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SUMMARY

1. Subject

Development of Technology to monitor the Partial Discharges of Transformers and
GIS with the Wide area Networks and to diagnose their Conditions with the Artificial

Intelligence

2. Objectives and Necessities of the Study

Wide area monitoring and intelligent diagnostic technology for partial discharges of
power facilities such as transformer and gas-insulated switchgear (GIS) secures
high-performance, high-reliability, efficient maintenance and optimum period for replacement of
the power facilities which are the hard cores of the electric power supply. Besides, the
technology is a key technology in order to supply reliable and stable electric power
for the industrial plant, the subway system, the express railroad system, the sewage
treatment plant and the drainage pump plant. On-line monitoring and diagnostic
technology is essential for high—-performance, high-reliability, efficient maintenance and
optimurn period for replacement of the power facilities and furthermore, it is necessary to
construct a wide area diagnostic system because the power facilities have a tendency
to become automatic and unmanned. On these grounds, this study is aimed at the
development of wide area monitoring and intelligent diagnostic technology for partial
discharges of power facilities, and the development of virtual machine technology for

the wide area diagnostic network.

3. Contents and Scope of the Study

1) On-line monitoring and diagnostic technologies for partial discharges of power
transformer
— Development of antenna sensors for the measurement of PD in the model
transformer

- Development of digital signal processing methods for reduction of noises in PD

pulses
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- Development of amplifiers and DB technologies for the $~q—n method and the band
separation method

- Development of intelligent diagnostic technologies using neural networks

- Development of evaluation technologies for identification and risk assessment of PD

defects

2) On-line monitoring and diagnostic technologies for partial discharges of GIS

- Establishment of UHF coupler technologies for the measurement of GIS PD

- Development of analog and digital signal processing methods for reduction of noises
in PD pulses

- Development of amplifiers and DB technologies for the ®-g-n method and the band
separation method

- Development of intelligent diagnostic technologies using neural networks

- Development of evaluation technologies for the identification and the risk

assessment of PD defects

3) Development of wide area network technologies for monitoring and diagnosing
partial discharges
- Development of technologies for the remotely-controllable virtual machine

- Development of the diagnostic network device of plug & play type

4. Results of the Study

1) On-line monitoring and diagnostic technology for partial discharges of power
transformer

The spiral antenna for UWB measurement of partial discharges in the power
transformer was developed to reveal the frequency band of 500MEz - 2000Miz. The
magnitude and the spectrum of the PD pulses were measured in the model

transformer.



As results, it was found, through simulation and experiment, that the band of 500Mtk
- 800Miz is proper for PD measurement without noises and that the installation of the

sensor is more proper in oil than in air.

2) On-line monitoring and diagnostic technology for partial discharges of GIS

The log-periodic coupler and the coaxial tapered balun for UHF GIS PD were
designed, simulated and fabricated to be of 050z - 28z band and under -10dB return
loss.

The UWB amplifier with dual band outputs was developed for a new algorithm
of PD analysis, whose outputs are 0.5z - 20 band and 45dB in gain for Full band
and 1@z - 26fz band and 55dB in gain for High band.

The simulated defects such as the fixed needle, the fixed needle on insulator and
the moving ball were designed and fabricated to analyse the condition of the PD. The
magnitude and the spectra of the PD pulses were measured to construct the DB of
GIS PD.

Finally, a new pattern was proposed by introducing the output ratio of High band
to Full band in order to evaluate the condition of GIS PD.

3) Development of wide area network technology for monitoring and diagnosing
partial discharges

Virtual machine platform for PD diagnosis was designed and fabricated, which
consists of the DSP(TMS320C33) and the Java VM(Strong Arm 1110).

In the first year, the hardware of the DSP part and the VM part were developed
independently, and the configuration for instrument OS, iVM Loader and iVM
algorithm were developed in the part of the software of VM.

For the application to PD measurement, PD signals were processed in DSP and

read by prototype API program in VM.
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5. Application plan of the research results

1) Promotion of model projects for a merchandising

> Technical guidances and popularization by inducing the model projects with the
industries, KEPCO, KOWACOQ, subway corporations
2) Proliferation and improvement of the diagnostic technologies in the conference on
power facility diagnosis

> Focusing on spreading the technologies for the domestic users and makers of
power apparatus, and the diagnosis company on the main axis of the conference on
power facility diagnosis
3) Spreading the related technologies to other power apparatus

> Application to the development of other power apparatus which is the object of PD

diagnosis
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Y7719 Bk, A ol W Ao {7 2 #4S 7HA Off-Line Ad7]
= SHoE I oy, Ao w33 BAIAQ A3 dAd mE A H
&4 A E Eoln ZAAHA EFE 98t ON-Line I/l B2 =85 7]
ol Y. EHFTed FALER JlsdddAE ERSE TBMAIRIZIERH
Time Based Maintenance)ollA] CBM(ZHI71£848 : Condition Based
Maintenance) 283 RCMXI&A71¥t  A¥]  ©  Reliability Centered
Maintenance) &2 EAEA AH7)7o A& JAdr|edd F89F77e R 2F5A
o dg Jied +&5S 8= 3tn U,

AEAFY FAAQJA AF37 o] FAAE olg9 V&2 AAAHL A AP
BHAA vl Fa3 84V Hug AHIA © Agr)r] AFA agn e AEA
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= AFEY 9&39 Z
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o] PDM Al&®]9] AIM<Q Couplere I8 2.2.29 2o, GISY 449 ¥sh(2#olA
Z72), AAY W3l Z2 52 2R AE7) ZEtE2 20m FE 22 Coupler® A3
w|ojof 3} —‘?‘—HWH AR E Tetsly] fetedas W29 Edl] B3] CouplerZl A4
Eojo} gt A stz gk, @A A Fed AAE IdFFA 37 F9 Z2Y
+ 200 - BOOMHZE.E} 2 Fu 9 S 7K 22 500ME ©]/¢9] High Pass Filterg& A&
st} AAs =4 Fu¢ IS 500 - 1400Me2 AHg-sta itk o] g9 FEozE &
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FPN
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9&sta Utk AHolEQ A+ 50pC AR @2 BRTAGN YFAIRE S, £
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ot webA 7 HA o Fele] Aol FEH] dojuba Yevke] BAHeln, o]ge A
717} dA3HA FAEH 7t o Frtetert F83ith AUIA STkele @l AlEHe=
dojdtidl 9% Ao B} ol9 Ar|EE E3le] Jlet Aftd dig @3] 33 el
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(a) Toshiba (b) Mitsubishi (c) Hitachi

a7 2.2.3 1000kVE A2 GIS #&4d A4 8483

FTHAGNA Addr]|ee] A4 275kV:L o]/de] WA Aid] On-Line YA AHE & -83}

€ ALog st glon, GIS ¥ 23r|se Add g 275kVE WAL 154kVE
GISel #&3 A9= 3 3o 31‘4. THAYY & WAL HEE3 e GIS F24d A
Me a8 2.2.49 2o

(a) 275kV GIS H-EA AA (b) 154kV GIS HF-E1k= Al A
(Toshiba) (Hitachi)

a9 2.2.4 SRAHANA ALHL e GIS FEFHAA

GISelM AHE= 3 sle FEuA %@71%—8— FZ QHEUEA, 2ol WRASRA, TA
% eV A, YRASEY, VS A4 2 g4 CT H*doﬂ el 23F 3 Y, A
7191 AFAE 2o w}ﬂ} At glow, AR 71ES 71EeR sto] AN
ag Ak a7et] Hgsta gloh

3. ATATA TS AEATAGAN Ao 91
AT e Aol Adsel FAT IS FR7 dsn Ao =
A% 4 gl AR 25 Y dmele Ao Asto] Ayo] BolAm FRPAY EHA 7

H
goz % pplEdsd 238 3P0 9l @ + ¢ APIE AUn 9. 1wn
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2 50% B w2 Vlered 7} 132 glovt, 71ee] i Hed 2 AN 2HH ez A
32 201 vRte|n, B JlEo] YA A%t AUIAS AF AT sd ASHQ AT
9 FAP} o] FolAW FF 5ol AXFY 90% FEAA AAE Y F Y2, 483 FHAME
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on, EE 3 AHAXFNAM HeAojg §/AE 5 e FEE NddT

A3 A U e 7</E 4F

1 AZ A vEA= /& 53

B AANA AR Qe A gARA S e WY
A OAE AZ7) g AAAL FAE AZ7) A wf HEo] %9 v
2932 fEFE AHUS urh GEHoR ogdwi st WFew EHm 9
o REY AN AZVE AR AFe] ASHHE AHae ofv PC s|wstd @A
dERaY dde] AAxgA Lojubx Yom, RA%Y ANFNFL o] §FoH
AZ/Ae HolHel FFAe] Axzke] AgA AAsle) HAY AZ/e AR, AF
3, A7t A& Adold. ojs} 2L 5EL WEND V& A5RT TR WA
BE Aol 2H FUNSA AFHD Q= UAY Ao A48 FA% pon
2 5 glow, ok AF ¥ 2310 ne] Fxo AZAYE EYAS PFoE A
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# 231 A7 3%

