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A New PML Construction for Use with the FDTD Method

LI Qing-liang
( China Research Institute of Radiowave Propagation , Xinxiang , Henan 453003, China )

Abstract: The perfectly matched layer (PML) is a highly accurate approach to the finite difference time-domain ( FDTD) mesh
truncation. However, the PML does enhance increase the computational complexity and the memory requirement for the FDTD simula-
tion. In this paper, we propose a new PML construction based on the properties of the split fields in the PML region. The construction

only contains eight PML subsections without corners. Also, we transform a three-dimensional split field component to a two-dimensional

array in order to save computer memory . Verifications of the PML construction are provided with numerical examples.

Key words:

1 51%

5t 4 JC & /2 (Perfectly Matched Layer: PML) B Ui i1 & &
Berenger' | °F 1994 4F B SG48 t . PML 2 fi 0% E 438t # 4%
FRERERE, @S KBRS EMN S E SRR, BB HHEH

perfectly matched layer; finite difference time-domain method

2 PML #3&

TE 119 (stretch coordinate ) Ak ¥ 14 o, | iy 25 (] 454,

Maxwell 7 2RI & IE K
Viex E=- fl)#()H

(1)

FDTD H 3 (< % H B9 ST 1 TE IR § M5 A PMLL, 36 £ S e 0 V. x H= - jocoE 2)

B 55 Mur —HTRMCA R DA PML AR R B B 4

N PR 18 ~18 -18
AR T PML gl A HOT AR MR B B, A Ve Y e (3)

A IR MR A3 26 N PML T A0 B PML 5, (7= 2.y, 2) W 7 7 FIEMORLIAL R M A B,

PE— N GHRGA REABNTA TR, ETFRET om(n)

41 R TE 34770 BB 15025 7 A 0 0 0 — BE AL A SR W{“ ueg + 2 PML P (@)

SEFFREAE S ] (RO ) . EHE 9 7 o R T4 B A B 25 ) 1 e

R R 054 RO TERR S A, R RO AL STRRI s — M

WTFR K RLIR 28, B0 T 4 B LU 2 T PML R of . (M)z . -
ASCH M PML 51 FDID £ 37 8 4 %, K B4 B 46 T O g ) R

MR —F O PML 7, SR FNE AN FR AR 4 W PMLEEE o BERR N R, T H

X .7 FDTD JTk B9 v6 S5, A 1T N AE, R MR 4 o7 ik Ry = exp( = 2700 e d/3) (6)

%5 PML 143 245t T AP . UG , A R 10 PML TR M hE e TE PML R (DRI AT B 12 A 5 R,

HEATBCALN G, 96 1A — 1 TR 0RO R E RS - 9 = G+ 0L, (7-1)

WCHE B #:2002-06-11; 4 5] B 8 :2002-01-25
E&WH: B RE RS RwHmE



% 9 # FEWER  — M PML #3E & HE FDID 7k o i 1397
oF,
5 = Giono + 0 %) Hy (71-2) %"(ﬂ’ﬂo*”’ VE, (7-10)
OE,
ay (]wp0+a )H (7-3) aaH (]w,u0+a )E (7-11)
ok, oH
ay = (jupo + 0, ) Hy, (7-4) —ézl (oo + 6,.) E, (7-12)
‘%f (P#o+0pz)H (7-5) e U;7=#05p7/50(77= %, y+2), Eg M E, E, M E, H.H
H, H R H_ H R H, H_f H % PML M 2 M5 FAR.
%Ez-(,,,ﬂw,ﬂ);, (7-6) HHFR(T-1) ~ (T- 12)RAFLES R 6= M=ty =
_ k£ _ [H g -
%I: Cupto + 0, Ei (o7 Qb= 02 FBAAKES Hy, =,/ e 1= ZoH, (9=
o, x,y,2), Zy N E B EIE A, 783 PML 4 FDTD £ 4
- —(}u/to+6,,m)E,x (7-8) B, E fH /WA
-‘Z’y’ (opto + 0, E,) (7-9)

E;:'(H%,j,k)=A,,,(i+—;—,j,k)-E";‘(i+%,j,k)

