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Abstract:
neural network model, whose input of each dimension is a discrete sequence, is proposed. This model concludes three layers, in

To enhance the approximation and generalization ability of classical artificial neural networks, a quantum-inspired

which the hidden layer consists of quantum-inspired neurons, and the output layer consists of common neurons. The quantum-in-
spired neuron consists of the quantum rotation gates and the multi-qubits controlled-rotation gates. By using the information feedback
of target qubit from output to input in multi-qubits controlled-rotation gate, the overall memory of input sequences is realized. The
output of quantum-inspired neuron is obtained from the entanglements of multi-qubits in controlled-rotation gates. The learning algo-
rithm is designed in detail according to the basic principles of quantum computation. The characteristics of input sequence can be ef-
fectively obtained by way of “breadth” and “depth” . The simulation results show that, when the input nodes and the length of the

sequence satisfy a certain relations, the proposed model is obviously superior to the common artificial neural networks.

Key words:

spired neural networks

1 51§

A B2 RS T B A 90 AR AR
1995 4F-, Kak & 3% “On Quantum Neural Computing”i/t\, LHE
UCHR Y B A 2T AT 1997 47, Gopathy 45 £
AT E TS MR, SR TR T 2 HH R
Bh BT 2 28 K20 1998 4E | Dan 2 MY T R T
TOAFA S35 A T AL G A it it TR A A il BAT 45 2K
FAIAEREA D). 2000 4F, Ajit 45 £ 529 19 BT LG
WL AR, B T S N ) 22 P P A AR ) S

Wk B H:2013-06-12; 15 [0 H 41 :2014-02-11: 54T S : iR R
HEWH E K AR RE4 (No.61170132)

quantum computation; quantum rotation gate; controlled-rotation gate; quantum-inspired neuron; quantum-in-

T 2001 4, R 1 R K 27 10 7 06 7 1 A 4
SR AR [ S A T R T
2004 4, fEOCHE IR AWEGE T LA & B 8 1 4LE
S R R R, B T T 2 R 5 TR T ek e
2007 4F, Matsui S A48 1 726 B 45 A 32— Bl oK A 5 1k
TF) e 28 T S R R4 SR (9 42— Fh
FF5 AR T AUE R T F A ZURRE B 4%
Y Je EATTE 2008 4F, SCHR [ 10 13% F 5 FHefs 11/
HPZEE T REE S R T a AR T4
HALEY T BP MR 2009 4F, SCHR[ 11142 HY —Fh 3



2402 H +

EE ' 2014 4F

T AU S 00 PR Y BT A & N R 2011
A SCHRL 12 ] T 5 7 I TR B Y 3 3 S, 48 ) — it
TR A R R B iR S5 &
TR R G TE 8 20 R — A 5B A5 7 1)

1 PR AR o RS S AR R
TR TERE  BE, B IR St R MRS
WF5E B BT AR B A L ik — IR AT Z 38 i)
flE 7 2, DUIHE— 20 52 m i T S R PR RE . S e, AR S
P — T B 52 5 i e 1] 1) it 1l 42 199 45 ( Controlled-
Rotation-based Quantum Neural Network, CRQNN)TEEQ LA
RURMEA A 248 B BUT 8, R Z 458 54 116
F AR AL 8 BR 42 1, W] LA S 3% g AP 51 ) AR L
HETE RSO T A R A O
FETAE B IFATAL BRI 28 S 5000 22 e R, S0 25 51
R ST AR p BRI 0 T35 BP ffi 22
%

2 ETHHRETFIIHR

2.1 =TFlb4F
I T A I AT RERIR A 10) F1
1), 52 8 b RR 1 X AE T, 48 FU R R ST A%
TEL0)F 1) Z A0, RIAT LU RS 4 i 2.
l@)=al0)+R11) (1)
Hrb o pRR— X EE R LA BRI, i L
Frt ] HMERIR R R A o) = [, p]".
2.1 =TFiEE
EFI RS E IR, AT TR
TR L R T oyt
cosd —sinf
R(g)z[sinﬁ cosl ]
2.3 ZiEmEE

En+l HWEFETRSE Ix)lx) - 1x,)le)H, 4
HAR R @) R 32 n A7 FT A LR 1 x,) T xy) - 1 x, ) Y

(2)

A Py, AR ek vl AN R 2 Lo e 1 32 45 e
B JRA, e 1 .

