


041~042 &




{5 BRI 5 H R BE20074E B R 1B X B R-1. |

o w2 | BRER [ e H Y. 2WER B, & | K5
3z
I :m; :Z:t; O (Bt spt BRI A 2007. 2. 03
FiE Mk |18 14| 041 |A hybrid QR factorization with Dual-|MICROWAVE AND OPTICAL
BT [# #%| 041 [MGS and adaptively modified |TECHNOLOGY LETTERS
2 characteristic basis function 2007.49. 11
method for electromagnetic
scattering analysis
BiE M |1 44| 041 [QR-AMCBFM ~ for Eiectromagnetic 20074 1IEEE International Symposium
3 Scattering Analysis on Microwave, Antenna, Propagation,
BKE | # #%| 041 and EMC Technologies For Wireless
Communications£X i A
X%k | #  #2| 041 |Wentzel-kramer-brillouin and Journal of Systems
finite-difference time-domain Engineering and
A analysis of teraheatz band Electronics 2007. 18. 02
J % 041 |electromagnetic characteristics of
target coated with unmagnetized
plasma*
5 ;’fwi z ;j O [T R S it i’;gﬁ[m*%‘@ 2007
H A @R[ 041
6 ({H7HE | AFRE| 041 |[— R K EERIK LM EE RUINVE S HL T 2007. 30. 03
RV PF U | 041
g || BBE) 041 oy 2 e e mmetpeR L T 2007. 29. 06
ERE [ #&] 041
g | AR IR 0L raketmmE B R | LmemER TR 2007. 28. 03
TS | B #ER| 041
9 B B ;ﬁﬂ:ﬁz 041 %f*ﬂﬁﬂﬁ%ﬁﬁﬁ“ﬁﬁ@ﬂ@@%@@ﬂﬂﬁ B 2 TSGR 2007. 26. 03
&S | B BER| 041 | H i
10 fﬁI/Mi‘: BIEER| 041 | B 17 s BI04 BRICJ7 v — 4 v B 1) R 200744 B BEKI A AT
REF 7 |4 041 |9
X E M |44 | 041
11 | fa /e | B #ed2| 041 | R FASBR 34 € HLIEIEIRCS 2007 HL T 2R 2L VATH
Ja 7k W | E Edz | 041
MEAE | 4| 041
1z | FRRIBIBRI 401 i s A TOENAM 20074650 T2 2 REA & 2 AL
X Owk (B #7] 041
& || 041




= R SRR 2B 20074E K8 B R 3 B F-2. 1

Pl 2 | BRER |94 W H FY) . &iERK E, . 8| %5
1 ﬁij; itg o [FUACartesianikERUBA SIER |7 191820 2007. 29. 08
2 iﬁj; ﬁ:;; 1 [iCartesianik RSB0 52 TR A2 2007. 34. 03
5 Mgk (115 | 042 |IE5%BE AR A T B A WUEAC TT LI RA 8 _
3 IRV 25 2007. 35. 01
X i (¥ R 042 (W5

4 ;ﬁﬁg zig WK R it e 2007. 28. 02
gRI Mg | i t-4E ) 042

51X W |# FR| 042 |HeTHUREL IE 0 IF 5% PR T B % FREMEMRKFEZER 2007. 39. 05
FREZR | PE U] 042

6 Eﬂc;i zjfg | A SRR | ) 2007. 36. 01

" g/par |1 44| 42 |Fuzzy Principal Component Analysis rstinal of Blsstoomdios —
JHEEYT | % #%| 042 |and its Kernei-based Model o
/ML | 4:4E | 042 |Kernel Generalized Noise Clustering |Journal of Sourthwest

8 o 2007. 15.02
JREYT | # #%| 042 |Algorithm Jiaotong University.
B/ har |18 44| 042 |Possibilistic Fuzzy Entropy Journal of Computational

9 s 2007. 24. 06
FET [ #  #%| 042 [Clustering Information Systems

B ﬁ’]‘% LA 042 YX%&!F‘%?‘JWAH#H‘JPME?‘%H‘JHEE%* 5 P T
JAARIT | # #%) 042 |t
/N 118 14| 042 |Compensation for the Mutual Coupling

11 | 48T | #L  #%| 042 [Effect for the ESPRIT Algorithm in |Journal of Electronics 2007. 24. 05

Signal Snapshot Array Processing

sk 48| WA 042

12 | T (% #) 042 |H T HUMERER B PAEELT R its 2007. 23. 02
R 788|042
KiEL [#% [ 042 [MULTIPLE BEAM  MODULATION AND (J.of Electromagn. Waves

13 | ¢t ¥ @44 | 042 [DIRECTION-FINDING  TRANSMITTED  BY|and Appl., 2007. 21. 14

SQUARE-CORNER = ANTENNA
14 | RHG | B 7] 042 | XU RR L B i 2= 1 il OF DM 15 1 170 77 2% | BE s LMK K 3R 2007. 39. 05
15 | SR | BULE 042, o A SUMDSSS (R [ T 4R 2007. 06. 00
KRS | B ]| 042
1 | PR UL 092y g s OSBRI (B REAR b 2007. 06. 01
ARG (B #%] 042
Speckle Suppression of SAR Images Dynamics of Continuous,
7]k 2 |5 sl oe Based on Wavelet Singularity Discrete and Impulsive 2007. 14. 04
Detection Systems Series B:
Application and Aigoritms
BN, | #  #2| 042 |[High-Performance Simple-Encoding
18 |y | EI#3Z| 042 [Generator-Based Systmatic Irregular |HLFHRIEEZT] (SEICH) 2007. 24. 05
LDPC Codes Resulted Product Codes




