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Study on Delay-Accuracy Trade-off for Localization

WANG Zili

(Department of Information Engineering, Zhumadian Career Technical College, Zhumadian 463000, China)

Abstract; Existing localization algorithm place emphasizes on accuracy of localization, and has no regard
for the delay in transmitting ranging information. Compared with unicast, broadcast schemes have an
advantage in terms of the delay. Therefore, we analyzed the delay-accuracy trade-off, for localization
schemes in which the position estimates were obtained based on broadcasted ranging signals. Then, we
established that the optimal trade-off was bounded and the same for cooperative and non-cooperative
networks. We find that for dense networks, the trade-off is the same for cooperative and non-cooperative
networks. And for dense networks, no better trade-off is achievable.
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information matrix

2019 46 A

doi; 10.11809/bqzbgexbh2019. 06. 026

TR LR 2% ( Wireless Sensor Networks, WSNs) ! -1 &
TEBRST FABE M | 4255 S5 AR B iz b o 3 28 T3
VAT A RO SR B A4, I FLT SRR 1 HdE 75 T
FUEFMA EA BA N E. Kk, 5 808 A8 Bl WSNs

EA I RE LR H A Y R N BT R (S ) AR
ST GBI IR 9 S (Fisher) fi AR HE GIPERE. Fisher
T B T AR I B £ 8 0 SR WSS T B AR

W HHEA:2018 - 11 — 14 ;& [E HHA:2019 -01 - 10
HEMB I E m %

FEBHAE [l 07 e FLAE A S e S 9 % 0 96 R 4 P
Sfemg SO HBUAE A 5k U T A R
PSS E G B BT A I SE ()8, 4, SCRR [ 11 ] 4
H AL T gk A 3 3K ) (8] 22 ( Time Difference of Arrival, TDOA)
FERIEE o MISCHRL 12 ] 32 3 T8 IE A TR IR SR IUE 7
SR ORI P 72 1) B840 il 5 O vk B AROUR 6 04 1) M i, 42
PR E SR RE o ORI, 3 S0 1 FUOGHE T8 0 2, OF 1A i
R {67 B S [

CHARE T UM R H (2015GGJS - 300) 5 07 g 45 A3 00 H (182102210599

PEEE N : £ Ay (1978—) I A, B0, EE S RLN T SR B AR BT



R

126 = 3

o

A T A2 T IR

http://scbg. gks. cqut. edu. en/

SCHRL3 2304 7 AT 73 Z2 0k 3 A (Time-division Mul-
tiple Access, TDMA) , I+ %17 ( Utra-Wideband , UWB) il #5
ISR, AR B R 2 o S [ 1) SF- 8 1 R, O HLAR BT T B
YERAEUMEX PSS E A )y N PERE . Jr BTl R W], X 717
SRR BE AP AR PR BE (B U TR 0 BT
TDOA M€ i 35 1 A RAF A PR RE o (AR Y R
XA IR T, OMEE AL AN UME R B B — B
Frvkae, SR, SCHRL 13 ] 22 W58 SA4E D & 5 S (TDOA ) ,
FBAWIFTET R 45 2 AR B0 SRS B A A 1] S
Vi) B YA ] 2

it , 2 SCHR 13 ] BFR NG &, B0 19 55 % 4R o A
A, BT R D 21 S5 9 S B0 £ i B S 155 2 5 A
) AP DG AR o ABUE A 19 e (R AR A% 1Y ORI Y ) 28
REMSCEN) SR BES 5 o A2 WME RE AL, AL T AR Y £
Yy RIS ez AR DM E AL, DU Y R
MRS .

Ao T T ORI D0 ok 2R A A A A 2
o EETAERT TGN X UMERIEPMET 5 0BE , 4
ST Fisher AR £ REOLAO BT 2 KO-,
SI BT AE — K5 B IAUA O 2R BTk AT BT 2R o

1 REGEE

fBE R AT N AR IR fURT MO 5 1, BT AL
BIRNa, Hi=12, M+ N, 8577 s 008 O, T 55
RERSE AT S I S AR v LD e DR DA S S Y DN
FAH ORI BE AR EAG T B S

BEAh , A3 P A ( Cooperative,, CO ) FIHE 3 ( Non Co-
operative,NC) PIZRE (i #x0, 7E CO B0, BT 47 s ) %
W BEAE 5 5 M AE NC B, AR f BRI 5 .
ABGE RSB i AEFR] ¢ 7RI A 5, Al Y A (fRE Y
ST UGS o R R R SRR

zij:5i+dij+0/+wi/-,i;éj (1)

