(Feld Programmable Gates Array)

FPGA

(Expansion card)
(Mother board) Intel 200 MAz Pentium pro
processor
31
- PD
- (Device driver)
- (Application software)
PD 31 32
Analog Digital Device Application
Circuit Circuit Driver Software

31
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l;; i
= Ck [l S i et | St i S S SR e e s i l
I T R
Coupling Device (CD) | 1
[ g '
> g:;cm Ll w1
Coupling Device +—+ Gain Control Band-pass filter
_| for D Detection § T Circuit of D dokHz ~ 320kHz [P AP! g <= i:abli“: H
2 I
o - - [ ! 3
Low Vol Arm £ I ' 8 M2 l I
w Voltage | | I | —Y e
| ot vortage  [TH—] coain Control ¥ amc2 > Ol e ||
Divider I l = 16 bit | |
X t ' Z
cc3 | = I
Internal 50 Hz j:‘{ ! ! CLK | I
Signal Generator | I I 20 MHz
[
I ! T
] LAnaloq Circuits I Digital Circuxts-‘
(oo ee______ T T T T T T T X
V
ISA
£o BUS
Measuring Instrument (MI)

32

1) PD (real time)
"PD (Phase Angle, 9 PD
( ) 33

(synchronize)



2

3

Test Voltage

l
ol
PD
L1y
i i
I
Peai( of PD
;ql :q‘
:q,
o 9 ]‘g
3.3
PD
5

44

« Phase Angle (*)

Phase Angle (°)

Phase Angle (°)

ML 128 «\Word

ADC2
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321

PD

(Band-pass Filter )

2[2]

-6 dB) f2

i)

RLC

45

(Transfer Impedance, Z(f) ) IEC [5]

(Lower limit frequency, -6 dB)
(-6 dB) Af PD

30k H 1< f1<100kH:

f 2<500kH:
100kHz < A f< 400kH:

z(f)

“a-response”

(Higher limit frequency,

Z(f)
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2
PD R1L>Z0
mismatch R
“[?-response” '
20<Rr, < (3.1)
Cm \ R i
R
{2
[46]
Rm= 75
(Butterworth filter) 4
(-3dB) 40 2
' 4 (-3dB) 40 320
[47] Zf f,.= 40 (2= 420
(Schematic
diagram)
: 1
34 ) 34 )
v(:ov;)

y 1 1
00 1.0 20 30 40 50 60 7.0 80 90 100

34 PD
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52.5x10-6
1
=525

0.987 (
) Ca=100 Ck=1 (2.20)

rek+ct!
/'min =5 n(rms)
k y

_5 D407 400" * ) oas 0y
52.5x10'6x1x10~97

=0.103

100 100 ck=1 35

sensitivity(pC
10

5 .

0.5 -

0.2 {

0.1

01 1 10 100 Cg(nF)

35 1
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322

220 50
20-100
50,000 1,000
12 FPGA 50
(internal  synchronizing signal)
(external synchronizing signal)

ADC2
50 3
PD 1
40 40,000 ADC2
+ 3 40,000 x 3
=120 85
20
70
323
PD
D PD ADCl AD9225AR
+2 : 2 25
Aliasing Error PD 0.5 n
( ) 0.488 Anti-aliasing prefilter

PD
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0,1 H '<l)
c 8m fi (32)

A Anti-aliasing prefilter

H (f50P) (stop band)

H (fpass) (pass band)

32 A =-20log(0.488x1032) --72.25 dB
321 f4B(-72.25 dB)
6.39 fs [48]
fs = -f:lop + fpass (33)
| 5p - 6390 f pass - 320 (3.2 /5=
6390 + 320 = 6710 6.71
PD
36) 36)
31 IEC 60270(1998) PD
+10 <1
20 2

i e L -
140 H
1.20 1,50%
100
0.80 }45%
ﬁ wg
agol 1.5%
o
| §'06.....50.....i10.....150.....200'" 21» aco  *50 *00 *50 500 i(us) "zscf'z'ébf'z‘e‘"“'bf'z%i""'6?'36'""0.'37'""A‘él{'""63'6""'6?5&""'6?2:25'""6?22'""'6?52&215 t(us)

