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Abstract: Insect radar is the most effective tool for insect migration observation. In order to realize target
recognition of insect radar, it is important to study the RCS characteristics of insects. This paper will analyze
the static and dynamic Radar Cross Section (RCS) characteristics of insects. Firstly, based on the measured X-
band fully-polarimetric RCS data, the static RCS characteristics of insects are analyzed, including the
variations of horizontal and vertical polarization RCS with body weight respectively, and the variation of insect
polarization pattern with body weight. Secondly, the dielectrics and geometric models currently used to study
the RCS characteristics of insects are summarized by electromagnetic simulation. Twelve dielectric models
consisting of four dielectrics (including water, spinal cord, dry skin, and chitin and hemolymph mixture) and
three geometric models (including equivalent size prolate spheroid, equivalent mass prolate spheroid and
triaxial prolate spheroid) are compared, and it be found that the RCS characteristics of equivalent mass prolate
spheroid are closest to that of the real insects. Then, the fluctuation characteristics of insect dynamic RCS are
analyzed based on the insect echo data measured in field by a Ku-band high-resolution insect radar. The

measured insect dynamic RCS fluctuation data are fitted with four classical RCS fluctuation distribution
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models (x?, Log-normal, Weibull and Gamma distribution), respectively. It can be seen from the least square

error of fitting and goodness of fit test that Gamma distribution gives the best description of the statistical

characteristics of insect RCS fluctuations. Finally, the application of insect RCS characteristics to insect

orientation, mass and body length measurements for insect radars is summarized.
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BHUA B R T, SRR AR, &
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REFS K b T Bk TR Y
1 ~77.99 —84.75 -86.00 -124.27
2 -99.12  -106.68 -108.08 -150.88
3 -93.78  -101.14 -102.49 —144.16
4 -123.15  -131.63 -133.19 -181.17
5 -12.25 -16.51 -17.30 —41.43
6 -371.97  -389.91 -393.21 -494.69
7 -38.37 -43.63 —44.59 ~74.34
8 -211.23  -223.05 -225.23 -292.14
9 -373.30  -391.29 -394.60 —-496.36
10 -114.34 12248 -123.98 -170.06

TRz 15155 -161.11 -162.87 -216.95

x4 FREMKEFREFKESHIRE(%)

REFS K il TR TERIRES
1 17.48 18.50 18.69 23.60
2 20.51 21.49 21.67 26.41
3 19.79 20.78 20.96 25.74
4 23.48 24.42 24.59 29.15
5 3.78 4.97 5.18 10.91
6 40.38 41.12 41.25 44.80
7 10.26 11.37 11.57 16.91
8 31.51 32.35 32.51 36.59
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10 22.44 23.40 23.57 28.19

PR ZE 23.01 23.96 24.13 28.72

* 5 ZHMEKMAREISEREIRE (%)
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1 43.82 45.87 46.23 55.41
2 49.78 51.62 51.94 60.14
3 48.39 50.28 50.62 59.04
4 55.19 56.83 57.12 64.43
5 10.91 14.17 14.75 29.29
6 78.81 79.59 79.72 83.18
7 27.73 30.37 30.84 42.64
8 67.87 69.05 69.25 74.50
9 78.87 79.65 79.78 83.23
10 53.34 55.05 55.35 62.97

PR %E 51.47 53.25 53.56 61.49
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HARRCS 4 3B
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[l 5 rlt FARRCS I (R BRI RR
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— [HES - WA
(a) EHIRIPAE S8 SN E1E
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AT T2 A8 B 8 ik B ARRCS Gt 145 ZRL A 45 x 243 i
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AR i 4R E H o3 A AR B d H AR YR CSEE
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i — B RCSHL AR 2% FE i 2 (PDF ) . & 45
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3.3 HIEMERR
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D =max |F' (z) — F (x)| (11)
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MG R E R . DIERRK-SKRRSH,
HF R PN A1 — Bl o 15 A 2R
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. o) = ex: S e S ST 4 e
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1
Gamma p(o) = m“aﬂ exp (—* A RIGIRBH, BRIRESH
Weibull p(o) = é(g)%l exp (_(g aRRESH, bRETLRSH
a\a a e ZH, VI INZ
0.05 % 9 EHRCSEMAPDFAMHK-SKRIESH DIE
RCSH2Ak
0.04 BhFs pﬁz}s%gﬂz Log-normal  )* Gamma Weibull
5
E 0.03 1 1500 0.0221 0.2141 0.0181 0.0370
2 1250 0.0306 0.2045 0.0169 0.0266
0.02
3 1280 0.0195 0.2094 0.0096 0.0342
0 4 1340 0.0211 0.1831 0.0181 0.0356
5 1460 0.0258 0.1583 0.0145 0.0271
Ao (dB) Bl 0.0238  0.1939 0.0154 0.0321
- iR
--. Log-normal .
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7 B HRCSERIGEZPDFLA

% 8 EHRCSEMAPDFAGIAIRE

BHFS ;Cifg Log-normal x2  Camma Weibull
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AT R ERANEE B R, AT M I R U 90° 5]
AR Graves TR A [ & SUN