Herd, = llx, -5 |0, ~N(0,0%) HIPEM AR B, 1 5, =
e xt, Hor e AE S AL B o T A% i I TR] R R, 2
[ LT

FIHI TDMA £ 895 i A5 H . P, 74T 45 5 i
Z1, R —A 1) AR 5 o R Rk B A AL TG
MRS RARA 2,8 2= [z, a0 ] H LA
o HL=1, KA APMERL Y L=N+1, FxA: U E
[

SRR 0= [x'8"0" " FoR MG IEAT AL E A, Hop
v=[og ey ]t o=lo 0] 8= (8,8 ] H
K=M+N -1, 1,510 ¢, BART R n 59 mEXS
KFLR I, H @, € (0,2m)

2 BEE - AR TR E BB E X

AR A TR I B (L9 ) S L5 G A7 v A e ) ) AU A S

#6(p)o
A 5 ORI P A o T N A Sy T 2 SR T DM s A
SIS, B M+ N A 5 10025 R AR B o, 5 MOk
ki, A D Fon Wi Rh E AL B IS SE, E LK (2)
Bz
D= {(M+N)T, for CO model 2)
MT, for NC model
H Fisher {5 S RALE A HERA T . WA SCHR[ 14 ], W] 75 0
14 Fisher {5 B4 4 ( Fisher information Matrix, FIM) , u1=(3)
JiR :
d(x,x) Pd(x,8) D(x,0)
D(8,x) @(5,8) P(8,0) (3)
P(o,x) P(o,x) P(o,0)
Hep @(a,b) =E,,{ -V, V logp(z10) }. i logp(216) &
AN (4) Fion
_p e )
logp(z1 6) = ?2 N (s -8 —d;—0)" (4

i=L j#i
MBHK o S KA, T x (9455 FIM ( Equivalent,
EFIM) F23R &G99 s AL B 1 Fisher {58, =(5) FiR :

J(0) =

J5(x) = &(x,x) - BC™'B" (5)
Hrp B=[P(x,8) ,D(x,0) ],1 C & LU (6) PR :
CoC = [di(a,a) <I7(5,0)] 7)
®(0,5) PD(o,0)

BJa , M E iR 22 BLFR ( Position Error Bound, PEB) fif;
TR E GRS, sk (8) FrR Y
P= (uwf{[J(x)] /M) (8)
Ok, 9585 @ B9 PEB il kR A P = (u {[J°
(x) 17" D)2 BB SR 5], 0 P, = P,
ARSCHFE T AR H B A 1 O B 5 I 8 ] 26 3R, O
SIAT 4T SN R S M SR (N = M2 p > 0) Bif, ]
KRR, D e 0(f, (M,p)) 7R I IE R (delay
scaling) , M P e O(f, (M,p)) 7R PEB RZ (PEB scal-
ing) o PRI, 5 0K 5 4 ] AR G 2R 6(p)
. logfi(M,p)
3p) = - lim (25 T
8(p) (HHR I, W 2 V0 B2 -5 1) 2 ] ) AU A S 20T 145

(9)

3 BIE - AERREEMSUERESR

TEANY, 23 A DV ERIAE DR 2 R 1 8 (p) B
B, 2 q ., B a, B, BEALRE, HE L (10)
JI7R «

Qo = (x, =2,) /%, - x| (10)

U U
B SRR L 50— 30, =0, 3 il = e
n=1 Py

U U
.U
WY ) (D g =5 ho
n=1 n=1



I G H,% :WSNs il 36 0 2E 55 7 A5 4 A 69 A 50 127

3.1 HMERGER T 6 (p) &

M (9) W18 (p) 5 f, (M, p) EEYIHI K. T £, (M,

p) FAE TRHERE , EUMER BB T Jf, (M, p) 17 XA
(1) iR

Wit p=1

fMMw):{MJfJLI

By TAEAIRS) i I () , S A M s i 2 2

R (12) B

(11)

c' =
[O‘IMM' + azﬂtﬁ(ﬁ,o)([K + 1K)¢(5,0)T

- aB®(8,0) (I + IK)]
- aBd(8,0) (Iy +1;)

