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Adaptive Mesh Generation and Refinement for Integral-Equation-Based
Electromagnetics Solvers
Student: Lin Min-Ching Advisor: Chao Hsueh-Yung

Department of Communication Engineering
National Chiao Tung University

ABSTRACT

When the method of moments (MOM) is applied to solve the electric field integral
equation (EFIE) for electromagnetic radiation and scattering problems, the accuracy of
solutions greatly depends on a proper discretization of the simulated domain. Most of
time, the grid distribution needs to be manually tuned for getting an accurate solution.
In this thesis, we propose a mesh refinement algorithm that adapts meshes to EFIE
solutions by splitting elements  (hsrefinement) and relocating nodes (r-refinement).
Using a divide-and-conquer,Delaunay._triangulation, an initial mesh is generated with
equally spaced seeds on the surfaces of:the simulated structure. Then the mesh is
iteratively refined according the current distribution on the surface. The refinement
process automatically terminateSwhen-the-current distribution converges or when preset
criteria, such as the smallest edge length andthe maximum pass of refinement, are met.
In order to expedite the iterative refinement process, the current is calculated only by
the near-interaction terms of the MOM impedance matrix. The adaptive mesh
refinement algorithm is further applied to solve radiation and scattering from metallic
structures.
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2. if Bttt w4 (Adaptive Mesh Refinement)

BN A P AR BRI R E B el e i TR 2 AT

ADAPTIVE-MESH-REFINEMENT (G)

Parameter definition:

G: geometry definition of a refined structure

Function definition:

GENERATE-MESH(G): generate mesh according a geometry definition G
SOLVE-CURRENT(M): solve current distribution using MOM according a mesh M
and return the current distribution

REFINE-MESH(M, 1): refine a mesh M according the current distribution I.
1 M < GENERATE-MESH(G)

2 | < SOLVE-CURRENT(M)

3 while not reaching criterion

4 do M < REFINEMENT-MESH(M, I)

5 | < SOLVE-CURRENT(M)
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Generate initial mesh

A 4

A 4

Solve EFIE by MOM

Satisfy criteria
or converge?

Refine mesh
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3.1 %

Preprocessing

» Read the geometry of a 3D structure
in .geo format

»  Divide the 3D structure into 2D
polygons for surface meshing

»  Seeding

1.

\ 4
Stella—Mesh generator

Delaunay triangulation

y
5 3
v 5.
Mesh refinement 3
» Local adaptation according to >
Galaxy’s feedback Galaxy--EM solver

>  Mesh update g

6.

v

Output
»  Output in .mesh format
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TrlanglePatchz\—r— Bz 47 73 = Bigtesy a‘ﬁrv" BRE = BipiRs
Glidp e BB 0 = BAg A Y #p?’ﬁ’% RERefp AR = &2 Bl dp gt
FHPEL S e GVEE RS > 4oB) H-HHTT e



B 54° % t- BUEEG T HcRA G e 2 MRS o L - BB MR R 2 2 B

Hiz 435 o

B 5-5:= 42,773 = Bdpihdpe 2 = T R(VLV2V3)» = Bdpihdp e 2 = if(ele2,e3) = Bipikip
v H AR A= & A (LLI2,83) -

- ® 7 = # o TrianglePatch (7 = & # & = & 7 & & —Jf’»:} im
TrianglePatch) » ' GhostTriangle - - B = &35z L 25 4p a8 i
A0 Bipakz & A5 chdp R x 2t NULL » & &4+ - % GhostTriangle « F]p* » f-
B3 EROB PR L L ampet o 75 F 4 TrianglePatch (2=
GhostTriangle) $%% = 4@ #8<h TrianglePatch > @ * » = d g i - ¥ i
413 GhostTriangle °

