE. XFFAE R B RS UE EEES - GRS T
x, y WIHRZE; B AR RTEHA BS PLAKNIE BS 5 UE Z I < &, st Al A3RTE 3D {7 & £t
ERERNRZ, AT A B b /£ ¢ BUEEEREAYE R X, A 5 b 0% Pk % H IEVIEGR VIR
HokFRor; FIR RS A 35b T 5, (v R /2.

NP R AR OT ik, BEN UE 37 =460 BAG T, B2 (18)~(20), W2 di, [FIBSLREE
x, y, 2 ARSI, AT#3

©
Il
3

3

x sin ¢; cos 0; — 2y cos ; cos B; + 0.5z sin 2¢); sin 6;
= x; sin; cos 0; — 2y; cos ; cos ; + 0.5z; sin 24); sin 6. (24)

45430 (5) BIR BIERALME, T

z=(z,y,2)",

sin ¢y cos @y —2cos )y cos By 0.5sin 241 sin 6y

sin¢; cosB; —2cos; cos; 0.5sin21); sin b; (25)

21 sin ¥y cos By — 2y; cos ¥y cos By + 0.521 sin 241 sin 64

x; sin; cos §; — 2y; cos; cos B; + 0.5z; sin 2¢); sin 0;

(EAEERR, AT A b 76 A 0 BULRENEEWIE L, A 5 b (170 RHEG ] EY)
A IR MUK IR G A 5K b 35, (o] AN my2, B |6 RAA /2. 5% (25) 7T AR S
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i 3D A, (HE/DFRE 34 BS, L TR (22) 1 (23) B4 E s —Le. [N (25) MsEAME Gl
X 3D r B Ak TEXT R LSM SE AT R, (FHE S 2D M E T 1D ALE AT A, FEARRE
X 0; B ¢ MR HIBIE N 2D B8 1D 7B AL 1. B2, AOA #4T 3D BN 202 3 4
BS (3D {7 BA5 BRI 1h, T2 UE 5% BS; [0 A AR MG E) 382 ANk (Jeflith 2D fi7
B, PR A R R S B TEER 3 ANERIALE); AOA HEAT 2D MBS 2/ FHE 2 4 BS
(F I A SR A AE B AOA AT —4Er BAGTII 2 FHE 1 A BS (FAFELR). WECERMY
M LoRE, Tt (22)/(23), 230 (24), #A ZMRIEA. T (18)~(20), FTEAHE] AOA
3D, 2D, 1D A EAGTH R R W T

0; = m/2, 2D position representation in the XOY plane,

P =0, 2D position representation in the XOZ plane,

W =m/2, 2D position representation in the YOZ plane,

0; = m/2 and ¢; =0, 1D position representation in the X axis, (26)
0; = m/2 and ¢; = 7t/2, 1D position representation in the Y axis,

0; =0, 1D position representation in the Z axis.

5 2.2 /NI HT L, AT LA BIAL B A TH S A 1% BS M JUATHRANE R OC R, BT AOA A7 B Al i
SIN T HEEAR R, 58/ BS B6 P TR MRS58 T : £%F AOA 3D 2 & fliih, UE S51E 3 4
BS JE 1 e S M PAE Hadamard #1, Fif3H) 3 ANl s AL (UE fE4ER BS WMIE L/ FI7BRAM); 5
AOA 2D i B fhiitif, UE S54EF BS ALk, # BS JUAHHAMS A E FIRAH LR tr(ATA) A
Wk, CLEAG TN LA AR, T AOA 1D FLE AL THIN B 2 BS 5E LB AH BS e AL, BEIS AVE 2 M
VB S b, IR MR ] LSM Tk L, Jeuh J LR INEE M 58 RANEEARAE, #A) il i, BS JLAT4h 4k
CEMIRRIRE N Z BS M E I (RT 2 4 BS), H5 UE 8. 58 RIEFHE LR

2.5 ET TOA/AOA BEILEEHKIT

AR Ve AR SO PR B RN 3 ) 22 BS REAV; B BS R 75 22 RN B A& DN B A A1 DI g, TOA
5 AOA B & /25 BS A AFEA SR BE, 0 AR AT BLAE SRR B2 6 KA MIMO 5 HAB B i i
BRI K E AT 2 BS Efz, 8BS @A HA LTRSS (1) SRVEFE BS SRR AL L 3D
FEAL; (2) FEAR T b g S 14 55 R 336 3 A = E AL ) R ML (3) X BS T PR B IR 1) 7] 25 A {22
R, HAKHS BS 5 UE (8] I a] [R5

