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Abstract
The positioning model based on Difference of Received Signal Strength (DRSS) has the advantages

SCES|H: PR FET DRSS B AR R EAG T SN AL IR A e AL BB AL D). SR A5, 2024, 13(5): 1611-
1619. DOI: 10.12677/5a.2024.135159


https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2024.135159
https://doi.org/10.12677/sa.2024.135159
https://www.hanspub.org/

A

of saving energy, bandwidth, and time, and hides the transmission mode of the transmitter during
the positioning process, which is very beneficial for confidential monitoring or military applications.
However, the DRSS model has high nonconvexity and is difficult to solve in localization. This paper
proposes an improved localization method—a hybrid localization method of relative error and con-
vex optimization. Firstly, the minimization problem is constructed using the relative error method,
and then the model is approximately solved using semi positive definite programming and second-
order cone programming. In order to verify the effectiveness of the proposed method, Root Mean
Square Error (RMSE) was introduced as the evaluation criterion for the accuracy of the estimation
method. By comparing the RMSE of the proposed method with four existing methods (A-BLUE, U-
BLUE, LARE-SDP, SOCP), the research results showed that the RMSE value of the proposed method
was the lowest and closer to the CRLB lower bound of the theoretical error.

Keywords

Received Signal Strength (RSS), Difference of Received Signal Strength (DRSS), Semi-Definite
Programming, Second-Order Cone Programming

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BEE R ol BB R R R, MBS BT, SH. %P EF. BERIRSE L M h i EE
ok ok F R ) €. R AL LI D 1SRG R R R R, AR R A B PR 25 O AR L R R
eI MBI AR [1] [2], AL EIRSSAE A RN 20 =7« 2ZI8 . WP RS AT R — N T [3]. Tk
Z AL BAE B ARG R RS 4], B ToZ e M AR & S AL Tl R IR . X TE4k
FERGE AL BT B B SEhr 2 3, AR 2 538 W TR RS B v R 5 A 5 A0 B il B EL AR i 1) s A SRk
YERWEIT H br o

TCER A% R P 265 5 Avr — FROUK S BE 0 WU R AT H AR IS B [5] o AR 4 0 52 P s P PR B 1t AN [),
5 v EALRE FIIA I [A] (Time of Arrival, TOA) [6]-[9] $i i} [7] 2% (Time Difference of Arrival, TDOA) [10]
[11]. 3% (Angle of Arrival, AOA) [12] [13] A & #2Us {5 5 5 B (Received Signal Strength, RSS) [14]-[18]
5. HET TOA HI TDOA 58 I 77 1k 75 B P M [ ISF 8] [R] 25 R0 52 = ] TRV 5, %of - AH X ¢ /08 L7 B 1) T 2k
& RS P 28 AN K& [16].  BARIE T RSS 158 A7 7 0 8 AL KE BE VA 2L T TOA Il TDOA 78 712
(e NAS =, (HEET RSS IS AS 75 ZAT AT RR IR AR R v it B 55 S B [17], X AH455E T RSS WL 77
BT Z N TR —, JCHAEM M E 4 = N E AT RSS (18 A g B EAER