[ %)

B

|xﬂ>

lo) R®) l9)

(@) 124555
[ %) O

| ;) : f
%,y — Q
|@) R(®) lo"
(b) OB Fsshl
1 ZHisEEE]

XTE 1Ca), 417 n D EFHEESN 1 EfET]
YER B G — 05 ke, B CR TR AT .
C'(R)xxyx,) @) = lx,x,x,) RV 9) (3)
e n NEFIELEE R L x,) = cos(0,)10) +sin(6,) 1), HFR
M1 @) = cos( @) 10) +sin( @) 1), H i=1,2,-,
n G EHE N
C'(R)lx,x,x,) 1 @)

xR0 R Q@)

+ ﬂ[nzl sin( @i)(cos(go +o)- cos(go))lﬁ(»

+ Hlnzl sin(0;) (sin( ¢ + @) —sin(@)) | rll>
(4)
C'(R) " HARAL 4 i | @ )4 TIRZS 1) RS h
P= 1] sin(0)(sin’ (g + @) - sin’(@)) +sin(p)
(5)
XFFE1Ch) 2T n A>T R4 0 I e )
YEM B G — i F . C'(R) BRI R vkl
C'(R)Ix;x,x,) @)= x;x, %, )RV @)
(6)
RS 1Ca) BB A7 IE TR, Lo ) AR TR
SRR
P= H,-nzl cos”(0,) (sin* (¢ + @) — sin®(@)) + sin* ()
(7)
IER, 28 n AN A LERRIVER A S, B A LR
i T E Sy

1) =+1-PI10)+V PI1) (8)

3 EFITEMETER

AR SCHR A AR A 2 TR N A 2 s . Ho
ARHF AT 2 (,)) 1, Hod € [0, T]s 5l
FEL0, TIERSRG AR v 5 SO0 T iese 1Ty i
MO (e )Mo (1,).

558 o 28 TG AN TR, T AT A 0 B B A
BEAR TR A, B0, A BEAR T fild

Hx () L, (1)) 1x,(t5)) = |x1(iq)>
“xz(tr)” B |x2(l|)> |x2(t2)> |x2(l(,)>
[x, (e lx, (1)) 1x,(t5)) == |xn(tq)>

9)
Blx;(t,)) =cost, (£,)10) +sind;(¢,)11), 1 @(t;)) =
10),ic

Hillsin(ﬁ,-(t,) +0:.(1,)), XK 2(a)
LT eos(0:Ce) + 8:2,)), *ERIE 2(8)
(10)

r



o120 I Pl 0 A i 4 ) 244 A R A5 1 e I R 2403
{16, Uy, = hj(t,_ )V 1= (hj(1,_,))sin(2¢,(1,))
(00— Hrp + (1=20hCt, - )))sint( (1))

{lx, @} h]l( tl) — E}lsin(;J( tl))
— 19'¢,.)
lo(t,)) R y
(a) 1 B4f54)
{1x00
{1,060 —
{1, —
196, k@) 2L,
() 0EIESHI

B2 BTFATAEMETER
Hi BT IERe T I M e 1 12 X, 19" (1)) AT H
|(p'(t])>= 1—(E,sing}(tl))2|0>+7L]singz(t1)|1>
(11)
Wi lo()) =10 (1)), BFREMAEITIE 0, T] L
HRG RN
ly)=1¢'(t,)) =cosg(t,)10) +sing(z,) 11) (12)
Horp
o(t,) =arcsin([ (h,)*(sin*(@(t, 1) + ¢(t,))
it (o1, ) +sin( g1, ) %) (13)
TEASCH, AT E AT A7 ARl 42 T i i s o B
PRECIRAE TARZS 1 1) OB 08, PRt , G A O &
DI 3%v)
y=h(t,) =y (h)? U+ (h(1,-1))? (14)