15 BRI %2 5H AR ¥R200TERRBILILHF-2.2

ErARAT: W% S . 2nath | . . B | 20
Subsidiary Maximum Likelihood Journal of Communications|
19 | fPBUIR | ¥ #%| 042 |Iterative Decoding Based on |and Networks 2007. 09. 01
Extrinsic Information
B 7 |@I#IR| 042 |Image Segmentation Using Watershed |[20074EIEEE International Conference
20 | x& /& |Wit4| 042 |Transform and Level Set Method on Acoustics, Speech, and Signal
Y.F.LI|# #| 4%t Processing& ATt
BARE R | A | 042 |— b sdcalk i 36 F BUER s (SRR ML B AR 52
21 | B 7 |BIBER| 042 [Trik oL T2 2007. 34. 12
JAIT | #R] 042
AKASH @l WF| 042 |A Keystone Transform Withour IEEE Geoscience and
22 |4 B |¥F | 042 [Interpolation for SAR Ground Remote Sensing Letters 2007. 04. 01
KIRIA | # #Z| 042 [Moving-Target Imaging
serviit @ il o4z Range Resam['Jling in the' Polar II.EEE Transact?on on
Format Algorithm for Spotlight SAR |Signal Processing
23 L e : 2007. 55. 03
sokis |2 22| 042 Image Formation Using the Chirp
z—Transform
AAYH | & W 042 |A novel approach to residual video |20074 The IET International
24 phase removal in spotlight ASR image|Conference on Radar Systems<XilAZift
formation
VLI | T4 042 |FEF15 5 F 2 AL E K/ ZPRTW
25 | RARE | @ WF| 042 [SAR/GMTIF AT CISRUTEP-E 5 2007. 29. 01
AIRIK | B %] 042
PRI (1814 042 [FEFSLRMEP R R LT MER T A
26 | RANE | @ W 042 [STAPHEAESM T MR B R NFEFER 2007. 39. 02
AJBIA [# #2042
YRR | 1814 042 [An impeoved scheme for the ferquency|20074E The IET International
27 | RAYHE |Al W 042 |domain ¥ A-DPCA Conference on Radar Systems&rid3Zifit
AJeik [# #%| 042
LB | 1844 | 042 |[An Efficient Reduced-Rank STAP based|2007% The IET International
28 | 4f8E & Wi 042 [on PASTd Algorithm Conference on Radar Systems<: i3
KIBik [# %[ 042
29 | F RIMEE) 00 ook b i SARMIIR 4L | 0T 582 2007. 29. 06
KAV |&] W 042
M fH |[#Wit:4| 042 |Airborne ISAR Image of Ship Side 20074 — AR X & LR T iAW
20 AANE | & WF| 042 |View G/
M B |YF Um) 042
KR | # $#2] 042
gy | PR (MR 0921 e vt st 2 2007. 28. 04
IRk (#0042
- o || 042 |k AR b B &N B AL BIE R FESAR U B 9007. 11. 04
RIS | # %) 042 | FdE
%4 A (1A 042 |tk BENbRE-K E B EVEEASARE 4G o ] 1 4 L 72 4 2007. 12. 08
KIKIA |8 %] 042 | BdE




BB A B00T R IO H 2. 3

e e | B [ ¥ 30 H I, SR | 4. &, | 2
R—4& |8l#ER| 042

34 —a KK 8] 15 4 b B W oY
sz i oaz 4 B K2 [B] 358 22 e SLARGE S0 1 8033 | BN FR RS (38 F)) 2007. 00. 00
R—& | BIHEZ| 042 | 4 K18 77 2 BME 4 2 P ikt

35 | I | A | 042 | B T E A S R 2007. 12. 03
#& & |4 042

- R—42 | BIBER | 042 |FT 7K BE—3h B 3L A FRRE RN B KA S 00 | BI M S MR K2 538 LRI A R A
k& (-4 042 | I{E 4> E) A
5—4 || 042 TR AR AR 3 U IR 2

37 | B W |44 | 042 |FEFNSCTHI B Rl & i
T8 | itAE | 042
AL | W14 | 042 [New APPROACH to Copyright Protection|RIEifiZsfiiR K324

38 = 2007. 24. 04
R—4 | BI##%| 042 |of Image Against Geometrical Attacks|(ZEICAR)
HRLLZS [+ 4| 042 |F:FKrawt chouk%E 1)~y 45 # (1) 7 7K ED

39 A 5 b 2007. 22. 03
54 | @] os |3 o
R | Tl A | 042 |3 T A Iak T SR TR RS 0 40 S S R 51 R 1)

40 5 2007. 12. 09
s—% @z 042 | iR PR R
ORI | Bl A | 042 |3 T AFRFE#RIG R /R 83 B\ BRI IE 3

41 [#EE A I| 4 (B REEHSUR 2007. 29. 05
2—4 | Bl#EEFR| 042

2 b Iiﬁitté 042 | 4 45 HU BRI (E 2 B A7 v B L ARGE B —
R—4& |BIBER| 042 |B i
Sk

43 .. fﬁj‘ii - Z%ERenyi i ER (LR B AR L | P EEMES BB 2007. 12. 02
S—4 g ##2] 042
¥ 41

gq | BBIBUEREN042) 0 o AR AT B S22 R RS B S Al 2R
S—4& |BIEE%R| 042

45 i ﬁﬂii 04z HFContourlet ¥ /K ENH L THEHLN WY (3] 2007
S—4& | ##HER| 042

55 i flJT!i‘E 042 %fﬁﬁﬁkﬁ‘]%ntourlet@fﬁiﬁ?&ﬁ HEHLS 2007. 27. 06
2—4 B ##2| 042 |BIRKEN S H:

ap | B 0421 oM R BB | SS 22 R R BB (4 S
2—4 | Bl EEF| 042

48 & |4 042 |EFContourlet B #e (4 B ER F/KED |B R M A MR KEL BT EEREN
R—4 | FI#EIR| 042 (% T

49 At | fi+-4 | 042 |4 FContourlet BHMX HAFMFHIEIR  |BRMEMRKEBIURPFIEFEREN
R—2 | Bl#EZ| 042 |Bh& 5k A
B T8 4] 042 | , T—— R MR KEB A REFARSIN

50 [N P DY HTF-ContourletZF#e i) % B K4 RIS -

1 TAEM | Bt 042 | —Fh kT PU ST ILODHE FE faj AL 3835 MRMZM R KEBIEIIREFRESNL
R—4 | BI#IZ| 042 AW

- THE W Tiﬁii 042 |FF 40 T E S 1) = 4 b A R A AL Bk 00 T M R Al R A R
5—4 | B #ER| 042

£ B ] 042 |BE SR T BB RIHBTE  |[MEMSMRANEEEFREZRSN
S—4 | Bz 042 (&M T




EERFESHEARZER2007TERRL L EHR-2. 4

P W | BRER A W3 H HY. B N AT
- R | LA 042 | FContourlet B HHAFMLIMNE |RRMEM R KFEBNEIREEARSIL
R4 | BIEER| 042 [ARE 77 i A
- R |4 042 |5 FKalman T 83 5 AR ICRCH /D B AR | MM R KE BB ESE ARSI
R—& | BIBER| 042 |BREREVE AZ
- iicﬁ g;g gg f;;ﬁ&msalﬁﬁﬁﬁmumm% R ————
! - = % 22010 s
57 ;_i g;; g:z HT R S EEE A F R E AL 500 R S M K P A 4 A A
58 ;_i Z};; g:z 3£ FRrawt chouk i FISVMAG 4 8 2 25 L5 Z;ﬁ?ﬁfki%ﬂ@ﬁﬁi%*éu
5 T R |Hit4E] 042 [FTFIET K Contour let B M ZEME EAL |FE M B AR KB ILEIF R AEZE RSN
R—% | BIHIR| 042 |J7iE AT i
0 | o |osera| oug [T Tracetettmsmpenpszpigny (1S EAATIREFAEN
61 | T = |mits| oa F TR M ISARMLAR B Ax S50 AR i %1% ﬁgﬁ?ﬁfi?%h@@fﬂﬁz%*%iﬂ
FEHRAR T
62 i?i‘ g;; i z;x’“%m“““&ﬁm*ﬂm@% oo R (4 2 2
2 B |JF i) 042 [An improved subaperture algorithm [2007%EIst Asian & PacificConference
63 | &15% |F| WF| 042 |for airborne SAR imaging under |on Synthetic Aperture Radar&idZZift
RIRIL [#  #%| 042 |[Arbitrary Aircraft Maneuvers
64 gk/hK | ¥ Ufi | 042 [Blind PARAFAC Signal Detection for |EURASIP Journal on Adva- ST
BKE| # #2042 |Polarization Sensitive Array nces in Signal Processing
AR UF W | 042
65 | KM S | Wit A 042 | BEREXT M 2R N4 (I SR R 1% e ESEAEIPS 22257 S 2007. 00. 02
AT | #7042
gk/N% | B Ufi | 042 |A Novel DOA estimation Algorithm
B X 4 |Based on Eigen Space
66 | 2 A 042 20074EMAPE S I AL ¥,
AT R ah
WK | B #7042
fk/N&| ¥ Ufi [ 042 [Blind 2D-DOA Estimation for
& % |Wit4| 042 |[Uniform Circular Array
67 | XEHR b 20074EMAPE & i) AT i
B X Ab ¥
AT | H #% [ 042
68 | s/ | HF Ufi | 042 | “BEBhiELE 7 AR EEFESCE S LR BlHifE R 2007. 00. 33
B D b e L 2007.21. 02
gR/ANTK | VF UM | 042
70 | EX5HwYH Sh [ KHFEES FECOMAGS I TR A RN |FRMEMRAFEFER 2007. 39. 02
KE| #H %] 042