BT RSS [ R AR H AR s s 1A 2S5 58 B 1 B AR 30 B SR T H SR 3 2 TR )
PRES, FFE B KRG T B /N Z Ik T S AR R AR E, 12O E SR, TR AL AT
AR , HRFE R S KR E R R ] e & . S Ah, E RSS W& AR e
Fethge A, i RRRA . (RIhE . Gl EsR. (HRLEE AN RE T 5 2B m, K55
FEARMLBE IR B R AEAE R B 2 AR R R R B 38, X AR Rl &R 2 . IEk, 7K
2B R T RSS B E A AT TR AIBTAT[15]-[27]. T RSS JE R A B mt B e AR LR A AR
Mk, BT DL — M B AR R IS B A O 5 2 S DA R A T R, AR5 3T SR K BA (Maximum
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Likelihood, ML)#EII, RSS & {7 [r) Rk 4 4 5 T H bRor B — N ARt A ™ 1 f /) — 3 i 1 (L east
Square, LS) [19] [20]. A T k4 ELAESRAE ML Il T >R B BRARL, 72 SCHR[15]H, — PRI Sd e T Tk,
i FE S B LA AR AE I 7 iR B ok, R 1 BT 3R AR ML Il UG (B B AN 24 T 5 SO IR Sl 8T
Jry iR MBI )RR . 9 A AR SRR At AR I K 2R T RSS 1 H g AL in) @, g A1 0GR TR IE
SE A Z B HERA st B TR AR ) ML B LS v ] R Ay — AN ) 2 T E BRI (Semi-Definite Program-
ming, SDP)=k 4 #) %1l (Second-Order Cone Programming, SOCP) ] & sk H /A fi#[16]-[18] [25]. #E TRk
[16]32 H i 5 ko, 1 5 AR 6 4 538 #: (Unscented Transformation, UT)¥ & 5 oh 2 £ 4012 3£ T RSS ) ML
SE AN ) IR 3 S — AN IR AR /)N 3¢ (Weighted Least Squares, WLS) it [ . SCRR[17]+, t— B4 H T
2R D 2N A2 45 2k 45 2 (Path Loss Exponent, PLE)#R A KNS 2 1 RSS [ A7 1) /8 o 24 % 5 T 3R LA,
BT UT, — DT DUH =R AR R WLS JiEgde ok, di—=2, MRS D2 PLE ZRARENNT, EE N
7 — M B AT 5SS B AL T R S D)2 PLE.

B RSS €M AHE 5 RIE LS, 2 TDOA MEITVERIE K, —Foi ez pk i, RIJE
FHE e & % (Differential Received Signal Strength, DRSS) & /7 7%:[28]. DRSS &[4 B4 3k T RSS
AT AR Ak, B PR T S BT AU A BE B AR o B RIS R 1 & S AL AE
s, XRIAEEA M TR MMBE SRR . NIR 2 5# % DRSS @A 7t ATt 7L, JF3RA 2R
LR . Li [241 P8 Ikl 350 L T DRSS #ERL 5 RSS MR & ek fE . Bh)E, Hu [29]1%5 A
7f DRSS B & T RN IR G IR ZE, IR HICL R i 28 4% TR Al 1175 (Unconstrained Best
linear Unbiased Estimator, U-BLUE)FH S5tk ) f 3: 46 14 6 29 At 1172 (Advanced Best Linear Unbiased Esti-
mator, A-BLUE)#E4T & 7, B Fi4s R E/x A-BLUE J7744 T- U-BLUE J7¥%. Wang [30]7E DRSS #5 4! H1 [F]
IR T R B AR E NSRS RO 7, KR &L e mah ke b 7RI g . B S
HRXTT RSS LA A DRSS JE M Fi AR K Z &5 T 5o/ i (LS)HEN o LS #ENIZ fr /MEZEXRTRZE 7, N
THTERME LS WS R, R2 E Jo kA4 RSS/IDRSS 458 784 3 FH — B 22 8 T OR B — A T 9
4 H bR s ECE R B At T R, I T 7 IR i ek . (F S B AR A ORI el X R el
SEEAEF KR ZE . N T iRCA LA, 5 RER] RSS MR RS &, Wang [30]5K F S /NG S AR 22 1
7773 (Least Absolute Relative Error Estimation, LARE) A4 2 fe/Mb 1] 8, 5 B2 1 52 FA st 25 H 1 AR 7R f i oA
fift, 45 B RIE T AR ZE A E B AR BT LS J7 k.

ZCHR[30]/JE &, 5 1& DRSS B G ettt e, Aol LARE 771, 7E{EH] LARE #)
HEHEHIRES, KH SDP/SOCP JR-& 7R A A i e, 9 7 ISR T iR Tk ilk, {17 FL30
IR TTES A-BLUE. U-BLUE. LARE-SDP. SOCP J7ikitfT L% .

