&
&
«/'}’/»U/J/Uv >

£q -5 e Y7 Qllm-o)' Ay °)L°-*i’ ) Jw

S s (5l oty comedk 51 00l b Jladboss 159, (518 181 39 SNR S

A . #Y o \ Y
Lol el O3 o 20 mb ok GBI
ode S 5 ol GLaliad =Y bl =Y (g S5 (g pmeils =)

VY0 1ol A8/ Y/TO il ,3)

ons>

4

aS Al ol Jlogs p oYU Cawnl 5l Ban (5,55, 50 eaiiS caiad Jlddes 00,8 gowl )l wingy oo )b, Glraikls 4o
i Hblo gl saS Coded Jladdeas 00i Sy 28L s LS il loy b peiiie Co s gl o 4y s suiiS el g Bu

JUSems sl ol 5l (e oS cdind Ly Bue 09 Jloclid (b 5o «Jladaass 0ni S il callie (pl )0 .09y wlys (yloj b
UK 5l oiod ezt (sl yial )y b Gebaie 2Ued 5l oalitl b s 85T o0 Cemdty (uilS 2~ o olisST Jous 3l oalizal L1 (28l 50
lopies8l b oalsall)) by, 0¥ slags luand 1L Coles 5o e oo )8 Giomiw 990 1) (llgige (55053, slaulyy 8o ¢ 8L )
b bgio o (ite by S5t o)Xl 5 @ )98 o slad sl 5o S b diin Jore 50 (sl p (e
(5850 JUiSew lo ol oy b oot il o2 s8Il a5 ol ol 5l (Sl (ilusaind (@S 058 o 518 Aulio 850 JUS s

Sl b 3lg

Gubio pilod (plulo (g3lwiyl e (il 58 = loy oligS Js o (e

o )00 (1 ()L 3gme 5 (omw (lligiga lol) Jlabaes
BENAE ST SO UOINR IR NP et
Gl it )1 @z JuSs slo il )y resd j0 YL
oolazwl L: ..\..SLSA C‘)JL..M:‘ ‘) - JL.iM.J Lng)...A‘)LJ 9 oé;

\>9.MJLSA 4...7‘0;.’ wJL\}JjA JL:BAM o“\J)’“f &Lﬂ.u‘ 9 Coww

as ‘_,’JLA)’ 3 Ko Fos Jleda s @%ol) 0l S 4o
Al s ailele 5 a5 Boa 5l (255L U (59, 5 055
e e iy (slaggly €85 05 o )18 Gllgie T 605,
il Sl a8l o JUSen g a4 S
6% > d.».]aua woolaul Oy90 ~.\.\l) L‘;L“Q) Sl f’)y Loy SNR
s 5315 53 BB s Soger oy w5 S il
LY = . I .
Fod e Gl &5 00,5 oo Sl iyl T e 4 )58
Jlsbaas 0w oS o il JiSw ol lay ,r Bobaie 4y 58
3 =i 5k JiKw (Ban (05 bl Do )0 dlwgy zge
3348 05,5 o alb " el S5 LK &g Lo, Boa

4- Tracking Mode

5- Signal to Noise Ratio (SNR)
6- Fast Fourier Transform (FFT)
7- Bin

8- Tone
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1- Direction-of-arrival (DOA)

2- Adaptive
3- Maximum Likelihood Estimator (MLE)
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1- Windowing
2- Constant False Alarm Rate (CFAR)
3- Short Time-Fourier Transform (STFT)
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1- Linear Frequency Modulation (LFM)
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1- Cramér—-Rao Lower Bound (CRLB)

3- Polynomial-Phase Estimation

4- Improved Discrete Polynomial-Phase Transform
5- Discrete Polynomial-Phase Transform

28 g Gmedd g (e (g0l i 591 -0

So g (808 UK (3503 Joo b solering ) 5
oS Sl sl Ly G 5 (V) slao 03 b e JUSms
Ol 2 Gelate 2ld Sl ool 5 G9b @y S slo 2l
cib g oad (il ol b (Fui iy 0sdige o

el Seo3 Jol ST LS S 4 (8L, JUSe

>
¢

\%

Down Sample
v

I

Filter &
Detection

Angle CalculationH Find Max }
“0(g)
5ol alssm ez sl eolatul b (ojls o oSl 1(8) S
By S oyl (s

L




WWAS e oF oylas quomiy Jlos & S g hy — ole almo

INg

S paiges loy osL A g diges Slows N cdolas ol jo 4

el s s gl ulyly canl ;5 4 a3 il o
Sl et E55 e Ll )3 9 558 ey (S (e
OA) adslae LU Ly sl o 4l 53 55,2 cons 1 (uilS )5

WS ) D90t Ol ) oz £ lere Sl
| 90 )
n= |NSATSNR

ol Lo gy plo @ Cond Golate LS jleslizad (og:
el ¥ LS

90 (YY)
NS5A*SNR

1930y yidod -Y-0

)bowwﬂxﬁdh\_bwwut‘uuudywbwﬁb

Af
> — M| =~
5t—|(# 1]

oads Bl 398 03l ;0 (8L 0 JUSw AL obigS Jlej slaesl
b GeYgse slayiel b (e 0 oS Billas e
Ol 3l ookl L g w0 08 (ppmest JUKmw (il 3
e o313y 150z 21 31 3 U L
Sy sl S o () oles Gllas (28050 JuSew (28 L

ol At
x(t) =s(t) + w(t)
s(t) = L rect (i) exp(8y + j2mfyt "
VAt At
+ jmpot?)