TriangleEdge%\» Tz A 73 A BApihs Bldpe 2 A ek A Bipik

\\\

”’\"**ﬁ""" *P "’*I‘"@ 56477 o F L BT LG A AR TG - B
o A = CEE g LA s A ANILL 0 A L e - B

GhostTriangle o F]Yt o iz e et d o 47 dhTriangleldges® 3 A B 4p 48 <
TrianglePatch’ 4% H ¢ — B & GhostTriangle » A zj,ik%’-\}%ﬁaé Roeh— Wiy o
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B 5-6: - B i A Baihdns 2 Bm(Iv2) > A Bapihdp v BARESZ £ A)(tL12) -

7 ¢ Trianglebdge B § HifE > e v j AN - K HBE] F3E ook
7 ¥ %P~ Trianglefdge 5f# & » @ L chig 5 NULL» 7 € 2 3+ % o

3.2.2 #RFTHLH

T 2 B (planer straight line graph - f§ & PSLG) .- B - ‘a®=; -
ﬁc‘—al[ﬁ;‘ﬁfh‘ufﬁ"»‘ 5omedEl s @ S AE 2 B R AH S shEdnd o Mesh (4
1) it 3 d - B.PSLG E & )] o AR I e R TR o

Mesh (4t ) 4~ % &L 32 & P REFF 13 & d T T 0 - & Vertex
ik &~ BipdE R - e lrianglebdge & ~ - = TrianglePatch éhi & - 1
% — 2 GhostTriangle shf & - B v 4 * (Vertex, TrianglePatch, TriangleEdge)

2 ehp the Siesr gt R RE 0 B o GhostTriangle £ & & ifipFrst > »
#7); Vertex # & & divide-and-conquer Delaunay = 4% #j/4 Z|pF > & i PR A%
R R

W 572~ @ F sy # 61+ > d = BHE > w Bif R (bl, b2, b3, b4) -
= M}‘%H%(tl, t2) » 12 %2 v BGhostTriangle(Gtl, Gt2, Gt3, Gtd) e+ - §F iF
+ oo Meshz 7 3% %7 b Pl BHEddgthe 5 Anldpe e 7 i ¢ g B
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mesh

P WHRHEEE

| Vertex

Y Boundary

Y TrianglePatch

Y GhostTriangle

B 5-7:Mesh # #* £45 = - & Vertex("2 %) ~ - % TrianglePatch (= 2} )~ - % TriangleEdge
(z &350 )~ - w1 2 - = GhostTriangle sdp#k & & - GhostTriangle Bl ¥t taif % -

E LA R

3. 2.3 & Shewchuk e Triangle ** #&
Triangle ®_ - BC3# 3 #;\ eh- @Delaunay = & 5 % £ 42 2 258 » ¥ &
Shewchuk - Triangles F & 3 ™ §4[25] - Triangle? & » 4 e Mz & » 7=
it sg ~ o M Trianglefesvens v 2 24 [3] - StellamCH A28 #F 3 %3
frDelaunay = & )% 2 & 23§

P A#HRS o ag A g
B mb o Stellask it P » 37 %‘ R %+ Triangle § #t BRI - RiE
? ’lé’f#‘v{)‘LP-&ﬂP‘; ’:‘\:‘f miplt 7

- & > b fStella® Triangleszh & A i
’:‘ ‘:‘«Lmlﬁﬂ’,‘,‘b °
Stella £ Triangle &+ é77 F 8% _: & Triangle # » Zi® i@ =
bR 5"\@1 G =
o oa
B

%?K ,‘!;,\37%\—'3_’—] ’)K—"X#.%-FFFE& ml%?ﬂ
Heenie® B AR RITRE A LR o & Stella g 179 0 2 - 385 0 40 j
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B SH e SA TR - Triangle sk B3 I 750 7 L5 #
R R REAL B UL § @ P Tengsce B ivd o Triangle
B - Bty - Bt R R A RS R R §
E

