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Performance Evaluation of Vector Tracking Loop Based Receiver for
GPS Anti-Jamming Environment
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Abstract: In this paper, we represent the implementation and performance analysis of vector tracking loop based GPS receiver for
jamming environment. The vector tracking loop navigation performance is compared by simulation with conventional tracking loop.
The simulation results shows that vector tracking loop is more robust than conventional tracking loop in jamming environment. The
vector tracking loop can gain 2dB in jamming performance capability over a conventional GPS receiver. Also, Anti-jamming
performance of INS Doppler aiding and deep integration method are compared.
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Fig. 1. Block diagram of conventional GPS signal tracking loop.
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Fig. 2. Block diagram of vector tracking loop.

[6]. 712131 GPS ¥hg o]l % wek vl dA7) 9
omw Zrldow HE MAE olgdo} B INs AN
GPSele] Aa R Al EAJoz Wo] o]gx|ojgton]
o AA 7)Ze] Hag A7} INS Aol ddE T 9l )
BE47ze FPLAES /)29 GPYINSE AL
ol-g3te] 7 274AFS AT 5 Ytk
Al WHFATEE NEOR 1S st
EeolAde B3l st
Se4N 71T 2FAT 7]
W T wAE s BAERITE 1 g 15 R
°,

Qb WEFAHTE Frol PYUREE i, INs 7
AT T4 1 Al eIt 1V del Al
Wt mg vhg A eI vvte s A 4
ZJasirk

IL ME|SESE 7x U AA

1. I:HIE-|7_<7HEH =

sle] 9 20] ekt A3} ol WHFATIE ya
Hold 2 A1) QlRlE A5 ASsre, B
A4 ¥lolof BT Weba Gps A7) AwbAR) AEFA

SI DB 4D g8t 153

Fo PrE BASHL PPt TR MEEE T
A2 WARES TR PYat FHHA PYReol

+b" )

fo=- ]fn where v =V, ()

oJ71A ok v = éﬁﬂ FalE el ok v
A 9173e] #1A I b A5 7 A LJ]‘EL L]'E}
ok 22l g, Jﬂr c ‘C 242} L1 ket 3452 vtk
ZF AL orpAYet FukrRRE IS E wheal
A H = Ao} st Aae Ade 259 —erJr—}F il
71Z JEE] dS5E @3 d9d ge Aol
FHIHAA = o]& o]&ste] FHaE Atst
et I A ZF Ade] 82 A
(measurement residual) &= ©]-§-FIt}. offjol] AAE 3
off thahA HrERASA.
2. EHEH MA
2.1 MEfEREA]

mE
mlm

=
to m‘lN'

o
g -
T oo

rf
mu

o]

[e5

10
N

i)

Ho
)
R
re
jl
ol
pod)
&
Y
o
N2
o
-
2
i
<l
=
>
ogt
e
=)
vl
o rlr

¢

2
19
.
5
0,
>

1B od 30 oE
(F 0 Ho 2o
w AU
24 1o ¢
o
dooE o ol

N
=

fo ¥
e
>,
=
to
2
1o
e
%
f
)
o
ol
2
Hu)

KXo =X +wy (O]

F 0 [3><3 TI3><3 = 13><3
s 952
F:|:01 F }’ Fp: (UNPRR S Tl |,
952 b
055 05, Iy,

Tt 72
%szz 3 13x3 ?st:s 2o
_ 3 72 T 3 2
0,=9,T|5hs The 7hLs| G=qT T
2 T 2
6 13><3 Elsxz 13><3

T e ke et

2.2 5YLEYA

A= 71 BB A ARk oA
ASHEE SISl SRt AAl s e M) =



154 = & al

Holuz olgle] ARG T LE FHA Ko
2 Hasith

A C
n_ Vl: 'A n 5
Pem P = T o3x100 ©

n %n c .
L= p == M ©)

A7 pf, pp 2 niA 917de] ex AP er 1 WEkES
R, 5y o FHEECA A5E oAAR et 1 W
&S Uepith A7) I A E 359 Fu WY &

PaEls] 24305k S U e ofelsl k.