)
3.6

PD

)



X()
Y()

31

@ 1 2

M) 227 167

Y=Y dik)=X{

difk) -

(Interpolate)

5X8=40

k=-M

inc(K{k+¥))

- k)

50

132 100 71 58

10
?18@8 )
(Time quantization)
[49]
34)
39

111



33
FHPGA VHDL
Schematic
VHDL
(Debug)[50]
331 VHDL
VHDL 3.7 1 '
VHDL
RTL (Register transfer level) 2
(Reqister)
VHDL (VHDL simulator)
(Logic
synthesis) Netlist Schematic Netlist

VHDL files DJ —
(original)

VHDL Simulation Logic Synthesis

S P— T

Post synthesis
VHDL files simulation

(Back-annotated)

FPGA netlists
VITAL

Libraries

Vendor's
Place & Route
Tool
Post Layout
simulation
r
Standard Delay Format Back Timing
(SDF file) annotation analysis

3.7

51

Prototype
Board

Device
configuration

Timing Report

VHDL
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Netlist Place & Route FPGA

(Timing analysis) delay FPGA
interconnect SDF (Standard delay format)
delay VHDL FPGA
FPGA FPGA
332
1 PD
ADC1 ADC2 2
ISA (the Industrial standard architecture)
(zero crossing)
3
) PD (PD Detection) ADC1 20MHz
lock-out time 1,000
20 ( 50Hz)
ADC2 (address) PD
ISA
2 DMA transfer (Direct memory access transfer) llo
tranter (Input/output transfer) 2
2) (Capture) ADC1
5 128KWord
(Interrupt) ISA I/o transfer
3 PD (PD Analysis)

PD realtime 250 2
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CTRL_UNIT

> PD_UNIT

TVADC_CTRL

> MOD_CLK

PEAK_DETECT

WRMEM_CTRL |

Y

MEM_SWITCH

DMA_CTRL
- ISA_INTF
38
1) TVADC CTRL ADC1
(enable) CSN 0 ADC1
BUSY N 1
ADC_DOUT
AC_ZCROSS
2) MOD_CLK
PD PD PD CLK
LOT CLK lock-out time
PD CLK LOT CLK 5MHz

53

CTRLINIT



3) PEAK DETECT PD

(Source code)

54

(threshold) HFO (first-
in, first-out) PD 3 Y11Y2 Y3 Y2
(sign) Y2 Yl
Y3 Y2 lock-out time PEAK DOUT
PEAKIDOUT 0
4) WRVEM CTRL PD
PD PD PD
PEAKIDETECT TVADC_CTRL lock-
out time PD 1
5 ISA
5 PDJINIT PD
4
6) MEM SWITCH
PD PD
1 PD
PD 1 PD 125
2 125cycle
7) DMA CTRL ISA
DMA transfer 16-bit 1/0 transfer
PD 2
PD 16  I/Otransfer
8) ISAINTF ISA (decode)
(port), PD,
, DVA
9) CTRLJIINIT
VHDL

VHDL



Schematic
3.10

L -rve-rv

MEM_SWITCH

M2

Bl

PD ADC

PD_UNIT v

. CLK

MOD_CLK
TVADC CTRL
PEAK.DETECT
WRMEM_CTRL

Test
Voltage ADC

B3

DMA_CTRL

39

, 3.9

82 A

ISAIJNTF 6

(/0 Decoder
&

Logic Control )

DIP

Gain (PD)

