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Source Based on Neural Networks to Narrow the Location Area
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Abstract: To reduce the high online computation complexity of conventional direct positioning
determination (DPD) used to locate interference sources of the global navigation satellite system
(GNSS), a low complexity multi-stage direct position determination approach is proposed, in
which the neural networks are applied to narrow the location area stage by stage. Firstly, multi-
stage fully connected neural network (FNN) is applied to narrow the area where the interference
source is located step by step. In each step, the target area is divided into two sub-areas, and the
pre-trained neural network with received signal power as input feature is used to identify the sub-
area where the interference source is located, thus greatly reducing the target area where the
interference source is located. Then, the grids are divided in the locked final sub-area and the
proposed DPD is used to fine locate the interference source. Since the possible area where the
interference source is located has been narrowed significantly after the step-by-step binary

processing, the set size for grid searching of the DPD can decrease efficiently. The simulation
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results show that compared with the conventional DPD approach, the proposed approach is close

to it in performance at high jamming-noise ratio (usually greater than 20 dB for blanket

jamming), and the online calculation complexity can be reduced by about 2™ times (M is the

number of neural networks). Furthermore, the positioning error is more than 90% lower than
CHAN algorithm based on the estimated time difference of arrival (TDOA).

Keywords: global navigation satellite system; interference source position; direct position deter-

mination; neural network
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Fig. 2 Schematic diagram of narrowing the area where the

interference source is located step by step
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Table 1 Four FNN structures and their testing accuracy

W 4% 45 4 03 o R
[4,8,1] 0. 98
[4,8,12,1] 0. 99
[4,8,16,1] 1. 00
[4,8,12,16,1] 0. 98

I 25 AR I L #2028 B A R L ANl
H‘J%Hﬁ(lﬂﬁrﬂﬁP,ZEPn » P, v"'vP,-L]9/E\:EF' P, =

L T | ko SRS AT

http: // zkxb. xjtu. edu. cn

g i€ (1,2},

B R T M VR A 7 X sk AN [ E B LA
F AL B8 28 K W06 — 4r J AL B8 M, X
B — 0T FH 0 o 2 T 0% 1 T R AT B R L B —
KNG B DGR BT .
SB A BZREIEEE . 78 25w AL X I8 B B
PR K A TR E . AR = 2O BODUAE BT P
KRGS o B 200 7 X R S 2 Ry B A T X e G
SOCHTETLE TS S (. TIREHES
2830 R RUBE T R By ) B 5 B 35 4 A B UlobL AR B
K OBRA B L AN B E R E S . PR
FEAS B I 3 e 81 T S R e s i P, B K
—A il K AR A B 2R 4R . 1 = A
RAERT UG S AL S R I, X R Dy AR S
W i I ok T 5t 0 T M 7 i RE L DR b A I R A P E T
I EL A WA D Fe /N e s 5 LR NSEBG 22 55 1
B AN AT DL R £ SR 5 = AR SRR
T U U T Sy R oy 2R e ] =T AR T M S Y
SN W] DLW 5 0 e IXRE AL 2 2% T Sk 21-23 ]
AR
T®2 IS SE. R A %
FEA T A T FH A 25 I 2% 1) 285 46 R S 50k A T I 52
BMSENG ., WA RBER R E P, &N
X% .
T/ 3 AR IR T I e e S e RE . AR
J 75 V5 55 I 5 0 4 A TR) S AN [) 1% 2 360 TiF 4R 1) 422 i
155 v 5 A MR P 0T, MR R R AR R B 1Y TR EL T
BARE . WUERAE T o AR R 2 DRy SRR
WA 5 #FRAFAE MR S 1Y O T IR UE Y LA
I BRI 75 5 A o 3XRE A B A W] L3 BT 1 25
28 0T W (B R . R S R SR RS B I R AT
R Pf 22 X 2% AT PE BRI 3K

SE JROGE T AT R 2 I 24 1) I 25 R0 DR i ik A
— G 22 W 2% Y DXy S A AR A . B SR
BN HER R S AKX BLAT T R A B A X
A TTR T /Y BB« — b J2 P BE U0 5 . 2 HE A 4K
F 1000 b5 b r S X B T SR H 2%
DPD J5 ik 1 & 2% B 25 e s o — Fh 2 2 2% %
J6. gy 5E DPD J5 vk i H 5T B 9] 2o 3 i B
W A% B A SR A S B 2T KSR /N . AR USRS R
T 58— R R .
2.3 AXHESREBLE

