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Abstract In this paper, it is shown how the performance of the monopulse algorithm in the presence of an
additive noise can be obtained analytically. In the previous study, analytic performance analysis based on the
first-order Taylor series and the second-order Taylor series has been conducted. By adopting the third-order
Taylor series, it is shown that the analytic performance based on the third-order Taylor series can be made
closer to the performance of the original monopulse algorithm than the analytic performance based on the
first-order Taylor series and the second-order Taylor series. The analytic MSE based on the third-order Taylor
approximation reduces the analytic MSE error based on the second-order Taylor approximation by 89.5%. It also
shows faster results in all cases than the Monte Carlo-based MSE. Through this study, it is possible to explicitly
analyze the angle estimation ability of monopulse radar in an environment where noise jamming is applied.

Key Words : Tracking radar, Amplitude-comparison monopulse, Mean square error(MSE), Taylor expansion,
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Table 1. Parameters for simulation

description value units
Monte—-Carlo simulation 100,000 times
The mean of the noise
) voltage/
received at Antenna A, B, 0
meter
C, D
The standard deviation of
the noise received at 10708 10709 degrees
Antenna A, B, C, D
3-dB beam width 15 degrees
Track axis gain 1 voltage
Antenna squint angle 1.415 degrees
Gain of received signal 1 voltage

Table 2. Labels for azimuth MSE expressions

Azimuth MSE expression Label
Simulation E[(6°—0)?2] (SAo)
Simulation E[(6"—0)?] (SA)
Simulation E[(9'7 =" —9)?] (sA1)
Simulation E[(6%*=2 —9)?] (SA2)
Simulation E[(9@r==3) — 9)2] (SA3)
Analytic E[(0@=1 —g)?] (AAT)
Analytic E[(0“7*=? —9)?] (AA2)
Analytic E[(0'7 =3 — 9)?] (AA3)

Table 3. Labels for elevation MSE expressions

Elevation MSE expression Label
Simulation E[(¢°— ¢)?] (SE0)
Simulation El(¢ — ¢)? (SE)

Simulation E[(¢"*=V — ¢)?] (SET)
Simulation E[(¢"=2 — ¢)?] (SE2)
Simulation E[((ﬁ(a]nqu: B (P)Z] (SE3)
(AET)
(AE2)
(AE3)

Analytic E[(¢“7 =1 — ¢)?]
Analytic E[(¢"=? = ¢)?]
Analytic E[(¢"= — ¢)?]
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Estimate of Monopulse Radar
(number of repetitions : 100000)

PN i = Ay
& (AR

0.1585 0.1945 0.2087 02029

Fig. 2. Azimuth MSE for standard deviation

Estimate of Monopulse Radar
(number of repetitions : 100000)
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Fig. 3. Elevation MSE for standard deviation
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Simulation MSE and Analytic MSEs

Fig. 4= 2H7IEE 9 o838 MSE @4k Azt
¥} 544 318 THS o83 MSE A4k Al7H9] A
7 vl Z34E Yehdoh 2 AtolA Akgt 34 E)
A ZAPIEE siAd MSEQ] HAAIZRE Analytic
MSE(approxi=3)& Uepdlit}. ol 23t Hdy AP
o] 34 MSEY  AAMAZEI Analytic
MSE(approxi=2)2th 2.28] 2 AR 33} €Y

g ALY 347 MSEE RE AlEdo]A HHE3]
oA Simulation MSE Xt} ©l21 100,000819] 5t
E34E 714 Simulation MSE Rth 8 1,3554]
B2 X8 HolZ=g)
?19] A= 59
Alo] QIR 3%} H|d 8 A6 54 & MSEE &
&oto] 2% HLeZAIEe] siAE M
E’&@gi 89.5%AAAIZAAT Aok WS o5
EH7FEZ7]89H] Simulation MSEXETH wh2t},