U,=h(t,_ v/ 1= (h(t,_ 1)) sin(2e(t,))
Horp +(1=2(Ch(t,)))sin*(@(t,))
h(ty) :lesin(g;(tl)
4 EFITEREMZER
AT T 2 R R 1T 0 1A A ph 22 R 2%
BT =R A, A B2 i FATAE M & 0T, 5 1,3,
5, MR L B L5 2,4,6, DA TR
O HUF I b 2 Sl e 20T, W iEl 3 R 2 R
JH Sigmoid BREL A Ay il PR K.
Vx"lxﬁ(t,» = cos@f(t,) 10) + sin@ﬁ(z,) 1)RE 1A
FEAS. & 19,(1)) = 10),iC
[ sin(0iCe) + 0;(1,)),j=1,3,5,
hy = { [T/ cos( 0'(¢,) + 0;(t,)),j=2,4,6,-
HR A P 22 U A A S OC R L BRUZ R AN AR
P2 Ty
hi = hi(1,) =

(15)

(hp)2 UL+ (hiCe,_ ) (16)

lo, )
B3 BFATEME SR

R RER kAU A 2

Yi = S ! (17>

Hrr i=1,2,,n,j=1,2,,p, k=1,2,-,m,l =1,
2,0, L, L FRTRFEA BEL.
5 EFTEMEMNEEE
5.1 HAEFEHIE

BREARAIX (1)) = [Hah Ceb, tab (o)t oy
fonCe )P I" Hedh r=1,2,00,¢,0=1,2,-+, L,iC

{Max,;,, =max(xt(,),x2(1,), 20 (1)) (18)
Min; , = min(xi(2,),23(¢,) -, xi(2,))
~1 .
0L(1,) = xi(t,) = Min;,, 7 (19)

Max; , — Min; , 2
XEEFEA ] 8 F SR AR T
HX Gt =[x G TG ) Hxh e T
(20)
Hepixi(e,)) = cos(0:(1,))10) +sin(0i(1,)) 11),i=1,2,
5.2 MESEPAEAE
W26 SRELAT B 2 i 1 e G 1) e e fa B 0o, ) AN
(1, i 1 T2 A gy B — (S 1 9 SR e
Yoy v, REREISEBRET R ot vh, o,y IR EBR

E = max ma.xlei.l:max maxl%—yil (21)

I<l<L Il<sksm I<l<L 1<sk<sm

ARG BE T Bk, R e fy no i B 1133 R



2404 A - 4 2014 4
~ (U= D [T (V4 V) (REDPCUL + U Deot(6i(1,) + 0,5(1,)) s
] = 53,9,
Iel w1 2h) VT = (hGo))? .
0. = } . _
@Lj(tr) yi(l - yi)wjkll::”_l(v]l'x + V]l\) (hj[r)z( U]lr + U}r)tan(gf(tY) + Hij(tr)) . 2 4 6
] = 4,0,

mC) LY 20 /1= (R(r))?

ot D LT+ V) GO, )

W) " W) L 2k VT = (W)Y

(23)

Hrp
[T sinC0i(e) + 0,(2,)),j = 1,3,5,
117 cos(6i(t,) + 6,(1,)),) = 2,4,6,-
Uj, = hj(t,_ v/ 1= Chj(t,_ ) *sin(2¢;(t,))
Uj, = (1=2(hj(1,_)))sin’ (g;(1,))
Vi, = (1-2(hj(t,_))*) (hj,)sin(2¢,(t,))

l
h!, =

le-r = hjl( t,_ ) 1= (h]l-(t,,l))zcos(2goj(t,))

Wi, =0.5(1-2(hj(t,_,))*)sin(2¢,(1,))

(24)
S 2 B B
l
o - RG) (25)

PRUBR RE T3 U B %, 5O R P i W B 18
B GWEL, A SCR T LM 53298 X S 5m)
i, VOoRRZE R, J O AER] AR, 23 B E ST
X’I':[0[1(Z1)’”"(9111)(tq>’gz](t])9'.'7521)(tq)’wl]’.-.’wpm]
(26)
Vi(X) = [ei,“‘,81,[,6%,"',6%,1,,"',6€,"',6£J (27)
J(X) =

ae{ ae{ Je{ ae{ ae{ ae% T
0y (1)* 230,,(1,) 30, (211)” g, (1,) dwy” "Iy,
d o, ad, o, o, 2,
20, (1))’ ’agnp(tq)’a%(h)’ ’agpp(tq)’awlly T
(7(3% Jef (76% d e% d e? d e%
0 (1)" 790,,(1,)° I, (1) I, (1,)" dwyy” Iw,,
e, e, e, der,  Jen, der,

