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Abstract

Techniques and software on digitaf image processing have been increased for uses of
digital images. Feature extraction techn"iques from digital image is also under intensive
development for automatic recognition in;'industrial practices.

The purpose of the study is to describe extracted features by testing different feature
extraction operators and integrating featm[es to semantic information for object recognition in
the field of construction survey and deformation detection. Different operators used in the
study include Moravec for points; Canny and Hough Transform for edges and lines;
thresholding and area coding for regions.

This study has shown the possibilit)|f of target points displacement to the resolution of 1
mm/pixel in the lab. Field test has been achieved to the resolution at 1.25 cmy/pixel limited to
H-shaped steel shoring and the constﬁl'uction environment. Knowledge based semantic

information is investigated in both vector,and raster views for further study.
N
|
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= 21 W EyiteE
W CA-01 CA-02 CA-03
Monochrome Monochrome
Model | Color TMC-1000
TM-1320 ’ TM-1020
RES Progressive Scan GECD Progressive Scan CCD {Progressive Scan CCD
18 7 3 (H x V) 1300 x 1030 1008 x 1018 1008 x 1018
BATEHXV) 16.7umx6.7 um 90um x 9.0 um  [9.0 um x 9.0 um

BRAEZ®EMHXY) 9.1mmx6.9m|r!1 9.1mmx92mm (9.1 mmx 9.2 mm
% RS 256 ( 256 RGB % 256
W|BRAE 15 fps J 15 fps 15 fps

By LR RS-644 ‘ Rs-644 LVDS

sl RS-232  lRs23 RS-232
SEIRAIE C-mount ! C-mount C-mount

B N 50 dB [ 50 dB 56 dB
TFHriE 1/60 ~ 1/16000 f 1/60 ~ 1/16000 1/60 ~ 1/16000
TREL 12V DC f 12V DC 12V DC

R~F (mm) 44H x 44W x 64L - [44H x 44W x 64L  [SIH x 67W x 116.5L
g 173 ¢ l 173 g 374 g

AR AR 2 lux { 1 lux 10 lux
AMEBSEHRE  NL1428 : NI 1428 NI 1428

R A& (K ) USD 5,064(@\—{?’) USD 5,809(4-F) [USD 7,907(4F)

)
|
|
|
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2L BmEBMEH LR EGE)

R CA-04 CA-05 CA-06
Model Color TMC.9700 KODAK MDS100 | Roper Scientific
Color Camera Model ES 310
BB S Progressive Scan CCD |Progressive Scan CCD |Progressive Scan CCD
HAEH V) 768 x 484 320 x 240 (video) {680 x 496
BARKRMH=V) [11.6pumx 3.6 um |74 umx 7.4 um 9.0 pm x 9.0 um
REZSEHAMHXV) BImmx672mm  [N/A 5.83 mm x 4.36 mm
% 7R P RGB % 236 RGB % 256 256
HmRAR 30 fps 10 fps 15 fps
$ 8 3R TTL USB SCSI
& E R_S-232 USB RS-232
SR MBAG C-mount C-mount C-mount
15 3% 230tk 50 dB 53dB 48 dB
CTFHrIRE 1/60 ~ 1/16000 1710 ~ 1/500 N/A
ERE R 12V DC via USB 12-28V DC
R (mm) 46H x 51W x 162L I51H x 64W x 178L |STH x 69W x 152L
£F 225 g 38.4 oz 650 g
RARE KK 10 lux N/A N/A
BEBEHMRF  NA N/A NI 1424
RAE(RA) N/A USD 495(F& 4+) |USD 5,535(4F)
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R CA-07 CA-08 CA-9
|| Digital Color Area
Model Duncan. Tech Hi%h Scan Camera A101 Roper Scientific
Resolution Came!:ra - MegaPlus ES:1.0/MV
B B Progressive Scan C]|CD Progressive Scan CCD {Progressive Scan CCD
ZAEHXV) 1392 x 1040 ! 1300 x 1030 1008 % 1018
BATERMH=xV) [4.65um x4.65 }1[‘{[‘1 6.7 pm x 6.7 um 9 um x 9 pm
REZ&HMAHV) 6.5 mmx4.4mmi 8.7mmx69mm [9.] mm x 9.2 mm
& AKME RGB & 256 | 256
WIRRE 7.5 fps 12 fps 15 fps
BRI LVDS RS-644 Standard Qutput
wHBE RS-232 RS-232 N/A
$E 8 M 1E C-mount C- or F-mount C- or F-mount
(R 1R 60 dB } High 48 dB
ETFWHFIRE 1/30 ~ 1/15000 ‘[ 20pusto 1.31s 127us'to 65ms
TiRE K 12V DC | -|l24v DC N/A
R=F (mm) 97H x 89W x 108L. [N/A N/A
g 980 g ‘? N/A N/A
R AR LB N/A L N/A N/A
ABEFALMEERF NI 1424 | |Phoenix N/A
1B 45 (R USD 7.200(4k) | [NTD 300.000 (4) [N/A
|
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% % CA-10 CA-11 CA-12
Model Roper Scientific o N
MegaPlus 4.2i JATCV-M4 JAi CV-M1