<>

<z

ISA BUS

55
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+3.3V +3.3V
Vee Vpp ; 47 kQ
ICEC CE |*
OE/RESET [*
cK
DATA SPROM = XCI17256DPC (1)
SRAM Gnd
M1 = IDT71024(128Kx8bit X2 ) i
M2 = IDT71024(128Kx8bit X2 #2) -
+5V +5V
= )
L T2 112
Vec OE CE1 Gnd Vec  OE CE1 Gnd |
SRAM (M1) SRAM (M2)
CE2 WE CE2 WE
- b s > 3
ol | HlE al &
3 3 3 g el 2w
8l [ g, < 21L&l &l &
Z X |- W 3x47k Q
| S5 Z AA
A 0D IZ2 MO Wy
ADC1 DoDT 9 8 yilez o
& (AD9225) M2 |27 .
Y — . o
$ =18 PROGRAM 108 B02 |peset
—
4 Vee 33V reguiator 45V
40.000MHz —
= Gnd |« Gnd
XC4036XL-1 CHRDY, M16#, 10168, IRQ10,
HQ30 4 IRQ11, DRQS, DRQE, NOWS#
/\—b 2
o
AEN, SBHE#, MEMWE, <
IOR¥, IOW#, BCLK, TC, 2
\ BALE, DACKS#, DACKé#
¢ AO-AT5
A
DO-D15 >
N
L [ <= 3555557 +5V
< >
g )
®
2
g 8x47k 0
P DiP :
v +5V dSMTCH
17 Ve
iy
& =
Apc2'?®
(Ao7870)
A0
Gnd

,3.10
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3341

D

1016

SA[15:3]

ISA BUS

SA[15:3]

57

ADC
|SA

(/O Decoder and Control Logic)

ISAINTF
SA[15:0], SD[11:0], IOR, low, AEN,
[7:0] 16 3

SA[2:0]

SA[15:0, IOR  IOW,  AEN

SA[15:3]
SA[2:0] 16
6 3 1016 0 ISA
16 32
3.11]5]1]
32
SA2] (Iow) (IOR)
000 1
FD
(Register Index)
010 2
(Deta Register)
100 3 DVA

(BEable DVA

request)



uisa_intf/master_reset
sa

uisa_intf/ioadr_en
uisa_intf/io_adr

i0lG _

aen

sd_oe

sd

2)

jojum

1

-(0374 y0244 y0240

"M

n

-

= 1.7

10246 10240 10246 10240

58

r n

10246 10240 10242

(Register index)

@)

¥ 8 8RB

&

1 1
011__ 1100 Jm i J110__ 1000 J110__1 O 1110 1000 1010
u u u u u u LJ u u u LT
1 n n
—(000B 10007 _ § . (0008. )= (0002 1000B )} ( »(0001 JQ2z1
31
( 2)
1
6 2
RegCirl
RegData 2 2
RegCirl
1 (RegCirl)
= 10(RQ10) 0=
= N(RQ1) 0=
1 = DMA 5(DRQ5 0=
1 = DMA 6 (DRQ6) 0=
0 -
= PD (Cff-line)

9
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©)

S

©)

©)

D9

D10

D7-DO

D10-D8

D11-DO

D11-DO

D11-DO

D11 - DO

o
I}

o
|

D7:D0
11111111

00000000
D10:D8
000

001

010

011

(Offset)

(Offset)

50
50

PD Realtime Analysis

(RegGain)

PD? 255 (

PD?  0( )

co A N P

PD (RegPDTHold)

PD ((RegPDLTime)

ADC1 (RegPDOffset)

ADC2 (RegTVOffset)

)

59
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3) DMA ( 3)

DMA " SDO 3(0= ,1= )

1 DACK5(6)

DMA
4) PD ( 1) 1
PD RD_CLK

PD

3-state SD[15:0]
3.12[51]

belk u JALnJInJIid JIJI31J1 JIJu JUInl n JTJIJum~L Im
bale n n n n
“.J 1l J 1) Lrr J Tr
iow_ — B B B B
- 100

uisaJntf/ioadr_en
uisa_intf/io_adr (ID
i016_ |_
aen

rd_clk “ \] 1 1
sd_oe B n —n -

)
. N n i
s %f m B0 P Yor Y o ﬂrdoow_Lr]ot

m2_adt

312 PD

5) ( 2)
DMA OEJSTATUS (Interrupt Status)
2 DMA
SD[15:0]
(CLRJINTF) 1 ' (Flip-flop)