Bk + 1)
(12)
Hha=c"/K.B=0"/(K-K"),
FHKAEC(12) 3158 D = BC'B" sk (13) FiR
D = BC'B" = a®(x,8)D(x,6)" +
o’ BD(x,8) D(8,0)D(8,0) D (x,8)" -
aBD(x,0)P(5,0)D(x,8)" -
aﬁ<15(x,8)fl)(5,o)lk<l)(x,o)T +
BD(x,0)P(x,0)" + D(x,0)1,D(x,0)" (13)
Horpr 1, R Kx K AR, R4e i 1 a5, 20 (13)

2

e 3 — N |
E"J 8 /MEEIJ"! E(J E%E%ﬁﬁ%’]jﬂ?lﬂ \Oz,sv \?[2;\' \Ozw ~

2

2 1 2 - N
=Ly Osy =Ly Ly 5Ly, Hrp Ozsvi@/T\‘ 2N x 2N 4k
o o o o

AR
BEAN, 2 Koo B, J* () =@ (x,x) o J" () (78 AN
(14) FroR

M+ N -

T T T
2 Giqi ~ 929 ~ qivGw
=

M+ N
B 2| - ‘121’]!1 z qzqg' 0, 0,
J(x)ziz - (14>
(o
M+ N

T = T

~ dvidm 0, 0, 2 Iniqni
L ~, i

G, % P—o V2/K, Al 14 PEB R f, (M,p) , 415X
(15) I

1/ /W, ifp=1
I/ VM, ifp <1
e B () A (15) RRAZR(9) , T4

8(p) = % Yp >0 (16)

M(16) AT, TCiE 25 4 W 255, IB R A 15 19 45, DM
IR B SR B A I A O AR o AU R R AL T
Hoemt
3.2 FIMEEMKEXTH6(p)E

AR P AR T AR B, RIS DM A B S2E
B, = (17) s

fHMm={ (15)

So(M,p) =M, if Vp >0 (17)
SPMEZE AR, et ¢ it (18) iR
1 1 1
]ew +71M —71&,,\,
T M
o= M+ M (18)
1. 1
_Ml.‘;u' M(II\’ + 1)
Horp 15, Ol MOx K B AR
1T R 1 M +2M
T D=BCTB MY p >0 0, D =0" = P2

B, 24 P—20 /1/MiF, 075 £,(M ,p) :
fr(Mp) =1/ /M, ¥p >0 (19)
g K (17) FsR (19) AR (9) AT, At B2
TR 8(p) :

8(p) = %, Vp >0 (20)

MR SMER T AU S REAME . EHAAEED
SRR (16) F1x(20) B FEF M— oo 41, i
H52,8(p) =%%$X@§§§E‘JW|3E{EO SR, Tk A S

K57 6(p) bt M (RN p LA LATAL
4 LIRS

B4 NIRRT M— oo 550, Nk, A HE ST
SEEY  HE—H 4T 8(p) Bl M {E A p (HASLIERE. I Matlab
BAFESI T BTG o B M AEE S, H Me[10,90] X
6], N = M AN o X5 353 54345 F 100 m x 100 m
BRI, T p EE 1.5 0.5, SEEBIRE 1.2 FiR.

0.5 7 S i
" o RN
~ 044
10
[}
£ 03]
g
= 02 ——CO, p=1.5
? —tp= CO, p=0.5
o NC, p=1.5
T 014 e NC, p=0
=
0 T T T T T T T 1
10 20 30 40 50 60 70 80 90

Number of anchors M

B 8(p) K4 54 M a T AH L
(% ST PR )

G, T LT DK RO A T 8 (p) HMHL,
PULES IS R N N R U R S R e L DB T A S
B LS R 8(p) BWHELT T 0.5, BLAh, AT AL
T UM EBURARIMERUT ,6(p) BIME AR , I
Tz

P2 3t 1 REBILES B 415 0 8 (p) {8, W 2 i
R 2 w0 T AR O AL BT A 8 (p) fELE L 0. 4.
IR FERX A DL T, DMERE(CO) T 8(p) (AL TARDME



128 ERREXLEIEFTR

http://scbg. gks. cqut. edu. en/

B (NC) ,8(p) (H V-4 T 20% ~30% . ik i, Bk
AT DLARICE G (I AE — R SO BE TR AT R AR

0.517
= » =X K- X
5 047 .x—*‘**'“—***—*:;::e-m
5] XA HW» > -
i o>

§ 033 i y&”
< PP d
<
S 027 Ve prAriu &
it ip TAETE o co, p=1s
‘g 0.14 /’ —t=— CO, p=0.5
- . 0 —»— NC, p=1.5
= / ——NC, p=0.5