5 EAE SR ARZER2007TE K R T HFE-2.5

o ek

HAFR

FLpr

wICEH

Y. <iER E, E W

Eayill

T ®
N
AJkik

vk i
d@  wF
R

042
042
042

HF SARSE I 45 1 LA AR WE 5

BT 5EBEM 2007. 29. 02

72

A5
ki

o Ui
Bl W
B %

042
042
042

New Range Alignment Algorithm for
ISAR Based on High Order Moment

BT 515 B2 (FECR) 2007. 24. 04

73

iy
ik

Bk Ui
gl wf
B R

042
042
042

Improvements of ROPE in ISAR Motion

Compensation for the Mutual Coupling

2007458 — R WA HL DX A AL AR A & X
AT

74

TR
X1 i

vk i
B &

042
042

Z I IE B AR A 5 B 1% & HFPGA
L

AR 2007. 28. 05

75

i A

L/

042

HFHami1ton VY o FEA FAE 58 (K —
YRR S BT

BT 2441 2007. 35. 12

76

BUHSE

(30
R

mt)E

HE
f2.654

042

042
4N

Performance A nalysis of Multiband
Complex Wavelet Based MC-CDMA System
with SpaceDiversity Combining in

Rayleigh Fading Channel

Wireless Personal

C icati
ommunications 2007. 41. 02

77

KM 55
R

Lok o]
i 44
B

042
042
ZAN

SRR A T AL 1) 22 W (22 70 28 I 2 LS T
H&MERE

AR 2007. 28. 04

78

wAE
SEE

W)
At
E5 654
f26sd

042
4k
042
pd

— ol T R 7 B 4 4 4 BSCDMA 5 52 K% % T
P EBTTE

BT 5E BER 2007. 29. 05




CHIAECT RS ]
2007 49 A

w o® X # 5

Journal of Data Acquisition &. Processing

4 =

Vol. 22 No. 3
Sep. 2007

X EHE.1004-9037(2007)03-0384-07

HFEFHETRKEF DSP WEETTE

-

(MM MR KGR

WE .04 T TMS320VES4

E R

L Foh 2 55 B A B B 5T, 210016)

09 R AE RS (Bootloader) 8 T B2 H § # (Bootload) ¥ R 7 i HRB X K

F B4 T i B (Digital storage oscilloscope, DSO) Z 40 £ ey 45 sk b, 4 A 383 16 42 BB AL fr ok Ao =T 8%
EF'FERTHADSP £4l 4 e 16 GH T AF FAARFTEORAEFPEALHRST T8,

xEF: A i:;*lﬂfi,:ﬁii- Gl TR B
FESHEES . TNA7; TN431. ]

;16 ﬁ-ﬁ“ﬁ’f)ﬂﬁ‘;:—h- T8

DSP Bootload in Digital Storage Oscilloscope

Zhow Jin .

7

wig Chenghua

(College of Information Science and Technology,Nanjing University

medities and Astrona

210016, Chinc

visiract: 1The operasing primeiple of the bootineder ond 1he implement method - hootload of
F M3220VC5409 are analyzed. According to the characteristic of a digital storape oscilloscope
1S0) 3. the bootload ol 13SP is realized with two mevhads . called the 16-Bit- Word pa

maoade of data space and “toris
¥.? ERT ST vl S v bers o . 1
(DI applicalions are daiss disgcussed.

Rey words: bootload:

Mo

ke HE g I At (Y
i. TIRZ ML
: ok e m(ﬁ‘]uux N
CEBER R RR T A B & B A
ETRKENTMAER S *'*’%?ﬁi&ﬂ‘lﬁ?
iG "fﬂiiﬁ-‘fi‘ﬂﬂ/\f' | Fe e . A0 KR DSO
E 5 e L & TMS3 7409 DSP, B A £ B
) fﬁ%ﬁ%ﬂm%ﬁ

BRI ﬁm%ﬂ DSO

!

2 th R PC MiatEroe R GBS PC #L
i RS-202 BT DI 1T MS32006202 i &
751 % . CHRLSTIE 3 PC #LAYIEEE 1394 FISE 3
TTMS320C62028 it K100 m (i fE & B 2 k.
CHR 4% F PCI-DSP 4 4% 45 il 8% 92 3 PC #Lx¢
DSP M MR . iR FE B TMS320C6202

He ol

R T PCI-DSP 8 by i

RGEASUTRE A IR
EREMEBWDSP P EFRBNEREE.

X #k[5 1 B TMS320C5416 YEEPLEEHM T M

W BB .2006-08-25: 1T B #§.2007-03-12

download mode™

digital storage oscilloscopes

rallel bom
The advantages of the two modes and the suit-

16 bit-word parallel boot: twice download

6 DS BJHPY M3k, STk s a8 L SCT BB T
TMS320L.F2407 & & m#, ak]

5931 T DSP B B ITEEPROM 51 &, A RET
DSP g HPI IR 0 SCT i f o R AP ERR S

R R = SF A R 2 e ee yd o e ke
v:”ww%ﬁﬁﬁwwﬂ““v SRUES 3=k
Z 47
R

e B % R Be TN BE a4 6 AT A 2 B BR g L A 3
Y16 A BB BEIRAT B 3 TS T C5409 1Y

: 23
PECR B,

S mEgEE

.1 DSP BEMHFE

F 34y T1 23 5 DSP 1) [ 2% i % #0538 53 Boot-
lnader BT, TR 13X EE 8 FF % “Bootloader”
{9 B R Y S R B £ DSP 1 A EROM
H(£1) . TXEDSP FA A FHoTH YR A

e d

ot

225247 B N ROM H iy Bootloader .

7 13/ 55 SPI 4

e

B s

© R S A IO

oA B

e

A e A



%53 8 J B BT AR B AR Th DSP 1y [ % 07 3k 385

F#1 TMS320VC5409 5 A ROM Z (8] 4B

¥ tfy s k- N &
N00_CO00-000_F7FF (28 %]
000_F800-000..FBFF BT
000_FC00-000_FEFF RE A
000_FF00-000_FF7F 5 58 4 Ry K
000_FF80-000_FFFF 77 il R

iseorioader W IHHE B 0 COF s R E AL
on A B e AR B AR AL T AR BN
FHoCEI AR B A 25 D . 3 DSP RE AT,