+B,(i+—,1,—.j,k)'[H”f‘/z(i+i,j+%.k)—H"Nz'/z(i+%,j—%,k)] (8-1)
E Wi+ — ,j,k) A (l+ 2 NN E"”(t+—2‘,j k)
- Bulit o B [ N2 ks ) - s k- )] (8-2)
E';”(i+%,j k):E’”‘(i+— i k)+n+1(i+7,j,k) (8-3)
(0, + ; ) A, (ij+ 5 2, +l)-H"+'/2(i ]+7,k+~)
- B, (i, k++—)[E"(z]+1k+%)—E(z,],k+—)] (8-4)
H'?vizm(i,j+7,k+ ) A (i, j+ > 2, ) ””(',j+%,k+?)
+ B, (i,j+5 2 Jk+ +—) [E"(i,j+%.k+1)-E}'(i,j.k)] (8-5)
H”N;m(i,j+%,k+ )= BN i+ okt 3) 4 BN ke ) (6)
Hip TR 3(E) i€ [y T = 1105 € [ pmin + s Jpmae = 115 &
_ - a,,(i,J, k) At/ 2eg _ G[Kpmm+1,Kpm—l];
A (i2f, k) = 1+0‘W(L,j Dae 1= e 9 FRATF) i€ [ s Lo = 11, 5E [ pmin + 1y T = 11, &
B, (i,j, k)= — ,n=1x,y,z (10) max ? Siprmn
R ST CR N Y.Y7 P R AR AL FIES(EEZ) i€ [ Lios L = 1)+ 7E [T Jomn )
HALHAFTPMLEH AR FREARMOEE(LE 1), € LKy Koo 15
AR NESHEXSE, BESVEFRERX (A EZED. FRO6(EHREX) i€ [ins Lnax = 115 7E [ s Jnax )0 &
BEHBREN i€ [ Ll JE€ i S ) FE [ Ky €K s K5

Koex)» PML R IR BUA Liin s Dmax» Jpmn s Jpmax Kprmin T
Ko B4 E, 98], BANE — FETFERD PML P AR X ) 7 R
HBo. 25 - FRHEEMAERIYERA,BES5 LT A
B A FARAH LIS, A o, FE7E, IR (7) M(8) HIE , R
EESH, XEWRZPML XX E, 4+ BAREMER. Wik, 53
E, Y BMEBHN PML FX Y,

FEUE) i€ [ ins Lo = 115 JE [ T ins pmax]’ k€ [Kpmh‘
+ l,Kpm—l];

FR 2B :i€ [ L
+ I,KPM—I];

Imax-l]’je[\]prmna-]max]ake[Kp

FRUTFEREX) i€ [ Lnins Lo = 1155E€ [ ins Jpmin 15 &
€ [ Knns Kpmin 3

FTEYFERIL): i€ Mins Towe = 137 E€ [ s S )2 B
€ [ Knins Kpmin 13

EHANTFR,HPFR 1.2 HNE o, /7, TK 3.4
TE o, FE,MFX5~89 0, Mo, [MFE. BA E, (1,

. I\

"““) 0.E.((1, I k) =0. A3, W FEERLB#ES

-
%‘Iﬁ%mﬁmﬁxﬁ BWADPMLFRX.AEHE L, X
A BEWEN PMLEREAKX, B TEFLHA.
HTANGTARE S B A3, T USG5



1398 i) +

¥ # 2002 £F

B—HIAdK
HEFREFHRS
8 (%) . Rmh
FTHEaEFHES
& AHBH AT
LR, AT SR F R
Yol DU % oy
#E. FRRNE
T PML #, F .
PR X RS B 1 PML
BFHBREHATER - BERARTITH. X BN S AN
MR TR _EFEHETE. UE N0, TRERE E,(1:
8, M)M E_(1:8,M), K9P 1:8RFTLAR/ AN PMLTX, MK
B 1 FXABBBAREE UMNFFRI,
M= (L = 1= Lin) X (Jpmin = Jnin) % ( Kpmax ~ Kpin = 2)

Top-Right
Edge PML

(11)
. FE . FR2
Y E, P L te
; P H U i H
TR S Ve A i T
R b
3 tio P
Jal W7 { [ J ’ PRALE
DA A 4
St o= So 7

M E;: PMLAREABES J-J) o
e PMLT RIS J-Upmas- 1)

B2 BEsSRAE PML hRAER B
ERIRGTARSEGTARSHMUEES. LE M

H, S50, B Yoo IR, AT EY E,Gi+ o),
k) H,(i,j+i,k+%),763 PML 5 6943 % 40 8 2 B

3 BETNER

B, LRk PML MR BB ITRE. (AR R RH
RN R K S R =R 25 8 O RS
100x 100 x 50, M Bl 8 2 PML B i% B — Bt Mur R M ih R & 14
(ABC) . BERUZS R Qp B FIHEHH 140 x 140 x 90. 7£(0,0,0) &
W EK R, KB R

1 i dm_ 6m
E,=(0,0,0)={320( 10 - 15cos - + 6cos . T ) t<T
0 t>t
(12)

Hepr=nAt,r=10"° FHHEHBR Ar=2.5x10"""s,Ax = Ay =
Az=2colt,C, HAMEMPHAERE. B RELRHERK
Ry=10"".E 3% n=100 RHEEFHHBE « FAEHRE
(LE)5 75 . R iR E M E LK

LE(i) = Ex(i,0,24) - E%(i,0,24) -50<i<49 (13)
ExH Epfr BIRARZ M Qp F1Qp SREMHGE.