4 5 * H/W F4,3¢7% » SIWFA, A5
4R = Bulk, § % A J1& * MEMS7I &, 83 & 2A71<
T * Transducer, 7] 573 * One-Chip3, AFE,JEYE
NEA s olg2a, EEE » Y= g,DsPAAN, 14, AX 2
2 A o} « /W A =, Off-line¥ » S/w A8, 438, 455
Al 2~ g = Stand-Alone = Networking
FA3 AR, WYL slge] U2 BRHL A5 S5} AR FopAEA o
2Ed g N2 877 SFSA H3 getd ® 23271 RoFE UEYAY 7Y
27 TR met ASrY YEYZR dFd2 AdE & e AFE A )i°]
27

gt dEErt. old Rgate, AFr] e AZFAE ok A Tled - =
n} 9] Tektronix, National Instruments, Agilent @ 24¥ 9] Yokogawa, Yamatake9} Z&
AL olv] =l b 715l 7IEY AZFV)dA 2h2 F49 2o
ARE A AAY AZ7)6 st v AFE «dstax AS7d EYAT|E, L
EARZANI e, N2dAddrie & FEsd Frgeges & BE4E gy A8 A

S % *17@} 2 B3l 7)e Ao AFuE AFHoz Exsn ok

r l

rlo

>

—ll

® 232 AF7 MEAA S 234

Point—-to-Point SA 2 HH AZE 2t 150429 AFH
. -2 BE228 12 10022 (ZUH)Y S FH B

|

HEINY MHRH NS BA, k538, 2as
HEJNY DBH, D88 R '0oH =38 =43

CIXE dX20J12 88 MAEHN &0 - 2F 3 E0
HEe A, 2225 AN2dES89 U3

i

At HEYAZE AZ7] AL Keithley Instruments®] Q3R 3o wz=2 /}l?j
v AR okE W 200674 A 500989 AAANGES AT R FHEE AA
o MEYZE AS7Y 7w 24 AdY F71 2AAH %“ﬂ"ﬂi %‘B-
Agulg ztedn B F itk T3, A4 gl A ABRFAY AagA 21453 T
2 FAZA Ao @8 g8 #E Eoky ASAdy 2F8Ut 43 bR 49 ol E
L2 s A, 2 < JleENEe EAA7 2 FEEr)d g & HZAE N

N
- 034. rz rsL' ) OFO



SA4A R ZAZE WA AE EAR sof A wE AAEAdEe g Jed, FAH
RE7HA7F 2 o= HEY Evdn & ¢ Qo oy d FAE 1Y 23144 F RAF
T er, ad e 4839 1Pvee 7] =90 o3 2 9717 v 1xH 3 9l

g & 4 v

-2 HERZ JI£2 A8 ASIIY MURA (RASH, Iss8t

- YW HE5 (2005 F 104 Y )

-HSJ2 DEE, NS R UOH =38 =48

=P 2005 R 60%F WEAI ASI (50022 ANF)
Data from Keithley Research, 1999

2500

Market for Test Equip
With LAN-Interface

2000

1500

(MIr2Ig)

Frost & Sullivan 1999

1000

2005 2094 =2 UWEHZ
et HEZAEEZH NS

1997 1999 2001 2003 2005

¥ 231 AZ7] YEY=aY FF AF TR

AZ71E& WEHZY] ddoZ SHAA server——client @ peer-peer Av|2=& &3}
Al AFstAE AZ7] A A A (Operating System), P|E90] 2 $E8AZTEYo]E EFH
B A A axvlge aTdh 28 o F AS7] 057 A9l wee o
A7 7S BF AT 2 dou §4 olgA ERFRZE o dI resH T

>

g

A28 A 1 FFol UyFY gastn ASF AAQ T84 wiEd AS7)
AA 71 #ok9 MMI(Man-Machine Interface)& XHrt}h HE A 3 F+ &
ofell A o] FFEF NRo% Bz, A WA A NS An ARZAY AT

Tl A AAE FNa3 == AAGS] A AEE ofF Holx &

S wWolA AF7] AEL on o= H® :7e(USD5,00001%) AL AlFel olv Ul
22 UEAD TEE IFAA AV UEAA AUE dHletn A3, o8 AXdAE
< A7t § o HEHEAN AZVE A8 HAEAA TS vEJAZ AQE A8
I U (29 232 #FHF)
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- Fast Ethernet TCP/IP interface
(100BaseTX (100 Mb/s), 10BaseT (10 Mb/s))

- Event-driven communications

- Network autoconfiguration

- Intelligent diagnostics and maintenance

- FieldPoint server software
(OPC server, FieldPoint Explorer configuration utility
Windows NT/9x)

Ethernet 100BASETX - Data Transmission to/from a remote PC through FTP
server function

- Network Printing on a remote network printer.

- Email Transmission : While the DL1740/DL1720 is
operating, you can have it send waveform parameter
measurement results and error information to a specified
email address at designated intervals. You can also have
GO/NO-GO determination results sent, or have messages
sent as the ACTION of a trigger activation.

a9 232, A7) UMEQZY A

AZ714 MEAR A9 2 BES =d7)dlE obd B, AL 5 2 7HA oY

& BAZ EASEEZ @Fe EXH vEQA

EFS 2]
Ethernet/IP(Ethernet Industrial Protocol)®} Z& A=un 29 Add FHE FAA =2
Aol AujHolt} wetd, AREAN YEHAR stz YAE AZFVE JAAS UESL
A do g Wolsd FEE 37 siaE A=7] 1go] & UEYAY 22 FHE

2 FE g o

a9 2332 203 FAre] JEUe] Adle] sEe wet A es ojgA Wt st
E7HE B 3 vk oA BRe] gL T4 JAEUE Ay 2Htd AEH Al
°]i Brte e AldiE g¥id= Ay Altio|th. o] YHiti= IEYolgtn B
gote oW JAH U YEYAVL E4Ho AHEE FER JHULS BE UENZY 4
A7F Hoj7ka o

_14_



1,000,000,000 " internet Lsers

100,000,000
10,000,000 |

1,000,000 |

Embedded Intemnet

]
3
i
i
i
1 Today
¢
3
1
:
i
i

100,000

10,000

1,000

100 &

Source: Network Wizards,Motorola, Microsoft, The State of the Net
I 233 g g W)

2. 9Hld= OS

AE719] YHE, TR 59 EdoAA BE FALAT FoHUE, AA
dAE AZ719 2 2A2E5S FEAINL AosH, AHgAete dEEe AHE FHA
A AZEg o7t dojof s, 0S7h o] 4 dvtxn & F 3ok "dAE AS7]Y
AHE o] dutA oz AgHT Qe Haa g AFHSGE 1 EAYEHIE 443 o
287 AZF7] 0Sv 243 B2 FEAA daza g3 defof g

A&7l OSE AZF79 Z st=do] FASRE Aosiob ata, Az =AEH, A
g 2] #El, 53] MEYZ #AA AMulz9 AF F UAE AS79 o4
23t g8 AF7E Holok gk 28 0S¢ A (kerne)e L =77} #F
grgajof sta kA o7 FAFf o 2 = EoH.

g XAsE= AZ7) 0SS #HwolAe  API(Application Program
Interface)®] A& A £23 RRogxN AZTEo sIxSoA dad ML ES
AFs= B2 o9, 0S WA £ w PC(Personal Computer)$ti= 28 AZ7I
059 B¢ A8t A A Foz gzt st o] A9 g vHelER A F
g dad Zzzoag @0 ofF Fasith ov] EAlE AAI OS5 FFAdE
VxWorks, pSOSystem, Microware’s DAVID 0S-9, Microsoft’s Windows CE, JavaOS,
Linux 5 ©&s AFTE] Sk

‘

3. EY A #H fulo]2 =doln
8 F gor, B4 7L O 44 vied FA VEE U U @4 ASY)
o

7 1% (the Home Radio Frequency Working Group)® VESA(Video Electronics

Standards Association) & WEYAZA, RFYA1HFL PC, +UF, 7HAE & 54
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02 Aot 71€ES MEstn gom, VESA & UEYIAE e AL F3) PC,
TR, AAAF T 7H W] 71718 B, Adste vlEeAde FEsn gl

