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Survey on navigation via signal of opportunity

HUANG Gao-ming, JING Tong', TIAN Wei
(College of Electronic Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: The global navigation satellite system (GNSS) is a commonly used positioning solution, which provides users
with worldwide precise location information with multiple positioning satellites. Due to the satellite signals being blocked
and absorbed in the deep urban or indoor environment, the conventional navigation solutions are not precise enough for
positioning in these areas. Navigation via signal of opportunity (NAVSOP) achieves users positioning by receiving and
processing the signals already existed in the environment, which has been attracting significant attention in academic
fields for its advantages in overcoming the problems. Common positioning methods used for NAVSOP are summarized,
and their applicability in different systems is also analyzed. Technical features and research status for different NAVSOP
are represented in detail. Aiming at the problem that the single navigation system has poor robustness, the advantages
of application fusing NAVSOP into an integrated navigation system are analyzed from the system operating mode and
other aspects. Finally, the existing problems in this field are indicated, and development tendencies of NAVSOP are also
expected.
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R [60] 4 4 T —Fh & T Wi-Fi (1 dE AR B B &= N
7€ L & 4t (WiFi-based non-intrusive indoor positioning
system, WinSMS), AJ LA S fi 3575 B A Wi-Fi fit &=
A% i 1) B84 B, o R N AR 1) J7 A AR AR AP R
Bt 47 Fo At APs [ RSS; [FIBF $2 H 7 —FlJ: T 2 15
= i i #0348 = 7 [ V5 (Polynomial surface fitting

mean-Gaussian process regression, PSFM-GPR) [] &

SURUE e AE 2 M) 3 7775, ¥ AP 1K RSS 73 A @B
R Z Kt T P0L A BRI A B0 2 (Gaussian
process, GP) i TH il sR 1R 22, 14 2E— 2% £i1; I RSS
fhitHE N

Sj =

m(l;) + K(l;, L)[K(L,L) + o2I]"*(S — m(L)),
2

m(l;) = Bo + P + Bay; + Bsx} + Bay; + Bsx;y;-
3)

X 3) T BT A 2 500] £ WinSMS T AE By Bk
S A7 TR SE R, R 207 Ak e A APs fEm
2% R B RSSHE, BPAT# . — D m x n[FEZERSS
TROUEH . SCHR [61] BT 155 SCHR [60] AL, £ i
T —FhFE T KA E I (Fireworks algorithm, FWA)
i 73 A2 [A] )5 (Fireworks algorithm-gaussian process
regression, FWA-GPR), [X I 7£ T SC#k [61] 4~ 75 22 AP
BB IR AE B, K B APs 1o B 7E 4 1) 2 Fh S 500
NG TR RS TF AT R L

7(6) = {— log p(r|w, 6), @
.
Hr o Afefiih 2 8n &, FWA B =417 2 ki
KZ AN R E T (0) BIAS R i, 1 F FWA 1)l 253X 28
ZHYL, T8 A E o A A 3 T A0 R M R R A
b, IR PR TR LT A% GiAE 5t B U kT
B AR SEOLE A S A EEE Ny 5 o, BE T DA
R e B P A T ) B UV A ), e R iR EA
BE B AR T A B HHE R T & i) . 1T HSCHR [61]
(R 7 VAN 5 22 APs A B 11 55 56 AR, AH BT SR [60]
(7%, B3 F T R U 3 4 i A 2, H T o
AN 52 5 ) B R SR AR A 0] R, B0 PR B REAE —
SEFRRE b o 52 BEAE A B ).
32 ETT #&ESHINAVSOP

I 415 5 B 45 1 5l (Frequency modulation, FM)
I 1515 5 A (Amplitude modulation, AM) ) #&15
S BT FMAI AMAE 5 1 E N R 90 3 A .

1) 2115 5 A BRI OC 8 A S 3 77 -

H 1T 85 5 A E AR TS S, KL 1A
I B AN [R] 25, DR 3K o 7 57 3R 490 05 5 A 22 40 1. SR
[131R9E T — Mt ] 3 Flros I 25 4 22 00 € v R 4R

AM ZESFIRR A2 T 2 Az &, il 7 H ' 5 RR
2 TB] ) ES A B A N [ 22 Tk e, 545 2 ) IS e £
FFIF 0. RR 5 H 7 o il 3 ) S H A 9% (Generalized
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4 GCC ERBTEAE MK E TN hE SNR TLAI X F

rh
i 2 P oR K. P 4 A AN TR A BB 50 (PHAT i

ROTH AL SCOT M) i, 15 5 GCC R FUE 7E AN [F]
{51 LE (Signal noise ratio, SNR) T 125 -, g 7 Sy i 44
I 7y () [ 30 956 7 B A0S T 1 75 1) S e R, I
RIE T Sy (w) HIIEAE BE TS 15 2 A 2B, 2= R
G0 8 R FE IR OB, NEE S o] LU 7 e BT g
75 ) 26 A T, ROTH AL SZ W 75 10 5 el 7™ 5, B 45
SNR B A, FoC R ™ 8 R % PHAT INAL 5 SCOT il
B R AR T, HL 2 B B e 75 TP st
bR A RE S 15 B G AL BB sh R, RS
Ff)— &5 TDOA WLNIME 3fe_F15 S5 1R L, #4515
FIRFHLEIRR 5 FH ;22 18] (1) O 22, 30 1 R A
LB, e AL R Gute) i A, el T T
23 NI B AL, B304 58 A 45 SR A 22 K. Rl 2 7 e
JeIe S AR FIE LT, BVE I B 52 3 7™ = 0.
2) BTSSR =N EN RS
ZEM ARG B NHM] FESLHEN