5 iz = (iz, g, 2)T 39 UE {585 BS, 3440 3D 608, BEA L (7), (18)~(20) ELE3E/3 TOA/AOA
B BS 3D @Aiff fx, WF A

T; + ct; sin 0; cos ;
‘e = | y; + ct;sin0; sin e | - (27)

z; + ct; cos0;

[FI % R n A BS Z 5 &0, FHEMMIBEDN w;, WHFEZ%EE » 4> BS; J5 UE 1
RANLE = (z,y,2)" WT:

a::zn:wm zn:wlv:l. (28)
1=1 =1

1998



HEBYEERE B2 B 1M

® 1 REESLCEMBARSE SR LARIMIRE R

Table 1 Technical characteristics of wireless signal intersection location and corresponding geometric topology constraints

Minimum BSs

Method Equation Pros and cons Geometric topology constraints

3D 2D 1D

TOA (12) 4 3 2 Simple principle, required 3D: no coplanarity every 4 BSs; 2D: no
time synchronization, and colinearity every 3 BSs; 1D: no Uni-Q
sensitive to NLOS. every 2 BSs.

TDOA (16) 5 4 3 Simple principle, required 3D: no coplanarity every 5 BSs; 2D: no
time synchronization be-  colinearity every 4 BSs; 1D: no Uni-Q
tween BSs, and sensitive to  every 3 BSs and in line segment with-
NLOS. out endpoints.

AOA (22), (23), 3(2) 2 - No requirement for time 3D: no coplanarity of Hadamard prod-

(25) synchronization, and high uct formed by an UE and any 3
positioning accuracy in BSs (except that the UE is directly
close range. High hard- above/below any BSs); 2D: no colin-
ware cost and complexity, earity of an UE and any 2 BSs; 1D :
and sensitive to NLOS. no geometric topological constraints.

TOA+AOA (27)~(29) 1 1 1 Single BS positioning, low 3D/2D/1D: no geometric topology

sensitive to NLOS. Time
synchronization is required
between UE and BS.

constraints (single BS positioning).

Rk, 12 5EMK & BS SN,

n

=1

S

€r =

(29)

HAbRT wi BIHETTEAGAESR 4 1. KA Tt il (A R € R B AR B 5 T LT IR S 205K

RAEFATREALLS, W3R 1 FiR.

3 FREHERXEBERTE

3.1 B¥HIFE (parameter fine tuning method, PFTM)

2.2 /NI AR, 20— m A BS XN tr(ATA) AR, BEETEVEH LSM SR AR
AN R BTSSR U R IR SC R I m A BS Hik#E ¢ MENKIE (RIME BS, fad% L
AR KR YRR, (HFBS AL E M BS B LEHE PS5 E f51HH BS), XX ¢ e
BS AR EIN—ANNE o, BB tr(ATA) SRR T, el LAA LSM SRA#E. BT B4 ER S T
LSM S0/, BATE X AT VERR S BIRE, 20720 BARRAE R 2 Fos. RSB F.

(1) "I3EAE BS M52 fa 72 B A LSM L€ Sr il 3 5 In) @ =, Gt 4l vl id{E BS b S i
S5AEER (x, v, 2), R UHTATIEE BS FLEAECH n.

(2) BS HUE D HIWHE K M RTE(E BS SE n SNSRI = G0 B Al H BT R 1 b gk
s (LR 1) AT IRER, DUAIWTRTEAE BS FURER AR, H RSN R, A .

(3) I FHIWEFGZE AN BS,. LA TOA 3D AL B MGG, #4] i =1, % n—i /> BS FFAE
B 3AEAYE BS; i, MAkEEu ] BS;—i1, JFEF FH) n—i A BS hESE FREIE, B3F K
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Monitoring of
communicable BS

Are there
fewer BS?