T ETMS320VCH403 DSP #HAMITEN T
w2 NSO RERHTHAFEANF TR LR
MP/MC I E S X 0SSP &K R A E LA
o S A RIS AR 1 SR DUE
st 0xCO00H | OxFFFFH #9 14 K 5 4 ROM,

1.2 C5409 MEERXHE

C5409 ) Bootloader = il {f — S 55 SR g 5 K
z“fwwﬁﬂ%gmhuMunwmm«wﬂ
= ;,%J XX A R A8, f 458 biv 116 bit; 317

1‘35@ E.25C5409 T ": B R (MP/
MC=0), FH 54 B 41217 Bootloader B JF , 3
iz RHPI %l%ﬁiﬁ»%?ﬂ:hpkom X~ 475
R R ESRT O SR -0 O3[R

F I e RS PR RN L LA e R e R s A G

2 16 MEPEBEHITEEER
2.1 FITHERE

DSO F#C5409 B 1716 M MHBEIFIT A
06 290 25t A Ky B 5 i i HPT 870 $2 47 EEP-
ROM #$E:X, 38 i Bootloader #EFE I 47 MR K (H
1), i@ 1 85,4 MP/MC 5| KB E3HH
INT2 # INT3 g5t # it , DSP Jo#k 38 13 HPI #1 &
4T EEPROM 30l 5 %5,

C5400 FEAFHITMBR NG, B LM T/0 z [
B9 OxFFFFH MR B 2 XA 8 k™, 1 Fi% DSO
R4 1/0 75 6] 0xFFFFH 4b & # 2 HE A & 9 o bk
{18 1/O Hn 48 % W3 FF 6 B8 25 181 ) OxFFFFH
ﬁﬂﬁﬁﬁﬂﬁﬁﬂtﬁh 24 Bootloader il 3| § % &

- 4‘?%“1_0AAH”§£AE£:&A16 fir ¥ 48

C5409 e 5 7
: 1
| P REkEC |

[ Py —rE |

L ]
MI/O%3 [8]0xFFFFH GEHY HATINERA
ERS Sl

TR I [AJOXFFFFHIEER 5 & o |
i T

r— L —
RO SR B A FR S+

10AAH > 151

| N

Lo nas et domes geom o 2l
L ' I R |
A ey
| REMRFRRMAFES |
H1 #iraieHs
. Dia FLASH
a0 On-Chip DARAM j foee l
iFFF; (8K Words) % |
| On-ChipSARAM | | :
TEEF] (24 K Words) o TEEE L
8500 !! 1AA |TFFF | oo ‘ 8000 ﬁ" 1 )~1! i/FFF_l """
I i -’4 :
' o : S WREIEFLASH
| S /) kombm |
BFFF| | Bm. HAE
U600 ,v_’ Cong
| S |
| Zaterral (DROM=0}™ " oy
S
FEFF 1 1 i
FF00 \ \) | Wkses EFLASH
| ey o | \{ | JHomE
| External (DROM=0) i \_.! : K 2EE ik
FFFF [3000] e | 1

2 FLASH 7 RAM X {8

8] E % B BBk 5t B C5409 FdiE s b, A R
B3 ERLBEE A FLASH ¢ 0x8000H M=
fe] B, 48 E 3¢ % 9 o ik 0x8000H 5 A | FLASH
# 0xFFFFH, #1 & 3 ff R . Bootloader 78 % 4% %5 [H]
0x8000H #k B £/ LK MEWAEAIERF
¥ M\ FLASH (9 it 7% 3] DSP ) 72 7 25 (]
HARL 4 10 B 3 AT AT B 24 9 L C5409 AT B
2

°

2.2 16 i TmMEFH B ERIEIT

16 AT IR 1 @ 2 R 1 & HEA — 2 #g R
B (A3 B P BRI — T FRATR“10AAY,

L b U i ”




386 oo R £

5 4 = IR

10AAH

PILSWWSR }7FFFH
YI#EALBSCR _ F800H
XPCHIAOHHE  '0000H
A LTHuAE T5147H
F—RX/J  1222DH
% — B El #9344 XPC 1 0000H
F—ER HAHAE  13000H

ABF1 !

section page origin  length 1
.vecters 0 B88862FB8 B0AEBAER UNI
.data 0 09083008 B000BO0S UNI
.suitch 0 006063600 080080600 UNI

Ctext 0 0OGO36O8 0068222F )
DUGESOR0 GRREZTAD wave

I:UIIML SWB(ILS SORTED BY Symbol A
iddI‘ESS name
96068081
Ga6auae

IR RN

RIGEN
FmBA
FmER B M iXPC

FmEx H pyibhE
HFEE]

ST&EK SIZE

wOUOTE is

0086448 _main

80805149 ¢ inthd

BTN _eslt
00004 RARAC4 r R

SUMCN WAL

afavit

() .map TN TF
16 6 TR AT 048 B 2 8 A%

: T8 b b E AR R R
TUBAAT J #{FFLASH 5 DSP 3% 7 i nl 47T
AC. & W B RS RHRETFHEHCW wsm%uﬂ
P14 5 $1 9 77 #8(BSCR) , R T &R 5 Ay
ERiH AT TEAE R BESWWSR — U e 0xd
H 5 ABSCR AT L3S 4
4 A ’i‘%ﬁb’
TTHPREFR A
g K/ ﬁl -
7}: B TR * . map 204 B A F
FRGERFBFEMHAD 000051497,
;a":"*%wﬁm/\\ OOH #15147H A
fig JE B A5 AT A*ufé%ﬂﬁhti)ﬁ 2.DSP ¢4 & 21 F R
UWAT T TFEmBEFAB. B 30
B text”/5 Wfﬁ;%%fhﬁﬁ% BRI A O #h fitb

b ¢ B0 .' sy
KB iz -7,

B #E T L 4 T
(L‘J 3(b)»)

“00003000” F5E — B2 7 i) K /00002227 , [F] #
LG 55 PR W I 25 R 5 — BB P B R /NVEE N 2 B
“0000222D”, BIRFE Y. text "BLAYIUAS IS5 R~
sysmem” . “. bss”F1“. const " HF R FF B LTHE, Y4
MO TEM *.omd XEBRERET —4
BFER . text”, HEREHZE 3() PHE—BR
HATUGERT XA UFERAE XA
W TFEE"EH B .
2.3 16 UHITMBFHOTEHEIT