Ze=[pt ool B B )
Z,=h(X,)+v,
pi =l s ©
ka(vi v") ||r ::” +b;:

oz
‘ aX X=X
_h h -

©

x.n |ri —p

AN I, by, b,y 2 BEHOES] W SR e

£ HEhdth

IIL INS MM ZBl 44y

oo QNkA] A FFA T} WA R

2
O,
b 2

g INS Ax A el disiAl JEeRIIeE dRbERl 4ls
FHAFIE INS BE5T EAR 7HE o]838lal, HEF
AR = 24T 718 ol&3lo] INSeF AgsI3it
1. INS 228 =288 7|H

GubA Q] ATFEAZT Lxo|A INS FHARE o] g3}
o] MNEFHFE] 45 FIATI7] HEiA INS =EE
E2AE 7o) olgHr)k Iy 3& INS =Z =R
7199 F2E Uehd A=, 7]E9] GPS/INS FAZY A
gt TR INS =EZE AR 4 AUy AEFAFIR
A E = FEo] F1Eot) INSE Ed =Ze] AR
AN FHTI] gHES TAaAY]aL, JEHE s =

Correlator Discriminator

(Carrier/Code)
pco Loop Filter
(Carrier/Code) {Carrier/Code)

Discriminator
{Carrier/Code)

S

9 3INS =5 =R 7.
Fig. 3. INS Doppler aiding.

Discriminator
| Correlator (Carrier/Code)
[ Locat signat
| Generation
o
H
H
Discriminator
'| Correlator (Carrier/Code)
[ vocatsignat
I Generation [

9 4 2R 7N
Fig. 4. Deeply coupled integration.

Z
o,
e
2
i

<
rlr
o
oz
i,
a2
2
R
N
é
iliv8
o
N
e
%
o
)

Ass ARTTE INS AA F/AE

i o 4% oE

Bl
4
o
o
rir
P
o
Y,
o =
N
T
Lo
-
BN ofr

Iv. A|Eajo|Ad

1. AlZa(0|M Hlole dA 3 He|

AA AlEHA 48 17 59 Zo] YERISIT

a9 5ol vreRA A3 o] AlEHelHE volE 9
A AR 1elal e AR & 3o R T
wo] 3t dloly Yol x= GPSe IMU Hloly A4
Qg 7] vlofEle} AREAPE ot ARG A i
ot YA AIEE TFdell AgH ghe o] 8star, A A,
we Az A7), a2l IMU AN S RE AREA7L
19317 9ok cw n@d A5E T E5 HlaiA Aol
ARIQA ] 71 F QS T Aoz A Y
o]g3lGitl2]. B =RollM= 1719 cw mET)
thar 7HAsigl o, JSRO] H9] 0~3020.% HA s}t

o o Hr

K

i
ol

% S i o
K

JB
i



User Defined GPs Track & Navigation

Dynamic Dynamic Data
General Tracking Loop
e (DLL/PLL)
CW Jammer { Doppler aiding
Jammer Thermal Noise —I

Vector Tracking Loop
(VDLL/VFLL)

Integration

Information

IMU Sensor IMU Sensor

Specification Data > INS Algorithm

‘ Signal Generation

‘ GPS Signal Processing

T 5. AA AlEEel A dolE £ B .
Fig. 5. Data flow and structure of overall simulation.
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Table 1. GPS signal generation variables.

Intermediate Frequency 4.188 MHz
Sampling Frequency 16.367 MHz
Simulation Time 10 seconds
Visible Satellite Number 11
Jammer Type (#) CW(1)
Jammer Frequency 5MHz
Jamming Signal Input Time after 1sec
JSR range 0,5, 10, 15,20,25~30 dB

E 2. IMU AlA 24
Table 2. IMU sensor error.

Gyroscope

Bias 1 deg/h
White Noise 0.1 deg/h
Scale Factor 300 ppm
Misalignment 500 urad

Accelerometer

Bias 1.0 mg

‘White Noise 1.0mg
Scale Factor 300 ppm
Misalignment 500 urad

East [m]

North [m]
a9 6. A A4,
Fig. 6. Generated Trajectory.
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Fig. 7. GPS signal spectrum with CW jammer (JSR 20dB).
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