+ UEHZY st=dd EFox2E AFH 2 HHAAAE FHoZ SHHI(HAVE
Home Audio-Video interoperability)”} #A|<FE QA 31, o] & 7|¥Eo. 2 tulo] o] &4, g
2 AoE YT A EYo)($E AZEo]) 7|& EFoZA A nlo|aZ A A= zju}
NAE 71ve 2 & AYJin)7F TRHJ oY, o] AZAZEALG = A Yol o-&3t4
3 A9 (UP&P: Universal Plug and Play)E /W@l YEYa EF7|& AHE =9
a1 Qo 283, olF A3Y)Y PDA(Personal Digital Assistant), HPC(Handheld
Personal Computer)2] 749X WAP(Wireless Application Protocol) 59 W& & Y E
A7 ANAER BAC Frbsta gl

4. A7 QEYA Y59

71RAQ el 48, FHUAX Ao 2 HEYA B Fo] AZFV] 0S9 &
olztd, dAY g FTFA AF, AzAT 5 Agsa, Gdd FHY A¥= &
AY T2 dZH o2 AYar] A% T 9L v Ed ool @A "t

AHE 8L F9 OAE AS7) ARAFEC] ZA 1fe =] TREH 7} AR
AEEA e 0ST5E A3tz 7] "y, 53 AZTEY EFE FVI7F B35
o} o83t F Ao 2et3 Open Architecture X 3o S8 AT EYo]7l FHEH7] A
zZHatg e, ol wEAAEY FEAFE 2999t HTML Machine, Java Virtual
Machine, Script Interpreter S o149, tHE9 VY EYAE AS7oAM ATHOE A UH
oloF & WA E Fi e dF9 Holo Oﬂ% A Aot ok Al vEER gk
ARk A" AF7)9 FAHEE A€ g HAZE o2 S B, Microsoft’'s TV
PAK, OpenTV, Media Highway, eNavigator, PowerTV, PlanetTV 59 AEFETLE°] °]
bl Al EAlEo] 48& vIgya gl

HAd A7 MELZS} 7HF {4 & UEHA vEdde 24 -2g2-gua

O o,

l‘

=

l

Y38 5 MAPAEe] FreEE(HAVY)'Y MS-91d-~8F T 1,0009 /HAHH
A FI A (UPHP) 1 L FYEYZ £FHQ ‘AY & MRS AHulo]mazZA A
2 Jge] EESE F1 399 A4S Wu vk F UENZ 2F59 A T
ESF UEAZY AL ofdd Fuwete 71&F zbold ok 7tAdA Sl F4Y
e 1Fe tAE HHAES A 4= b HE UPnPe PCS F7)7)¢] %23
= %33 o FU dAET dA g NexFd BF v, 71E ZESe] iy
gt V)&t 3RS wole dH Fg8tn g

E EIAAA #A

A rlolARA A 2TF LT F UEHD && VER FEII
flol &8¢ & glo] gdd AAA o8 dHolgst Aojd an A= deolE Hé
P3g o UEHD 7713 RARAS BT Ank AojF o] 8@ o] V&S
HEY A AdollA F81 o Z8o|(Plug and Play) 7152 A&, BE 245 Au|A



e

2 Agsts Muls vwk 7278 @833 dn o] Ve AAE
& 5ol gAd7les gEstu gt

T2 3 134 4

@ UPnP(Universal Plug-and-Play)
ulo] AR AZ EALS] UPnPE B9 tnjo]x

AZE o] opF|AHZA, "R HHIH A<

HW gujge] FA0 #o3six] oz

FA4 EE A, A9d 58 B3 A

A AEEn .

—

o

5. A1&7] 0S¢} API

AZ719 =g, AZ7] 08, 2a vEd7A FAHAGE 4717 5 A
AZ7IA AAZ 752 E3td AZFAodHeE AF F& ol &ste FEA= APl
A48 A, FE&HAREH, AZ7] 0Sel wek E AFTHE HEA wet ojw
APIE AHst=x @243t ol" APIE AFdtert ste A A g=doidd S =

EARA F853, Bk B AN2E A ALHAAAF = FaF 229 sl

AYE 7oz s Ant EFAL 29 234904 Rl Auke JpgAdst o] A
2

w2 s Aol F§ - A - AR - FAJEU 5 B &
FA Eok2 duiEa vt oY sty Z2 o dojo] AQHe] Hzyigorr &
AT e AL Ayt B dEA AEYANRE 7T £ dedHd d=ey
FHE T E&AA FAfle] AEetE T 2 &8 WAV Wl dEold

- sm(e) . | =

e UP&P, JINI JINI
Z3 5 s 4 JINI JINI
g &y UP&P, JINI JINI

spec. = SUNZE &

PE O MSEY =3 (PE L 2E AN 3H
PEHZDIANE  2HE I RHABNE : 2LE %S
g ER S g s ME
- i
e BB Ngd A B0
XHE &2 a0 R oo |
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Hq3& d7Nd +ddus 2 24

A 1A WYy AL 93 On-Line 3844 74 4 A&
1. 349 A9 Aagst

b AR KA Attt

HAAGE o] EZ $3sd I dAEe dAEA Asete 7500kV/ml(F A
NTIHE e AL 5 Ao Ade nAY Aol AsHE A AFAAA 43
2 A% o Wkv/ml(ANR)A =M, ALEFe d3tE nwlste] 7718 ddBA=
IR ARE VFeR 31 I B HARE AL wYrle ddA4s # ¥4A
22 Wol AHEHL Qv AR F WA, £ /A 2L AFAHE Fol X 3o
o olEo] dann Aol A G vAG. A AdAe] AA%H A7 AP
4 dge gAe B BUF szolge HA Yol bAL @A Btk AN
2AH0] dE B 17 F8 AL LRd Bew 2.

A7 st
Al AAMA Sstel AR AT AA BAS FEAUE oA H3 He
.

) A
.j.
=

o

i=

[e]
g0

)

(2) 71x9 93 37

At el o)t AA| Fo] 7|EFL A, o]AHo] Ao
AAZE QIZMEAE o 7127 dAAA ] 20E& FA AL }_;
W 71zol A AAstrt Z1Z WS Z1A ] Wste] Paschen®
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A 7127 2R, AAgdd ol&rt. E AFAE AAAFTHC EAstes 4F% 1 F &
o 5429 A (bridge)ol AA 37} dojdth

71 9 % CoronaZ FHIsle 3y d4doz E3F AALNFIAAE AAN JAFs
= AT oA HF CoronaZt #As o]Zeo] Hol Ho gdAH= A7 Ao

g | i s St
i bk e .
o 3 o
s e
e
e
L ¥ # “
7

o AgE ugrle Adds

FAWere] dAEL 7|RAH o2 AR, Presshoard ¥ HAFE TAE BFHAA
ojth. olH g AL & F A7H, 7AA 2EH2E F T Y, 7] EF
ZEH 27 ZFeiAE g3t A JAIA Axrt Adtsim ol dxEAdeos 1ol 9
Agdde 7127 2 vk BF M7 2B 2Tt HEiAE BAeE 2EwT &9
7k~ (dissolved gas)7} 71X & FA gt}
olg g WYl dAE dstale v 2t

Holl o g3}

5 93 93

Al o oF g3t

g o3k ds)

1A EHo <% I3}

ol @stacle BF "uxog WAEtE A4E i F 7HA o] AR FHHO
HAES d3pAzivh Aoz Wgty] dde 7 & 43E vXe a9 €493}
Sololm Atstgste A& ale] steaiAA oW FREAdME A LA ek
T3 oo x|, AAEE E¢E 22 WA d3elE A4 F# Jx A T

tol 2ol LAzt FFade 45

N
N
lo
o
ofo
=
O
flo
i
H
H!
o
L
ro
k
)
X,
o)
-3
lo
=)
2
ed
ox
"
fule]
-
X
fo
4z
Mz
o%
)
X
wn
o]
8
=

_19_



HARFo A5 wl$ a5t 19 3129 71EA2 43} ProcessE F A8

g k4 atst
He&
g 1 v
= °] _Q.E '?r%'zl‘:"\?? é o‘i%
T ETED|
A e 2
H 7AA
Bruby
A ateg

a9 3.1.2 €93} Process

#9149 Al FRgA 54

7]__ tg,x.] 02333}[12] [13]
WHLdsts 12E FRre Arcdset sEhubg s Fure FEWddsiE EEdh
Arc%ﬁ‘roﬂ = HAEHE do] =] uwEd dajad A 2T 7 dA AU F

g3ko] Astdstst 2w JAE BAFE ALE Ak FEPAY
e s 4sE FEoha geu, B8 ABAA Ao AHd A THE

C-Het C-REXE o I2E, & Wads|t 47140 $2ga dske 39t
OOl LSl AUA TEA TASLAA WA 14, Y a0l IFE LT o)

RH—R +H°

R’+0,—RO.’