HAapta s R 4R 3 o StellafeTrianglef < o] B ehe = &3, F L5
BAMG P2 BEB 2 B 2 B £ EPTHSEE ] 0 B E
ABARAZ A7)0 A - Bt #EE s ER Stk B 4 AR
Triangle:if 3 § & Bdptha wldp = A wip#senif > @ Stellashi# iz § ; Triangle
3 bk B > @ Stellat » 515 Stellap i foima B 4 117 T84 g
Lt bR LTI A6 o TR B IA > StellafeTriangless &  xfry
B E 0 7k ehd s Stellash B 85 “7F ApARZ & 25074 > & Triangles
BREG o TTA ¢ PSR AT T L BStellafest Y o W
RES TS F - BUEBHF 2 £95 0 & wlriangledEt ¢ o FEEE ogk- B
TS G TIESZ A Aok L R AR L5 N2 487 7T A S
CEi<Ed meF"* » BRI (35 2 4 diedr B 4E ) B E B HOF 2z &
250 Stellash B 25  #77 #E&&“ﬁ? gL B2 AR Trianglesn™d BE 7 e dk 4p AR
it Trianglef F# 445 ¥ jefriuiuintp a8 chet * » 2 9 22 Stellash Bio b
AR AS i enst * Ap e o & 46 5alqr A #5271 StellafrTrianglesh & o T &4
EIRY §R o

peb s Stella 7= %9 7 Triangle ® ¢ GhostTriangle (% % ez &35, ¢
77 - B#{-a BEL) > %5 Ghostlrrangle % divide-and-conquer Delaunay =
PR J6 SOREX-Th IR o B
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# & 5-1 t - # Stella fr Triangle shzk & B @ TR S
Shewchuk’ s Triangle Stella
TrianglePatch Ap 2 2L
Ttz BHE = B = BApMRaZ £
Fo b2 E- FRG Apas= 3585 5 % 5 GhostTriangle
ip R gk
EREE DR KPR R LR R F i
Bt dpi( = iq/?#’ﬁ?m =z &2 TR S Ea< ] P
<o) ARV F IS A ) i )
TriangleEdge A i 8L
eSS BB B ARARZ £ W E PR T LR
iR 2
B BAptkdp e A Bldp e B Bdp | 3 e s wApARaif
Yt r ot B
Vertex B 02 BL
77 xfoy BiRE
iR B
EREEORE Hf TR A EREE R F AT
2 At L Y ER A Rl
P - BERAN e TF PP AT 73 TR
fog 7 TEERNZ £ 13 S I
% sk g o R Bherf AR - L h i I A I ]
2L eif
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#f& 5-2 1 vt g Stella fr Triangle shfk & B e T R4 (015 Xt iXj )

Vo Tg P Shewchuk’ s Stella
Triangle

TrianglePatch = FR gk 0 0
= Bif 0 0
= gz 225 |0 0
EZREERT 4|0 X
Pl

TriangleEdge S e 18 0 0
B iEpas= &2 |0 0
# R T 0 0
AP #R g 0 X
HE X 0

Vertex X fry Bt 0 0
EREERY £ |0 X
e Ted
# R R 0 X
AP HR = X

3.3 Divide-and-Conquer Delaunay = # 254 &

3.3.1 wE 2

11 * divide-and-conquer Delaunay= 4% 254 ] 3% & /2 2 Guibasf-Stolfi &
[5]#73& &1 eh4p T » F'Ei‘*%:i %J;@i_o‘tﬂ’ Shewchuk[3] > ™ = &35 % 3 m?\‘}i zee_ﬂhg‘ 0
divide-and-conquer Delaunay= # 2} /4 &| i 4240 B] 5-9+#77% o %J AR g
TE S B PSS A A 5 BE s N AU AA A S 0 &
4ogete o Bots o MEITF IR R S 4e K o