=

D2
D3

D8-4

6)

1= PD
1= PD
1= DMA
0= DMA
1 = DMA
1= RegCtrl[8:4]

( 3 3

Master Reset ,

3.13[51]
belk
bale J~|L. J L
i016_
oy
uisajntf/clrjntf
visa_intf7in(f_pd20mhz
o
uisa_intf/io_adr 010
sa 0242~
d_oe
sd 0271
3.13
3.34.2
INT_PD20MHz
IRQ1L ISA RegCrl
( 2)
3.3.4.3
DMA transfer

I/O transfer

10075

61

3-state

IRQL0



)
DVA REQ
ISA
DACK5(6)

belk

bale

i016_

ioi_

iow_

irglQ

mil6_

mwt_

dma_req

drgs

dack5_

aen

tc

sd_oe

sd
udma_ctrlArn_clk
udma_ct[L4m adr

2

3.34.4

DMA

43110

~

314

62

DMA transfer 1
DMA DRQ5 DRQ6
RegCir AEN, IOR, MWTC
TRN CLK
DMA TC 1
DMA 3.14[51]
_n_ T~L _n
/K LT T Tr
J L J L
100001 100002 looooc |000D
Im T S €1} 000C 13D)
-dAO -<060 QB ke ((BAE H
DMA
I/O transfer
PD 3.16 I/O transfer
(bounce)
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3345 PD

PD PD ADC1
20 PD
(rectify)
PD
) PD PD
RegPDTHold[11:0]
1 1 PDLTime[11:0] lock-out time
CYCLE_signal
PD
MEM _SWTCH ML WE N 0
ML CE N ML_DO[15:0]
[15:0]
PD ADC1[11:0]
PEAK (Peak Buffer) lock-
out time MAXPEAK .
WRVEM CTRL 2
M1_ADR[17:0]
MAXPEAK M1 _DO[15:0] M1_ADR[17:0]
TVOLT ML_DO[15:0]
ML CE N ML
3.15[51]
DVA CTRL
MEM SWITCH
[15:0] M2_CE N M2 WE N
DVA REQ 1

lle] DMA
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MEM_SWITCH M2_ADR
[17:0] ( A
) M2_CE N MR
[15:0]
3.16[51]

upd_unitumoduiorpd_ck — jrmxmMJITITITIIXUTRITINITITITIIIXUTImIir
m .

upd_unit/uriK)ddo/lot_dk X

upd_unit/upeak/maxpeak 8AD 10 —_ IJMT
upd_unit/utvolt/tvolt 260 m
upd_unit/uwrmem/mem_adf 00000 0 01 _jo 02

upd_unit/uw(mem/mem_ce_n |_ I

upd_unit/uwrmem/mem_we_ 1 -

upd_unit/uwrmem/mem_din 0 IfikD____ 260

upd unit/'uwrmem/mem bank
umem switch/wr bank

umem_$witch/wr_adr 000 100001 10 02
umem_switch/wr_ce_n 1T -
umem_switdvW_we_ = =
umem_switch/wr_din 0 = |n'p J 260
mi_do 00 108AP 13260 Um

_woe
ml_ce_n s 1 2\
a 00 JOo1 1 02
dq 00 108AD 13200 112
csn b// A 5= iz
we |_ =

315 PD

ui$a_ir>tfiint_req I
ui$a_intf/trn_irq |
ui$a_intf/intf_pd20mhz O |
bdk | | UL | LI
bale Inn! LJIn@nil 1l _nOnoOl I 1L
o0 e unjaHjnjnnjnnjn Jmn TLTLT
o ~ ~— LnjnjnjnjHjnjnjnjjdH IJjjijji~i_ri-rL
itqio
sa
sd_oe DO nnnnnnnnnnnnnnTT
sd —e}—[ }-D-D-0-D-IM}=DB-B-IWM)— — D-fr—D-D-
ml/a
ml/dq 1l It— 1 H=Xr7.1 )i\ rzmi L. . AL [ |
mifcs_ - ; ujjnjjjHIHJ~7jnjnj~Lnj~LrLrLnj~Ln_n_rL
m/ e
upd_uruVupeak/maxpeak
upd_unit/upeak/peak ~70 1705"--——-- >-93 ?fll ATINTO974~TIB 755 5 -153
upd_ it/upeak/above_threshdd ;
upd_un*t/upeak/max_point || | | "
upd_unit/upeak/min_point J « « L
upd_unit/upeak/greate(_peak IL @ n_ L
umem_$witch/m1_adf no n 2io ¥15 16 1Ir BT 11001 121131 41 1RIBI17 118