RO’+RM—ROOH+R’ .
HO+HO—’H2

7b 93 RO, R%= th&3} o] uhgar}
RO2+RO2ROOR+O;

ROY+RO—>ROOR && R-R+0»
R*+R—R-R
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2) °|& YAt GISEA VA= 9%
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2. GIS A3 +% 2 A4

7b. 2399 AZY A
(1) 23499 <teol&

THAEA(r, 0, 9)olA 71 Arol 2 E 4 Qe 729 <t 4 78 HId ke
F YRS 7R doH, 44e 8 = 0, 153 tAoz g9 oz Pyt eue gAx
AZA Foad T84 W2 28 Ao Qlu, ey EAEeY A E o A3 ol F
ez & 3848 4 Iz 73

r = F(8,0) - (3.2.5)

471N, r& =AY 7R e Agoltt.
4 (3.2.5)9 dwsie v 2o

r = F(6,0) = exp(adf(6)) (3.2.6)
A7, a= 45L& ok,
(8) 2 qlele] otk HatA old et Faed) 2UAA 59€ 27 Adie, 2
EARe] 4 (3.2.6)0.24 YehlelAok k. olAe ¥ (O 19 £35E FIFo=A

7besith. a1 A0l 4 (3.2.6) 28 YehfolAls d8Aon £43 <¢HUE FolM 1
3.2.299 22 dFF7] deurt ot

a9 3.2.29 #HH9Y vieFr] ASY
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T = Rn/Rn+1 (3.2.7)

3} 2ol A} TG gk} &2 Te
X = rn/Rn+1 (3.2.8)

o 2t} 4 (3.2.7)9 27] ¥] & B2 F718 dehjed, 48 B9 1% 2 F Fo57t 1
2 gojA e, 1 9T 2L #As}
= f1/12, f2)f1 (3.2.9)

(2) dsF71 A& AT 5484

AdE tfeF7) AZH AF L SBMEE @A, 29 3.2.3000 Hele A o], 4
gt zA AZdne] dol, A F7, cavityd] &o] 5 AHstd, a7H= T
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a9 3.2.32¢ ARKE AZ 9 1,000 Mol tigt AARESAL S Yeba Ao AEY B4
AqAe HAA = 1,000 Mol A8l AZele ddels) dxlstn it uwt, AZHY F
4zt @l ok AEY guardAteldl 23 AL HAshe], oL AZE Y o] Y IS F
© FARARRECEA, THHE 25 FHAslEor @ Ao Almdrh. 19 3.2.332 Atd
AEH 9 WMAEEEA S Yehlz o, JAF R 73] A S Rolx jlon, A&
Ao 2 2 AP4S ez vt 29 3.2.34= AAZRE U7 ASY, 19 3.2.35
= AAFE AE2e S11 84 & 47 ez ot 23 3.2.35404 ¥ F1AU0 &
< 19 3.2.319 2% & IAstae o

e
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2.05052+008
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3. ALF6400D
1. 0881E+008
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~1.0553e+061
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~1. 522904003
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a9 3.2.34 *lxﬂﬁrﬂ 7] AEH
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1} 2309 9E A

(1) 2F o8
HolHy 2o Junae a9 3.2.36(a)o) Vet AAF 4 (3.2.10)% 25,

Z(z) = Zo*exp(az), 0<z(L, (3.2.10)
A, e 4 (3.2.11)3 24

Inz,/z,  sinfL
I'= 2 e pa (3.2.11)

4 (3.2.11)9) ¥bASe] 271 29 3.2.36(b)% 2o, T[4 H=2ghe eolse] 2ol
7 Zhge me gadth AT dods FFE G delne) Ao A/2AL>7)

ut} dojof g},
a9 3.2.379) AIQE BEL B2 Lol T Zoly] A3l FUEAL ¥ Ho|5Y =4 Aelo]
3

FAA (& = 9.5) 7k &A=, 7129 HolHE LEF} Huwsle] 1/32 2o} AaHU.
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antenna feed .

center conductor-——

alumina dielectric—

tapered conductor-—

connector

¥ 3.2.37 A¢E HelHF TE

(2) 2&2 mosA Az

Plat [ 1S Matrix Data
-13
-4 s \
B, \
s B\ / N
/
\ / \ /N
3 ef — 3 v }
g L) \ A
Y %
g \7: / \ /I Y
i \J/ ‘
E S,
\/
o 05 08 i [F] 7] 5 T H
Frequency (GHzl

(a) AT 2E9 S11 54
(ver.(-13 ~ -20) : 1 dB/div, hor.(0.4 ~ 2) : 0.2 (&/div)

Lo 8,21 o prlming Piat | : S Malrix Data
-6
-7
5
\ N
8 EL i <
\ \ ~
iy /, \‘ /
g \ ™ / v
H x
a H
5§ 1) SN /
-2 H / 3 [ !
v v
v o/ >
= !
|/
3
23 Vi
P 05 08 l 12 7] 15 8 2
Frequency (GHZ)

(b) 712 W&ol S11 B4
(ver.(-16 ~ -24) : 1 dB/div, hor.(0.4 ~ 2) : 0.2 G&/div)
19 3.2.38 ©HEe] S11 &4
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g 3.2.38 (a)% (b)& Atd EEH 7|& 289 S1154S 44 veilia o & 9+
A EES] il 500MHz°ﬂ/~1 20 7A€ %sv} 1

43 S11540] 4
1 glt}.

19 3.2.39 Agtd wlEo] ?Qlﬂ—ri(y z 3)

a3 3.2.39% A w2 AARE(y-z0) S Yehhn k. 2o ey d=9) £
e E 940, 0, )3 y&2(0, 95, 0)d 42 9 . 55 FTUHFEAA Y 1A
BEE 3w, o S|SBl Y AAREE uuAd A % ¢ Yok B RolsA
Aol BREFEE 1.0 @olgon, BUFZS Ve o uhgsly] i 9. 5cm= Yehlw ¢
o

“WW By, 05500805 4
S ERy R

(a) At TFo] HEH A& S11 54
(ver. : 10 dB/div, hori.(0 ~ 3) : 0.3 tz/div)
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208, 1540 o

”Illiiir 5

(b) 71& &) HFH A S11 84
(ver. : 10 dB/div, hor.(0 ~ 3) : 0.3 (&/div)
a¥ 3.2.40 #Ee] HEd A& S11 54

g [UNE_balun

puise
(o]
-

o1

a9 3.2.41 TEY 45T A

REF 0.0 dBm ATT 10dB  A_max B_blnk

0dBé Posi Posi
Mar-ker:

888.0 MHz

-64.58 dBm

3 ‘& a.0d i it s A
CENTER 1.5000 &H=z SPAN 3000 MHz
REM 1 MH= VBW 1 FHz SWP B0 ms

(a) Alotd &Eo] HRH #H=
(ver. : 10 dB/div, hori.(0 ~ 3) : 0.3 G&/div)
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EEF 0.0 dBm ATT 10dB A_mox B_blmi
odB/ Posi Fosi
Marker :

BBB.0 MHz
-£4.67 dBm

4 Ay T
1Y [ ot e

CENTER 1.5000 GHz SPAN 3000 MHz
RBW 1 MHz VBl 1 MHz SWPt 50 ms

(b) 71& HEe] FAFd A&
(ver. : 10 dB/div, hori.(0 ~ 3) : 0.3 @k/div)
% 3.2.42 oMY A5HTEE 2%
(input charge : 200 pC)

mo.,' prop(;se(l Galm
% 160 H—— conventional bahm [~

T 140 |-

120

Cutput Maximum Voltage{m

Q 50 100 150 200 250 300 350 400 450 500
Input Charge {pC}

% 3.2.43 A7 Ao AedEAd A

(3) &Ee 5449 2+

A FEH 71E LEL FLE AFE TR dEFIAEE AR A2 UEY 47
(HP, 8753D, 30 kiz ~ 3 Gz) & o|-&3t] S1154¢] SFHUTE. &4 EEe] 72 AF
S11582%+= 27 3.2.405% 2t At EFo| AR UHFAE S1154e 30

4 10dBotefollA Hedt A4S Uehlla gle whi| 7]& @] HRd AZ A= 800ME
oF 1,30l A o

=42 ea .

