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TSOA and TDOA Positioning Algorithms of Multilateration
in Terminal Area and Airport Surface
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Abstract; Firstly, the performance of the several typical positioning algorithms is analyzed in principle,
computational quantity, positioning error and ambiguity, and the comparison results show that the Tay-
lor algorithm is the best. Secondly, it is proved that the positioning performance of the time difference
of arrival(TDOA) algorithm is better than the time sum of arrival(TSOA) algorithm in the quantity and
distribution of the ambiguity points. Finally, changing the location parameters,such as the base station
number, layout, target height, measurement error of the time sum and the length of baseline, it is
proved that the location performance of the TSOA algorithm is better than that of the TDOA algorithm
according to the geometric dilution of precision (GDOP). Simulation results show that the location per-
formance of the TSOA algorithm is better than that of the TDOA algorithm.

Key words: multilateration; time sum of arrival(TSOA) ; time difference of arrival(TDOA) ; algorithm

performance

[ by R AT 41 2 (International civil aviation or- AP S 2 505 B A AR AT Rk S
ganization, ICAO) &A1Y Y5 7k 1 3 1 16 3 51 3 45 LIRAN R BT  FE N S R WL PR R SR R 1
# 248 (Advanced surface movement guidance and KN e trE, fEh A-SMGCS i F 3 =
control system, A-SMGCS) iz 17 #.7i B #5 & 7£ 5 BIEMZ S e 725, T HER R & H& LT

E&WH: HEARPB A4 (U1233112, 61079008) ¥ By I H 5 K T 7 FH 3L fill X 57 95 B AR BF 58 11 i (3 20
(11JC2DJC25200) B By 5t H 5 o de w5 AL BRI 55 2% (3122014P001L) BEBYHIA .

Wi EE:2015-07-15;(&1iT HE3:2015-08-25

EREE A BB . FEO I GEE S E RS R (F S 2 IO R A B

BE1EE 5 %R, E-mail : fxgong(@ cauc. edu. cn,



56

o}

W By L 45 A X K 3 I 22 5 5E 7 TSOA 5 TDOA B3k BB 23 B 819

it S DAL TR A IS AS AR B B A il 7 e SRS MRS
B T A A A L 32 3 B R SR I L gk
RV R I 2 B X 22 5 A 5t B Y B 3k ) Ja) R
(Time sum of arrival, TSOA) % ¥ & 3| 3K i [B] 22
(Time difference of arrival, TDOA) BB WF 5% .
TSOA Hl TDOA JEAE 2 wi i A i B A7 7 [F] 28
ME E LK B2 ME DL HE — 2D e A R R (H 2,
TSOA SLEFEF M8 i & hn g AR oA — 2
SENLALHY BT A SO EAOF Y T IR SR I E AL
PERE

1 ERASNEREMEARFRIR

2 158 AV 2 B A 2 400358 1) Bk IR 7 3 40 R
Hh H R O TG TR A B B B e . R BRI
1 090 MHz 75 8 h 25 5 52 AL 3% 5 10 € s 18
Lt DX B A B W 4 R Oy ) 8 2 A L. 1974 4
5 15 E K 22 8 15 iy & 58 0 McComas 45 £ 13 #)
FH 0T T8 I 28 ok oo T I JEE 4 T 40 19 = i B ale R
M RGN T 5 IR U IR E RS R I A 1
SEME S RGUR T 3 AR UCEE U Y 5 A I B 3k
6] TR T AT TDOA #4 BRI 2R L A8 St 2 &
PLALE . 1993 4, & [ Cardion 24 w) & A K 3 4>
PR B A AR R IR R R
1995 4%, & = BX H it 45 sy M5 92 38 = M Cardion
N EIAENEAY 22 K Hartsfield #13 # 57 T 28 38 B 4
RO R R A 55 0 = B3k 2 05 e i &
i, 1999 A EEBCFRML A RS Sensis 44 ) %
Ak hi i /Ft Worth HL3 # 578 BUAR 19 SCHF A
B K S BN & .5 AR IS 1Y 2 UE L R
45 Ho by G Gk B 96. 8%, 7E 20 40 80 4F
K, B [E Roke Manor W58 45 FR/A R A FR A1 T
AR EE A =42 SE AR 1992 4F, Roke
Manor # & T 5 — £ £ 252 07 R G0 %A F
Y E EM s s e 92 ERRTE RS R R
THRTF R IBAF S B K AL R
TR . 1997 4F Y B LA B b &k
75 op 28 38 IR S5 i AN S % 24 2UR FH T Roke
Manor 23 m) B ] 19 2 5 € AL R 58 IF 5 B AL =
WA E 2000 4F5E LT =R e L R S8 b
Wl . 2003 4% 12 A, BT 28 & S Ui A 1
ED-117 frifE . BL3E T 0 FH F A-SMGCS ) £ 55 &
PRGN E K2 FTPEREY . 2010 4F 9 H . KK il
RGN T ED-142 drifl . BE T 2 AR
ENLRGEEANERE. 2010 4, £ Era 24 H Ning
Xu AR Z S @M R % LR TSOA H ik