em_switch/m1_ce_n ! ininjinjnjnijjjn xrnjT TLriLTLnjnrrrLn.
umem_switch/m1_we_ H
m2/a 0 2
m2/dq m

2/c$_ -|_|_

2/we_n | r

3.16 PD
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2 PD (Peak) PD
PD
AFO PD 3
3
greater_peak <= "when (ABS PEAK > ABS MAXPEAK) else o
abovejhreshold <='Owhen (ABS PEAK < PDADC THOLD) else ';
ax_point <= "when (YN 2<YN 1) and (YN_1 > YN) else o
min_point <= "when (YN 2>YN 1) and (YN 1 < YN) else o
if ((max_point = ") or (min_point=J) then
PEAK <=WN 1,
else
Yni yni 1 1
Yn Yn2 greater_peak abovejhreshold
PEAK MAXPEAK
lock-out time
MAXPEK
lock-out time 317
yn_2 J2AE_I2AD* 12 C T J2DA_ - (67B  i68F ]'GA5 iG8B fi
ynj 2EL- k2D J2CZ_M i2F2 ... (88F IGAG J6A9_ iGA5 IG8B iG75 U
yn Z12AD 1i2BO0 12C7 . < 132F L (8AG 1GA9 IGA5 "iG8B- 875 1859
pdadc in i2BU” i2C7 i2F2  U32F 1354 .. (GA9 16A5 16 “1875“ 859 IiG37 K
greatet peak 1 1 1
above_lhreshold
max point
min_point | |
peak 000 i2AD iGA9
maxpeak 000 i2AD ISA9
iyn_2 0O 7 05 KG86 1885 JGS8 | ttT K730 -— (1659 §1879 11702 i1705 11701 i1G75 f
iyn_1 ~ 1686" [685*H E Jzn_iZ30_jJ254 - (1879 11702 11705 11701 1875 (1G53 f
iyn Z3G85 1 1711 1730 1754 1815 - (1702 11705 1701 1675 1653 11625 f
ipeak 0 3 H B HzZOL

317 PD
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(Operating system) 93
341 %
98 *|
1) VMM (Virtual machine manager) 93
protected mode CPU Intel 386 [52]
Virtual machine (VM) 93
2) WDS (Virtual devices) 32
VxD VVM
VxD VVM
VXD code data
Ring 0, 32 bit flat memory model WD
4 segment register
16 ( protected mode segment register
selector) VxD Kernel
privileged instruction CPU WD CPU
VxD virtualize
( virtualize
IRC 5, I/O Port 280h
) VXD
device controller PD
@)
MS-DOS
Multitasking

Context switching

66

device controller



67

@ R
device I/o control
908
1 1 Read-only memory (ROM) basic input and output system (BIOS), Install-
able device drivers and terminate-and-stay-resident (TSR) programs, 16- and 32-bit
Windows dynamic-link libraries (DLLs), Microsoft MS-DOS-based applications, 16- and
32-bit Windows-based applications

342 Device Controller
(implement) PD.WD device controller
\VtoolsD Vireo Software, Inc. ( Compuware
Co., Ltd) PD.VXD 95 ’
3 95 98 backward compatability
WD VxD VxD IOCTL
3.18 APl (Application programming interface)
P (System programming interface)
VxD Kernel
WD
IOCTL