71E& EE gigt Aty e AsHEAdel 2¥ 3.2.417 o] 362kV GIBOIA FHHA
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AEAE BEY JHERQ ojdza 8 RHEL A™Hy|7ERE Z24HY REYH A
o] Ao 23 HASAYG A TPZ) gHHE= REAE ATE SGHYRRE &
AE BE AN EE Peak Detect ZES AZ Fo AFE =A7|E= 0V ~ 3.0VE 7HA

n
H ZZ(Pulse Width)¥ 20uSec?! A 3Zol=
HAOV 7 36V)eF o) 150Kk MIAEEE MAEE st BEd Ase) 4



A& A8 7]

=3

2% 3332 ARE ARFY AHE Aot EF 7A4L dYAsY V1S AA s

7] #1371 &2 Z(reference) 4 E 3 AAE PDAIZE ¢l E90]7] $3% 8719 948 T =
T 9 otdEa JE Adg Al2"d AL Aofsty] AT 6719 HE d¥E X
Jom Axdle] HAHE FASH] 9% LCD dAdS XA

AT P4ES TTL A2 28 + Y= 459 49 Adg &3 34

M

29 333 I ERHEF (HEHF)

1H 334w dd “&i«l Wi ApRleloh A Aot AsAHEY, A/D HER, V
EERZ TR k. AddRe 220V 38 wFHLS 24V AR ddom W

Zt7zh AF 5V, +16VE tﬂ§1—6}- SMPS Zgx T4 ot 5V = %i"—ﬁ-
gl BE} VM B2E9 AYoz ALHy AF 15V AU
AHE-ETh AD REF= X*‘I* ddol F=o glon oF 0}%31 Aze Wy %

3tst7] skl obd2a AL Ao ok AD ME A¥}= AZAE EEe
zo F&Ho] fAd Pefo Ae5 2 N5 e ALHESF Ao Az A2
VM RET 18 T2 W22 dd=e ok AE Ay REA €8 AA
Ae gueFol 2HeAA Ja Fee A2 VM 28 d2sA doh 2
AiE VM BEA ABUE o83 & ¢ JES Auls do. Agd Al=d
S B 3313 #2h

41
e
Hu
bod
T
o
L
rE
L
o> E B X

L fob
1T, mSL

20 o rlo
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331 Ad ERE ALY
35 Ap¥
Hg A4 220Vac/60Hz
gz 9 AA P4 8 TH% 1.25 MS/s, OV ~ 3.6V
71% 949 1 A4, TTL
Ethernet 1 port, 10baseT/100baseT
EA Serial RS-232C 1port, 56000 bps
Debug JTAG tport
=9 16 x 4 LCD
User Interface -
A4 2 X 3 key—in
Case 19inch rack
java VM java ME 1.2, 2Mbytes
Virtual 0S Linux Kernel Ver 2.4
Machine processor StrongArm SA1110
protocol TCP/IP

_96_




2. 348 IVM &5

7}. Avt 744 WAl (java Virtual Machine)
ARPZPAHAIS Zjbto 2 g Awp ZFAFT L 1% AsFAEAHY 954, HAAS
I )& EHJJr of & E]ﬂlol AES YEAIR A49 AFE A" A8 5 9]

=g Agste d, o Eg—_c
19 A2 2449 Z2adse
TRAA AN 2D = U=
vt EREF L LY ZE SIAAGAA AP o] o] Atk F
o) Aol Auprpdeiadel 7] Wi 7He st

Ae Qo] A% #4e 1 335% Zol At v©IF Held #4E FA THA
3 ogivk At FAFLS dekd B0l QJ%H T Agdee Z}H} dof mx A=
(java 3¥)E At A

EmsE Aupbyn A BE 93l gqm_

Compile-time Environment Runtime Environment
(.Java Platform)

Class Loader B JavaClass

Bytecode Libraries
erifier

Java
Source

{javay)

Java
| Virtual
mMachine

Just-In-Time
Com piler

Interpreter

Java
Com piler

Runtime System

Java Jr
Bytecodes l Operating System J
{.class) ‘L
[ Hardware

29 335 A EAEY FHE

o)

= o)|AE ATT F+ 2 1:} ﬁ}}zioi X}.]j].__«
ad9s A ]74101] AE ZE AFHNA AFETE 5 dojok st UH
Jof Aok zpup FAE L AL A0 T A AR AuAZIES] §) Alo]E
(http://www.java.sun.com)®] O0O7/0dx 4 00E FHx3o

AZ7] 0S Agstr] Y Au7PdA FopdlA A8 77 HesAY HESH
ojofd AMFES v Zr
D A28 Anpriadma o 2= PVMY AlSS AF8-351E CLDC(Connected Limited



Device Configuration)E& €31 KVM$9| RI(Reference Implementation)& 3.

@ AZ719 st=gols mg st 2urrA 71 Al configuration®? portingS Y34 3L
#Eojof & Z2AAS HEa9 BAE system API setE AE.

@ ASF7) VEY ALY dF5S AT Anrdal A H o] 29 A

@ AZF7] OSet Aurpdealae] Aol dd HE

® Atupriam Al 9] Configurations OS @ oA AR AE

® AZ7] 0SE Avprhdw Al 44

G FAF Sedo A

ZYPE sFugols ~EEQ 7|Hte HAE HZ=E ALY 19 3362 T HE G
Al AHEE Al="S BRo 31 QY
iVM Solution = e AlA"Y 2 M

dan :
(Emulaicr!\ {Emylatig Boardy F

a9 336, EHE T AAY FAAE

AE BRE9 Gy 3UAE Alo]=9) Single Board Computer(SBC) FHE FA1%F
3 o] &olstA ARG oM, T8 AL otgi 2t
<HJIBE FF:>
- Intel XScale 204 CPU 200ME °]7
Flash Memory: 64MB
SDRAM: 64MB
32bit data bus
- Serial I/O: 2 RS232 ports
- Digital: 24 1/O lines through DIN: 8 DIO, 16 GPIO
- Analog: 4 GP inputs, 1 stereo audio

ol ald

=2
=

|
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—- Display: 24x80 Char LLCD with outside supporter
- Power: 5.0DCV, 1A Peak Power

— Dimension: 3U Class

~ Ethernet : 10BaseT / 100BaseT

- JTAG port 1

- USB port 1

. AZ7] 0S¢ YEYa AFgola A

AZ7] OSY AZ7] FAEA AHEEHE A AL AZ7) )9
o AFolojol s, AZ7]E S A :&ilﬂﬂ%‘ ZRAAE
. 283 AZ dae] HE Fule ofF dsy] mEd, A% 3 A
AAE AHA A g 5 AEE AHHo| 22 AFdoF d} wF A
Z2) AEFHo| S Moz AutA <dEFo)AE THE & YE TL AT
o] A|FHojok Fcp*

a9 3372 A7) 052 984 "ed vk ZAE Auk FE& ut ﬂvﬁaﬂo}@sﬂ
TAHeAE Yehln gtk AZ g AlgEHE & Av AFFH AL s 2o
APIEZ #82 3dt=d|, 5o API= 7|[EH o2 BRE 2l S P FA o] & 7}%—2‘5} Je =
A FAE o 7] WEe] Aute] AlFe 43 wE 4 glojop gk 1g: fAE
AZ¢ v TRAEL 94 AL AZ AgFdelde] 23§D 5 Aot waA txd
AZ714 T4 AFFdolde dgd 2ol T 7HA 2422 Aol

» IVM Core API Jji&¢
» VWM Garbage Collector 21}
» PVM AP| Compatible Set Jlj&!
- math, lang. security, awt,
applet, o, net, rmi
» Class Packing RS2
» Packing A& & File System &

RSt aaensaan

AtEE2 3 Plug-onBoard 28

« %% Au} Core API @ AH} T Zo =l :
« YAE AlEE Aul Core APL : YXE A&L 98 7|EHo=x HQ33% APl & 4

o
=3
a0, HN
)
&
o
N
-
:(3[:'
S
o
iy



ok

4 5 glom, e 2mg Fheo}

o,

a9 3382 ZTAHE Core APIS} YiX " AlZ7]-8& 28} Core APIS] AT E o]l o}
N2 Jeha g oIy

¢ javaawt SRS =P IRV | « jcontrol comm

» java.applet N v + jeontrol.io

* javaio ' » jeontrol.io.i2¢

+ javalang » jeontrol.io.monitor

. java.nmth * jeontrol.lang

. Java.nm ; + jeontrol,storage

* javasecurity |/ Java Virtual Machine * jeontrol.system
—_— * jeontrolLtoolkit

Operating System
29 338 EF Autel gAY AZE7)4 Core APl 2ZE Yo} of7]&
(1) 5 A} Core API

Auk FAFAA g VR HoR AFEord HIIAZAM, BE Av} TR 23t
of Hof. 7} Fo e HA Fdag JawA FYx adln FHd29 AF
T2 FEE Object Z#2olt}. o] g Object F; =9 tlEo] Integer, String,
System, Thread, Throwable®} £ F2Eo] EgHY, A wWldsE ZdT & Ae
vector S A% v} w7 Ao &3]3}

= java.awt

AREAE QI Ho] 20 A4 9 Tjg ) olu|z|9] HUESLS] RE FYP2E X AL

%Z} JEIF ol eBAEE= AWT L2 AAVEZH R 3th. Component THAE
T AWT HAHUES FEoIY} dY AXHUEE AR} AXWES 45 LT o