BB Progressive Scan CCD Progregzge Scan Progrf:?s‘zige Scan
1% 7L E(H x V) 2029 x 2044 1300 x 1030 1300 x 1030
BATHRMH=V) |9umx9pum 6.7 um x 6.7 um 6.7 um x 6.7 um
RESHHMH=V) [18.5mmx 185mm [8.7mmx69mm  [8.7 mm x 6.9 mm
BRAKM 256/1024 - 1024 1024
WG E 2.1 fps 24 fps 12 fps
o R Standard Qutput LVDS LVDS
EFiEE N/A RS-232 RS-232
SLEA M C- or F-mount |C-mount C-mount
15 3 20 SHLLL ngf;g)o 4B forls; 4m 56 dB
EFH®MARE 10 ms to 100,000 ms |1/24 ~ 1/10,000 1/12 ~ 1/10,000
ERE X N/A | 12V DC 12V DC
Rt (mm) N/A 40H x 50W x 90L  |40H x 50W x 80L
£F N/A 250 g 250 g
RBELE N/A 0.1 lux 0.1 lux
BEHFEBRE N/A Meteor II/Digital  [Meteor [/Digitai
BR(RH) N/A NTD 327,899(& &) N/A




£ 2.2. BLEIRERbEE

% W FG-01 FG-02
Model HTECH M-Vision 500 pTECH M-Vision 510
WABE Interlaced/Progressive scan ® Progressive scan
NTSC/PAL, RS-170/CCIR, Y/C, orj® RS-170/CCIR
non-interlaced video ® Video Format: monochrome 8/16
Video Format: RGB 555, RGB 565, bits per pixel
RGB 888, YUV 4:2:2, Y8 p | .
monochrome ] rogrammable resolution
Resolution 640 x 480 or 768 x 576 |° 0 PS
30 fos e LUT 256 x 8-bit
Programmable Gain, Offset ¢ Programmable Gain, Offset
DB-15 HD male connectoi e DB-15 HD male connector
VO #%i Two TTL (Event/Trigger) ﬁnterrupts ¢ Two TTL (Event/Trigger) interrupts
One software controlled TTL ¢ One software controlled TTL
output for strobe/camera|control output for strobe/camera control
& PCI 2.1 compliant ‘[ e PCI2.1 compliant
transfer rate: 132 Mbytes/second @  transfer rate: 132 Mbytes/second
transfer to systen memory!or to e transfer to system memory or to
VGA via Video Interface Port VGA via Video Interface Port
directly directly
P L Interrupts for end of frame, o Interrupts for end of frame,
Bk e :j; trigger, and event inputs trigger, and event inputs
B
s Interpolated scaling in x and/or y |  Interpolated scaling in x and/or y
A directions directions
ROI processin e ROI processing
p 8
o E R DOS utility to grab, display, e DOS utility to grab, display,
A freeze, save (as .tif, .tga, freeze, save (as .tif, .tga,
FIR or .bmp), or recall images. or .bmp), or recall images.
TWAIN and MCI drivers e TWAIN and MCl drivers
Software Developer’s Kit | e Software Developer’s Kit
DirectDraw is fully suppoded. e DirectDraw is fully supported.
3B
;’; )*5 CR\NTD 15,800 NTD 19,800

|
i
r
f
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FG-03 FG-04
Model RTECH M-Vision 1000 RTECH M-Vision 1500
Al (¢ 41 MUXinpu e 4:1 MUX input

® RS-170/CCIR

®  Video Format; 8-bit A/D, 10-bit
A/D (optional)

® sampling rate: 40 MHz (for 8-bit
A/D)

¢ LUT: 8 x 256 x 8-bit
®  Supports EIA 422 standard

® interlaced or non-interlaced data
® RS-170/CCIR

® Video Format: 8-bit A/D, 10-bit
A/D (optional)

