2016 4F- 8 A
EORIESS R

[ DA N e 3

Journal of Northwestern Polytechnical University

Aug. 2016
Vol.34 No.4

X 33 FE WG IR R B B 7S [ R AE

A, RE, EXE, B

(1.@%[!&% To AA VR4 AR [ Bl B 5 SE 0 28, PP P42 710065

2L TP R fiiEABe, BRPY P4

710072 j

i E.RREEARE T IR TRIERE S AL S AR ST, E5 AR ST, %
FEAB B EA R v 0 R AR N R I BEEE S R AR E LA E FIRA AT T A R R RL IR B
HAEMFFHA, FHERABLRERABE TR, A3k —FAa, A THBRESHEHE
FANGE AW T ik R RIS B SR, A oW R E RO EH SE, A, A TEF
AR 5k R R B AL W RS 5 8 SR A AT AL R R R BT A S 8 R B AT AN W AR
T EAMAT AR R BT R R E A R B BG5S TS B R AR B R AR
B0 RIR A ST 3T A RBAT I B AT, R % 7 sk AN ET ] | 18] A il F b REER IR 4G

SRR A I,

x #
FE S . TNO3 MXHERARERD A

P TER A R A TN 61 e e S
AR T OISR DX P L 5 S T 2 OO
SURRIE , H i BEA AH O SCHR VL 2% i 2 781X —
SASFEYE . STHRL 1] Anfar ) Fi o 2R I3 14 20 2 5 ik
Frg A IR TR AL , 2 24 i 52 2% v R SRS F 5 1
s ) R AR A5 RO RS, SR T P T R PR35 ) A R
PERIAS AL IR | W1 50 3l 25 0 1 A5 TR
SCHR[ 2-4 ] AL BEPRIE 32 2R th LB A 5 0m E BE
FEE RREAR 55 1 S5 S R R EH A T
LR REAR 5 2 5 e OR SRR LRGP BT IO 25 B 4
P, FUR X284 Ty vk U B — 1 JE 3R H 3
BEshAS AN S 28 SCR [ 5 ] 3z 208 B AIE 1
AR FAT 73 BUREE 3 ] Matlab #5540L32 e H i 26
SE AR SCRR[ 6 ) 76 3CHR [ 4-5 ] 95 Al B3 T
SalfF 5 A SR AT B I8 A AR A B 5 12 A SRS
%70 P G P58 ) B P A T B PPA 5 SRR 7-8 ) K
SCHR[ 5-6 ] Sl fF 5 R AL O HAE S LA
RS S S AR S B A SR X RO
5 B R REAT SR S 20 A s SCHR[ 9 ] 4 7
Z o3 BERIENE MR NEAE RS A5 S AR 33t

%5 B #9:2016-03-03

W MR HFHEF, IS, o WEL, ST 4K
X EHS.1000-2758(2016)04-0703-05

SO SRR TR R AR I IR 4R R, e p Fo
—ME SRS S AR

SCHR[10] 4 i —Fh 3 TR IR S IR S 4
FIEE T, R TR SR R S Atk op
M P PERE ; SCHIR[ 11-13 ] S22 iy FL A A5 5 A 32 1
PR B BV B AR RS B s, 42 i RReR
X R T P58 S A PR A SEOINAS A FORS A

SCHRL 14-15 ) 7E AL B 2R AR R PR R S8 h HoAT il
RO, X T DX R BRI 2 AL — iR B LA 5
TE—E BRI AR 5 B8 BA MR RIE, I, 3
THUEE T e 5 B e 25w U8 £ B 70 e 4
WOX —HPhER: | FRAE 25 (8] 5L AL 45 i E A5 A9
AR E)) 5 S A, X DX 1 PR 1) N A B 2 R
P AERORFRAL

AT I BE TR IR A5 PR BB A 4 5
Xt [ PR A R 5 R AR (s 5 AT AL B o
FHOTIE BRAE fifp B 2 () w3 5 6 Ak FL G 3R 55 119 73 O 4
0, DT X 2% DX P R R S5 g A R R A T A

BB BXARF#A 4 (61571368) % B

PEBE AT P (1965—) , 22, VUL Tl R Rl 0% , 2 2 H R I RGP SR BT 7S



. 704 - wode Tk K

¥ 34 4

1 XERERRESER

BHE—ZS X AN ARSI S R
e LR A R E S
E, (1) =A(t)cos(2mfi()t + (1) )e, (1)
A, A, () HHRIBRIRIE, /(1) IR, ¢, (1) N
137 e, 375 75 1) slOB A7 1), >4 D) 3k 2 ) A 4%
Wi, o AL R EREE (MR ) ORISR XE
T R GG U LR R AR FE SR, X I
(ERERIE)