B2 /N T TDOA [ ffiifiR2zt,

2002 4, 5 75 7 H e s G 2k ) 3 A
5T T 3 F TDOA K B ML £ 8058 00 &R 48 0
FAE . 2005 4, v [ HL TR 4E TS W) AR T DU A
T FE IR ) B K 3 4 I 22 5 0 4 o 1 sl =X
FHik™ . Lay 242 1R H TOA/TDOA/TSOA i
/N NLOS 3% 22 1 /& 7 7 ik . 2006 45, X
B SR R E SRR A Sk A RO £ ik 4
HIFRETET REBNEETHE S EMER
H5ZG M TAEYY . 2010 4F, F k4 42 1 5%
BT W 3 T U U 5 e 22 Ge T A e ) £ 0 E A B
WL Sk fe ey vA . 2011 4, A [ RO K 24 g
AT TR T R E RN EF SN2 8T
L4 A 52 7K B BE 3Rk R 5 E AP RE O R
SR T 3 il OO XA R B R 2 a5 N A
L 2013 4R E RMLR & A T AR E R AT L
PR MH/T 4037 £ 5@ v — B4 R Bk, H Al
ZEEMBART &K A S LA, B iR EHNA 8
it 200 ARG Z RUEN RS L CHE H 22 2 %
W& SRR A WE .

2 ZREMBEBEREESN

2.1 ZREMEREFEE

TN EAE T 2 € NS b P 3
ELE A E SiP i L ERE BN i B & T
b ONE R A ARl AN N DR E B Tl IR DA W A
T HIRE S TOA & 7 &, tFR R B E 7
()

;= (x;—2)*+ (i — )+ (z—=2)" (D
Ko AOGHE e Ry BARE 5 25K $2 CEE ol B 1] 5
(xis yiv ) WS B (20 vy 2 N BB
B BRTHITBRNENMRGE HHEH RS E O
WSO il ] DR ARG A [ 20 R G S B LA v A T fiE
PRLG L 4t T e H A 5 e ik ol [5) 25 1 H A 2 1]
g Dk (BT HARfE % TDOA & i i 2
HFR A Rl 285 7 T 7

(x,, — ) + (3, — "+ (2, —2)" —
(x,— )"+ (y, — )+ (2, — 2)° (2)
A at,., H HARME S 2135 moon P9 42 0K 5l 1 B )
22 (s Y 2 My s s 2,00 R FEWSCHE S 07 8 (I
WAHPZ— AT ey, D) NHBNE. Z
B RZHEMABRE TN EWE N FE. AR
TDOA fE 52 BUE A7 » B FAF 5 3 3K i [ F0 [m] £
ATLLSE B H bR A [ AL B AR (T B AR S S

CLopow =




820 Mo oM o= M

PNEPNIE S

AT &

TSOA 5 57 J5 & A FR ki 150 2 7 7 D
(x, =)+ (y, ="+ (z,—=2)" +

(x,— )"+ (y, =+ (5, — 2" (3)
Pt BERE 5 33K p o g W45 WSOk ol 1) 1) ]
s (xpay,s 2) B, 3,52, F UL 0 B (GE
WA Z — o F o, B &S R AE S T RED 5
(x,y.2) N HAME., TOA, TDOA 1 TSOA =
Pl AR BN & 1 s . B 1) R, 2 H bR 3|
KB BS, G=1,2, ) . MS F Hbr., K 1
(O “w”FomEu;. " o "FRaEl,
2.2 BHRUERUTEEEEIN

TSOA & . 58 1 1 iz FI 78 2010 4FHif )5 75 5
Tz K. HETZ mE LA FEECR AT TOA,
TDOA 53 B FR 4 5 1% . i an 26 [F Sensis 24 ]
K ERA A7) 3418 Thales 23 6 K B R MR 26 —
W T 45 2ok X Sk, ) TDOA Bk Ay

Clyg =

(a) TOARENLJREL

(b) TDOAE{ir JREE

Chan 2 ¥, Taylor & ¥ TFriedlander % ¥,
Bancroft $i4: . Fang 83 3 . SX 551 o ST 551 4%,
I Ah B BE U A BOR TT 46 Bliz F 2 5 7 i 22
TDOA & A5 Aok s b 35 1% 53 1k K f e 5
tE N R AN DR Wi L L A TR
Innsbruck HLI7%E % 1 9 A He Wit/ S 5 5L ol 19 2
SE N FR GE AT LR BT Y 2 A% R S B kM RE
1) H#5
K 8 R J7 AR 1% 2 (Root mean square
error, RMSE) ffif 5 3% 1 75 25 505 (1 & 1 B
RMSE=V(x—&) "+ (—3»" "+ x—2"
€9
X, sy ) S B AR T B . 7 8l ) Py 3
IR Innsbruck HLI7% 4 19 9 AW/ K T FE o
2 FUENL RGN HIREET D F Innsbruck #1375
LS RAT IR ARAE 9 FL R Y . JE T RMSE

(c) TSOAJE N R

B1 ZEENMFR TOA, TDOA Fil TSOA & v 53
Fig. 1 Positioning principles of TOA, TDOA and TSOA of multilateration

