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Study on MMTI Signal Processing Algorithm and Analysis of
the Performance for Periscope Detection in Airborne Radar
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Abstract

This paper describes an MMTI(Maritime Moving Target Indicator) for periscope detection in airborne radar. Firstly, we analyze the
characteristics of sea clutter, sea targets. Secondly, we study the differences between GMTI(Ground Moving Target Indicator) and
MMTI. This paper proposes an optimal MMTI operating environment and method. We also suggest a signal processing algorithm using
STAP(Space-Time Adaptive Processing) for detecting small RCS target moving low speed. The detection probability for moving target
with MDV(Minimum Detectable Velocity) is simulated under various RCS and multi-channel system. Finally, we analyze the major
performance for range, velocity and azimuth accuracy.
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Fig. 2. MMTI signal processing flowchart.

Tracking

Ql',
X,
1
i3
v
ofX
o>
o
S
S
fu
p::

AFsk 3 STAP, CFAR

H

w2 e Mol
rir
Mo R
»

7Y Asks et
ol = post-Doppler STAP FollA ==& Wl 3

fd

e HBE o] &3k adJacent bin k-3 post-Doppler STAP
S 4308 CFAR & HITES Z82HY 34 5
& o 7He] tERE 7HAAl HAL, N of M o] %] F3 7
< B3l §A 52 o|Y, QAEE Aget. d8 Y
ozl M FEH gAHE 242 Hoste] & Ant
o 4 ARE FE81, AR At JHE o
gto] F4& ety
STAP, CFAR, Z1= Al Aboll th gk 2pAl ¢k W2 19

g A A 4 HlolE & STAP
94 ojth. 123 & EHQIeE WA
=28 ZHE Ay, g8 ALt

} < SMI(Sample Matrix Inversion) 7] <
atH, duba o & Wol Alg-ahe Setold s A
e q_[9]_ o]/\mo Jg_ Ak zsgazl g ]SHH'C J_JL_;Q‘ o]
74 (homogeneous) 3 S8 75 7 sk, 317

ZH & H]-7 2 (non-homeogenous) 3 541 7HATE T

Nloé (9%

2 o

S oo Mz %
r

Q

Data Sort
1

Doppler Filter Generation

Covariance Matrix Calculation
(Range Sample Selection using Histogram)

1

1

1

1

1 i

Apply Doppler Filter 1
to Covariance Matrix :
I i

Weight Calculation :
for Clutter Cancellation 1
I i
1

1

1

1

1

1

1

1

1

1

1

1

1

1

Repeat as
Range samples

Clutter Cancellation with Weight

CFAR
(comparison of test cell and noise level)

Target Angle Estimation

oo m e m——m—————————m

T8 3. STAP, CFAR, Zt= AAF A &M%
Fig. 3. Detailed flowchart for STAP, CFAR, angle estimation.

663



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 8, Aug. 2017.

il

g4 &4 479 RCS7F thekslr] o), &
2 A5 7tEA] A oR ol dasit) e
ErdlAe AzRlvig A i s| B9
. B %E Fol7ke Ag] Hlol tisix e &50] 37
U e 2o|d Y A8ty Asle] g
Ael ARE ALletl gt PP A s
AGETt o] F FEA FEE 5 EHdCE vy,

Attt 7hsA gk e 7%4 HJ

[¢]

=

A

Mr > o

4

sttt g2)7F @ HITo| tisi s 23 7te g AWGPE}

FA 22 o= dukkgo g WE| /6, 148, 1/109)
TAS 7H) whek whe] W1E 400, W9z et o
Z9] 1/10¢ A5, ¥ Z 2 A= 0400tk AAAE 10
kmol| Al Zte QAE ARlZ FHAFSHH oF 70 m, THeF A
A1) 100 kmol ™ 91 7F LAk 712 2 698 mrt H k.
w2} A ukol 7t A8y} g Qs

B =RoMe /& B AE F85E Uy, 17

2 STAP MLE(ZFU7Hs = <39, Maximum Likelihood
Estimation) 49| #+& 2= WHO R 7t% A4 ¢3¢
=< Tash

EygAE oj&e 7t AN WS F 79 574
ol A dlolEoll A HZ)AHA) A3 E WHET, T/
9] Yol ZRE B3 A4E FAsE Wyt
Qe Ad o] 37090 A3
of /A NBE T

O~
293 Aol 2 HelEt ¥ & SNRS /HITHE 7
A<

%

3T
ReEs A4S AT 24 4EE AW
T4 1 STAP At} 7hg ko] e vl-otrolnt. &
A A% ¢ %4 2% f,0 vt Huzhe] 240

max |8(¢afd)HRflx|2

$.f.)=arg -

0:fu} Ofa s (oo f )R s (9 fs) (1)
714 s+ A7k i“’i} U, RS 3R 4E o=

FAl Al Go|th, MLE= %4 Ztwd we} 2549 g

23S 7RIt MLEZL HU#ks 7HAE 28 4R E 3]