L 20, (8,)” 230,,(8,) 3¢, (2)" "¢, (2,) dwy’ * Juy,

(28)

AR L-M 3, CRONN S0 5 1) A 7 Fe
X=X - [JT(X[>J(Xt> + /‘tl] 71JT(X¢) V(Xt)
(29)

Vie=2hi(t,_ ) (1=2(h),)%sin* (¢ (1,)))3/ 1= (hi(t,_1))?

Horp ¢ EAREE, TP, 1, —/NIEEL, DA
J'(X)J(X,) + o d AT
5.3 MRS

1989 4, 5T P J2 Hil 5 15 22 2 ] 1% 5 1f 485 099 45 1Y)
WSk , Hecht-Nielsen EBH T4 F 51 pLil

5138 HATWIZ S HeAUE 1 1R 25 I 1) 1% 48 it 22 0
2% FERRZ M AT S R 2 SN T RESE T [0,1]
MR L, B

KT ARSI 245 TG 1) 1 B T 01 A4 bl 28 X 45 1)
WSkt , FRA148 i R 4538

EE YRZEM LI R Z T, CRONN RE % i
[0,1] EMER L, L.

iEBA 1 CRQNN B2 & Tk w4 ookt (16)
AL BRUZ S Ry = by Ce,) R eSS 6 5 1O 3% 52 0T fik oA
B T b oA EARECERE TR 1) BOBERIE, BT LA - 1
<hi<1,B) bl 5. LR 7820 oL g 22
JGTER R AL SR G XM 7 T 4ET . CRQNN (9%
JE R A 2T . [ CRQNN ] J ok — A ER R I 2
W JZ G Y, BRI LM B TN A
N A > TRE B e T R

&“z&—iﬂxnwm=&—ivaMm>

M2, BN LM B2 T R AR A s % A
AhR A R A P RN T B R A AR
B AL BRI, foe sk T e ok AR ik 2 ] T e 2 ) 4%
IR, ST 2 158 2 I ) A% 9 B 1% b S 800R 4 i P D
AR 20, XA T 4 432 b e T e vk i sk
FEHL AEBE A N 2 I, LM B A B
Rk A AR T2 A 0 A5, AT CRQNN AR Joi¢ -t 2 —Fhi
25 JL G RR AN 2 2% AR HET | 31, G BRASIIE .
5.4 FIEFEARMEERE

Xof T3 AL G0 22 I i 11 1) e SRR AR, 200
BN AR B X P A REAS, A BB 5C CRQNN VIl 45 3k
45 AL T 02 X FAE e & 45 19— A n 4
MR X, — R 0 BRZEL A m=n+1,3F58
A X(m) = X)W ZBEARY BB m 4, &0, 4 m
=n; 56 T m AR TF m, Jom, BRI
i my Fomy ROATRESEE . BB, — A n 4] REAS B ]
BFEAL N my 27 SVREAR , B 4E P 5K BE R my, B my
Yt Jy 5 FEAS, A5 48 50K A my, 2 00 AT DL R 58



%12

Wiz — Pl AT A I AR 0k B

2405

CRONN #4791 %k
6 SEBRM AR

AT P S I R LM B BP A&
2% (BP neural network, BPNN) X k., B2 1. CRONN A9 £
A AT X B, E A LT BN AR

FUMERE Wy, 7, " Fom M AR
Byt 97, e oY FORXERL I SEBRA Y, M R
GRAEREAR N Zrad B Sy B AT NV U UINZRAR ) TN 1

Ne= 20 D" sGm -y /N (31)
R, 03 2 O T BB S
Ne= 200 20" sGm -y /N (32)

Hrp M FRNAEREAE, Y v =0 B 6(x) =0, BN
O(x) =1.[y" ¥y $e0& IL AHUEE

FUMIERZR  JIZRE M EE IE 603505 E SN
R, =100N,/M (33)
R, = 100N ./M (34)