(1) = Z A H,F(0,(1) by(1)) -

cos(2m(fi(1) + Af (1))t + (1) )e;  (2)
Xob, F RS RETT W H 8 i AR IR 5
J MG S AL BB MBI KB Y, = H(X,) %
GG 2R AW, A (1) FARSHIR BRI
IBBHIE N v,(1) WA RIS
P, VARSI, 7823 ) 5 — U i &
ARG S P FRR

N M

E,‘(t) = 2 2 Ai<t)HijF;(01j<t) ’d)ij(t)) *

cos(2m(fi(1) + Af ()t + (1) )e,  (3)
(3) AP Bim A S BT L5 (1) 3 (2) A
[ DL, VA D 5 2 T X O Y F A £
LRI LA R TS
[E(1) ,E(2) -+, E(L) | (4)
M(3) AT LI Y 78 DI H g PR a5 v 2 i)
HW S A R GRS R 2 R A S AR L&
TR AR A5 5 PRI, (4) SRR 8 DI H 1 B 45
P g FN U8
2 XEREIMEESAE
2.1 Eh5RAK
SRR P ) A SR T8 0o 25 A0 10 R 2l A R
SCHAR SRR, PR 3 2 5 S 5 — Ak
FE SCHEEAETT R MR G 2Z 18] A AH ELAE T 5230, A
A5 TR R IR ok, FG v 8 Tl 3 B 20 5 A
ARy, DD T WA N TE T A S KR
VI - B B AR 23 34K T AME 9 T e T
2 BREETRE SR

(B, @ g)(n) =maxiE(n-m) +g(m)| (5)
(EOg)(n) =max|E(n ~m) —g(m)| (6)
X E () RS — g B v s S, UG
NE(1)=10,1,2,---,N =1} ;2(m) 2ZHITR I
HIEE K 6 =10,1,2,--- .M - 1},
22 FZEEHAEZEE
i e A2 K AR AT S8 A S S R K AR R
T2 eI S IS iR B 5, X 2 Fls B 45
SOl EORF, —4E B BCR RS 5 1 T 2 585 e
SHy
(E.og)(n)=EBOg®Dg (7)
(E; - g)(n)=E, © gOg (8)
TF P32 3 ELA A e, HL 4l A ok it 2 0
BN, W T BEOR RS S, TR B H bR
RGN IR BRI S A AR S R
AR P ( I Jok o ) W s A 38 B8 0 S 1 /NYA L 3R
THALAFNZESE | by e nl A A5 5 P AR 4 (B ik
MR AR E R SRR A TIT B AR Uk
P, BB F RS S TP B S b I R R MR B kg
e 1 R,

K1 Jgdy

IRAIED R 458 K

SCHR[ 16 B ik 2 Fhis 5 1A RIS
U AIE S R DIRE, o T R R Y H
o PRI P FIARG A IR P, R SCIE MUIE 3R 45 o
R FHBAE S X HE R 85 5 AT R AL B 5
PG i 3 TS AR BT R AR HERE B4 MR R A 5
AN SHAT 8

3 RIBE#MEESKEKEHNRE

{E Ey - E, o+ X SOE U H G5 A
SHES, HIWIEN R EHESIC RN V,(m,T) =
(E, Bty E, (y,), n =1, N, T N FiE IR
6], 7 = kA, Ac SB35 SRAE B LB, IV, =
- (m - )7 HRERE, MWN, METEREEES
Y, AN, - 1) AEE Y, HBES -,



SRR, 45« DI R PR IR B S A R A - 705 -

T :dz(Yi,Yj) °

[IZ:,(EHLT _EjHT)Z]? (9)
TE SRR €, N

C(r)= )zr_n‘H(r—rlj) (10)

N, (N, - 1) 7
A, HJ& Heaviside PREGXH H X7 > 0,H(r) A
1,r<0&H(r) #0,

XFFIE I E) r RN R

c, (r) =" (11)
A LAHE S
- InC,(r)
D(m) =lim In(r) (12)

D(m) Bk SRR,
4 XEBEEEIMESREERNTE

W05 F 71 FBM {5 518, fA A Matlab 2%,
SR FH OB 2 BOR B /N S 4UL A i S5 BLAR 5 1 e
Y, i BIRXT FBM {55 105 BBl L& X
HAMEAHER FBM {5 5 T8 IR 84 40 31, i