]‘%4157} g =

* java.applet

NEAL) 2, B ERT ER BT TN AgetE Feze 4ol Lo
228 ATV R YA QY fEdoles T AHHE £FD
O AEEE 2 A extra methodE 7HAw MU= Y=$-24, o3 £Ho] ofF
9 2713, 715 2 AR AA AT Aok A 2o B 2= A
B o= ofEFE] Aol ol

* java.io
dolE ~EY, 223}, 2 Y A2Pe 5% Aad JEYLS AT A
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» java. lang

Java T2 2ojo] AAd g 7|EAA FHP2E AT 7PF FoF I
R AZF FE AN YA FY2E YeEhE d2b s St AAS £
g B g9 gL yeh=d 2235, Boolean, Character, Integer, Long, Float
4 Double®} 22 @9 Fe)2(wrapper class)E°] ©] HFFoZ ALLHT}

» java.math
deo] AEze] A4 A4 (Biglnteger), ¥ 49 Ad=9 10 ¥ A4 (BigDecima)$
Aggstr] A3 FH2E A TS

ol

» java.net

HESD o el Al NE TA 37 AT 22 ATHY. 272 FH2E AEAA A
sl Huistel Falo] el Atk thie] FexEe A UAe dolHE A5
st7] 91814 URL A& 9A 3t=g 3.

* java.rmi
RMI (Remote Method Invocation)®l 71X & AFFYt. RMI = Java Virtual
Machine ol 9= 2B AERHE & Java Virtual Machine o & LEHES Wi

=8 53% 5+ AEH(EO) @k

= java.security
Heb =9z oig
Bk oby| 8N TAS

= java.util
of A= FAH Zeld92, AN AN 2
29, dask AES 2o vge F2dE FAas TFE) Ao

java.awt

java.applet ofEZElZ st 7|EXol 7|5 ME
java.io Z|2X0o] ol&d Jis &

java.lang AHH} =27289| 7|82 A2 M&
java.math Zickst £818 ol A2 9t 7|1 M2
java.net HEQAE st 7|l H&

java.rmi 2 H4AE SES2 St 7S S
java.security 2ot 715 MF

java.util HEol 54 HlO|ES 28t 715 M3
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(2) AZ7] 088 A Fe oA
e Tz 5HI e WEdS A AxdA 2PoluA FAER YW=

Aok 7S AFSY AL dFd VO BeEmash 2o AZoht Alofe] gloiA

Aup 297 Aol oS 4 4 it fEeANL HHT F Y= Bk,
T4 AsFdlA AANAE hed} 2ol TR vk

« FA

Aol Ao B EAVSS AFsH, sl=do] LTE RS2 YEE MY 2 A
As RS232 ’I‘_% ]-‘ﬂ st ok =3 FT12 T2 EE 3 ConsoleOutputStream =
SRIkia=

« 1/0s F971719 Ao

A%E AT A28 AHerhsd ARAd YSEN FuAIE Ao hiwas
UAEE u@sts W8], Sd4 vz, TEW, YoE 5 dudoded AoE AF
St

- A s
AZ7) BAFS doly A B Aojs
$)7)/27), ~Ee d3/87) 5% e 7)

A

& ATy Fd+ R HelHE

52 A% MEY A% Asdg g5

rJ

» Configuration®] zZo}$} 33+
A Azdoze Mz ul Fd2 =g #Festa Jd8s A aga A
&' & 3, AAE SYRTOE Aolstn daet Azt g A s Algd.

comm 25t EAl 7|52 MZsiC)

o 712Hel /O o FHI7| MolE 28 SHASS
M Z i),
. EX 12C 1t SMbus CiH}0|E ™ 25}7| st SeAE MHB
i0.i2¢
st}
io.monitor PC DlHEE DU EHZAE 3t Se|AE H|28iCt

At =224 oAoje] Mo AN 7|XT} == OiH 2

fang AAs RIZBIC

storage Aol 22| & AlARIS XS HESICH
system 70| Sel2et XHp =& MBS

toolkit T2 2HE 2|5t Cletst SEZ|E]
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Z}. iVM Loader 7%

NEet R 3t HF FREY F FIAAE I E HFF2E AAINAY] W
Loaderg& X g3 VM ¥Ho| Q3 BE AT E N dudE 52 45N
5= o] utgAsin. ol W3afo] FFL A7 7“317} Bo] =& 3}%}0]‘4’ 1‘;}74]
S5 2BANME A&ste 52 3F
gatrhi B 5 g

iVME EREd 254 29317 98 23AAY dFE FAs Ao st ol
o5 22 Linux Kernel A74< §31 F3¥€ch. WA Embedded RT-LinuxE& 7]vto
= <tg3tsEl Kernel#} Device DriverE Hardware A A 3AA ALsid, o&
Blg o2 YEYZ 293 oZgAolds JEdAT. Kernel> MontaVistaAl<)
Hard-Hat Linux Version 125 AF&3stgom, 2 Kernel 242 82" Ver 202 &
AT AL E 1% Fo HES AAHAT. F 12 Hard-Hat Linux O/S¥ of#f ¢t
2L 7%E AYsd.

> Over 200 software packages and 75+ LSPs

> 5 target CPU families

[> Target Configuration Tool

[> File System Populator

> Library Optimizer Tool

[> Hardware Kernel Debug Support

> Standard Java support across all CPU families

[> Enhanced Flash support and JFFS file system

[> ATM, wireless, and other communications protocols
> Power Management

> Squashed GTK & eQT

> Pre-emptible RT-Kernel

[> New Linux and VMware development hosts

> Professional and Journeyman Editions product structure

iVM Loadere VME A& the ZRFd =xFA EAA717] A& HEo] AAE
053 22 258 X V] Wi THE FAs] Ho & HiEE & g
At

D> iVM/Loader
- dynamic linker module
- primordinal loader
- instance loader

- class lookup module
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ROMizing package

> iVM/Engine

byte code interpreter
profiler

class initializer
dynamic scheduler
dynamic stack handler

dynamic garbage canceler

> iVM/EE

|

A el S8
HZ 4% 4
A

runtime data area

java stack

heap manipulation module
method area

native stack

context switcher

channel switch

c—code stack

JNI module

aYeln o] $§ ZRIade]l E GE $§ I
s =
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“ = -

- Class Linker

/ Veritier

0S / Runtime

1% 339, VM A%
a9 33102 VM9 53 HAE 3AHE Ho F31 Q).

VM ZE HIAE ML

4 £ ¢ L4t At &
§  { root@Tynux wonkald. feonks ThreadTest
ioading Fic] 00 estengins
Noading Ficl ubility Casses
LFinished Iosding Ficl sofrcors
taunched system thresd, retuessing Nmtm! ‘w Rarnel
n3>> ) k}\} arsiog e Claudia
7 A £ 0 g
stm 1mkmg L Sy&tm pmpmy com, arunbaoeka  Tndt, Ve ghart
iz shart,cless = ¢lacx ThresdTast
¥ will inucke gubilic static vild ThrsagTast, eubalfava. Tang Steingll) of £lat
it ztarting Carkage Le¥lector
it starting Fisalider
szart:ing Haarzbmt

2 paalihread-1, 5 r s U Rr east T U,
mfefxf [T.hmaﬁd L5 5vstemThreadironp]
3 4% prine rumber
% iz prime w
7 15 prime mber
it 11 1z prime mnbet
13 45 prive mnber
1 43 prime tuber
13 is grive ateber
I3 95 petme naiber
23 45 welme numher

1% 33.10. VM EZ} EﬂﬂE 74

ul iVM %

VMY Az edo]lA F% A= 19 33117 o] 71&¢] Virtual Machined}
A3ty 7 REY YEHoA =7 tEu
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Class Loader

Ctlass Linker
/ Verifier

Runtime Area

Method Heap Java N ative
are are Stack Stack

Interpreter N ative Processor

29 3.3.11. Virtual Machine® +%

OS / Runtime

(1) iVM Al 5-A =g 7 o o

Size 792 KB
Source 4526 lines

mey | o Jls s~are1(3)] [25301kB)

gcFuncs.c Methqqs to !mp!ement gc—-related 594 74
activities af ohiecis and classes. ...
gcRefs.c Maintain set of references in the 187 56
garhage collecior oot sat
methodCache. A taster way to find a translated
. 231 54
e c method given a ne
stackTrace.c Handie stack trace for the interpreter 187 62
artransiator

string.c Manage strings 486 67
utf8const.c Handle K.JTF~8] cogstant strings. 411 68

- 106 -



(7} Class Loader/Linker 2E(559 KB)