EHEITRIE & N RS G R, BT
W50 50K Ty, Ty, oo, Ty, PB4 T E X
T'““'r%' = i]\/Z]L\;lTl
6.1 FLAREE TN
ASLEG H CRQNN Fl il L AR 9 B & F ARG M E &k
T AEASEIR R U5 TSR 15 ] AfBREA i, R

(35)

JG2A N HNERBEFHERE-LKGRLH 1), KE LR
HRE K GRIL R 2). AR BB HE 1 33 PMER
FRIEMEALR, 55 1 R R A5 2 A Mg VIRR i b
AR B 3 A N BHME I B A5 R 5 4 ~ 33 AN ERAE R
T X6 2L b e S e 40 1 2 0 A B AR S REAR B
Bh 194, Horh &2 % 46 s AN 52 & 148 1. FEAIL PR E 29
W5 K01 A K 40 R 120 MREA N4, 2 F
f) 74 AREAS (17 152 52 F1 57 BIAS S RO AR Jg it Ak . %t
T CRQNN F1 BPNN %5 AT 8, FRATRIGE 1 511 4
FRETE .
1 FEHERGATSHFIKELE

CRQNN BPNN
BRI AT FAIRE BRI AR
CRQNNI_33 1 33 BPNN 33
CRQNN3_ 11 3 11 BPNN 33
CRQNNI1_3 11 3 BPNN 33
CRQNN33_1 33 1 BPNN 33

XFFYNrad i, FRATA B B R 22 B, (R B iR
ERBECH N =50,1-M BECHN g, =0.10. 55T HE
RS 1) T8I0 658 7, PR S AR 1 2 43 i B S 10,
o 15 AN R ORI SR BRZ SR 0T s R
A, IR B VISR DI 25 10 R, BRI Z )G
7 BV A G 56 A AR £ T 8 g, I 45 SR B dn
2 PR,

% 2 CRQNN 5 BPNN #iill &5 £ xt Lk

Fe)Zpz o

CRQNN| 48#5
10 11 12 13 14 15 16 17 18 19 20
R.(%) | 50.00 60.33 60.33 44.83 65.50 50.00 55.17 39.67 44.83 55.17  50.00
1.33 | R.(%) | 50.00 60.81 60. 81 44.59 66.22 50.00 55.41 39.19 44.59 55.41  50.00
To(s) | 4.330 5.420 6.620 8.100 9.580 11.21 13.04 15.01 16.47 18.63  21.09
R(%) | 78.83 80.08 81.83 82.75 80.08 81.83 84.92 84.00 85.42 82.83  84.08
311 | R(%) | 76.35 76. 89 77.30 76.35 76.49 76.49 73.65 76.49 75.14 71.30  76.76
To(s) | 3.250 4.080 5.050 6.210 7.490 8.880 10.47 12.27 14.15 16.27  18.33
R.(%) | 78.42 77.33 80.08 79.67 80.50 79.67 80.33 82.00 83.17 80.42  82.08
1.3 | R(%) | 74.19 67.70 75.81 72.70 74.32 74.73 72.16 71.89 70. 14 72,70  72.43
Toe(s) | 2.920 3.670 4.560 5.610 6.760 8.050 9.490 11.11 12.93 14.85  17.05
R%) | 47.50 50.10 46.80 50.70 51.30 49.10 48.90 52.40 47.80 50.10  53.70
331 | R(%) | 50.11 51.38 49.04 50. 64 50.53 49.15 45.74 47.02 45.64 50.43  52.55
Toe(s) | 5.230 6.610 8.260 10.19 12.39 14.87 17.64 20.83 24.34 28.10  32.01
R(%) | 77.58 73.42 70.33 74.08 71.75 75.75 72.17 81.58 74.50 80.08  66.42
BPNN | R.(%) | 69.86 65.00 61.08 63.92 53.92 68.24 66. 62 72.03 65.68 74.86  58.11
Toe(s) 1.800 2.340 2.990 3.790 4.720 5.920 7.080 8.530 9.960 11.64  13.60