% DSO R 4ty DSP #4il{5 5383 FPGA 5
FLASH 3% # & k09, 01 | 4 fF ;8. FLASH
SST39VF800A #) 16 R EIEEZ 5 DSP ) DO~D15
fﬁiw”: SST39VF800A Josh 28 Mhit,
¥ 16 bit, I LAHBHEZE 16 # A0~A18 5
DSP EI&WET%M 512 K P,
FLASH 895 B WE,OE # CE 3 5f FPGA §8
Fx il i 5:& oAb PRI SE R E L A A R
7L 8 R DSP A B g 7S Bl AR )Y e Ml i S B
A fE - 4F 3 FLASH 1977 6t %5 1)
2.4 HEBREMENSEGHEN

A DSP A2 FAIThEE. B0 020 T
MOE AR, CD409 [ B A RWT f hex D0
B a4 i, hex500 SEBRA— B . T4
FF 3B il FLASH G047
Hlhex500 TR Z 8, & /0G4 A P

Trnkd B 2L B OO M
EE O S LU 2

1o W
!‘I.I ‘7‘|‘_’

il

R 318 1 5 O

. FHit.

I

HEEYMNEIMARF T HE
T BEREBMFE, 7748 heat00 BYFR

SETH Fo 48 A A M A DLY prnd T HE BT 2 A

E}‘Jﬁzi*:{?i’—'&\ 25 AR %Eé%ﬂﬁﬁ%ﬁml‘k L.

l A0~A18 K

4

P

J,\ AO~A18 ,
s |

| A

| DO-DIS . e —— XDo-D1s
] i 74

i DSP ‘ WIRE FLASH Wi | |

| | FPGA | WE

| TMS320C | TPGA T A

5409 EP1C12Q240C8

s DSP_PS/

DSP_MSTRB/

R'W DSP_R/W."[_—_>—0—3{>0—{_—_> = Lol OB

SST39VF800A
4 _Sore | |
FLASH CE/ —
il S 1

FLASH

P4 16 AIFAT B A EE {4 & A

PRS-

Ve A S At EL R

e

T



F3 M T BT F R 0 8 DSP R [ 2607 ik 387

(1) ¥E CCS (Code composer studio) f¥] 4 1% 1%
MHEBRIM—v548” X RIESC5409 BB 4%

J2 SR e | Bl -/ \
LS (&5,

\a

() iIFH 427 4 1 wave. out T4,

(3 F wave.emd N ZEES(b)),

(4)#EDOS —Ff‘}Efﬁhex‘SOO T B ¥fwave. out
B8 wave. hox 1 (5D T 1L % S 773
TEFEY text” Y. 2inic"HY. const”

Ao LR “—y54R 7

2, put
wade hex

~Fap wave .mxp
i-memwidth 16
Fromeidin 16
-pootorg parallel

—oeat

(b) wave.cmdf N 2%

"gave.out”
"yave .out

L] ks
A AMZF FRAFBLUBAe oax3T Bx22 20) (ERDE0 004 11 EE FE F4 95 80 80
98 11 F7 BY 49 11 11 F4 99 88 F7 /E F6 73 49 11 F& 80 E9 07 F7 93 F1 807~
|48 11 FG 20 E9 97 F5 20 32 £8 08 V8 ES 01 F4 82 80 0177 € 06 21 13 F3

(d) *hexkg XM HEFRB L5

(0 *hHe A R THITF RIS
B5 BERMBILME

A wave. hex XK A A WA 5(d) . [ JF
L8 HB S 4 AR TR A AR LS D

# ’r'i?{ WA, I F 4R T 2 WUR] ™ 4

(5){# FH Convert F& 5 K wave. hex L[ 5% it
) FlashData. h {4 (E S5 . BHEZEN TEH 5
REGEF T ERA.

2 & FlashData. h THMAEME 5O R

B 26 o065 8 5 MR IR F B FLASH

B, BB B £ 0 Y )
FALSH {7 % RF - ~
SRR R R, L AR TT *mﬁﬂ: ’~J§ A
ﬁz\;ﬁ;ﬁquu \SH [‘nlﬁﬁﬁﬁiﬁéi'f% e
TLASH S MR 7 & bh (LR e T i g dh 4T A A AR

NSy SN

L SR RERBR i AT LA

%*ﬁﬁ%ﬂ CINE Sy
T iR e A

FEHN
W s MP/MC !;:-‘; y A
fiE 72 J s = ) e

CLEKMD #5144 3

A4 H# 0111001000006 1T b X8 )

540 K

?1 1H
— ZF) % ) 5F =X

FLASH f9 #0513 8 b erase _sst()# 5

(2 lkum.

R U 6 ssi B

(4) $e ¥ A e m $e 48 25 6] OxFFFFH 5 A H
2 R B #u ik 0xB000H

B2 EEE i FLASH 5,8 MP/MC 5|
%, LR ENEI RRFRS H K FLASH
PR 9 RAM, #1523 52 5 5 B0 2k '{'?z
FAOHS, S#EESTHPREF.
2.5 ZRTEREMREILT

““WRTEEVEMMDSP i ABRHPEF
B, out U4 MR P RAM #9358 € X 8L, 48
FLASH 55 fBF & 2 RAM 1 75 — /I‘ [X 55
PAT LB A PR 6 FLASH 985 . H X
THIEMEAM FLASH %Eﬁﬁ’ﬁﬁ&ﬁw% 1
AHE. XFEERANAFBFH. out XFRAHE
FERABRN—-EHEXEEWETD.

" B Fwave. out X A B 3 Fwave. hex

HIANABRER text”,“. cinit”f1“. const”, & B X
BHFR 3P FHTRX—-BRBEHKE TR

gram() R0,

TSR P v —




388

oW Ok %

5 4 m 22 %

erase_sst() B
*(n16*)SST_ADRI1=0xaa;,
*(u16*)SST_ADR2=0x55;
*(ul6*)SST_ADRI1=0x80;
*(u16*)SST_ADR1=0xaa;
*(u16*)SST_ADR2=0x55;

init_54x();

erase_sst();
¥ H R FRFLASH e

1 *(ul6*)SST_ADRI=0x10;
ptr=(u16*)flash_addr; delay();
sst_Program(ptr,flash_data,
T LR er—
FlashData “pDatalent) B 5
[] for(i=0;i<length;i++)
ptr=(ul6* ¥ OxFFFF), {*(ul6*)FLASH_ADRI1=0x0aaj

data=0x8000; / *(ul6*)FLASH_ADR2=0x055;

ﬂm_%%%fgdm DiW 1 #(u16% FLASH_ADR1=0x0a0;
OXFFFFHE A B 265 *(pFAddr+iy=*(pData+i);
T #thh-0x8000H delay1();}

E s B RAM X b ik,

- BEEE P FLASKH
Bt ICETEK-5106 U8B V2
DOSP [ RAM i wave. out 754 1010 B BF fiae
U = S s N S et AR R B D e M R

b G B R FLASH # 1 404

AT K 2 Py 5 ) B0
YAl P i

»-4\,_

FUMRPEE A RER kTR

EA R ARG L BB AT LIS AR R G A P R R
FE — P RBFERY text”h, 3 14 # 4t 585 £
0x3000H , i 4< 28 7 0x2638H . J& i B3t 72 5K 1
L, AR T E hex500 Z R M X BHKRTE,
RipdBmT. ol B ST

(1D'RIF—1 8 T XY H Head [8] =
{ 0x10AA, O0x7FFF. 0xF800, 0x0000, 0x5147,
0x2638,0x0000,0x3000} fEFy [ 3 MY FF 3K

(MERFLASH 195 7257 ot 45 %248 Head [8]

4% %5 5 FLASH f9 0x8000H %] 0x8007H, Z 5 &
RAM 1 0x3000H F| 0x5638H 19 P9 A& B3] FLASH
) 0x8008H FF4f Y X 3 1 .