B A S R EG  FRAGE- BV AR AR
divide-and-conquer Delaunay = et g Ao FTHAT SRR X BIRER
X Eitple g gh2 L Ry BEEE 5 &F %%“fﬁﬁkﬁﬂ-—ﬁ?éﬁ%ffh‘ i
B A BN > U AR e h & B € # 2 (S ihDelaunay = & 254 BlAE N E R ¥
H 7o xf pzoeh > BT AR, A% & PSLG enig it » Fix e b ",% ) 13
2t G B SR Bt A SRS G A g
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B 5-8: i #3iF ¥ (edge flip operation) : B-d &= & 3j abc heH & [F42 > B a &= % 3) bed
Gr*hIR AL > = &7 abe frbed 357 A Delaunay = &7 o #-if be #e 4 if ad (F#I%f = &7 abe

frbed > 5% = 435 abd fracd) ¥ & = £35% & Delaunay i # -

* R NP R B S BRI 2 A A Lo R E B Y - A g e

BRAZ BT AN A RBOEE AR - TR R B NA PE R
AR AR - B RN D MR Bf =¥ oA B gd ARSI EAR
R URL R LA S AR S

B 5-10f-® 5-114= & H-edivide-and-conquer Delaunay= % ;4 &4
PR G F o 35BS @33R0 B &8 25N Delaunay = & A5 o B 5-10° -
FRAENEIL A AL oS Rt S T g (B 5-101 ) £ 4 s
Bl BEEL A FA L R[FRE IS B = Ba g (R 5-10¢ )o d 3
ERMA SO0 BEINEZTERLEE B NS L DS BEELZ £
2 E M (B 5107 ) TJ%:‘_ L] R OER B P A d hz &)
GhostTriangle » BISEF & & & & i B o GhostTriangle¥>t % & & ‘o 4p 48
TR ARG Fle o T RS KRR b aGhostTriangle- - 245 & - 42 »
Feifdi 5 B g gE- 1R bel 511 - g HREARY 0 F L FF L PR

(edge flip> #4=® 5-8) > Mkt 973 = £ 35% & Delaunayif & o
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Input geometry data

by N

Sort vertices

A

Remove duplicate vertices

Prerocessing

A

Adjust edges to ensure the graph is PSLG

1. Split edges containing vertex not on its endpoints

2. Remove duplicate edges

Yes

region are
collinear?

Divide the region n
into 2 subregions .

______________________

Number of points I
the region < 37?

A 4

Triangulate the region

Divide-and-conquer l
Delaunay triangulation Merge regions that have been triangulated

All sub regions
are merged into
one?

® 5-9 : Divide-and-conquer Delaunay = % 354 |
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If the number of vertices in the subregion is smaller than
4 or vertices in the subregion are collinear, connect the
vertices in this region to form a triangle or edges.

B 5-10 : & 8h4 2] i A2

18



AN
|

= W wm S o

B 5-11: e & cqufie

3.3.2 #it

c\" \r
i\‘
=
-l
‘_.

HER g E 2 88 divide-and-conquer Delaunay = R4 A &
H I LR SR BT gk R RS E IR o A o A
# - & Stella 44 7 5 0% ¢ 3 & z’iﬂ;{?* » IR KRR R E e B
d1V1de and-conquer Delaunay = & 24 2| & ;2 chpF P AF 2 & > (2 &% St SEgid
LiIFapE R AR ERY g Fles o

% GuibasfrStolfi# & éhdivided-and-conquer Delaunay = % 354 &) /% & /2
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o

¢ [5] dfum A B BE PR B ) R o SRR Ve B g E
Xm > AStellashg iF¢ » - B REP 5L 2IMAF - l"}?ﬁ%ﬂ* v B

B g vte o AR enE (TR g Bk 0 T R RE D S o b BRY
Glde T - A E B 'ETIEJ”%LF G- 2R ofRanTET RS “L‘?\A’\ )| e
i ¥ F’“-{zr.’4 R AT a o