2406 H +

EE ' 2014 4F

P52 2, CRONN3 _ 11 Al CRQNN11 _ 3 A4 Wi Fh T
TERR W] B A% F BPNN, i CRQNNI _ 33 1 CRQNN33 _ 1
) T R TR A B 6 B iR 45 F BPNN. RN 25 SR 3 B, Y
By AT ASURI T A1 K I 25 BE AR I, CRQNN 45 T+ BPNN,
M4 i AN A50R0 7 81 K B 45 B2 T 1, CRQNN fIE
BPNN. %5 —J7 [, PUF CRONN FY 44 iz 17 it ] i i K
F BPNN. X J& H1 T CRQNN f i i K b B 1155910 L e &R
Z AR S T A 1 09[R, SR S BOTE SR T
SRS
6.2 FEFIRS!

ARSI R AN 25 90 45 7 vk U A A MR 1) = 28
TE G 0,1,2 AR . B8 K U5 F a0 N M ik : hup: 7/
archive. ics. uci. edu/ml/machine-learning-databases/wave-
form/ . FEARUETE H 40 A8 PE (DR HE A, Hodran 21 4@
PEM A bR AER TR , 5 19 A8 M ok BEAH 1 RS %
W ZEAREIA 5000 AEA, Ay fR] 6 FRATTALECAT 500
AFEAAE I HXT G Hor il 200 S I 2R g (=28
5351 63,68,69), J& 300 AAE R 5 (=250 5
101,98,101) . %} F CRQNN FI BPNN fyfay A 17 45, FATR

IR 3 iy 8 FETE .
R3 AMREMATRMFIKERZE
CRQNN BPNN
BERIBRIR AR FIIKEE BUARR WA A
CRQNNI _40 1 40 BPNN 40
CRQNN2_20 2 20 BPNN 40
CRQNN4_ 10 4 10 BPNN 40
CRQNN5_8 5 8 BPNN 40
CRQNN8_5 8 5 BPNN 40
CRQNNI10_4 10 4 BPNN 40
CRQNN20_2 20 2 BPNN 40
CRQNN4O0 _ 1 40 1 BPNN 40

WEIRZERE N 0.25, I KERTSH A N = 100,
L-MZBECH g, = 0.10. 2 7843 X5 Lo 9 450 78 g 35 1 i
1, PR A U2 23 S BR 10, 11, -+, 20 N5 L 6
BT U2 2 0T R A AL A PR AL
SRSV ZR 10 W, BRI 2R 2 )5 Sz B D4R K
SR REAY (R RO RE T, TN 25 ST L a2 4 s

HE4% ¢ 4, CRONN4_ 10, CRQNN5_ 8., CRQNN8_ 5.
CRONNIO_ 4 #4315 1E #f % B & % T BPNN, Ifi
CRONNI _40 #1 CRQNN40_ 1 Ay 38 51 1F 5 R ] FA% T
BPNN. FUN A5 PR T, Y AT SR P 9 B 25 00
K, CRQNN 45 F BPNN, 1fif 24 4 A7 o5 FF 41 B
54T IE, CRQNN {5 T BPNN. 55 — /7' 1fi , CRQNN4_ 10,
CROQNN5 _8 ,CRQONNS8 _5 . CRQNNI0 _4 Ft) -3z 47 s} a] B
/0T BPNN.IX 2 i TR AT B & 73R 224 52, I Fh

CRONN B ELRE BIDRG B oK, DA 1 326 48 25 B0
/F BPNN Fl 2 .

T FATR DL B A S g g5 R 45 s SR HLS
o3

(1)5 BPNN F#5, CRONN (4% 0 A1 3978 T15 B 10
FEATALEL R M 26 S8 ) £ 2 VR AL A5 B AT AR B, BT
DI CRQNN [r] s 452105 22 4 2 ] vp e 31 =X 19 4 A S
1M BPNN A8 [A] i #2205 2 4 25 (] o L] 55X 0 ) =15
B, CRONN B A B 5 (1 15 B ARIRE 1. M 25 28K
() 22 4%, Al DL CRONN B Sy v A A9 4842 19 45 )1 25
NS o) RS A RS A TR 2% S BN R K
AT AT L4 i 19 2% 1) 2 30T i

(2) CRQNN F1 BPNN X i A {5 B R EUT 58 4 A TR
S35 2, CRONN H AU B 80 51, R 17 B4k
FRBLH B A E 5 Hb (0 B8 106 20 b Bl S Ry B8 )23
ZE R T BT 2 AR T B AR
ZAE 5 Z L L BPNN 1Y Sigmoid BRI 2%, BT LA 3% b ke
S AT B R AR Lk, IRl CRQNN A3 5 5 119 11 U fig
1.