B3R, B B Mur RUBGH R & R 5151 #2 A9 24 iR
EBKR107°,TH 62 PMLEHIENFHIRERE N

10-7,8 2 PML N 10-%, B0 4 - 160dB X — & BRI F X [6]9 =
% PML WA 4R, 53X [7]1h =4 16 )2 PML MiA% R,

10°

= === Mur 2nd Order
== 6 PML Layers
8 PML Layers

10T

P
w0 F
‘

10° |

LE

101

10"

10

20 20 o 20 m
xF R E

A3 PMLEEMRALRE

TER AR PML 44 FDTD &, 5t — 4~ # 419
BHTEBTE. BN ERR, HEEN 2m. A
BB R E K (B SR Y 30MHz), iHE PR B R K
B Ax=Ay=Ar=As ,BEEK At =0.54s/c(c HXE),8 B
PMLEESEHEH R,=10". B4 A ZLEREER
B RE T ESER. TUB Y, B F&BLIER,FDID 4
RE Me BBBAFT LR, AHETHMENHALIRERE
B EBTH, BB R SRS R (EHTE A =0.4m)
H

(Ny +30) x (N, +30) x (N, +30) =60 x 60 x 60

HHP Nox Ny x NoA SRR PSR, 30 RESTHF .
I IME L R A PML Z 7. %5 R B 2B Mar RUGH R 4
B, NS HEE mERFMERERSS, H 0 Mur RIEGE
FERBAEHEES—IRKyERD

10

2 |

o

~—— FDTD(As=0.5m)
—— FDTD(As=0.4m)

RCS/dBsm

-20

40

Frequency/MHz

M4 RS mBHBRE
4 it

BARGHBMBRE PMLERANN TR, 5&%
BEARK 26T TFREHE BHAXEZRFLR. RAK
BHEXRARGHBATHRE, BERVEHERR. =8



£ 9 M

23— RO PML A9 3% RILAE FDTD Jy i B9 LA

1399

MR REH, WEK/\Z PML S ARREA N -
160dB. % 51, 4 JR BB B R A BT B 4 RIESC T 47 PML 4
i B SE R

BE UK

(1]

[2]

[3]

(4]

J P Berenger. A perfectly matched layer for the absorption of electro-
magnetic waves [ J].J Comp Phys, 1996, 114(2):2216 - 2222.

G Mur. Absorbing boundary condition for the FD application of the
time-domain EM field equation [J].1EEE Trans EMC, 1981,23(4):
377 - 382.

S D Gedney. An anisotropic perfectly matched layer absorbing medium
for the truncation of FDTD lattices [J]. IEEE Trans Antennas and
Propagat , 1996,44(12) : 1630 - 1639.

W C Chew, W H Weedon . A 3-D perfectly matched medium from modi-
fied Maxwell " s equations with stretched coordinates [J]. Microwave
Opt Tech Lett, 1994,7:599 - 604.

FRE, RS BREEITE P s A R (M) e
db s R A, 1994,

f6]

(7]

D S Katz, E T Thiele, A Taflove. Validation and extension to three di-
mensions of the berenger PML absorbing boundary condition for FD-TD
meshes [ ]]. IEEE Microwave and Guided Wave Lett, 1994,4(8):268
-270.

W V Andrew,C A Balanis, P A Tirkas. A comparison of the berenger
perfectly matched layer and the lindman higher-order ABC’ s for the
FDTD method [ J]. IEEE Microwave and Guided Wave Lett, 1994,5
(6):192- 194.

T G Moore, ] G Blaschak, A Taflove, G A Kriegsmann . Theory and ap-
plication of radiation boundary operators [J].IEEE Trans Antennas
Propagat , 1988,36(12) : 1797 - 1812.

EE®T:

2B B 1963 4 THRIFFE. 198419911998 4F 53 Bk =

K R A o e A IR B AT o R P R e TR
HAMTEWE AN TEREEERATAETRE, EEAHS
BEELST | A5 4 A e BRI B BT