2. DRSS RE R X IREE ML 775

FESEPRRL A, RZAFNRITIL, S5 EERAASEN, s BRSS9 S AL X
HUbE oA . EIXFMECT, RSS HEARIAT LAR] AT X B b 25 B S R i IA -
Li:L0—10ylogloj—‘+ni,i:1,~~-,N (1)
0
Hrr, L FoRESESIREE N 28 | DY SRR E S wmE, d, BrSEEE, L2iES
HEIE dy e IEI S S,y R BAEIURIEEG 0 RO BN, 3 BB IR MO HE 25 73
A, PSR S - g P 0 BRSO3 5 IR B BRI . WP = L — L (Forh L RIS S Ih3), BhisiAt
LA AR A
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P = P, +10y log,, ||Xd_5‘"+ni,i=1,---,N @
0
FIFZAE R 0] DS T B R SHE 5 RN IE 5 2 R
I s, NZHEAT A, A LI45 %) DRSS B4 -

Pi,lz—loylogm” ||+e,1| 2,--+,N @)

x5
forh, Ri=R-R, e;=n-n. n~N(007).
Q= E(eeT):diag(azz,---,o,ﬁ )+0121N71, 1, & N -1FreRaN 1 K77 FE.
2.1, MBI IREMITSE
SCHR[3018R Y T AHRTRZ B 578, XA IEAAGS KB T HSHMA MR ZE, XFEALE R AL, 1E
 JEARXT T H BRI R 2, WNAZE EARXT T BRI R 2 . N T B R R ZE Al O, Al

R 2R A
y,=a X+V,i=1-,n (4)
KHEy AWML, a REHCSE, x RFEFRMGSHE, v RIWEWEEDL (4) P2 A EE
Hog Hr 193
7, =exp(a x)p;, i =11 (5)
| exp( | |z —exp(a,Tx|
Hrhz =e¥, np=e", XFTHRG) MM Zax iR |- ,
T | e |
BATH E b2 25 8 DL PR 2R A R 22 B NN SR R B S50, IRk, kil @ n] AROR N — AN
MK T
. _ N|z,—expa | |zi—exp(aiTx)|
X=argmin| >’ + = (6)
.1‘ Z ‘ ‘ exp(a/ ) ‘
2.2. AXREWEE
W PR AR AR ZE A F 77 1A R 7R DRSS A58 rh, B AR AL (3) AR T A
d'=di77i'|= RN (| (7)
K d =107, d = % =105, R I A 7 T R L B A

i=2

N
X=arg min[z

d;—d| |d—d,
ERiEy

RS LR i MU RO AR ), ARMERAE, H5(8) AN AT

|
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R . N d-2 d‘»Z
x=argmm(§?+?—2} w0
=argmin i£+d~—'2
Py aiZ di2
9T SRABQO) (ARG, 3 ABRBIAE R U, =[x s [ v, :m, y=lx= s w0y
et NN S 29 AL i) f
Ny d?
D
s.t
"[Z(X—si) y—uJ"é y+u, i=2--N (11)

||[2(x—sl) y—1]||£ y+1

AR & —1> SDP Fl SOCP &A™ ALk in) @ H. 7] LA MATLAB SR AL EL R K fif
e fa)

3. HENHESERES
N T BAEFT R T ER LR RE X BUIERE T LA E BN ONEAT L, BHF U-BLUE HiE[22], A-
BLUE /7%, LARE-SDP, SOCP J77%[25]. LAEJ7vkpIvEdnstid W R4 1:

Table 1. Methods and meanings involved in this article

=L RS RFERENX

Jii: Eitipa
U-BLUE TR AR LA TG i ik v 7 12
A-BLUE St R R R AR I T 2T R A T T 1% [29]
SocP T e/ ) B HERA St 5 VA[19]
LARE-SDP FF RN TR 22 A 1R AR ot 5E 12775 [30]
LARE-NEW AR T AR RHR ZE R IR E 5 T HEIR & J77(11)