T RIRAEER 5 FBM A5 5 19 7018 4 O 38 1 fie /)
TS IR B T ARG RS ROR 5 S
HEROM FLIR 22 BLAIR
DL DX el L R PR3, B % FH 05 LAY 5 i ke 3k
TR X IR L G FA S I B SRR AR, B 562 ] Matlab 4%
T 4 FhASER S5 2XAE RS S 1 s
2% DI A G PRI ) 2 B, LU T H A A5 5
AR — I S AR SR A, M T2
TSI BB XZ 4 T[R9 i T8 5 155 B
HAEAE R AR5 SRR AER 5, i 5 17 4
SAO0T DX PR R B3 B S HEA TR AE
®1 HEFSSHRE

%/ H Pl 7 =X
12 000 ASK
14 000 QPSK
11 000 DPSK
12 000 16QAM

X 3R A2 % X PR B 05 T 52 RIS R A
FULARFESHHG T BRI S BE, 2 H%
AR 5 5/ D IR AU B AR B4, FLR
PrEEWT .

o -—— RMEBIA WL —— RMERLA W 18 ——— mAERIAELL
— W s — W% ﬁ; L2 U
(L el
& & 10 £
& & |/
K R J
=5
1 2
-1 , x10" 15 L X100 , ‘ ‘ . x10°
1 2 3 4 0 1 3 4 0 1 2 3 4
e ey B
K2 QPSK {55 Xk 4E4 D=1.9 %3 QPSK Hl 16QAM & i, Kl 4 DPSK fil ASK & 45 D=1.8
KHAERL D=1.6
B 2~ ] 5 S0 DX sl i 21 1) A 4R 5 O EK 4R 2K o A
P B FE LR T, X DX 3 5 4 A ) SR R B 1 1 — Rk
/NI T MR IR T 4E B BT[] (28 [R) L i
ORHRAE , 15 21 DX S5 F i 558 19 93 T 468, s IX Bl §
WG R BNARHE . KT AT LA B A s (E (S §
SRR RE AR F T B B n OCER AE BAE AE R, R
ERAER R/ A ot Sz e 1 LR R B VBN i S 1) 6
FERE x10°
’ 3 4 6 8 10

izt
El 5 DPSK ASK 16QAM QPSK &l CHE4E% D=2.2



- 706 - ode Tk ok

¥

o34 4%

5 4 &

DX L B P55, A A P R BRI A7 A S A R ]
REHE MR b A S AR AL O B -5 ]
fr5, X AR S A 45 1 A R 8 R o 1)l 25
9, SUEEIH B 55, SUERUNEFF S, £ P
S T LRI BTN I B T . AR SCHR R TR
& 5L B HZS & 058 X UG A & LRGP

SEH

SRRk R XIS R R Sl S P EA T 3R AL,
56 8 0] DX W A A R AR S A T A
DR AL B S AT AR ) SRR RS, L, 7 LA
FEURT DX Aol 0 B 455 50 25 P R AE AT B0 A1 5 g AR 1A
R A R DX AN [R] DXl P 7 P 5 1) R P 2 B AR Bl
TESEBR T A AR SCHY X I R PR T sl A5 1 i e 22
7% 85 DA MR 5 800 =2 18] ) SRR, Sy FicpL
PERE 7T B8 5E HeAi

[1] Cai X F, Song J S. Analysis of Complexity in Battlefield Electromagnetic Environment[ C] //4th IEEE Conference on Industrial

Electronics and Applications, 2009, 2440-2442

[2] FHlA. BSHRMIASEIRE S EE[]]. MRERHEIF,2008,16(2) :33-37

Yin Chengyou. Classification and Gradation Methods for Battlefield Electromagnetic Environment[ J]. Journal of Modern Military

Communication, 2008,16(2) : 33-37 (in Chinese)

[3] Bai Lizhou, Wang Lin, Wang Baikuan, et al. Effects of Paddle Configurations on the Uniformity of the Reverberation Chamber

[ C] //IEEE Symposium on EMC,1999. 12-16

(4] EACSCPME Wm0, — R RGP S 2 LR Ok [ J]. iP5 1R B 253k, 2010,32(12) :2942-2947
Wang Lunwen, Sun Wei, Pan Gaofeng. An Evaluating Quickly Method for Electromagnetic Environment Complexity[ J]. Journal
of Electronics & Information Technology, 2010,32(12) ; 2942-2947 (in Chinese)

[5] MR, MY, ek, M. WREIRE R R S Ak 1], KB 2E R E 5 TR REH, 2014,12(3) ; 428-432

Dong Jun, Pu Xiuying, Han Hui, Hong Linan. Fractal Characteristics and Quantification Method of Electromagnetic

Environment[ J]. Journal of Terahertz Science and Electronic Information Technology, 2014,12(3) : 428-432 (in Chinese)