® sampling rate: 40 MHz (for 8-bit
A/D)

e 3/10-bit LUTs
®  Supports EIA 422 standard

®  General purpose control

®  General purpose control

/O 141
RE& ¢ PCI * PCl
e transfer rate: sustain 50 ¢ transfer rate: 55 Mbytes/second
Mbytes/second ® Video is stored in on-board 1-MB
e  Video is stored in on-board 1-MB VRAM, or transferred to system
VRAM, or transferred to system memory or VGA
memory or VGA
L Sk Sub-sample x2 and x4 s Sub-sample x2 and x4
%R E )
Aic
i % &% DOS/Windows utility to grab, e  DOS/Windows utility to grab,
4 display, freeze, save (as .tif, .tga, display, freeze, save (as .1if, .tga,
TR or .bmp), or recall images. or .bmp), or recall images.
® A Software Developer’s Kit is ® . A Software Developer’s Kit is
available, available,
i3
4? % (R a N/A

)

1
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% 2.2, BASHE-E A LR ()

% FG-05 E FG-06
Model National Instruments PFI-1428 National Instruments PCI-1424
wAE |° RS-170 { e interlaced or non-interlaced data
® 4 x8bit LUTs i ® RS-170/CCIR, S-Video (Y/C)
e Supports EIA 644 stand‘ard (via o Video Format: 8, 10, 12, i4, 16, 24,
Camera Link) | and 32-bit resolution
| f ¢ 50 MHz (for 32-bit data)
5 ® 4 x 8-bit (or 2 x 16-bit) LUTs
|  RS-422, TTL, or LVDS
YO teal | EIA64 | o RS-422, TTL
A& e PCI s PCI
e transfer rate: sustained|100 e transfer rate: 200 Mbytes/second
Mbytes/sccond e 16 MB on-board VRAM
e (6 MB on-board VRAM
P Onboard programmaf:r}e region |® Onboard ROI
1% & 32 2 of interest | e Onboard pixel decimation
4 . Pixe:I decimation and|image
scaling |
R ol NI-IMAQ driver for :iarindows e NI-IMAQ driver for windows
EIE e LabView. f e LabView.
' ¢  Measurement Studio } &  Measurement Studio
e  Vision Development I\‘ﬁlodu[e e Vision Development Module
{;ﬁ # (& USD 1,495 USD 2,495

)




% 20, PGEIN-RE R

% % FG-07 FG-08
Model Matrox Meteor-11/Digital Leutron Vision PicPort-Color
A * 4 % 8-bit or 2 x 16-bit LUTs e 3 CVBS+1 S-video
& 40 MHz for LVDS ® PAL or NTSC
® 32 bit wide RS-422 or LVDS ® 768 x 576, 720 x 480, 640 x 480
interface

® 20 MHz (for 16-bit data)

{®  Supports packed or planar transfers e RS-422, TTL. or LVDS
of color or multiple monochrome ’ ’

streams e  Hdsub 44-pin
. e auto Gain/Offset
VO 4z4) (® RS-232interface * RS-422, TTL
AH ¢ PCl sustained rates up to 130 » PCi
MB/second ]
® peakrate: 132 MB/second
o $§X1m:ltransf6r tosystemor g transfer to system or VGA
memory memory
¢ on-board buffering (4MB) for
reliable capture
ot T N ROI processing ¢ On Board Controller
% & 1% zh®  decimation from 210 16 e EEPROM firmware
fE
s % gt ge®  Windows 2000/NT 1o LV-SDS
BB e Matrox Imaging Library (MIL) [e PicLab32
o ActiveMIL, MIL-Lite - *  TWAIN Driver
¢  Matrox Inspector
% % (R NTD 46,008 ' NTD 20,300
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x® 23, iR
w0 SW-01 SW-02
Model | Imaging Library (MIL) Rellease 7.0 Imaging Library (MIL) Lite
sh4E M ® image capture, image proé:essing, e image capture, image display and
pattern matching, blob analysis, archiving.
gauging and measuremen?, OCR,
bar and matrix code recognition,
calibration, graphics, image
compression, image display and
archiving.
o Geometric Model Finder
e JPEG2000 image compression
, . | TIFF, BMP, JPEG, JPEG2000, |e TIFF, BMP, AVI
#1548 X AVI
e L = sub-pixel accuracy N/A
WA
RRmig |0 Windows ZOOOINT/Me/;‘)x »  Windows 2000/NT/Me/9x
e Visual Basic or Visual C++
o ActiveX ‘
g EBREEFL ASHRTEl BRAEFL ASHRER
" Bt BEHEHERSN -kttt BEBAERA
% | #
s mle BEROEBBAORR Rle BEANEROELLR R
SR M& & Fhhomag #’“Tﬁl F A A&RBHCRMITs P -
o WANSEBEBMALK |0 AANFHBRBALL
(cameras, scanners, VCRs, (cameras, scanners, VCRs,
Framegrabber) i Framegrabber)
A 48 18 e & 4% Matpx Cprpma-I, e % 3% Matpx Cprpma-ll,
M Meteor-11/Camera Lmk IEEE Meteor-11/Camera Link, IEEE
1394DCAM I 1394DCAM
e multi-processing and |
multi-threading support
:
z)*& (& NTD 90,000 NTD 16,000