T — s —‘ pascoscopoicas . ’)! -~
mg s A2EtelB)| |2E201(KB)
baseClasses.c Handle base classes 301 76
classMethod.c Dictionary of c%;:lsde;, methods and 2407 109
classPool.c Methods dealingpvgiotr the class entry 380 67
findindar.c Search the CLASSPATH for the given 519 79
class or properly name
infiate.c JAR inflater 835 53
itypes.c Internal fypes 215 51
jar.c Handle JAR input files 343 70
readClass.c Read in a new class 188 61
(v}) Class File Verifier £5(210 KB)
i gelye:§ _! s AARIOKE)| I2=AIUKB)
code.c Process a new code attribute 148 57
code— .
analyse.c Analyse a method's bytecodes 2120 107
verify.c Perform staggs 2_& 3 of class 138 46
verification
(t}) Native Processor R E(216 KB)
oy Ns AAZROIE) | |12ES301(KB)
jni.c Java Native Interface 4403 216
(infine asm¥= &
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(2}) Interpreter 2 5(387 KB)

g : s axetoE)| |2E31(KB)
. Handle exceptions for the interpreter
exception.c or translator 628 71
Handle method calls to other
external.c languages 387 66
fp.c Floating point routines 248 46
hasgtab.c "Intern” hash table library 267 40
soft.c Soft instruction support 1001 83
Native language support (excluding
support.c string routines) 1037 81
(v} iVM supporting modules
-~ Heap Management/Garbage Collection 2&
may s AACIONE) | |2EAINKB)
gc.c The garbage collector 34 87
object.c Handle create ar)d subseguent 181 60
garbage collection of objects
- Monitor Support =&
Oig CJIs _] AAgtU(E)| |2EAINKB)
locks.c Manage locking system K22 71
— Thread Support =&
oy s AAptol(E)| |RERNKB)
thread.c Thread support 818 74
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- Debug Support E&

oely - s v AAgE) | |ZEATIKB)
debug.c A dynamic debugging framework for 364 39

Katfe
stats.c stats reports support 293 47

- Memory Allocation Support Functions &

melw | s & Arppol(E)| [REAII(KB)

Methods to implement gc-related
geFuncs.c activities of objects and classes 594 74
gcRefs.c Maintain set of references in the 187 56

garbage collector root set

methodCache. A faster way to find a fransiated

. 231 54
C method given a pc

stackTrace.c Handle stack trace for the interpreter 187 62

or franslator

string.c Manage strings 486 67
Handle UTF-8 constant strings.

utiBconst.c These are intern'ed into a hash table Al 68

sha.c Start up VM module 418 33

(2) iVMell AMg-=+= ZbE gaeEE
(7}) Check class ¢18Z&

Verifyclass °l| A& methodblock, fieldblock %%} cp_item_type union= *}%3}‘3} il
A o] REL AIEA TEEHA Fo verify 94 FUL AF HIHE FEOIT

Ex) pjava verify bootclasspath . HelloWorld

E)

A &0 2% constant_pool o WE HFE& AlF¥rl onstant_pool AEES ¢
Constant_pool 7}(29)& 3}, utfl resolved #k(129)& 3o},
o] A= 29¥AIE A}

@ 19A o] &vtEA AF.

A 45 Constant_pool®] type(10) #< 7F4 2% Constant_poold SlEl2 & 7hx 2
o). 7bAl & ¢ldl A gho] Constant_pool®] 9] (7h<)o] Wojipex] 8¢l s},
@& 29A

constant_class, constant_fieldref, constant_methodref, constant_interfacemethod ref, ol
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3 z}Zte] name_and typed] index#t# 312 %+ name, descriptor@gts &<l &w}
E FH=E HY=A A5

constant_pool ZZo] EBUYH is_legal fieldnameE E3} <init>x A% FH
is_legal_method_signature® %3] A wWlAcr) (2 A1 F3=A &2} Signa- ture
" IdS5EE skip_over field_signature® Z &3t} skip_over_field signaturedl A= ()
o e &L skip_over_fieldnameZ %3 skipdtt}.

Ex) Ljava/lang/string;)V & skip_over_fieldnameZ& %3};)V & w3s.

A% skip_over_field_signature® F3] ') HA7A Y RE R EE AFT A AASA )
of FREW JHA2 V' 1 F ) & #E AR FH 9A AAT A WA 3ol
N2 EBYEA g

ada mxRPoz codedl I AZFE 7] 98 check_codec WO U=
check_codes() +& F &3t

(1} Classloader &g &
HelloWorld 2% 34
@ ClassClass * FindClass(struct execenv *ee, char *name, bool_t resolve)
= name: HelloWorld
resolve: 1
@FindClassFromClass(struct execenv *ee, char *name, bool t resolve, ClassClass
*from)
@ FindClassFromClassLoader(struct execenv *ee, char *name, bool_t resolve,
struct Hjava_lang_ClassLoader *loader,
bool_t throwError, bool_t fromClass_trusted)
= oA7)4 Zuz ste EP27F Ed AFE A2
Locked_FindArrayClassFromClassLoader()
HAE 3&X)
@FindLoadedClass(char *name, struct Hjava_lang_ClassLoader *loader)
= @A ZulolH HolN 2HHO e 1444789 ClassClassE o] s €l
A HelloWorldel= ol &9 €28 g (AR
®LoadClassLocally(char *name)
= FH2E F7] A3 sysGetBootClassPath()E &3+ S =g
® Z#: =929 glgle] CPE_DIRSIZF? CPE_ZIP?IA & A=A
case CPE_DIR: LoadClassFromFile(sysNativePath(path), cpe->u.dir, name)
case CPE_ZIP: LoadClassFromZip(path, cpe->u.zip, name)

7HA E

et

- 110 -



CPE_DIR(ZaAmj AV} ClaER|ol AS) | CPE_ZIP(Ee|AT|AT} ClHER|Ql AR)

LoadClassFromFile() LoadClassFromZip()
OpenCode(): ScfAnldol cfst filexzQlE] 2|E |zip_stat()
sysRead(): HIO|EI=E 2l0i2 bsearch() : zipmi@lo| YES A3t 3 MAE
allocClassClass() : EefjAntd XA class Hidol Ao classildE E=Ch
createlnternalClass() : Classg@ AIZ3ZXE {8l |zip_get() : 32 Sei20dES 718 &

22| gtgt allocClassClass():

createlnternalClass() :

createlnternalClassO) ¥ &2 =0l A createlnternalClass1() & &

@ createlnternalClass1O)e E#2& A=A 9 (Method_Area)el WEABETZE
AAdet7] Aol measureAndVerifyClassO)$-4  F#l2atdd ozt ASS AA g4
(classloader_main.doc %)

@ createlnternalClassO)E ™WAE=9
Class¥ o a7 Fo] FH20ds o
)

@ createlnternalClass0()= Fd234L HAsAA skipdbytes_quick(),

getZbytes(), getAsciz (), getAscizFromclass() InitializeStaticVar (), ReadInCode(),
ReadExceptions(), Signature2ArgsSize ()WAZ=E 3&%Y. (classloader_main.doc =

Ao YRAETRE YHEUE Classjava_lang_
AstaA A=E8 ALY (classloader_ main.doc

classloader_fn.doc® %)

(t}) Interpreting Algorithm

B vt 73 7)1 A gEo] B

HholEds WHole 8 AL Y] A% I niolE A9 AL FE=(opeode)
3w 2es e AHoste A AHoperand)F o2 FAAREY GREEY vt
P 1A= 7 MEolEe] Har gt dddAE 2"HoeRY JtHen w3 A3
e 2o A3,

e Avk b 714 WHelE AR 2HF ol

O Z=(oad) ¥ A WHo s

A A A 2go2 ke oo 28 AHFHE HE A
&) AHgste WEoEoltt Rxe Ao Wl FJAida 7
T7F 2+ ol A o dolyE AAsta doloF st %

7 o] e Ge dlolEzt Aol gojof Bt
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iload_n
lload_n

=| |> %:i = :'__-_ L
fload_n n:byte"g siet ol siEst=

dload_n

aload_n

istore_n

Istore_n

fstore_n n:byted

dstore_n

astore_n

P iload_n¢ L&

i A We ne) Yee 28 Yy
i, 220 SeHE 2

i, 29 EAEE FAAAT

P istore n® L&

i. 29 tope] WES XGHS noll AF3o
i. Z239 7}HE F7MAIZ0H

iii. 28 ¥QAEE 7+AA 7}
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b AT gt

A
[

i

8l

<

&t

[l
o

by

o}

<
<l

-

=
o

Tl

3o g2

U

ol
53

isub
imul

idiv

irem

ineg
fadd
fsub
frul

fdiv

frem

ladd
Isub

Imul

Idiv

Irem

Ineg
dadd
dsub
dmul

ddiv

drem

iinc
wide

Nl

P iadde] ¢

5E AR

= "o

E[l.

