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Doppler Profile Extraction to Air-Breathing Targets with PT-Waveform
Received Signal and Target Tracking Information on a Ground Radar
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Abstract

This paper has been shown for the extraction of Doppler signature from the radar signal for an air-breathing targets tracked in the
ground radar. For the extractions, a Doppler resolution is confirmed from mathematical modeling of PT(pulse train) waveform. Doppler
signatures of air-breathing target are varied to radar aspect angle of engine and are determined from physical parameter of jet engine.
To confirm such Doppler signatures, the radar signal reflected from the air-breathing target is obtained by our radar signal storage.
After this extraction, radar aspect angle of engine has estimated from tracking information. Relative differences of Doppler signatures
to radar aspect angle of engine is verified from these results and Doppler profiles for radar target identification appliance are presented.
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Table 1. PT waveform parameters available at ground radar.

HANEF7) Ty 8.5~11.5 usec
HAg N, < 60070
HAE A T 4~6 %
TEY gy - >5007H
Melef Fota fe 9~10 GHz

o Ao F o7t w, 9l 41 PTY F3b4 A EYL

ArN sin(w—w,)N,T;,/2
2 (w—wc)NpTO/Q
&y sin(nwyr/2) sin(w—w, +nw )N, T)/2

Fliw) =

= nwT/2 (w*wc—knwo)]\/},TO/Z
sin(w—w, — nw, )N, T,/2 |
(w—wc—an)NpTU/Q )

o] Hth. & (DllA 55 %3 AR &2 w, Ao sinc

W5 W A, ) RRFRE BT o

i1}
>
3
dz

= ST
(wy = 27/ Ty)2l &(—)FEH Aol o 3ol
sinc 5] Fo] U R FAHE oueth =& F
S (wy)E B4 S0 tate] 4 Q= At o] ¢
A g o] gad EEe Fug AEYS SEAHEY
o7 Wad Aot

Wy =— 2%(% %)

T PT 99 e] Fakr AHEFLS Fje]o] F3h4d
g8 ForE 2e] w, tw, 2 A8, 4 3)3
o] & & Qlth w4l S ~HERE B2 &
S5k (w,) B 2HEY A

ATN, sin(w— (w, —w, )N, T;/2
2 (w—(w,—wy))N,T,/2
sin (nw,7/2) Sin(w—(wc—wd)—ﬁ-nwO)NpTo/Q
nw,T/2 (w—(w,—wy).+ nwO)Np T,/2
sin(w (wc-l-wd)—i-nwo)NpTo/Q
(w— (w, +wy), +nwy)N, T/ 2 I 3)




Normalized Amplitude Normalized Amplitude

Normalized Amplitude

A4 0|tk PT-5

leee duty ratio=1%
duty ratio=10% §

l le-ee duty ratio=20% I

— 1.6 0 1.6 3.2 4.8

0
—4.8 —-32

velocity[knm/s]
(@) B2% Vg me}

=2—"

(a) Spectrum to duty ratio

L I I I I

eee # pulse=100
1 eee # pulse=300 ||
ee-e # pulse=500

. [
w

[\

o ot [[ | &<

0
-50 —40 -30 -20 -10 O 10 20 30 40 50

velocity[nmvs]
(b) g2 fed AHEY

(b) Spectrum to pulse number

N

_.
-
il il iy
®

eee velocity= Om/s
eoo velocity— 300 m/s

- 0.8 0 0.8 1.6
v
-16 -038 0, , 08 L6
(© °lF &8 2~HEY

(c) Spectrum to velocity

C 58 selelE wste W2 PT 3y S A

AEY 24

. Velocity spectrum analysis of PT waveform for pa-

rameter variation.

L
ofo
r
ot
of
~
Sl
|
&
(&I
fru
i)
ne
N
iy

a9 12 & 19 Foi st tigt PT 29
45 29 EY Aok 17 ()t 4.8x10° mse] £
YoM £ AMEHO T HAAZ H|(1)7} 10 % o
oA HAZ Wz QA 3o AHAEY 5] glas
A 5 9k I8 1b)= BT BE S5 &
HAEFP WE Bk D257t 3007 oS wE)
A 2EA A B]l A ko] Ao thgt TR EE Y
AYEE 4L 4 9oH, I9 1(a), (b)) AglM & 1
o 27e WEehs PT 32 800 ms W9 oA vt
Joll =28 F2o 247} fles & F AUk

T 1)l A WA e SE7F09] T2 S &
= 2HEYS Uit PT 39 SEMAE P
S 2 —800~800 m/s= H?ﬁ% ? Pom, & AHEY
o] & T (Mach 2)& 7= &

ok
odt
o >~
>
ofo
>
(o)
()
(e}
%

600 m/s 2. 2 szEi Dgoa AE AE) 29 EY
X% HREEO 7 (HHFSFO 7 o] E 5t ETA
F 1904 A8 A3} o],

e >
X ofp
lo, ob
on
o
e
ol oft
o e
SE
et
>
X0

o
=)
a
1o
e
Ho
1p
i
iv}
of\
M
il‘,
i
o
o o
b
k1
[~
i,
i
o

> af

o 2
S
>

1 oo o

o o o
3

ol
=

I

=2

_>f‘_.

(T

1

o=

ol

rir

ki

2 s
ot 051

Fl
-
PN
Lo
R
ooz

ol
ol
°
u
offt
24
N
)

o
°
rL ofh
gt
OH A
)
1o
to
2
24
=
>
oz

O fm ofx
=

[d
o
[\e)
=
o [

R J‘J"ﬂ*ﬂ Hel a4

131



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 2, Feb. 2017.

N
A=7| Eo|=
(@ stolutols 2 Hra Al
(a) Hi-bypass turbofan enginem

z

(b) gdHATZ
(b) Cross section on blades

a8 2. =29 4 B4 o3 AE X I

Fig. 2. Physical configuration of jet engine.
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Table 3. Information for the jet engine of B777-200.

Manufacture Pratt & Whitney
SHAFT rotation(Max.) 10,850 RPM
# of fan 2270
Fan length 61 inch(=1.4 m)
Rotation CCW
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Table 4. Theoretical Doppler modulation value to B777-200.
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Table 5. Value of Doppler signature from Fig. 8 at time

A, B, C, D.
AR | EEY g4 34| $EZ2 | IEM 1HH(AQ)
A DS 53.5° | 236.5 m/s -
B DS 71.5° | 2265 m/s -
C JEM 148 4° - 74 m/s
D JEM 156.9° - 71 m/s

* A: 2900090 tick, B: 3097041 tick, C: 3594484 tick, D:
3811231 tick.
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Fig. 8. Doppler signature at aspect angle 53.5°(Table 5-A).
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