Topological constraints
judgment

Y

Y
Fine-tuning of specific Fine-tuning of all BS’s
quasi-BS’s coordinates coordinates
A4
Local fine-tuning of Global fine-tuning of
LSM parameters < LSM parameters

v

LSM-based location
estimation

A

2 SHRMRAEREE

Figure 2 Flow chart of the parameter fine-tuning method

BS HUk 3; IR, #FH1E n—i A~ BS FAELE 3 A BS 5 BS; L% BS; MNZ5 UE &A1 BS H
BN FERR, H g2k BS; KISECA m, BIAT#EH n—m 4 BS 25 UE WA EMTE. 4 > BS &%
LT DO AR A, e —A BS JEEME i, I ME S AR ) A4 3 A BS BIAAKR, IXFEE AL 3 A
&, SREHEE 3 MR EFTERIN 3 1T 3 FTHIE SN 0, RENILE, 5 WA IL .

(4) WRRFIW, BDAIWT 0 —m > BS BTG REOERE tr(AT A) &SRk, X 5] DL ek by
n—m > B/OFEIEE (IR 1), W tr(ATA) WIEFR, SREHIE LSM 244, 1 =, A, b &5, iR
(5) HHAT LSM L7 EAh1h. BT n —m < B RN, W tr(AT A) ARk, 75 ZREAT FEGEA T1-hr.

(5) FEdEfl it 2 frimd FIRPIROEFEH m NME BS, IXES DUF MRS SR B 1500 1, #
m N BS #Z 5B, AR tr(ATA) EFK, T AT BR YRR T, FRAR S H O LA 4
LIRS RGBT IR AN AR, 500 2, 78 m AN BS Wikt ¢ ANE BS, n—m + ¢ > b3
S, SRR g ANHESESEEEAT RS UE BS ARARA.

(6) JREBHE BS ALARTUE, R4BBENLL REHE BS 10 1 N2 MR B In— MuE /N E o, o [EL
HW 2 o BUE I, P ar e AR FE A 23 S5 100 A, ROAMKE BE T T 5, o AEEHEIE JFARARI 1%, A0
o WREGRERIEMFATHAZ, FN o ZIEgEENREE e —ANEH, B o /e a
K AT R 22 7 5 TCIE AR R AT L, o BUEREEE T o AREIUERRK, ARER/N. RERTC
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A BS MIAASRIIE J5 HOHE BS AE—i, 34T LSM S50 2.

(7) FrA AEAE BS ARPRORZETRAE T IESE BS BRI, LA rId EHE BS T A AL FRENL &
IMAFEKIRE N o, o IBUEFRFER 2 o BUEEN; 28517 LSM S0 €.

(8) LSM Z4ifi 2 R RIS 5 AL BS MIARMRE T LSM SHOFHIREE o REHE
A TR EFERE b; L BS B s /b s 24T 1 BEEAG T, WPRS R o A9ZERZ B ZAH NS % BS
AT JRHR BE AR ORI AR BOERE A AR EFERE b 5 BS ARAR LR G B th 7 2 .

(9) LSM Az B A 1HRIZ 3RS LSM SHUG I (5) #E47 K AR,

H EIRPYRATRA, (i) Pt A2 B2 S B il ok LML 8 A i w57t B A7 7 il AR, v
KU AR R FIW G4 S 5NN BS B EA I, KA BE4EAt vF, 8 G A ol i 407 &
IS RT 5 25 BS HOnT DASE A & el dEAL B AL T, TR B A 5 AT DUk BS Aekr (v
BS Akr), BRI #87> 2 B2 ok 23 5 BOL A7 57 R L. (i) XA BS, 2B IR (3) BT ini =
RJERFLAEZ 0, B2 BS B Zn, BUR (3) Prés th i@ PJior ik e A m k. 25 & BILE SR 5t
H, BEXF 5G ORI , MANEE R BS SRR, HEAREZN, M HEIBHEIL tr(AT A) AT
TGO, o T @D IR (3) SINNRIRE, K REMSERORIEY OV E RS ERORE, BIX G255
RLTHE ) BS WAL EBEATEENL o B0, IXFERS BS SIS “BENL” #9700, ASFHB 2 ) LI #2001
KA PR BT 7 56 AF, tr(ATA) BERRFIBER BRI, (i) KT o BUEMTHEIT: o = 0, BIA
AR BE, J7 REFT A TCAR, B b T AR 51T 77 8 2 18] (R DA A S A 23 8] o D9 BRARME T RE A Ay
5, A RE R B8R o MEMIESE, DL 18] A IESEE, WAL IR S AFAE — PP RS, BRI oAy
SR LA SRR TR, (HIRZEARE R, A2 BNl K. B iRy o BUERA L
HERAEH, AN RME KR, AAAR A 25 SEPRtE LR 2, MR ZE AR, A SRAEK /DS, SR R B ik i &7
S ) B AL A S s ), IR R 22, [RI, $R A TR R (6) A (7) TP o BB, Jyikt 5]
B, AR R ATE S BS RIFTELS UE #HATEE LIS S UE A BTN BS, KR WG S
FERLAINX 73, BEAh, XS BS A MEGEA A5 EEAMEM, Eana R BATE S 815 5 € A+
fiZ 5 BS MEhd s, B HENMKSE, M55 5EMK BS MELX 7y, TS A 5 A&
PR B AL i T D5 %