(3)#E CCS H¥fji FLASH #e 5 W T8 . &
#hwave. out F|RAM fJ0x3000H F 14 iy X 38 o ,
R FLASH BB £ I7# 0«5000H R IE S wave.

U TR R AR i

(1) {£ CCS

Hoadit
4= ph Mg T
RMERS,

6 W6 FTMEFERR

SRR RIS

e

M EXAUEFEEAM I RAEREMNETFE
XA,
¥in B %Jfﬁ_;;";: MRS ENBRFTIRE

HEadaER, RAEHABELSAITIEEERT FLASH

WAVE .out —KRTRE
| Ploenz w?i%nc OX10AA, | {
i y . E 3
| . i g
A_LIXPC 0x0000, | !
FA Dbk 0x5147 Headis |
" (| rextf K AE 0x2638, ‘
}E}i ; K i BIEXPC 0x0000, i H
ST ﬁn,\EihﬂhthOﬁooo | |
teu’f"“ R iﬁ'@]
S ¥Ein2
i JXPC 0x0000, lth
74 B bk 0xs22D | | |
T
cinit¥ 1 cinitEiRE1L | .
mff: {,’ﬂ 2 gﬁg v;_s wave.out
* const 1%‘@1 0x009A PR -
A HCE #7XPC 0x0000, FEER
R B AR ht Ox1A4F

const¥i A |
Kl i

7|
L

&7

B B S 5 U B HE

e




w3 O A E A B AR R DSP (19 8 %6 5 ik 389

LA LR, M T RCF AR A B T S B K
{0 AR P R A i 4R # C5409
RAM #, i8 wil of 585 F 7 48 RAM o /5T ke 5k
BIFLASH #, ZF-B2 TR ABEHRE
SN IR i L.‘ ERIATREREEFP . YHPRTFH
%%iu i £ ﬁMtHEﬂT Pe5RE MR-
".d" IR FREME ."l

1% 2= i/

B, MY/ ET TG as R
™ \ i B U-f ’ —-U(T 2o s 1 s 88 DSP E]

L
besd

6 FFITMELIMER
30 FLASH BXEEEF ZHARITS

-5 L 25 ms ﬁ, 20 ps (L DATASHEET)
it T WS H 12,5 0

NOP”3 38 4 B IR E ™t B
G A A B S0
B 1% 550 25 ms TE I A9 EIR %5 R LA 8 @), AT

U #F S FLASH 8 (F# #E5
332 FERBERIAEETNER

A T R gE R AT LR Y RERE 5 ps BER
MKV HE A FLASH, E 8 b (FR %
“OxFFFF”) : MIERF 2 10 ps P BUEEAEA
FLASH, i & 8(c) (F — 4 “0xFFFF”) ; 4 IE R K
20 ps B 5% £ E A FLASH (K “0xFFFF”) , i
145 OxFFFFH 4b A9 B %5 1 4.5k 0x8000H , 10 /& 8
(), FEAEREB/PE-ITREBENKER
0x222DH, X5 IR FRIEAR .

B i, 307 3 AR BT T 20 ps BERTHEH
%R E%H S A FLASH, 84 B ik fn T 3%
B 0 G R R T 2SO, RE B A 20 ps
3.3 ZARTHEREER

FUHFELEEN 2 20 ps B, #8 Head [8]4% 5 Bl
FLASH 9 0x8000H %) 0x8007H fy4iFedi R 8
(e), 3 RAM H 0x3000H %) 0x5638H BN RS
3| FLASH ) 0x8008H FF ff fy X 3, v () 4 £ 45 2
W E8(f) ., EMHead (8] — UGB Y KR

vold delay ()
{+/ / '/1000#2000%T=25ms=0z03E8*0x07D0*T
.o*(*sﬁ 14 0"EB..N|{.orlJ-u 1<D.<04I)0 ]*v),-sm[ MCP "))
mmutm € Style) R %

028080
| 0z3088:

1) I 4925 s ZER R B “void delay( )" B ILEEREE R

FF OxFFFF
F OxFFEF

400%T=Sus=0xl
15014+ ) {asm(’

FTT GAFFEE ORFFEF 04FS20 0xfs «
k8001 OSFFEF GREFFE OxPFEF 0x0300 GxfFEF DxFrF OafFeF
QuFTFE AwFOF3 OxFFFF OGFFFF OFTFF 014811 0xFFFF G(FFFF v

TN psBAERERRK “void detyy ()7 REREEHR

1%
P )50}
- alblx

al

: 2 SEEFE 02495 TEVOUT Gudos Ui .
<E77TE JareAa x40 { xTTe Sp? 24180
: 3 0xF x!‘ 20 Q3FFEE Y482 —
! - 70E ORUTZY 0x10F { QaFFFE 7221100
x023: “TRFTE 12FOF3 DsFOFO 02FS00 (R T RgaFteE BsFSCO Dusdl1l v

(o) I 410 psif FERS o 87 7 Hgs g 55 R

g ey 4 iwqsT
"'-nJ ~<7x014u 1”){for(_]-0 J(GaLJLC

¥
{4
E
1
pd
£
3

0xFFEQ: OxFFFF OxFFEF OxEFFF OxFFFF OxFFFF OxFEFF OxFFFF OxFEFF

-
OSFFEF OxFEEF QaFFFE OuFFFF O«FFFE O:FFFF OxFFFF OzFFFF g
1} t 0zFFFF OxEFFF OxFFFF OxFEFF OxFFFF QwfFEF -
A4CFPE OxFFFE OXFFFE 0xFPFF 04FSFE nyrvef oxpreednod)  »

(d) 46 4720 s IR RE I BR A R SR8 45 B

OXBUUQ: JxFFFF UxFFFF ﬂxFFFF UxFI"FF UXFFFF Dxru : OxFFFF
0:8010: CUxEFFF OgFFFF OxFFFF OFFFF OxEFEF OxFFFF OxFEFF OgfEFF |
028018: OxFFFF OxFFFF OyfFFF OsFFFF OFFFF OxfFFF OxFFEF OsfFFF =

038020: OxFFFF OXFFFF OuFFFF OsFFFF QafFFF OxFFEF OaFFEF OOFFFF
(xB28: CuFFEF OXFFEF OuEFEF OSFFFF QuFFEF OSfFFF GsfFET QffFE o
() #8Head[8]4¢S BEIFLASHRISE R