N

2 "ol o

o,

7 d

3, 223 JEEHE FUAT X,

oAl 2 ¥

KX
=

I AT %

3
n

/‘\l_

<

1.

Aage oz

AeHel g AWelN te

e

bS]
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42 1 (CBM : Condition-based Maintenance)

dule] AHE A, £A43tY FARSFE FozA AdrHAoY, 7eF - vE&H<
TAE AWAQA =4lo] FE FFolt) o EAMS Bedy] sty HZ A S
|Rte 2 3 AFAMHn) o] A7) &(RCM:Reliability Centered Maintenance)ol] W3 &4
o] IFxHTH RCM2 7|&9 FARF7I&S EE Auld disty JdHoz AL3e
Aol oiyzt i FF9 Fo4F kHd 58 e fAEFHE H 8L §4
g 5 A= HHY BHyrles AMESHA "ok ol9 2 Jdv|ee dHdE H¥E

Bl o9 6113 2k

K

O I

X

CBM : Condition Based Maintenance RBM : Risk Based Management

LCA : Life Cycle Assessment Asset Management

PdM : Predictive Maintenance RCM : Reliability Centered Maintenance
29 611 AP REVEe WA

T AT O 7% 2 117149 2ddl ddol 94 J9 @ 2A7 golsta
FAGAEY B Wk BA @ mEs) Ago] spsas) Hu FAGPoRA of ¥
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e ez d olye ol vk
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RCME A#Ade] Fad 535 Aol 1960ddol ulFolx Al#s e, 49
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B 5 stk RCME A8 9 A Zx7t 25 Fosjol 7hsg dfolt), o W2
17129 &4 Fo s E e FF 2 St A H A TieAd AV
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7F A Zte Oigk Ao A3t

Atd o2 7j719] Atz &9 AIZEAL 29 612 (a9 & RAH Bath-tub curve
FOoR FHHIL Yot A9 F o] 7ugRF s, Be R FEAHQ 13
Y FHE AASE v, A2REH HAFHoRE olgt B2 FoF CAA Hole
dslstae] gdgo] F7bsl ok 23L& o] bath-tub curves} 71719 §-X|, A, 2 A]
ddyte] #A, 53 Co dstgde 9o oA At B Jhevt, ool v F
o & ¥AEHn AZHEHY. a¥ bh)E BY, olAe uuwz P-F(Potential Failure)
Curvedtal E# A v 3J=o] A7t&=o)a Z=0] ConditionZEolth. o] PAH)A bath-tub
curvedl A Bl &3t/ Fo Hols doz R, o]AS AAEE Aol 7Hedith
HFHoZE olZo] A 7tA 71719 7)Fe] AA A HAR, 7150l A7 7HA
o] curve@dAlolA 43513 T&AHoR E AAALES nEd BA, & Jtestdn s
Aol A= FHH IA4 F=HE wpgdyeh

y Bath-tub curve
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A: EIITHD |
B: 2B |
C : @aium

(a) A& AFEA

Point where falise starls

{0 pocur {not necessarily Point where we can lind
relaled io age) out that s fading
3 / {potential failure'}

P

!

Point where it
it has faled
{hunctionat
falure)

F

[

Cordition

(b) 71719 139 74A], AR L 715AA
(P-F Curve)x

* J.Moubray : Reliability Centered Maintenance, Industrial Press Inc.
29 61.2 71719389 Bath-tub F43 P-F 4

W AN R & BR
a9 6139 Rolg AL CM (Corrective Maintenance), CBM (Condition-Based
Maintenance), TBM (Time-Based Maintenance), 12|31 RCM (Reliability Centered

Maintenance) ¢ #AE A3 AHoR RBRFIIYSFHE BEHI Aotk $A,
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Will the fallure have
a direct and adverse

No

a9 6.1.69 #HZ 3

effecton ‘——‘L
environment, health,
safety?
Will the faliure have No
Y < a direct and adverse
es effect on Mission
Yes | (quantity or quality}?
h 4
Will the failure result
~ in other economic No
Yes ioss (high cost
damage to machines
is there an No or system)?
effective PT&I
technology or
approach?
&
Ve Candidate
y y
Develop & No F
schedule P& o !st?he’;e{a“ * r
task to monitor eBc Mz " ep’,’? i
condition. ased task’
Yes Yes
4 y y
- Develop & Redesign system
Devglop CI ?;\:;&Qn- schedule Interval- or accept the Run-to-Fail?
’ Based task. failure risk.
< RCM Decision Logic Tree >
IY 615 RCM 234 8%
A3 G s
AdEJN&-EQJN - 44015
1. GIS UHFR 2% 3 & =02
2. HYIpARM B} Hol Y
Jie
3. GCB 8%z 3ot CHMA O
4. CvAHOI8 TEQ dE02 & O w0l XX 2] 2
5. Jlet & EMC Jl&
=2 AU E 32
a3 OIZIUE HHE
A Y 23
a9 616 7I7ARYE
T AAY 44 B1 Ha 9 A FoE, 92 E4
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23 6.1.10 Life Cycle Cost2 o] &3 v|-& AbA o] H A3t ol

ol 47 Z& RCME o83 A9 fARy ¥ AW, £35S Afxe v+
TJr < A7t ook gt
A AL - ALRAE HEre AR - dlo]E 9 %%i} - A3} - do)guloely, do]E
Bﬂol-’i% w3 &8 83 st Aol "asith F WA= life cycle cost(LCC) - life
cycle management?] Atai¥rAlol & e sit) A WA= RCMES = Holof 3} o] WA

T 7IZEYEAMIIYE) T dhed V2@ EAY deS ez 2R A8 7t
T TIGAE, E Y st Aol Badit o WHAE &R A}AlHRES A
2 84 Qe FEAH Adr)E & 159 life cycle managementZhe Aol AR
7] W&ol ol5& EFst HEF st Aol Hasith A WAE ITY &8 - 944
AA = EFEjor gk A WA FErvle dEiA @A SEHL de 7)71RT o]
dor QEL Ryt a9 Abavh ol Eo oF g},

HE [/ S LU 9 Life Cycle Management
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Life cycle cost(LCC) - Life cycle
management
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a9 619 AEANY Life cycle management
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Al 22 AFNE FAANA AT ARSIl n

1. 94Ad A7)

dAd AZ719 A9 1 F5ol UFY vt AF AAY T84 #HEd A7 A
& FAATE ok MMI(Man-Machine Interface)& Xth HE|dA 3 F& FoF
Ao HESF ARAE EFsa, ASF FA9 14 MES AL FRFNY AT v

EYAg B3 AF AANE S8t T QA7) A% AR obF Holx @i
Atk 28y Tektronix, Agilent, Keithley Instruments, National Instruments, Yokogawa
5 WolA AF7) FHAIEL o|u] o= HE 317} (USD5,000014) AHAb AlFol ot Ul
2L YEYa TEE IFANA AS7] UEAA AAE dulstn I3, o8 AXYAE
S A7t §] AHEHEA AZVE JEASd FEAA =HF EAA AHE dHs
I Jo (2" 621 F=F)

- Fast Ethernet TCP/IP interface
(100BaseTX (100 Mb/s), 10BaseT (10 Mb/s))

- Event-driven communications

- Network autoconfiguration

- Intelligent diagnostics and maintenance

- FieldPoint server software
(OPC server, FieldPoint Explorer configuration utility
Windows NT/9x)

- Data Transmission to/from a remote PC through FTP
server function

- Network Printing on a remote network printer.

- Email Transmission : While the DL1740/DL1720 is
operating, you can have it send waveform parameter
measurement results and error information to a specified
email address at designated intervals. You can also have
GO/NO-GO determination results sent, or have messages
sent as the ACTION of a trigger activation.

a9 621 A7) UEAZS] A

AZ7)14 UENA A8 0 BFES =3rlde obd raA, AAE 5 3 7HA o

=

& A EAnE FHe 5249 ¥EHYAR B2EE MR T 8l
Ethernet/IP(Ethernet Industrial Protocol)$} 22 H=mw 29| Hgd e E FAstA 2
Aol AujHoltt wEtAd, AREAN YEAIARZ a7 gAE AFVE JIAT WESY
3 dYoz wolEe FEE 37 Yefs AZ7] o] & UEYAY £ FHE

S

FA F& 5 Ao
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E71E Bo] 33 Atk aPdM 5ol e F4 AP Ay 2upd AU A
ol Bt At duit= ABY Aldiolth Zo] dHiti= AR el FAEA]
gol® oln AU HERArE TEEH 442 AEZ AL RE YELA A
27} Hojrlm g rpsl

1,000,000,000 internet Lsars
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1,000,000
100,000
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1,000

100

1980 1985 1990 1995 2000
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