(3)1& n FoRH AT S, ¢ FRF I, CRQNN
BB AEA BT U R N — > n AT ¢ P B9 5 BE, A
CRQNN BIEAT DI 6 F n fl g IR A BRZE SR
T AT RS R R AR B . F 3 A SR
Bon W AN B0 A 2R R, 32 BB N SR B B
(1 22 Bk 5 T B BT S BE g AT DA Dy o) g — 4 A8
TCC ISR YR B, 32 B A B R 38 2o 5 35 AS I %o 4% I £
St 5 Ak iC A2 . 2 4 B0 Ak R BE XY DT RS
CRONN 52 3 1 B 548 T BPNN f9PERE. 24 ¢ = 1 B, %
AT IR Z W, B2 T g ook BT Ul 2
I fRT BRI (HL L B o 28 R DA 22 2y U OB =015 2,
MASREXT B — 45 2 St st fb e 12, Rk, B S E0T
HEITRE ST AIFEAR; 24 no = 1 B, JRUZ B T 0 2 o0 H
AR B 2R 0, BRI AT DA v 0 2% 1) e i i
SR LT 28 S B0 i B A R i E 400, T K
AYEE R TS S R B e T s e 55, AT BELAS-
SRR T S ECEERE ST RAL. L, ¢ =180 n=1
i, CRQNN A T B8 155 T BPNN, 112 ¢ > 1 il n > 1
A, CRQNN 1938 3/ g ) #a F el , 3F HAE— 8 20 T &
SRS BPNN. T ¢ Fln 28 506 I /ERERORE T R
CROQNN [ I ) A2 e i i, 13X A~ 0] B 1 75 i — 26