E ﬁcmcry {Data: Hex - CStyle)

028000 Ox10AA Ox7FFF 0gFS00 0x0000 0z5147 032638 0z0000 0x3000
0x8008: ] Ux4ALl OXEEFE 0zF495 0xB000 U811 0xf/BY 0z4%11 0x1F8

0z8010: | 020008 OxF?7E 0xF673 0x4811 0xF600 0xE307 0xF793 02F180 :
0x8018: | 0x4811 02F620 0xE907 0xF520 O0x32F8 00008 OxEB01 0xF482 =
0z8020: | 028001 0z770E 0x0021 Gx10F@ 0x0900 0x2804 0x8811 0x1100
0x8029: | 0xF67E 0¢FOF3 OxFOFQ 0xFSO0- OxF77D 0x4811 0xFS00 028911 >

(D B PR BIFLASHR 4 R

B8 FLASH M58 %E

=

AT DO ST




350 . B O# X £

5 4 W %22 8

0x2638H, X S BEMEAR .
4 HZFRiIF

AR AR A DSP A 235 im ik A 230 M Co4x
FZV)DSP HA R LR BT E . BRAMYFE. &
4 xRS HC5409 5 Friliid FPGA S5FLASH M
EHITHE.EMT FLASH ERWEE. Y
TELARBEHRVRMBEAX. HH . HFLASH #HE
EaEwEer, REBE Y FPGA 48K 19 VHDL &
7 F1 CCS # FLASH 55 8 F 89 8 40 15 " #E 7] LA
fE A MBS FLASH IE% T4E. i &4 0] LU {# i
i st A2 FLASH 5 B2 3 DSP g 3 26,
LETH,

(1. Wang M,Rowe G 1,Mamishev A V. Keal-time pow-

er quality waveform recognition with a pro-

mimnble digital signal processer’ ! L IEEE Power

cngmeering Soclety Generai Meeung, 260005(2) . 245-
Yeary M B.Fink R J,Beck T, ¢t al. A [DSP-based

wavelorm generator  ins rrumentation

fessurement] J L IEEE Transacuons on Instro-

entation and Measurement 2004 .53(3)

Tty Ma Yixin. Williams R A, @t al. A high-

nce EIT system{ ], 1EEE Scusors Journal,
P - - . : ™
s D, Fak Za, Kramberger I.e1 al, Deve

opmicnt of expansion card with ISP processor for

PC us | ] | Informacije MIDEM ., 2561,3101);

(5]

(6]

[7]

(9]

Zhu Li, Zhang Jingsen, Zeng Ming. An embedded
system architecture for acoustic signal capturing and
orientation [CJ]//Embedded Software and Systems
2005 Second International Conference. 2005;8-15.
Liu Jun,Hu Guangyan, Wen Xuhui. DSP and CAN
bus based induction motor control in electrical vehi-
cle application[C]//Electrical Machines and Systems
ICEMS 2003 Sixth International Conference. 2003;
585-587.

Pu Dongbing ; Du Changrui, Yu Zhezhou.et al. De-
sign of face recognition door manager system based
on DSP[J]. Lecture Notes in Computer Science,
2005,2(3) :824.

TI TMS320VC5409 Bootloader Technical Reference

TEWAOLT, (2002-01) [ 2000 hiip o/ /{ocus. 1.

com/dsp/docs/s 2002.
TMS320C548549 Bootloader & ROM Code Exam-

phe~ Techn Reference [ EH /< 2

MOy (‘;] »«r")_y\»,o(;
ekl ) | &Y

¢ /iscus. 11, coOmy; dsp/ aoes © o 2300,

T 1R15320C54x DSP CPU and Peripherals Reler-

ence Set Volume 1[EB/OL]. (2001 017 2006-011.

Wit/ 7locus. . com/dsp/does /. 200G

Cal S

i Calmon ¥, Tathallah M, Viverge P },¢t al. FPGA and

mixed FPGA-DSP implementations of clectrical drive

algorithrs{ J 1. Lecture Notes i Comnputer Science,
0 1Y, 438

B A MY v e SRS

S 1A AP € I

o) o (b

ST AAATINE N A T Y

o AL 39 K SRR T L A 0412



of e, = 2.2.h = 0.159, and tan & = 0.001. It agrees with reported
resonance frequency within 1.5% [1. 2],

The measured S, - plots of HMSA and HHMSA with § = 3.0
cm for the feed position along x-axis are compared in Figure S(a).
while Figure 5(b) compares the S,, plots of HMSA and HHMSA
with § = 2.5 cm for feed position along y-axis. The measured
resonance frequencies for configuration of HMSA and HHMSA
with the feed position along x-axis and side length 3.0 e¢m are
1.536 and 1.574 GHz, respectively. Similarly, measured frequen-
cies for configuration of HMSA with the feed position along yv-axis
and side length 2.5 cm is 1.836 GHz and that of HHMSA with the
same side length is 1.870 GHz. The resonance frequency of the
proposed HHMSA is almost same as that of the HMSA. leading to
S0% size reduction.

Since the resonance frequency of HHMSA is same as that of
HMSA, a HMSA can be split into two equal halves along the feed
axis (forming a configuration with two HHMSA coupled by a gap)
to increase the bandwidth. Furthermore, straight edges of HMSA
and the HHMSA provide better coupling between fed and multi-
parasitic patches for bandwidth enhancement.

5. CONCLUSION

An improved formulation has been proposed 1o calculate the
resonance trequency of HMSA for two feed positions using its
equivalence with a CMSA. which tallies within 1.2% with mea-
surements. A new compact configuration of HHMSA has been
proposed. which has almost same resonance frequency with half
the area.
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ABSTRACT: In this article. a hybrid method of adaptively moditied
characteristic basis function method (AMCBFM) and QR factorization
with a dual modificd Gram-Schmidt ( Dual-MGS) algorithon, which is
called QR-AMCBFEM, is presented. The first step is (o derive the pri-
mery basis functions by using AMCBEM. To get the high-level basis
funciions, QR factorization algorithn with Dual-MGS 1y used 1o decom-
pose the mutual coupling matrices. Differeni threshold values for the
near and tar fickd domains are ser in ihe QR scheme. When the numeri-
cal rank eotten i the upper prograni is down io a set ihreshold. the
rest iteraciion between fariher bfocks waould be ignored. Subsequently,
the high-leved characteristic baxiy fiunctions and the coefficient of cur
reni are calculated. Once the adjacent currents precision arvives at a
certain criterion, the higher-level basis functions are thought of unnec-
essary. The hvbrid algorithm estimates adapiively in the cntire pro-
cess. © 2007 Wiley Periodicals, Inc. Microwave Opt Technol Lett
49: 2879-2883. 2007 Published online in Wiley InterScience (www.
interscience.wiley.com). DO1 10.1002/mop.22830

Key words: adapiively modifred characteristic basis funciion methoc:
dual modified Gram-Schnude algorithm: QR factorization: vadar cross-

seetion. method of moment

1. INTRODUCTION

In computational electromagnetics, method of moment (MoM)
plays an important role because it can solve electromagnetic char-
acteristic for any arbitrary shaped object [1]. To guarantee desired
accuracy of the results. it is often taken the discretization of the
object ranging from A/20 to A/10. However. with the increase of
objects” electrical sizes. the requirement of computer in terms of
CPU time and RAM storage becomes a heavy burden.