> Hg¥ase b JiSws doles gillas alolee ol oS
Al sligy aibgo At Gy sligy b (el S5 S5 o (il 5
g n iy ym od &0t At Gloj o3b 50 398 JuSKm
BWipar = to At AR

anly 10 oy il sligy b uilS 3 Bl ek e g 45
b g S o S g g f 25 L Jl el oo
5 )_lilo u,.gLS/.s Sl s BA> gl 003 yozs LEM
Gbaie il ol (S5 wib sl Grels 5 (28050 JUS
Sz et 5l eados; e Sl p Gelate S &)g0a
23,5 iy 25 hd g0

h(t) = exp(—jm(at — t)?) )

@ Cod 3 yb e 9 4l 3,8 caw p ool 34 LFT
VY ] el s0el CRLB

laghsy j0 (uilS B Dl s 5 s gl dnlie :(P) S5
LFT 4 DPT JIDPT .PPE

Sln 9y 3 el 8 (0 S alan (V) S
LFT ¢ DPT dDPT.PPE

oola_l Sy SNR 0dgd e Ay Mb U"“”"’ &y ul;bJ‘
oolaiwl YU gLaSNR 3l 5,55, o as L] 3y il e
6‘)“3 0dB YL sSNR 5 653 Lgl.mm r:LoS 1 Sgud o0
a3 398 SlaSh Gillae 509 sialys LSy L 023l
e JiSs s U o8 il (i (05 LFE
= e GBS ()l (95 033k 55 17 dB slajyys
&z b @l S 3 -lej ol5sS Jrod Geedt Sgute
&ys—0dy CRLB jlade Lapyosd ol jo 0l so [VY-1 Y]
[VO] 0gis g0 08,3 (VA-Y0) sloaloles

90
N 20 09
var () ~ Y5 rasNR
45
AW (¥
var (fo) ~ 7 oenR

1- Low Falsehood Estimator
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X,(t) =h(t) *x(1) = f+°ox(t)h(‘r —t)dt
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Step 7: Dechirp signal x(n) using fi parameter filter
2(n) = x(n) * h(n)

BW e = ug At (%)
v
+j2nfqt) exp(jm(u
— Dt?)dt
3oy ool ool Jlab dous 0035 0 olate 1S g e e abdas :() Jgu
Input: Signal { x(n)|1 < n < N}; Set of Windows Width { = Ny,i;
Output: Filtered section X(n)
A) Estimation Step
Step 1: Perform STFT with Gaussian window g¢ (k)
STFT;(n,w) = Z x(n + k) g; (k)exp(—jwkAt)) A
k
ne[-N/2+ /20t .N/2 —7/2At]
Where
# 0 |kAt| < /2 va
k )
g(( ){= Oo.w
Step 2: Estimate the Intermediate Frequency (IF) maximizing the STFT; (n, w) with { window; )
f¢(n) = arg max|STFT;(n, w)|w
Step 3: Find chirp line abased on (5), and
fe(k) = fo + fig (kAt) X))
Step 4: Smooth with Median filer as [12] and obtain {f a. fk}
Step 5: For evaluation (u — 4) < Af /At compute the correlation coefficient p as [12]
L:if p = pp, ; then
2:  go to filtering section
3: else
4:  go back to the beginning of estimation section
S:end if
B) Filtering Step:
Step 6: Math filter according to (25)
h(t) = exp(—jma(at — t)?) v

¥Y)
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Item
Value
parameter Description
a; Relative Acceleration(gravity) [0-25]g
fo Carrier Frequency 16GHZ
BW, Doppler Bandwidth 200KHz
M Total Sample 40000
Nepr FFT Point 8192
T Time Period 40ms
SNR Signal to Noise Ratio [20-40]dB
F, Down Sample Frequency 10°Hz
N Number of Run 10*
Py Noise Power -54dBm
Fir Intermediate Frequency 35Mhz
Ref, Reference Cell 100
Gua, Guard Cell 40
Gefar CFAR Threshold 6.5
B, Monopulse Elevation Slope F.AYD
B., Monopulse Azimuth Slope ARAl
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RMS of azimuth angle tracking error (max method)
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The RMSE of Azimuth Angle Tracking (MAX Find)
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The RMS of azimuth angle tracking error (mean method)
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The RMSE Azimuth Angle (Mean Method)
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The RMSE of Azimuth Angle Tracking with Proposed Method
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The RMS of azimuth angle tracking error (proposed method)
100 T T T T T T T T T

—a,. = 5g9(m/s?)
—-=-a, = 10g(m/s?)
> a. = 15g(m/s?)
-------- a. = 20g(m/s?)
- - a. = 25g(m/s?)

RMS of angle error

20 22 24 26 28 30 32 34 36 38 40
SNR [dB]

CFAR (soleiiny (bg) (ol Som (65253, sl slba> (&)
Threshold=10

0X S el g Cans j0 (650, agly sl (Vo) &
o3 bl 3Ll by 33105 o )sNl (s lwesly
850 JuSow ol

The RMS of Azimuth Angle Tracking Error with Different Methods
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Abstract

In continuous wave (CW) radar systems, the efficiency of semi-active chaser receiver in the
tracking of target is of paramount importance. In a situation where the target and chaser have
variable speed (accelerated motion) relative to one another, in the semi-active chaser receiver,
the received signal has time varying Doppler frequency shifts. In this paper, semi-active receiver
with hierarchical features first acquires an estimation of the parameters of the received signal
using the short time-frequency transform (STFT) at the time of the acceleration of the target or
chaser. Then, mono-pulse angular tracking accuracy is tested using a matched filter based on the
estimated parameters of the received signal. Eventually, providing the required simulation, the
proposed method is compared with “maximum signal spectrum” and “average signal spectrum”
methods. The results imply that the matched filter-based algorithm has a better performance
than other algorithms.

Keywords: Estimation, Short time-Frequency Transform, Doppler Compensation, Matched
Filter
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