(6] FEFEPH, TARIC —Fhsilh A9 U REASE A 20 e PP IR (1], B4l 2011,27(6) :37-41
Zhang Jiyang, Wang Lunwen. An Improved Method of the Quantificational Evaluation on the Complexity of Electromagnetic Envi-
ronment[ J |. Journal of Microwaves, 2011,27(6) : 37-41 (in Chinese)

(7] XIBEDT , w500, e, BRI O R A S i AR M g Ty 22 a0 [T ] vh I BR 2 B2 2%, 2001, 18(4) « 237-239
Liu Xiaofang, Ye Zhigian, Zhou Haiyan. Nonlinear Dynamic Analysis of Heart Rate Variability during Anesthesia[ J]. Chinese
Journal of Medical Physics,2001,18(4) : 237-239 (in Chinese)

(8]  ZEARNI, ™ ok, S8, 45, MR AEEAE Sk AR ) O A8 S A ORI [ D] AR B2 5 B2 2% T2, 2005, 18( 1) :58-61
Liang Zhonggang, Yan Hong, Wu Bin, et al. Application of Fractal Dimension in Heart Rate Variability Analysis during Head-
Down Tilt[ J]. Space Medicine& Medical Engineering,2005,18( 1) : 58-61 (in Chinese)

[9] HeZ]J, Zhao ] Y, He Y B, et al. Wavelet Transform and Multiresolution Signal Decomposition for Machinery Monitoring and
Diagnosis[ C] // Proceedings of TEEE International Conference on Industrial Technology, 1996 724-727

[10] Goutsias J, Heijmnas H J A M. Multiersolution Signal Decomposition Sechemes, Partl: Linear and Moprhological Pyramids[ J].

IEEE Trans on Image Proeessing, 2000,9(11) ; 1862-1876

[11] REHE RS B0 il BesB A e T s B R HI[ )] 4kra 4% ,2005,133(17) :21-26
Wu Junji, Wu Yiang, He Jifeng, Yang Wei. Mathematical Morphology Filtering of Traveling Wave[ J ]. Relay, 2005,133(17) :

21-26 (in Chinese)

[12] HIERBE 1 &, 8007, DRE S ERNEBCE AR 1] PR T AR50 ,2012,48(2) :124-126
Tian Xuzi, Yang Jian, Huang Liyu. Morphological Filter to Remove Power-line Interference and Baseline Wander in Electrocar-

diogram[ J]. Computer Engineering and Applications, 2012,48(2) : 124-126 (in Chinese)



%5 4 19 SRR, 45« DI R PR IR B S A R A - 707 -

[13] TTREEN, VAR, R A, S TR IE A AT 7 MG Canny SEWFFE[ )], 2R ,2010,35(2) :82-84
Men Lili, Xu Changhui, Gao Jingxiang. Refinement Operators Improvement of Canny Algorithm Based on Mathematical Morphol-
ogy[ J]. Science of Surveying and Mapping, 2010,35(2) ; 82-84 (in Chinese)
[ 14] A T8N H A EE R 5 k[ M. o Bl it 1997
Xie Heping. Application of Fractal Mathematics and Methods[ M ]. Beijing, Science Press, 1997 (in Chinese)
[15] ZRife. FEToIE B MRS AL B S 23 BT A58 D] B0 iR TR %+, 2008
Zhu Bohua. The Study of Signal Processing and Diagnosis[ D]. Wuhan, Wuhan University of Technology, 2008 (in Chinese )
[16] zikizex. FETIMERIE IO & SRR T 50 IR D], HR PR, 2013
Yuan Zhihui. The Fractal Characteristics Analysis and Recognition Research of Heart Sound Based on Fractal Theory[ D].
Chongqing, Chongging University, 2013 (in Chinese)

Manifestion of Electromagnetic Environment Based on
Mathematical Morphology and Fractal Theory

- 1 -1 1 . 2
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Abstract; A novel scale indicator calculation method is introduced based on fractal theory in order to solve the
problem of too much subjectivity, different modulation system, various of electromagnetic signals and great calcula-
tion difficulty in indicator extraction by using conventional electromagnetic environment measurement method. Pro-
posed fractal theory and mathematical morphology theory is applied on the region of the electromagnetic environment
to characterize the complexity of standard. First, we use basic principle of the area signal combining several radia-
tion sources to model the receiving electromagnetic signals synthesized at one point, the fractal dimension
calculation method based on mathematical morphology is investigated, and then applied to calculating the electro-
magnetic environment complexity index. The calculation results indicate that this method can provide favorable in-

formation to distinguish the complexity of region of the electromagnetic environment in both space and time.

Keywords: electromagnetic environment, mathematical morphology, complexity, fractal theory,fractal dimension