3 H 0 2 Newton'H S MLES] -3+ WM Nickel
g 7|goz & wyle] gich

1o Lo

o -
X—].B_ 2y3EA

-1 = —

V. MMTI AIHIOIE MY

MMTI dAElelBl = 17 49F o] AA gt A
ole] A4 AlEdlolE = ARG dEsloF & etiE
(Hd)sk AlEd o877t Artshs A EHEDE Ys

s
B =RoM AAe 2 vuEE % 13 2 &
371 21E& 6,000 m, 7] £EE 150 misolH, 5

ForE X9 & AR gtk HAHA 45 (Minimum De-
tectable Velocity : MDV)& 3 & bl AR B3ke] 10
kmh=E A%, 222 254 §l= PRFE A6k 9
= 31 F9Y vAtErE 2 H-{sE AA s

3| 4e] AEl= Sea state 35 7|02 31, F2H WA}
A #e 28 19 wel 38 dBmim’e 2 A3k
371 delvke] A, stedle FA/A7] 59 Aok
o] Am, Ade] BopdFE studof7t AL, A
G7F HA o] o7tk K A do] WoldsE AMF
o] ol L, AAZF AeAZE flsirle AeAe BE
o M7t S7keHA Bk ol v, FA, 3719 STt
£ 9nmgith meba] B =EolAe Al *—’F% F 43}t

1. 52 AedolA g

Table 1. Simulation parameter.

Parameter Value
Platform height 6,000 m
Platform velocity 150 m/s

Number of channels 2or3
Center frequency X-band

Polarization H-pol.

Slant range 9.9~11.6 km

Bandwidth 20 MHz

Pulse number 64
PRF 1,600 Hz
Sea state Sea state 3
Clutter RCS —32 dBm’/m’
MDV goal 10 km/h
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Table 2. Detection probability - target scenario.

Scenario 1 Scenario 2
Target 1 | Target 2 | Target 1 | Target 2
Velocity 10 kmh | =10 km/h | 30 km/h | 50 km/h
Slant range | 10,250 m | 11,150 m | 10,250 m | 11,150 m

RCS 10 m’, 1 m% 025 m’

H 3. 23¢ AlA A SCNR
Table 3. SCNR before clutter cancellation.

RCS 10 m?> | RCS 1 m® |RCS 0.25 m®
—-39.75dB | —49.85 dB | —55.87 dB
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Table 4. Clutter cancellation performance.

=175 Hz | +175 Hz | +575 Hz

Before clutter cancellation | —52.81 dB|—52.25 dB|—70.17 dB

After clutter cancellation | —78.88 dB|—86.56 dB|—74.84 dB

Clutter | MDV 5225 dB
+ noise | Fast target —=70.17 dB
MDV 125 dB 24 dB —3.62 dB
SCNR
Fast target | 30.42 dB 20.32 dB 143 dB

Performance 26.07 dB | 3431 dB | 4.67 dB
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Table 5. Detection probability before clutter cancellation.

RCS 10 m’ RCS 1 n? RCS 0.25 nt’
MDV Fast MDV Fast MDV Fast
target target target

Ch2|100%[995%| 0% [100% | 0% | 84 %

Ch 3| 100 % | 100 % | 0% | 100 % | 0% | 100 %

6. 29H AA F #A FE
Table 6. Detection probability after clutter cancellation.

RCS 10 m’ RCS 1 m? RCS 025 m’
MDV Fast MDV Fast MDV Fast
target target target

Ch 2| 100 % | 97.5 % | 100 % | 100 % | 6 % | 97 %

Ch 3| 100 % | 94.5 % | 100 % | 100 % | 62 % | 100 %
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Table 7.Range accuracy/velocity accuracy.

Slant range accuracy

Range bin size 7.5 m
2.0205 m
0.2694

Range error

Range error ratio about range bin

Velocity accuracy

Doppler bin size 25 Hz(=0.38 nvs)
0.1615 m/s

0.4250

Velocity error

Velocity error ratio about Doppler bin
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Table 8. Azimuth angle accuracy - target/clutter scenario.

Scenario 1 Scenario 2 Scenario 3
Non- Non-
Clutter Homogeneous homogeneous | homogeneous
Veloci 10 knvh / 10 knvh / 30 knvh /
Ta. Yl “10kmh | -10kmh | 50 kmh
get | Range 10,250 m / 11,150 m
RCS 10 m’
Angle 1. Simple monopulse method
estimation 2. STAP MLE: Newton method
method 3. STAP MLE: Nickel method
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Table 9. Azimuth angle accuracy result.

Simple STAP MLE: | STAP MLE:
monopulse Newton Nickel

Ch2 | Ch3|Ch2|Ch3|Ch2|Ch3

Scen- | Angle |0.1930°]0.1918°/0.2332°|0.0757°|0.2910°| 0.0845°

ario 1| Ratio | 1/20 | 120 | 1/16 | 1/50 | 1/13 | 1/45

Scen- | Angle |0.1995°(0.1935°]0.2316°0.1064° | 1.1486°| 0.4528°

ario 2| Ratio | 1/19 | 120 | 1/16 | 1/36 173 1/8

Scen- | Angle |0.0995°|0.0821°]0.4411°(0.1374°|0.4613°| 0.1401°

ario 3| Ratio | 1/38 | 1/46 1/9 1/28 1/8 1727
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