VxD Driver

Application SPI Hardware

User

Operating
System

3.18 VxD

WD Event driven VxD
(message)
PD.VD VxD
Device Create device VMM



interrupt handler

68

first-level

1 second-level interrupt handler VIVM WDS
(list) VIVM WD
98[53]
343 ‘
PD.VxD PD
Detection, Capture PD Analysis PD.VxD 3
D virtualize
VPICD (Virtual programmable interrupt controller device) VD

VPICD Virtualize IRQ
VPICD_Force Default Behavior

,VPICD_PhysicallyJJnmask

VPICD_Physically Mask

virtualize 1mask & unmask IRQ virtualize
2) memory buffer
Win32 application System VM VxD
VxD
Virtual address space buffer
lock commit Physical
memory LinPageLock 3.19 memory
buffer shared system region
Program /o0
3 2
@ WD Device I/o Control Interface
Win32 application Win32 AP ' DeviceloControl
Handle WD APl 1' CreateFile
@ WD undocumented service
PD.VxD Event Win32 APl 11
CreateEvent Handle Ring 0 Event Handle ~ WD
undocumented APl 1 OpenVxDHandle kernel32.dll
Handle WD DeviceloControl VxD
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VxD Ring 0 Event Handle VWIN_SetWin32Event
Event signaling

Shared
system
region

Shared
application
region
80000000h

Private
application
region
004000000h
(Unused)
0010FFFOh
V86 region
Ch

System memory map of Windows 95 virtual address space

3.19 memory buffer

3.4.4 Device |/o Contral Interface

Device |/0 Contrdl Irterface fPD. XD application
DoCIDISsABLED
DIOC RESETGSR ilirx
PD_ANALYSIS PD Analysis
PRIDHALINE PD Cffline
READ PD REALTIVE PD Analysis
READ PD REALTIVE DATA TAKEN (natify) \D
PD Analysis
READ PD REALTIVE END FD
Anaysis

SETPARAM

PD.VxD
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35
3
PD PD
3 C++ (Compiler) Borland c++
Builder 4.0 Inprise Corporation S 3]
(Windows98) SVGA
ISA
351
PD (form) 1
PD
3.20
PD

Partial Dischaige
QCteC'[OI’| £aptue | (Analyzer

000 -
Ql -
gl 100 -
;PD 30-
x1 10~

PARTIAL DISCHARGE ANALYZER V 1.1

B 0.01{Je

0

[ 10-1000pC ~|
GAIN OFFSET
PD
RECTIFIER  OFF | CALIBRATE SINE | ELLIPSE | qV-CURVE ] D A
WINDOW pd|t]
MASK Add : ! +drag | |
ol Del': itk BIPOLAR SENSITIVITY: 0 4 step p: \b‘|Z]
RESET I : source
P ONT 1 help |
TEST FREQ. 150 Hz :

3.20 PD



1

PD
D (default) PD
page "CALIBRATE" Page control
INT EXT
(Calibration charge)
PD
Bipolar sensitivity threshold
(mouse)
" , (time window) 2.4.2
321
B s .- i R
gﬂﬁ 3.21 AnsuransduuanIananaaafaidunsUfuiiey
2) (linear time base)

Page ,SINE'

PD

100 (chart)
322



PARTIAL DISCHARGE ANALYZER V 11

3.22

3) (elliptical time base)
Page  "ELLIPSE PD

100 (chart)

Rotation
3.23

PARTIAL DISCHARGE ANALYZER V 1.1

3.23
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4) PD (9-V curve)
page +JV-CURVE"
(rC) (\Y

Combo box 3.24

| PARTIAL DISCHARGE ANALYZER V 1.1

324 g-V curve
5 q PD q PD
PD g-V Curve
PD
’Ilk,> : if gm>qn " vf (1
q PD
an PD
gnl PD
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6)

ADC2
ADC2
ADC2 1 ADC2 1
2'~ - 4096 ADC2 +3 6
40,000 (40000 / 1) X
(6/4069) = 58.6
1 58.6
33
33
« 1 2 4 8 16
(V/ step) 586 293 147 733 366
KA 849 424 212 106 530
352
PD 1
PD PD
5 3.25
"Capture"
)] "Get Data"
3.26
2)