' Delaunay = % 24 iz > ¥ ¥ Z R EA) A ehz £
HE &8 o ok & - 0250 - :I%%frév’vg i_l'l',f:}%—’h; ) —“’K.@.ifﬁé‘, w'ﬁ ;,:,‘_L
bz d At poo BRUFRELZEY #M'? P oo R EDE B

- BRde 2Rieiikh o 4 ;'L”!’\.L‘«L@ gt = ARt p lﬁi“}’;f%ﬁi
Y R efopE R EOM) (B9 oni R agaikd ) BRI ¥IERFRT - BE
- B £ FRAREFXT e foy Rt e o MR Az £ B3 BN
B T oy Az A2 oo d AT EBR PR R4S I A PR P e e B o
4o b-12977 0 BR K A - B S E(24,33,82)= £ FREDE s &
gL 47F chEghghe ELEXREEEE FIN A YRS S8 24 20 R 58
33 2 (5T & Bk o deB] H-12F B HTow ”‘f P XA gk 24 T8k 33 2 FFeng gt
Pk B B RINE A oo FT k&8 B Bya AR 408k 33 o8k 82 i
yAEREFEEE A @ 5-127 Bt 7 &35 ID5 29,81,80 5= BELEE A=
$25(24,33,82)2 ¢ - 2 ¢ iffiﬁét‘«mﬁ;tz R %ﬁ; KRS 13 ol |

d.rl

AT G- B2 kAR SRR g 2y
KO0 ehiasE > 4 7 Ot ik B 'h’hgk? U l§7f5 ciBRE- BAEI &

R A ERT v oy die o whdEeds Aol (et LR BAEL O 4 S
- e R B BB SEA T N A 0 o] 51347 o d e
PR BH VAR 9igE £ (candidates) ¢ %Jﬁ%ﬁé Lbiﬁrﬁ BELEVE B oo
PR 5-135 Bl R i REEA hirE el fred & GEFIEE R RA-T
L3 2ifel 4o
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B 5-12: W h = £25(24,33,82)p &3 77 LA TR g (B #&F 5
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Candidate edges
e2 and e3

@54&_i—@%gaﬁaﬁﬁgagﬁgmgwawﬁﬁ%?ﬁﬁawaﬁg

2 5-3 1 vk Aot B ot A A iy Detaunay = & )4 B ATE SRR o

Number of A. Execution:time B. Execution time Ratio of A
meshed for checking all for only checking B
vertices edges (s) part of the edges (s)

100 0.156 0. 047 3.4

1000 3. 657 0.390 9.5

10000 28. 390 4.878 5.7

100000 413. 254 56. 279 1.3

tHrmARE = £ LT

5

A h- BEEEFHA L Ep2
g o FRAFRAEE- 50N (n: &gl ) 1 & &Y DL TR |

PR R RUR B BRI IR o 2 SRS 2 SRS

SRR EL R A A TSR T A 40 Rl A gAY
Bco £ 5-3¢ ot b ifezigw {8 0 Delaunayz & 254 2T At E PR o d
% &% 5 0 K BDelaunay= & A; A 1|90 F PR W 0 Fplecig i 1 R ke 1/3 3

110> @ ® > &8 4% 5 > &4 cpFF s 48 5 o
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3.3.3 2 aRfpi o e

HEELS B gRip il 2 B Y
e T g @ - ag @
F"’]‘é-w ’-ﬂﬁ&—f’rl[%—lmﬁ

IR S R ey
24
£ IR SV N - HEPRA
i
2

= é’m.‘%ﬁ%a‘; MEB LY TG kit
Tooo kAL BB A e ER o TELAB
BT

LA

e
(xyFa b)o iz fpefd e N aige a1 3
R R
Fiedd- BzaTs hn o BT 6 i L—QF'&
e o B 5150 BE GRS - &z WEE
S TR USRI =¥ e T LI s s 1t I 2 =M

ABARTG et sS4k s 2t (composite mesh) - B 5-14%

- BHES BE SRR ERABEZ A B 47 3R T LARRAB
fetetpsionid o Bl 5-168Stellas & = ML £ b5 o

s U E A TG 2 AR
MW IE S R ehT

-~

Bl 5-14: £+t (PihmilirnetdRh) B 5-15: 2> M2 - &8 3 pi[19]
[19]
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Bl 5-16 : Stella 2 = ¢h=z & = f e @ —ﬁﬁiﬁ%mh‘éﬂ el

. s .