SE LA 7 k. BT Wi-Fi (55, FM ) 185 5 40
FRTAIR, 2242 2008 5 e B 55 FML Rl i it D 3 vy s 7
T X WAL = SME S R RSS AN
i, PR ZE A FMAS 5 18 SUE A0S BE AN &L T FM 2
i AH 0 AR e, H 2 N RSS 23 A A A S 5 Y I (AN AR
PE. SCHR [631FT5E R T FM A5 518 8 7 1 Rt
Sk [64] 38 1 7E 5 N S0 B AN R SE PR RSS, % L8
B A . MLEE (Line of sight, LOS) #4% . NLOS 42 A1 &
FR/NE R G 5 R T3 T T —Fh T
SEZI6 M E () FM A5 5 RSS 28 56 T 00 455 74 S ¥y 42 1
SO, B

RSS(s,t) =

max[RSSros (s, ¢, «, f), RSSnros(s,t, a, f,Ch),

RSSind,a(s, t, )] (6)

Horp: s NREATF 5L RSSLos(s, ¢, o, f) N LOS 155,
RSSnwos (s, t, a, f,C1) N NLOS 15 5, RSSina (s, t, )
AFA R AR 55 o, f A CL 70 5 N AR B R A
B BRI T FINLOS A5 5 (18 O i R 7, 34
RN 2 BN 5 I B0 A 45 1 R AR AR B Bk
SRR IE. s i FRD 7 B R 2 T KPR OBE 5 M) P 4 L
Be SR A5 . STl [65] #5 T — MIRIF R HE B,
I8 L B 2R U EE FM RN~ ML) # (Digital  video
broadcasting-terrestrial, DVB-T) H {5 1& 5 &, & T
— ML T RS T I SR B AR SUBUE B, S8 AL RS FEAS
FRMESE T, (H B LB B e 3% 1 KR BRI B AT
AT HESHEI ARG 5 GNSSH G4
., CABAS T FE AR 4 B2 A% 2 AR B2 T T 2 1
TRGULIC ) #6155 A RAAE SN BA RIFH)E
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REREPE, BARTE— ERLE B K Wi-Fi &7 /248, (H 3
I P B G N 2 RS A D, TR IR R R G
SUBIE AL AT S FHRAR A I 2 28T 1 5 5 LR &
B SUE PR R TV
3.3 ETFUWBHINAVSOP

TEH B B h W F R 5 BR B AR
THFE/IN T8 A 77 ¥ T B A5 o (H L R G078 5 V0 Rl 3%
/N HL 32 M 7 0+ ) 7 . ZigBee R 4L AL LA S
HARARE FH P 8 SCSE I AT AN A 2, E s
A BRI NG | 1 R R R A A — R B IR
H T HKER. ML T, UWB R4 H BA# 5% K. &
PLREFE Sr PUT PR S5 38, 13 8 T s R JE.

BT RSS M E AL R SR H UWB A5 5 1) 85 5 7%
R, K 3R G0 A RN % RS i, A M {5 R 2
E bR ez I, 5 067 K B 43 7™ E T 1900, B F- TOA Al
TDOA [JUWB & 4t Fl| Fl UWB 15 5 [ i i [8] 73 2%
R AR T ARG B, I TE H AR T RURTE AN
h B ST AR S 5 R Al v A7 B, LOS T
{10 52 N7 G AT I8 JBEOK G, SR T, o SR A 2R RS i ) 25
T YNAD GRS I LR KR FE =1 T R GRS, Sk
[68] #& Hi T —Ff £ F TOA ) 2 4 Hi 55 77 (Differential
ultra-wideband, DUWB) & fi7. Z 4, 73 7l 7£ Il 5 30 fit
S0 0 P AR 2 AR R b B AR IR S
N2 {575 (Reference source, RS) Al 5./ H Ar 15 I
(Target source, TS) FJ LSS vl o AL S 77

t
e r; N ~ N
FAPLIED T = 20 S AL TS AL
i, RS

BE B 7 AR B n AME IE S 19 HFREE B 7§ g =
nir g H6 7§ pg RN TOA f52/)s —3f€ (Least squares, LS)
it 1) 205 30, 3R H TS 1 IE J5 0 LAk T 78 A3 L,
B 56 RS 1 LS ARG T I S A AR SR Al T i
#ffte = Sps — Srs, HFEIETSHILS HIAL R T,
3B TS IR IE A B At 1T 4 S = Srs + e XA 7%
FIT T2 25 YRR A2 SR 8% A ST o e [ 22, T A8 S B )
IS FH Hh i 52 38 22 T PR ).

H AT UWB K878 77 18] 3 25 AN, — 2 85
UWB 5 HiAt A% % 2% (41 INS) A & DA S G 4] 452 2 et
UWB L0 5 0 318 98 R P 5 5 & UWB B 8
N5 RTINS A% 2 45 4l 10 H A -1 10 5E 0o 07 45 2R,
WA 5 A UWB %36, NLOS % % IR M B(0,1)
DA, RAF Y R KR 2 )83 (Extended Kalman
filter, EKF) HEAT #0405 Al 75, DA 11 & A7 152 22 35 77 iR
RMS, = +/Az2+ Ay? R FE A% 28 5 iR
RMS, = \/Av2 + AvZ KRR G MERE.

——— UWB/INS 7% %
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