Several efficient methods are studied in recent years to reduce
the CPU time as well as the numerical complexity such as the fast
multipole method (FMM) and the multilevel fast multipole method
(MLFEMM) that can solve large scatterers with a lower storage and
little numerical complexity. In FMM. it only needs to store the
near field interaction part of the large matrix and implement the far
field interaction ones using the addition theorem. and to carry the
matrix-vector product (MVP) with an iterative algorithm [2. 3]
Bur we also realize that it is still constrained to a discretization size
from A/20 to A/10. Meanwhile. one major disadvantage of the
approach is its dependence on the Green's Kernel. And the accu-
racy is controllable by varying the number of multipoles and plane
waves in the expansion. which is not easy to control. Another
method to reduce the size of matrix and speed up the MVP is IES
[3] algorithm reducing the complexity of both the matrix and MVP
o O(NlogN) by an adaptive grouping of basis functions and an
interpolation-based construction of the Q-R matrices in the SVD
[4]. In the process. it is assumed that the integral equation kernel
i smooth in the local domain. But the key step that the matrix is
not needed all full knowledge. is tull of ambiguity {S].
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Recently, some researchers have been paying attention to the
QR algorithm independent on the integral kernel [5-7]. This is a
rank reduction technique solving the coupling interaction matrices
based on grouping unknowns. similar (o0 FMM. A block-Q-R-
algorithm that relies on dual modified Gram-Schmidt (Dual-MGS)
orthogonalization procedure is introduced in [5]. The matrix Q is
full of orthonormal set column vectors that approximately spans
the original matrix. In Dual-MGS algorithm. rows and columns are
both used to define sets of orthonormal rows and columns different
from the procedure in the conventional MGS. in which only
columns are used. Then, an error threshold is defined to halt the
Dual-MGS algorithm when there is no significant information
needed. The matrix R is found by using only the rows and columns
that have been generated within the Dual-MGS. The results in {S]
show that this algorithm reduces both the computational complex-
ity and the CPU time significantly.

More recently. a highly efficient method called characteristic
basis function method (CBEFM) has been applied to the electro
magnetic scattering [8, 9]. This method is vsed to reduce the
size of the matrix and can be applied to almost any arbitrary 3D
surface because it takes into the account mutual coupling ef-
fects rigorously and generates an accurate solution in a system-
atic manner. The CBFM is a high-level basis function method
obtained by using the conventional basis functions. Rao-Wil-
ton-Glisson (RWG) basis functions [1]. It forms a much smaller
matrix to reduce RAM storage, for it only stores the matrices of
all the self-interactions within each block. However, we cannot
partition the object geometry into too many blocks. for it would
cause a large characteristic basis function (CBF) matrix with
dimension M* < M’ where M is the total number of blocks.
Meanwhile. adjacent blocks need to overlap the same domain to
Keep current density continuous. Therefore, the increasing un-
knowns will be larger than the original ones. And Sun et al.’<
CBEM is constructed by using the Foldy-Lax equations in
which mutual coupling effects among all scatterers can be
included systematically [10]. The electromagnetic scattering
problem arising in dense medium scatterers is solved. However.
we do not clearly know what level basis functions can guarantee
the accuracy of the current.

In this article, we propose a method called adaprively modined
characteristic basis function method (AMCBEM). This method is
also not limited by the geometry of the objects. and the levels of
basis functions in the process can be freely controlled. It can also
reduce the dimension of the impedance matrix by grouping the
unknowns. The mutual coupling effects are included through
higher-level CBFs. After CBFs are obtained. the coefficients of the
adjacent former CBFs are used to modify the coupling effects
between different blocks. In the process. a certamn criterion is set to
estimate whether the higher-level basis function is taken or not,
which can halt adaptively. Subsequently. the QR fuctorization with
Dual-MGS algorithm is used in AMCBFM to reduce the numerical
complexity and RAM storage eftectively. In this hybrid method.
the unknowns are grouped into near and far blocks dependent on
the distances. For the interaction effects between near ones. we can
set a threshold value by decomposing the near-interaction matrix
with QR based on Dual-MGS algorithm. The value is used to
decide whether or not the far-interaction etfects are ignored. This
article is organized as follows: the AMCBEM and QR-factoriza-
tion with Dual-MGS algorithm are provided in Section 2 and 3,
respectively. And the hybrid QR and AMCBEM is presented in
Section 4. Some numerical results are shown to validate the
proposed method mn Section 5.
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2. THE AMCBFM

In the procedure of AMCBFM. we begin with dividing the object
geometry into M distinct blocks. each of which contains N, un-
knowns, 7 ..M. For the purpose of generating the primary
CFBs of block 7, we solve the following equation to find 17

Zl=V, i=12.....M (1)

where matrix Z,., indicates self-interaction in block 4. and V, is a
subset from the original full MM excitation vector. Though the
total number of unknowns is very large, N, can be kept to a
manageable size. thus the Eq. (1) is solved by some solution
directly such as LU decomposition instead of iterative techniques.
After obtaining 77" namely primary CBFs. we derive their coetti-
crents, which are not taken account into the coupling interaction
among the different blocks. And the primary total current is

expressed by
Tad i _ t1igP )
/, = ¢ 1] (2)

The derived current generated by these CBFs is not accurate. but
the coefficients. o' of these CBFs describe the different electro-
magnetic scattering magnitude arising from the original excitation.
Next. we proceed to construct the secondary CBFs that account for
the mutual coupling effects between various blocks. For each
block. the secondary CBFs can be generated by the following

equation

\

o1 = = > |z, (3)

1 j#i

where I is the ith secondary basis function of block j and Z, , is the
matrix formed by the observation block 7 with the source block /.
Equation (3) states that the secondary CBF on a block is computed
by replacing the incident field with the scattered fields because of
primary CBFs on all blocks except itself. and [\ indicates the
coupling magnitude among the scattered field to the source block.
Fhe secondary total current can be expressed into the following

eguation
) 2P 2
1 = at i + allr (4)

For seeking the coetficients. ¢V and a5, we substitute the expres-
sion (4) mto the MM formulation Z - 7 = V. [t is noted that there
are 2M unknowns but only M equations. Thus. [2,”)" and [1'] are
taken the inner product of both sides of the equation
AR | V. where | - T represents conjugated and transpose.

Hence.  the unknown  complex  expansion  coetficients,
[ s, dhas) s, by, ). are gotten.
M
\ Y (] - gt
ol w = ¥ WEE L (5)

Now we consider the third-level basis functions. which are calcu-
lated by the following equation. And the procedure i similar to
that of secondary ones.

S 7 (6)
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And the third-fevel total current is provided by