0 T

T T T T T T 1
10 20 30 40 50 60 70 80 90
Number of anchors M/

B2 8(p) AT 54 M &) TAHE (AL ZE Y &)
5 4Eig

BEXS T 3N BE AR5 O TT 5, A SO T I E A B
A W 265 PO I S2E 5 5 (575 38 1) A9 R 96 2 oy T ok e B
R IS A i 22 R0 A2 i T S8 2% J8 R N 2 80 il A R
B A XSS RO R HI AR T Fisher 5 SUE K 0915 B4,
(R T R B9 i 45, ATl AR I s B9 E A B . I
Sb, DMEFIAR B RE 075 34 I S 15 7 37 0 JBE 1) A7 {EL A
[, 2925 0.5, [AlIS, 087 1% AR 0019 R 48 T AL S &
SRR AR AR T U 4% T, JC IR AR U O ALy

JE W Rt — 25 AT WSNs H i A B2 5 I 328 P LA 5%
IR W TR TEA S8R TR, 75 50 10 E oL
G HE , of I B BER AN A, 2 2, A7 26 o T S0 T ) S T
XIE AT BEERAN R o PRI, Je S EE S W AN [ I 3R 558
I HRE SRS BE S I E G AR M RS IR BT, 7 M i A
PERERERY SRR, ORI S I AR5l

S Lk :

[1] TOMIC S,BEKO M, DINIS R. RSS-based Localization in
Wireless Sensor Networks Using Convex Relaxation;: Nonco-
operative and Cooperative Schemes[ J]. IEEE Trans. Veh.
Technol ,2015,64(5) ;2037 —2050.

(2] x&A,BAE, %5, % REAERENIEZ LT 5
RARFk[)] BEE T HERXFFR(ARAFER),
2016,39(5) ;140 — 148.

[3] WIN M Z,CONTI A,MAZUELAS S, et al. Network locali-
zation and navigation via cooperation[ J]. IEEE Communi-

cations Magazine ,2015,49(5) :56 - 62.

[4]

[10]

[11]

[14]

PATWARI N,. ASH J N, KYPEROUNTAS S, et al. Loca-
ting the nodes: cooperative localization in wireless sensor
networks[ J ]. IEEE Signal Processing Magazine, 2015, 22
(4):54 -69.

SHEN Y,WYMEERSCH H,WIN M Z. Fundamental Limits
of Wide-band Localization; Part II. Cooperative Networks
[J]. IEEE Transactions on Information Theory, 2014, 56
(10) ;4981 —5000.

SOTTILE F,VESCO A,SCOPIGNO R, et al. MAC layer im-
pact on the performance of real-time cooperative positioning
[C]//2012 IEEE Wireless Communications and Networ-
king Conference (WCNC) ,2012.1858 —1863.

LINDBERG C, MUPPIRISETTY L S, DAHLN K M. Mac
delay in belief consensus for distributed tracking[ C]//2013
10th Workshop on Positioning, Navigation and Communica-
tion (WPNC) ,2013.1 -6.

S. V. de VELDE, G. T. F. de Abreu. Improved Censoring
and NLOS Avoidance for Wireless Localization in Dense
Networks[ J ]. IEEE Journal on Selected Areas in Communi-
cations ,2015,11(3) ;2302 —2312.

ZHANG T ,MOLISCH A F,SHEN Y. Joint Power and Band-
width Allocation in Wireless Cooperative Localization Net-
works[ J ]. IEEE Transactions on Wireless Communications
2016,15(10) :6527 —6540.

SONG L,ZHANG T,YU X, et al. Scheduling in Cooperative
UWB Localization Networks Using Round Trip Measure-
ments [ J ]. IEEE Communications Letters, 2016,20 (7).
1409 - 1412.

EXH, B, R E At ey Bk 2 R K2R
SR A [)]. A FHARE T 42,2017,17(21):258
-262.

HET, BAE, GRS EERFT R 2RI AR L
FARE R[], A % 4%,2018,39(9) ;1 - 8.

GARCIA G E,MUPPIRISETTY L S,SCHILLE E M. On the
Trade-Off Between Accuracy and Delay in Cooperative
UWB Localization; Performance Bounds and Scaling Laws
[J].IEEE Transactions on Wireless Communications,2014 ,
13(8) :4574 —4585.

GHOLAMI M R, GEZICI S. TW-TOA Based Positioning in
the Presence of Clock Imperfections [ J ]. Digital Sign
Process,2016,59(3) :19 —30.

(BEEHmE #uHh)