327
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Qat3

ra Capture

Volt

PD

.
'
'
'
'
'
s
'
'
'
'
'
'
r
'
'
'
'
'
'
-
'
]
'
.
'
'
-
'
'
'
'
'
'
.
)
'
'
'
'
'

2.0us

Slep/div :

1000 step

18176 us

1

=1

Interpolate |

Resel X |

AMPLITUDE il d -

Reset} |

<l >|

TIME

» Get Datai

3.25

16558.0 us

16317.4 us

3.26
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18317 4us . . 15580 us
n) NauaeNe 9) MRV

3.27

3 " terpolate”

3.28 323

3.28

343

3.29

3531 PD

"Parameter" "Analyzer”

3.30
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Parameter |—) Distribution(—p Fractal —P Decision

) Ellipse

3.29 PD

82 frmPaiameler =M *i

Data Collection Parameters

PDGAIN=> [i50  (1-250)

VOLT GAIN-> [ -5)
THRESHOLD > [O «tep(s] ol 2048
RECORD INTERVAL:  |lI0sec 3
RECORD COUNT: [i record(s)
TEST TIME > GO sec

I > Sturt ] lime11 0030 sec
3.30 v
) (record)
Combo box
2 " tart”
) "Ellipse”
"Parameter” "Rotate--"  "Rotate-"

331



jfli'ii Show Paid on Ellipse

JJ
Rett | _Rowe: Rowes |  Gow#. [0 — (-0
331
3532 PD
"Distribution” "Next to Distribution”
"Parameter" 3.32

{jrmDistribution
PO Parameter Distribution

M ill Distrlb utiDt
Hn{phi.q) i

Gey) O L 180 270 3ecC
e Amglitude Distridutinn

Hn(phi.g) <drag mouse in the image area to rotate > View l)ulnhurionl
Load Data | Distribution Fite : (TP?lBrowse | yy Next to Fractal |
# savepata IbAPDdatabasenistiJASurfaceltest-001.txt « Back loCollect pela  ciy® 2 so B 10

3.32 PD

78



1 PD "Load Data"
PD pddata.anl
PD
2 PD "Save Data’
PD
3 PD "View Distribution”
5
3 2
26.1.1 H n{(j).a)
533
"Fractal” "Distribution” "Next to Fractal"
"Distribution” 333
PD 2.6.2
Fractal
FRACTAL ANALYSIS |~ + | f Z J
Surface Dimension it T - Surface Lacunarit-y

Dimension “ 2.439 Lacunarity = 0.0420
load distribution fromfile ; Bon» » Next to Decision
ID :\PD database\Distiib\irHernaM -gap-01,txt " Start..! «  Back to Distribution

333

79



80

3534 PD
"Decision” "Fractal” "Next to Decision”
"Fractal” 334

1 PD Tree view
2)

2.6.4
3
4)

10
( 10 )
SiL Decision

Recognition and Decision locate features |

- MAIN DATABASE +

- 1-0-0: HV Capacitor 100 pF 140 kV -
1-1-0. First Stage Corona
1-2-0: Second Stage Corona
1-3-0: Surface Discharge
1-4-0: Internal Discharge
1-  5-0: Floating Object

- 2-0-0: Device2
2-  1-0: No Partial Discharge
2-2-0: Corona at HV Side
2-3-0: Corona at Ground Side -

Select Equipment Database

|HV Capacitor 100 pF 140 kV 3 o |

Cluster Classification ~ F start

First Stage Corona (0.02) N
Second Stage Corona (0.02) WHEEmTm, X: Dieension Y: Lacunarity Ccontour: 99.95.80.50.20.5.1tX)>
Surface Discharge (0.02) . . .
Internal Discharge (34.42) wmmmm Fingerprint Recognition Result
Floating Object (0.02) ¢

HE

Add to Problem KK sack  Fractal

[internal Discharge 3

Add to database

o  Go to Detector

3.3 PD
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