®1 EAZOENEEMEREIEER

Tab.1 Performance comparison of classical positioning algorithms of mulitilateration
KR BILAR Rl e 1
Bancroft . . ~ N Xt azs T B S 1 E A B bR N BB AR
HER i %ﬂ Al N — N
TOA e, GPS {88 5 & oz Jt 21 ) S I 2 o 4
Friedlan. F A % /N — 3¢ (Weighted least
der %;{j& squares, WLS) Fil f5t /]y — 7 fif 1% 22 TR/ FENLIRZE K
FIHE AT B bR AL E 0K AR
. HAEMIFREAWE L EFmN N 5 g 1
Fane FR g py 3 s e e HHR HERRNAE
N o TE 5 57 R RS A% 1
. vr H Lok Y o2
Chan g PR WES BRASRANE Do g B el oo i Rk
(DAER N ibE AR e e e
TDOA LA i BE 55
) Ay SRR I AR 2 W T AR i ]
SXHyE BRI %
B IS Mtk f g TR PUBERS 3R i OF
RN Ho R B A B0 TR A Ty
= L1 R . = | I Ny b
SI B TR 37 (2 3 EE’J;&EHTaP\Hhﬁﬁiu N
JE fift
Tavlor gy U Taslor SRR UALIEIF (B A I 26 £ 19 50 AL X048 0L 7K 0 R 1 3151

(i)

s R




56

BWER F A X K £ 5 E AL TSOA 5 TDOA SiA P RE /3 #r 821

(R L PEBE O LA SR AN TA] 2.3 iR .

0
00 05 10 15 20 25

x/10'm

Bl 2 %%k RMSE [L#
Fig.2 RMSE comparison of each algorithm

7 8
HEV R /A
3 PEWCHE B B X RMSE B0 L 4%
Fig. 3 Effect of base station quantity on RMSE

WE 2 fr/r RMSE F145 & 5L W R B
o 7E 6 Fp AR G A 55k b, Taylor 5535 8 47 M
Redefl» Hok & WLS 3k Chan 5B 3%, SX B k.
Friedlander 53 F1 ST 8 2% 19 5 0 1 BE 4K 22 L 4
S A e B I s BB e A 3 3l A Sy 0 B
FENLIRZEBAR . Bk I, Taylor kR WLS 87k
S 7 M RE B A

Taylor Fik R —MEARE % GFEER K. H
FEAR B A8, — A a5 TR 8 i SO TR i I T
L s B W AR E R AR K IR B A SO
BT RATHOR 0 B A AR R E DR
(B R TE D Bk B b 8 58 0 A AU A 8 Al T HE
YERSE G DA R RIE . SE5 IR0, X A iR
JEATATHY I HLAE SE BRSO o B AT M

Pl 3 JIT 75 Sy i W 5 il 503 o) 1 RE Y B2
B3 AT LAAE %1 6 Bh A, Bk 00 B K,
RMSE ji/N, B 4o P BB B 47 . A1, 73X 6 Fh

PSR Taylor 5095 9 7 028 22 fie /N » 5 10 1 fiE
IR lf s IF HOE S BORBOR 2R 48 1R R B
2.3 TSOA §i%5 TDOA Bk i & i+ & 5 1
K 4,5 &/ TSOD f TDOA 3 =40 5 — 4k
=l APl o A 1 OF TR] B R A e D) L [ P IR
Bl A 3R 3 il R 3 ol 2% A @) ) ) 3l 5 3 3 1 )
R EHR T d BN Z I8 I A o BE X R A
B AT, i 4,5 AT RIA . =42 ) i b —
Y- T E A A I B2 (EBL R - B ™ A B

AO
-30 20 -10 0
x/km
(a) TSOAENLFERM

) 0
x/km
(b) TDOA L LR A

4 TSOA 5 TDOA & fi B B 1l — 481 18 70 A
Fig. 4  Ambiguity point distributions of TSOA and
TDOA positioning algorithms in 2-D

TE eV 5E AL = AR 22 5E L R G R A
A 50 A B T = Rl (9 A R SRR R R
14 e A R/ R 2% 28 T AR A A X3 25 53331
WAL d Jea fELI A BN RBM G0 AT, K 2.3 B
K TSOA J TDOA TEA [A) 4 45 F BB 53 23

MK 4,5 k32,3053 .

(1) R 2R AE K 2 B S0 X480 B Bk 4R A K 28 T 3 X
SATAE 2 LR

(2) Bl B LR 1 e M I3 K 2 mE L R GE Y
RS DX I vy BRI R 5 B =z s BRI AR /N I R GE Y



822 Mo oM o= M

PNEPNIE S

AT &

0 < f“
2y -10 > 0
“ —20-40 20 x|

(a) TSOAERLE:(546/1 600KH yii LL A5

O - 30
P 0255 0
by 0 50 20 (e
(b) TDOARERLELE(141/1 60045H £ H.451l)
5 TSOA 5 TDOA {5 B f = 4 45 [0 43 A
Fig. 5  Ambiguity point distributions of TSOA and

TDOA positioning algorithms in 3-D

R2 “H-wnwEBE=ARGHARXEMSSH
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