3.2 ZRIBIETE (spatio-temporal autoregulation method, STAM)

I RTT APTRATA, tr(ATA) RS SEYEZM S BS 1)U NG R VI . R
FE 3.1 /N TR BT Bh AR S i . X Bk ANEUE A B HE— 2B 0 W, ol T HGE AR 2 LT Hh AN 2R
KA, AFE LSM Kt h K Ler & (0 AT A §)3%) PEITR BT REOK, HEETHENAS
FEAR, 385 ATA LU R, 8 SrE 05 ek DL, BS 8L UE FrfE AR bRhAR X B2
72 S o AR R 2 e AR ZE K 20 A HH DUB AR G, B 22 T B0 A AR AR bR B R BN B A ) b, X5 SRR
LA

N T G oA S S B B 1R, (RIS B0 I RIS % A 2 i ) RO R R 2 AR
ZERIS) AL b, BATHR Y T2 BRI i, MR R EAR A 3 R,

Bl 3 HER EHER IR IR AL GUE 7 vE, BT ER) SCE ST R AT R, TEJRARAR RIEAT AL E AT, B
L e RLARAEAT VAl . PR VAR B A RPN R : B Jext BS M1 UE FT7E # JR A4 AR 5 220 4 b £Y
S EAT 2% 8] e 48 e R 8] e 4 32 e, A AR R e O A B 2381 22, MTTERAR 1 LSML 24, At ek
ZJEI LSM ZHAN (5) #EAT LSM SefLfdfltivh, 15 20048 Ja (K€ G0, iz R 2w e i, f
R L2 A AR W R 2 £~ A B IR AR AR R AT BB 28 18 LA, JRAE SR AR AR R rh 3R 4T € A T

2001



R4 T A5 5 ATV E L A 7 S5 g il R AIE 5 At ok

Original
coordinate system

Positioning
solution

Space
decompression

| — 1
Compressed
positioning solution

Time compression

Space compression

B 3 (MEMFE) =FBIFTEREER

Figure 3 (Color online) Schematic diagram of spatio-temporal autoregulation method
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Figure 4 (Color online) Verification of geometric topological constraints under the scales of (a) 1000 experiments and
(b) 10000 experiments
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Figure 5 (Color online) Influence of different cumulative o on the location estimation error
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Figure 6 (Color online) Schematic diagram of randomly generated 3D coordinates of 100 BSs and 9 UEs
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Figure 9 (Color online) Degree of spatial compression under different bias parameters
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Abstract The wireless signal intersection location is the most common geometric positioning technology, with
several applications in communication and positioning. However, it is difficult to understand the singular solution
issues generated by the wireless signal intersection location. Additionally, there are limited basic and in-depth
research studies on the related solutions. To solve the above issues, we derive the analytic expressions of the
relevant one-, two-, and three-dimensional positioning based on the least squares method and discover eight
geometric topological constraints to characterize the singular solution from a new perspective. Besides, we propose
fine-tuning the parameters and space-time self-adjustment methods to solve the singular related issues. The results
show that the proposed geometric topology constraints are credible, easing the characterization and explanation
of the singular solution problem. Besides, the proposed solution can realize an efficient solution to the singular
solution issues with high precision location results. This study provides useful guidance for geometric positioning,
base station layout, singular solution characterization, and robust positioning algorithm.
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