3.4 F4r B2 =

it Delaunay = & 2522 BIFE 2 0 E4 - B doendghd S R 3
g BL R AR A oo _‘l;,}l*ﬁ I lﬁ%gm}b’]‘éia\gﬁ N B E g’va‘ﬂ:ﬁ#,ﬁ ki
e S BEENIRA o A * 4 X R ETHF AL RDTERREEY o A

PE o B HRARHEY TIAT M o T AV R A RERTIEA G

=

A BT RT 0 K- BRE AT R A T o F R
d oo g s & BEA A e N ekt PR 2 Y - Fzé&;xi&é_i BEagsivoom Ay
RIS A B R SRR BN SPARTE Ol it SRR o
(mesh refinement) e:@A2¥ jbribrecd P2 50 o

AdpE BEA A F R P RGE R 24T

F R
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SEEDING(G, d)

Parameter definition:

G: geometry definition

d: user-specified desired initial grid edge length

Function definition:

SEED-EDGE(e, d): seed on the edge e with the distance=d
SEED-INSIDE(G, d): seed inside the geometry defined region G with the
distance = d and finally return the seeded nodes

1  for each boundary edgee € G

2 do SEED-EDGE(g, d)

3 V < SEED-INSIDE(G, d)

4  foreachnodev € V

5 do for each boundary edgee € G
6 doif v near e

7 then remove v

MRS e 4 30 4 fmerin Bk R & 8L & hDelaunay = & A g e
R 7 o & BATE E A A i]!z:% €5 7 F 7l i}im;}%@g & A5
¥ oo Bl H-168 A * ¥ 24 & chdghoDelaunay = & A4 2 & 4 ]S o

3.0 FhREHL

Delaunay= &) Bl B2 £ 3 72 fgic B E BHEand R - HT2 0 F R
e R R RIL R R R R R o - Sk AR AT AT
A fEuE > - AR g2 (priori approach) ¥ - AEE A H =2
(posteriori approach) - f% - BERRELZY > FRh € p R x> % ofd
SR F R B dDelaunay = & L S pF o A AL E BRI R A fﬁfjﬁé A
TER R GTh V- BEREIZEZ? > 5 2R 247 i dDelaunay= 473
ABEHA  ZRESEHE U ETRIRSE IR G REA RS A2 2 A
LgafheB? - FEARERAXFT L BRFE A DRERY o AR
5-1T(c)*7m 3 ¥ - AT BF R PR > 272G 2 fegh
e RRERAE o 4B 5-1T(h)#Fow o
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) 5—171(a)Delaunay5 iqjﬁ#f?«/ﬂ\ it - FR2RE (PR AEFERRE (O#Hn
FEhen> N EFER R

Fivd o # R EAE (priori approach) 7 & <37 % PF Y jed@ 4~ 4 & Bhend
>oo Rl AP FIL A FEAF R @ FRREALZE RN DR L
SR PE e AR T o R B R RE bR (T 4o - Bk B 4 ek

T R R s LAt FE RSV R
B RESE R Do AR A SR ST et 138 B (W) 5-8edge flip
operation)p¥ » #MALtg & F AT © 55 a o FHRI L & i & e (S i L
‘l:%q}ﬁﬂifé’?‘;u FopEpr R AR ko R ke R A o
Wi v E R B & Delaunay if 2 s — H oo 0 b e L ¢
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Delaunay= & 254 A 2 (7218 > < MA P F A% © G f o L Hm AL
g & S iEdeid 88 Y (edge flip operator) » 4@ 5-17(b)#r7 » # R
mmg'ﬁ_%ﬁil o