31 FRIEFIREEET, EAEEESH

N T IHAERE T SEASCIT K735 R ITERR AR, 2 1B T ARSI R A Tk LA
AL . CRLB [AIFEAE N IERT LB RN R AN T 1AL, AT LM AN A ML e B 0 — MR Fr . DRSS
AR BUR B @) IR A St . (T EIA BB E LR 10 MY A BELIEAE 4208 25 m (R &
FAHS, LAHART SBENA S 3ARAE 25 x 25 m? Y IEJ TR IX IR, S EEE do=1m. VEREVEAT AHE
W) 3 BRI A4 10 RMSE o U872 2 T ASRI R A AR UE 22 R, B AR e WS X LE 2047 » 55 LARE-SDP
TIVEAHEL, At 5 B & e AvA T RE A IR K S .
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12 —&— LARE-SDP

== % - LARE-NEW
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—#— A-BLUE

SOCP

RMSE(m)

4 | | | | | |
2 3 4 5 6 7 8 9 10
o(dB)

Figure 1. The curve of RMSE as a function of ¢ (dB): N = 10, y = 2, Mc = 100
1. RMSE B o (dB)ZE{LAUBREL: N =10, y=2, Mc=100

ME 1L TR H, RS BIRIg R, AT LARE-NEW 7574 RMSE {E1KT U-BLUE,
LARE-SDP L)}z SOCP J7i%: 1) RMSE [{E, BEE WA TT % o HINE N, LARE-NEW J7i% 1) RMSE (1)
BT BTt Ll DUk 51, 32 KA LARE-NEW J5 VEE SR AR AL IR SR 7 ARG 22 (0 5 10, (e Mg P
I s R B E R

—<&— LARE-SDP
- =% - LARE-NEW
—&— U-BLUE
—*— A-BLUE
scopP

RMSE(m)

2 22 24 26 2.8 3 3.2 3.4 3.6 3.8 4

Figure 2. The curve of RMSE as a function of y: N = 10, ¢ = 4, Mc = 100
2. RMSE [ y Z{ g%k : N=10, 6=4, Mc=100
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2 B BIR, YRR SEUE RN, B y MER, FrA 7R RMSE Y%K, LARE-NEW J7
% RMSE &%, A BERRBIE. BAKRE A LIRS G Fridm, i A-BLUE 5 U-BLUE
TIERIVEREAHLL, BIIREZEAZ, (A A-BLUE FIPERETE &7, JE T 5/ — IR0 SOCP M REAHE T3
BRI REIR THIE K, T LARE-SDP. LARE-NEW 18438, {H 2 #i 2k L P Aa, A8 fbiE AR,
XYL AT VE R BUF GRS, XA IR R SCER[30] T — 5.

3.2. BA4ReMEET R T

3EEREIR, BEEMT SEH MK, ATA VAR RMSE SIB#K, ASCHTHE LARE-NEW 57K
RMSE KT BT b v, H HH RMSE 18 E iniiE Fg iR Z ) CRLB 4. H— 7w el LLUAI,
2 RMSE FHFEIR, AR S 25 75 B/ B 19 05, AT B 19 44 3 I

11 ‘
—O— LARE-SDP

- =% - LARE-NEW

—O— U-BLUE
10 —#— A-BLUE -
SOCP

RMSE(m)

Figure 3. Curve of RMSE as a function of N: 6 = 4, y =2, Mc =500
& 3. RMSE fi# N TLAIhLZ%: 0=4, y=2, Mc=500

4. INGE

ASCER M T A R ZE M T S OB & e AL TT %, 1ZTTA iR T DRSS BAR IR R IL
o SRR IRETNEME LT B BRI 8. fes, MY IEAE K SDP Al SOCP Fast £
TG, A R 2 B AR T B DR AL el U AL Dy — AN LA R R, AT 5 RO AR A B AR A R . TSR
HEERRN], fEM AR 5N e ik e gL T e i BB M7 ik, IR BN 2R TAHXTHR Z [
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