M AT T

QF 2= 9] AL oF7to] A|7F &
S

5. 28

gojgollA= QR 93t T FFNA 4=5H
8 BAACE EA57] {5 33 Elde APt
9] MSE &A7|9& AotstyTt. $=41 v Ha S=AH
4709 AEE2 A= o] gl AFEE S48 4
= STl 7St o] 2AA, AQk 33 H
A A7R71EE 5142 MSEE ZE7IEE TS o]
SHA] gkl AEA0 R ST MSEE AR 4
on, 342 MSE= ZHZIEZ7|9F MSE R} 34k
&/40] Et= ATE =EoISIth 3 23} HdE &
ARZIRE SiA 2 MSERTH 321 B2 ZAP|HE 344
MSEE #&5to] eff HiegA duE]Ee] MSE H
77+ MSE 235 Holw, 22} H|de] ZAIEH 3
A2 MSEE 283 o B9l MSE 225 89.5% #4
AZAT ESE g EE WA gho] 37F S 24 |
A ZA|EEe] 3142 MSE= el BieHA $24]9)
MSE®}FS] 23} Zpo]7} o ARG 2 AtofA] At
32} H G AR sA14 MSE= 3A &ol7h u
Al =tk ol JSRo| & & A JFolA9 Hio
A 7% 34 ks Aokt A Y ZoE A
gH

ﬂl
A

=

B 3o obo

REFERENCES

[11 ' S. M. Sherman & D. K. Barton. (1984). Monopulse
principles and techniques, Artech House. Inc.,
Dedham, MA.

21 A. 1 Leonov & K. I. Fomichev. (1986). Monopulse
radar. Foreign Technology Div Wright-Patterson
Afb Oh.

3] D. R. Rhodes. (1980). Introduction to monopulse.
McGraw-Hill.



21 s¥¥E==X H113 H1258

4]

B. R. Mahafza. (2013). Radar systems analysis and
design using MATLAB. Chapman and Hall/CRC.

M. A. Richards, J. A. Scheer, & W. A. Holm.
(2008). Principles of modern radar basic
principles. SciTech Publishing Inc, vol. 1,

DOI : 10.1049/sbra021e

R. C. Davis, L. E. Brennan & L. S. Reed, (1976).
Angle estimation with adaptive arrays in external
noise fields. JEEE Transactions on Aerospace and
Electronic Systems, (2), 179-186.
DOI : 10.1109/TAES.1976.308293

D.J. An & J. H. Lee. (2020). Performance analysis
of amplitude comparison monopulse
direction-of-arrival estimation. Applied Sciences,
10(4), 1246.

DOI : 10.3390/app10041246

Y. J. Han, J. W. Kim, S. R. Park & S. U. Noh.
(2017). An investigation into the monopulse
radar using tx-rx simulator in electronic warfare
settings. In Proceedings of the Symposium of the
Korean Institute of communications and Information
Sciences,  Jeongseon, Korea (pp.  705-706).
http://www.dbpia.co.kr/journal/articleDetail7nod
eld=NODE07125974

Encyclopedia of Mathematics. (2013). Taylor
Series(Online).
https://encyclopediaofmath.org/wiki/Taylor_seri
es

Wikipedia. (2021) Normal distribution(Online).
https://en.wikipedia.org/wiki/Normal_distributio
n

oo
ogt
10
T
<
D
@]
>
i
g
o
I
Q
3
o
o=
for
[

- 20219 2¢ : AlE TSt MRSt
@D

- 2021 29 ~ @A ¢ AlSTiEh
AREAFOTH A

- TR0} 1 FojE ALz

- E-Mail : gkaguddn@gmail.com

Z A H(Kun-Young Kim) (S5 2]

20179 29 ~ @A : Al
iy A B A G TN EALY)

- FHAEOE - FlojHAlE A

- E-Mail : wkkim1343@naver.com

0| & 2(Joon—-Ho Lee)

)

19944 290 : ERFHRtL 5
71 BSUEFED

19964 290 : EgBst 5t
71 BSEFEAAD

19999 89 : EaFHstL A5t
71 ZSEFS D

. 20044 39 ~ @A) : AlFTEHL AREAT} a1
- TR HiGAE A, FlolHAlaAe, AvLERFEH L
- E-Mail : Joonhlee@sejong.ac.kr