(4)X%FF BPNN, H1 FANGE B 40 3 7 51 U A
WA HBRE R — A n dEm i, B LA LA 2 4
T SARBURE A A5 18010 AS BE X 4 — 4 St 3 £k 042,
IE7E BPNN 915 B B v, A 3R IBE J) A ] kit
G 57 B 520, DT REALR T D9 285 1) 3 3 B TN e
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%4 CRQNN 5 BPNN iR B4 R3ttL
s Sy U=
CRONN| iz 10 11 12 13 14 15 16 17 18 19 20
R.(%) | 33.65 34.10 33.45 34.10 33.35 34.05 33.20 34.40 34.00 33.35  33.05
1,40 | R.(%) | 32.90 32.83 32.87 32.80 34.60 33.17 33.30 32.97 33.73 32.27  33.33
Toe(s) | 96.54 112.5 128.5 146.3 165.5 189.5 215.9 245.9 276.1 308.2  344.7
R.(%) | 100.0 100.0 100.0 100.0 100.0 93.45 100.0 93.45 93.45 100.0  100.0
2.20 | R(%) | 60.17 60. 83 60. 13 59.47 61.13 58.50 59.50 57.63 57.27 59.80  61.23
Toe(5) 10.42 9.087 11.79 10.61 13.59 20.85 12.93 25.68 27.76 15.95  19.27
R.(%) | 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0
410 | R.(%) | 59.33 58.27 57.33 58.73 57.97 57.13 58.90 58.27 57.80 58.27  57.77
T oe(5) 2.565 3.182 3.282 4.454 4.546 5.824 5.591 5.863 6.934 7.524  7.653
R.(%) | 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0
5.8 | R(%) | 57.47 55.73 55.17 56.17 56. 80 57.77 56.43 55.47 56.73 56.73  56.77
Te(s) 2.097 2.558 3.296 3.367 3.727 4.610 4.229 5.532 6.627 6.575  6.650
R.(%) | 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0
8.5 | R(%) | 60.03 60.43 60. 10 60.07 60.90 60.90 60.63 60.57 60. 13 60.67  60.60
Toe(5) 2.691 2.984 5.309 3.903 4.597 4.916 4.897 5.215 6.476 6.859  7.614
R.(%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0
104 | R.(%) | 60.67 61.03 59.77 61.57 60.30 61.83 60.23 62.30 61.37 62.80  60.90
Toe(5) 2.796 3.505 3.923 3.880 5.660 5.047 6.092 5.806 8.245 8.441  8.569
R.(%) | 41.60 51.40 44.45 47.90 49.70 57.85 67.10 58.00 63.45 74.45  90.90
20.2 | R(%) | 39.57 41.90 40.37 41.50 43.23 47.40 48.20 44.87 47.23 50.07  55.97
Toe(5) 14.30 17.00 19.81 23.76 28.02 31.61 35.34 39.84 45.87 50.44  57.41
R.(%) | 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00  34.00
4.1 | R(%) | 32.67 32.67 32.67 32.67 32.67 32.67 32.67 32.67 32.67 32.67  32.67
T oe(5) 14.49 16.99 19.90 23.71 27.52 31.33 34.98 39.03 44.27 49.24  55.90
R(%) | 59.10 72.75 59.80 73.45 59.70 53.20 52.80 40.15 59.80 53.15  53.55
BPNN | R.(%) | 46.80 54.03 46.63 50.93 48.13 42.50 43.67 36.70 45.67 41.70  43.70
Tpe(s) 8.231 8.697 9.181 9.731 15.81 18.40 23.55 27.25 22.46 35.51  32.07
7 %'Lll': away, NJ: IEEE, 1998.509 — 513.
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B ZE. REIEHWLY(GRaphical Electromagnetic COmputing, GRECO) ! FH EIFE ik 1< 1 Z-Buffer 7 A 1] #5075 %4 b
b R 8 P B T 1 A ACE T S g R X R v L P R, 2 SRR e 31 P KR E AR R e AT s 7 ik 2 — ARG 5
GRECO SR AFTEA ToUAG R I H bRvk S0 (5 B TR BE MO 4 70 B3R 22 U SR T 38 RME S5 B, R 1 3 i
Ty W AR SCEE X GRECO Jr v UK B 32 U = TLATAE 8 0 ik AT 1 fai S We s, # L 5 3 T WU A7 X5 4 (Frame-
Buffer Object, FBO) 1185 JF-08 e RAHSGE A, 32 1 T 89 GRECO 4.3, SR 71248 GRECO B3k LIk M i IR BUG 2595
IRAw BT BRE B R 51 B A PR M B, . 51T, 2R AP/PO( Area Projection/Physical Optics) %, FF XL G £ IR B
TR T 3 R AT T 38 ek, Bl T X e A 2 R S B AR R R BT
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Improvement of Radar Cross Section Computing Method Based on GRECO

CUI Jun-wei, YANG Yang
( Department of Naval Architecture , Dalian University of Technology , Dalian , Liaoning 116024 , China )

Abstract:

CO) algorithm can efficiently resolve blanking difficulties and visualization problems of traditional electromagnetic calculation pro-

Based on 3-D graphics hardware accelerator and Z-Buffer technique, graphic electromagnetic computing ( GRE-

cedures . Therefore , GRECO algorithm is considered as one of the most efficient methods to acquire characteristics of high-frequency
and electricity large-sized target. However, there are disadvantages of traditional GRECO algorithm, as follows: normal vector of tar-
get cannot be extracted accurately, calculation accuracy is affected by screen resolution greatly and multiple reflections cannot be
calculated directly. As a result, traditional GRECO algorithm is limited for this reason and cannot be used in some region widely.
The traditional GRECO is improved in this paper, so that the geometric information of pixel can be extracted accurately . Technique
of off-screen rendering based on frame buffer object (FBO) is used for improving the algorithm. Then the normal vector of target

can be obtained precisely and effectively . Traditional discriminated method of facet pairs is improved by using area projection/physi-

cal optics to adapt the computation of RCS multiple scattering.
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