BT U B A SCIR I 29 T B e
B 7R BAR L IR INT o




57 XI5 2 0 40 8 00 /I A 6001 5 2% E 26 0 T 40 O L0 10 0 141
S| MGG XEO 2.2 WA T k. & k. R AR E K 4 000 m Y IE T

FE XA TTRR T FIAH B 908 M
W2 b AR IS A OPL B st Y MO A
R R m & P,
F$B,I BRI R P, £ A YRR W,
i L0 A Y T X S g L O A E R — OE
- DX R R ) i 2R 25
S|4 HEEPATH IR 3. B P/ E L F XK
ANGE BN — S0 AT XK N T AR T XK
FTBR T K 122 7 DX S i e ok e 28 1 X3
]S R AL DB RS R R, ik
PRI B POAK K X e 48 IR 4 T A% K1) 4
H$B6 RIE13) ~ (16), 55 1A B A% 6
AT B A (B) o B G 4% BT A G 368 02 A 4
BRI 4 F5e KL » 5 i A X 17 %) I A% s 5 R
PR B A HE q.
2.4 EZRESW

ASCRT AR TR 7 07 s T R R M e
B A M4 R ST R AT XA
DPD Jik it A E 2 f. X FEM AL, hyy s

D
hp s 1169 FNN [ 26, HH 8 4B OCD> ) (hyy -
=1

ho)) o A FLSEEG R 4 BE L FNN 2544 [4, 8,
16, 1], Witk M R KB mitEEREN
O128M) ., DPD J5 ik B 5 % J& 32 %2 Bk 7 9 4% 2
G R T R AFE S8 N 55 8O U8 1 554 Ak
T 1 AR B, 3 %8 AT 4 AE A8 40 7 % HH B K
FRAEME . DPD J7 i) St 8 24 O(G(LN* +
L'+L)), iR A HA SO B SE 5 4 DPD J5 i1
TR AP (107 B O KF M 95 J8 b B
TR IR PE (10° B 90, Jr LAAS SCHT 2 07 25 10 11 5
SR E R T R 4T XK DPD Jy ik 5
S BE M ¢ FNN 53 Ab BRIV 52 2% B mT 2200

PAT M B b5 e & F KIS K /N R
B DI /N 1/2M 5 TR I Y Rl 43 1 I A K/ A )
W, 58 4 ff l DPD 5 ik m it BB R E N
OCYG(LN*+L°+ L)), BlE b A Sy vk 2 2% i %
h1/2M,
3 PFESLE AR

AR T8 AT VT ST B S50 T B R O Y
PEREATT B RS PR AT B0 0E . XF kA - O 8 A /D
P L MEAL R T TDOA 24011 Chan [QH 26 58 fif
JrikY s @A) B e AL X SR N A 1.2 5 DPD

http: // zkxb. xjtu. edu. cn

BB, 8 4 D EYHLCED L= 4) 43 A5 & 75 X Ay 4
AT . [ —Z 80 & T LT K YO 7 0 € i
LH R g = sy T g =) S HIRER kK
S IO AT B A T PR B S5 A B ORAG TEALE 0H E
M3 J7 R iR 22 (root mean square error, RMSE) 3
M A% T R I E LR 22, H R IR

Egus = N/;{;;[uk — )7+ G — 307 ]
(a7
3.1 EAFEEMRESRREMITEFHTLE

B MK R 20 m. 78 A 2SR RE =7k
AEGF LIS B 45 BT 3 Ry ik 09 22 0 ¥ 5 MR iR 2
CRERR 7 123647 1 000 IR SEHER B 5286 LA K 45 07 1
HEAT 1 URUE 8 LT W B R] . (7 FLRC R Intel (RO
Core (TM) i7-8700 CPU @ 3.20 GHz, Matlab
R2019a, i Fl A 1. 25, bR HE 2R 0. 43,
FI 25 ] R RUBE 32 P8 80l

F. = 20lg(d) +20lg(f;) +32.4  (18)
Aed TR 5 @ AL RO Z 8] BE B9, km; f)
N 4%, MHz,

AN ) 7 95 4 AN 35 22 AR BALYK R A7 ] X6 EE 43531
WK 3 MK 2 Fim. W LLE I, 456 /N i 2 4k 7
5T TDOA 24 Chan [K W25 % 37 J5 15 7E RE W
BAR T T DPD #9775, 3 Ud B W 25 5 067 125 1
PLPERRIR I T2 BT B, Y TR IR T 20 dB
BF AR SCRT 4 J7 i 5 DPD J5 36 A5 AH I 9 5 60 6 B
H DPD J5 2 1 58 {37 B 8] 2 54 A% 307 3 (e 287 X35
MK 500 m W) Y 44 £ AT LA SCOT I KIEREIR T
EMRITER AR, XE S5 B 64 54 i
NP T R 2 A A L rp i 2 W 2 A b 3 S R T
— 7 T B T L B W 3 Rl 43 A A% B i T AN )

I ——F L
——DPDJj ¥

—o—& 377 ik (R A T X RiLK 500 m)
—o—A 77 ik (R A& F XL K 250 m)

HTRIRE/m

0 5 10 15 20 25 30
T tb/dB

B3 AN [E) J5 i 19 R AL 1% 22 X L

Fig. 3 Comparison of positioning errors of different schemes
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