3.6 ¥ :ms (Mesh Refinement)

PRlIms FEET %”747;4 zl_/z FRHFH A AN TfE S BRI L s
et NE DL FROT IR F R o7 A PR DSES S ki
HELGalaxy fFR oA T 0 RUnfEA L {RE s LB AR RERFAEOR A G
Fox o] o B RER e I o AT R R DRE L E AT ET
BipRAZREDER S LATEZ R BN Delaunay = £ f 2 =
(h-refinement )~ & {& » # & BN & 8 (r-refinement) # Ef o HFHRI5H3 - =
- A HB R L HREE DR S Delaunay i 0 s ¥ (edge flip)
uEE B P4 Delaunay o et im A B E AR TR FIE TR

R HYFEE AT L
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REFINE-MESH(M)

Parameter definition:

M: original mesh

Function definition:

ENCLOSE-REFINED-REGION(M,I): enclose the refined region according a mesh
M and its current distribution I, finally return the enclosed region
GENERATE-MESH(G): generate a mesh of the enclosed region R and return the
mesh

GALAXY (M): solve current distribution using MOM according the mesh M and
return the current distribution

INSERT-VERTICES(R): insert vertices into the region R
MERGE-MESH(M,MR): merge two mesh M and MR and return edges connecting
to these two mesh

LEGALIZED(e): flip the edge e until it satisfy the Delaunay criterion
SMOOTH-MESH(M): smooth mesh M and return the changed edges

1 | < GALAXY(M)

2 R < ENCLOSE-REFINED-REGION(M,I)
3  INSERT-VERTICES(R)

4  for eachtriangle patcht € R

5 do remove t

6 MR < GENERATE-MESH(R)

7 E < MERGE-MESH(M,MR)

8 foreachedgee € E

9 do LEGALIZED(e)

10 E < SMOOTH-MESH(M)

11 foreachedgee € E

12 do LEGALIZED(e)
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3.6.1 AT RRwme inFR P

i&’ﬂﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁm&°wﬁﬁ$ﬁ@,;§m@§w;&
+
~

)
- 9

LT ERBOT IR B FELRDRERA N FERET AT o R
wmAE = Galaxy 3+ & hR oA A TARF TR R B2 hTe 3 o @ ¥ 1
TN KR - B AN RERAZ YRR A ER 58 C

C =w(DAl (5)
H#e

Zn:‘l — Ineighbor; |

Al =32 (6)
n

Iz\'r\—l$”§_r| Ph’—’}épm—lijq_‘/n;?ﬁ&ﬁjj"l"nz\/‘LL"i’-’—l Pk’—’}é,#ﬁﬁk&—’i—zli

e ® (H0 R = &4 n=2 3 ¥ = £25%% n=3) Ineighbor, £ 7 s = &

Ageteny | BAARZ £ w(l)E- BERER TIARAE S DM OIS E
BB EEFTARAM S A A Al i HE TR AR RF PR F
w(l) Sl FIE > Lo R Z) A% B 2 5 TR R BT AL G R L
PR R R s o C SRR s R AT EAT AR ARG RS o B
KR S A = IT%—E—L#“ D CRles ER TR BT A INER me he (T o
TRt A AN FarT N T

\/Zn:(l — Ineighbor, )?
Al =

= (D
n
IV EEROTE S FEHEFN(D) o ANNO)KRET R IR I ER o
1Lb SRR H Wt R & - B A% £4p 7 B (local error indicator) :

- BRERAFETEOEL R T RRAFNE RGBSR
FA T BV RS 2 SRR - Vb - BRG FE S E LT
® (global error indicator): £ e+ [ R JF¥z W& - TG T A4 ot
FRERRMEFEOT A PR KA 2 R IF P REAER PR FA R
FERFREIE g RF] AP EFE fZ RO IELA T B AT
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