G- Slis — [ gir 9gi12 ] (19)
g21 922
HATH| TR RN
DetG = g11922 — 912921 (20)

Det GRIEN NIFEWFT7, N T EENNIE,
18 EL
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H T XPBUR BN 207 A BB, STHR[41] %
B, g (d) = —3.655% X 70 TAT B HOA 3 H R HUA i
BRI, 1g(d)RT-3.66FRREHER, RZER
AT R, BRI, HMEEE B R A AT RS O

?, lg (d) < —3.65
$—90°, lg(d) > —3.65

12 RAKE. KR
M, R AR T SIUR KR, B
GoN B A AR T A R R AT, 454 o
KT 500 TR0 295K B s R SR IR AR T, A
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TREFAFIHNALTEEE L,

L LT 2 U o T 2 T X B L
RCSBA P33 8 B3 . Aldhous! 523 F 32
54 R R BRI I, KRB B B AL TR CS
(158, (12) Frag) UK T FEARALRCS S, 5 R LA £
FBARIOI A e T I AT BRI R0 A 5

(22)

M(mg) = 10*24—V/417-3.8215a0 (23)
M (mg) = 10%54+0-766 Ig Syy+0.179(1g Syy)? (24)
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Hr, 1675 AT F B AR RCS . %05 VAT [ AR
Syy = ao — a1 + az (25) #45~3094 mgf] UK E

Sy B R IR AR 0T A A Ja o A 22 P
f—A, XA RR, 5, AR T mEE T
B AV FIRCS, X TEE RS, S, AFEWK

\/ Ozz x 10°/6.4,

HF112H BHAEAENE, Chapmangust T
AldhousH & T a MR E /i vk, $2 ] s
£1~2 mgl HAREFZLR A

Oz < 0.0032 cm?

e > 0.0032 cm?, ag < 0.25 cm? (26)

Drakeﬁ«/\[“]?%ATQ% VRS E, Ht—

M (mg) =9 /4 « 10°/6.4,
100.332&[lg(ag)]2+0.8729-[lg(ao)]+2‘205 ap > 0.25 cm?
Hrp
Ogz = G0 + a1 + a2 (27)

R/ B RALTT [ AT TR IR CS, %757
TR ZZ 50% .

AhEm LT ao) B AR EANTH RSB, I
AN RS BE B S A aoﬂEDOZQ(XEXjJOZQ a1/ao)E/J
EEMGIEE, KB ARSI

2.207 + 0.5 -1g (ap) , ag < 0.25
g [M (mg)] = { 2.331 + 0.9124 - 1g (ao) + 0.3425 - [lg (a0)]?, 0.25 < ap < 7.21 (28)
2.079+ 1.5 -1g (ao), ap > 7.21
g [M (mg)] = 2.712 + 0.5068 - 1g (aq) —0.46550 (29)
ST KR E Al TR ZE PR F40% o X2, lg(d) < —3.65 -
bl b7 T, ARGV LR TR R T {Al, lg (d) > ~3.65 (32)
HWARCSNZEM I R RAE. R, dEl ST L2 AT 75 Bk S R 200 A 30
FIED, BRALTT PAT T B B, X TR E T 1 [M (mg)] = 0.0118 - [lg (0)]* - 0.2117 - lg (o)

100 mg R M, ROSKEMR 13 KB RN Mtk
P = M Rl 2o R N D D SN SR 0 R B
RCSKE AR IR — B S, Kk, s maE
HT B RN RCSHE T B R . S8
DRI, JE 2] B i 5 R e Ak 7 17 7 EL AT
AL TS TR BT R ARUARIIRCS, AR SE
R, B AT FRAEER, M EERS
B ATy R E T R BRI IRCS . kT R R
Graves D) FHE B A 8 AR ELATAT 51 2T S Bkl AE

JiAFEET B RAEIRCSM . GravesT) R 5 [ 1
PANRFAEAE 23 51 A
N = (911 + g22) + \/(9121 — g22)° + 4912921 (30)

2

Ny — (911 + g22) \/(9121 g22)" + 4912921 (31)
Horp, XFFPAT B HG, XN RN 7 R s A Ak T 1)
SFAT AR BT R BRI FRCS, X FREEER
A, NI G R R AR T ) LA AT T R AR
BB RCS. W2, “PAT B AN A B R R
I RARAL T7 1) 2 BT B AR RCS . 1M
4.2 05, g (d)a] T 38 0) BR HUORPATIE & 3 B
B, ik, 7 mEET R AEATIRCS vif
LKA

+1.7519 - [Ig (v)] + 6.9831 (33)

B EGRTFIIMACRCS AR EE {1720 B
BITVE R R AR ZETLF34%, SR, HT /%
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Ig [M (mg)] =0.0412 - [Ig (d)]® + 0.7184 - [Ig (d)]?
+4.6193 [lg (d)] + 12.0370 (34)
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T H T BB ERCS IR, [ 1 d i B R
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+225.9922 - [Ig (d)] + 445.8781 (36)

X AR TG VA B0 2270 90 J920%4123%
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