® L3 REERBLERE B
% 5% SW-03 SW-04
Model Matrox Inspector PicLab32
4 o EHERE - RHMA - 244 |@  Arithmetic and boolean operations
o ROIfEioikar IR ® Morphological and other filter
o EHBAHHN - kRSP operations
. e  Conversion funciions
e JPEG &R ¢ Binary image enhancement
¢ B MITAR functions
R A
¢ DEKRAT e  Spectral analysis
®  Object analysis
Bamk |® TIFF, BMP, JPEG, PCX, AVI-- |¢ BMP
% k2| sub-pixel accuracy N/A
ek K
HREg |® Windows 2000/NT/Me/9x e  Windows 2000/NT/Me/9x
o TWAIN driver
® MS Visual C++ , MFC
e Borland, Watcom C
% 8 T 5[ Windows £ # # g% N/A
i3
2 i 2 ml® Windows 1 ¥ %15 s HEBRNBMBOHFaR @
. A& & BB R R 4 R AE
P N fa}i :; f: jfa%]{iﬁq\)/\c ‘:,; :jt ¢ PicPort Framegrabber
(3 Framegrabber, Fiies)
;i)ﬁ’t (& NTD 35,000 NTD 50,000
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% K SW-05 ! SW-06
‘ NI-IMAQ Vision Builder, Machine
Model LV-SDS Vision and Image Processing
Software
. ¢ Machine vision, ¢ Image Acquisition
® Image acquisition e ROltools
¢ Color image adjustment & Frequency domain processirig
e ROI operation ® Machine vision and image
processing functions
¢ Pattern matching
e Image display tools
® Blob analysis
E e Distance Measurements
| e  Color processing
, . | TIFF, BMP, JPEG, JPEG2000, |e TIFF, BMP, JPEG, PNG
YT N/A
HE
wREg | Windows 2000/NT/Me/9x e Windows 2000/NT/Me/9x
¢ Visual Basic or Visual C++ e  Vijsual Basic, Visual C++
e Borland C and Delphi
e  TWAIN driver
seateTig | ] *
gt BEARREOELLR e BEROEMHEOIR |
™ RARFHORBIESFA - AfEFHCHRRBIEFPA -
Ty f .
& gt ul® PicPort Framegrabber{ .
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it 4R AL $ 1 1300 x 1030
BJE 3 @Ak ¢ 8.7 mm % 6.9 mm
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AR AL : Matrox (www.matrox.com)
AR L R SE Rowieg:
Matrox Meteor-1l/Digital RS422/LVDS digital area or line scan video

acquisition ‘ .
F 48 8 A sampling rates up to 25MHz for RS-422 and 40MHz for LVDS
F @ PCI
F 14 BRAX 8044 Inspector
% 4B NTD 344,294 (4-#)
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|
HAE BB AN

WEE—E P - AHFIRAEREERIE 2 - TR S HE e -
ik - PR iﬁﬁﬁ'ﬁﬁﬁmﬁﬁﬁ ' B-EERE - PR EETRATE
BEASRE 3R HEHE - BEZERASMER - N ES BERETT# (Primitives) -
Y{#(Object) ~ HHREF(Complex Object)&: - AR SEMBRFHEE - LAIAFHFEE

FREEITITHE -

B BRECER Morarvec B2 E At BT

FESAT MR EVEF A IR B I BT BB T8 L R TSN A et
HAHAESER BT - KW%EI*QEVE Eig s i ZEMOs U THEE T
1E47120 B LA BLER ST SBR[ oT <

FEBRTT  ZBERABL "%@JEJ ZAR 0 FHERMETTE T BERE 0
BB — R RIER - T B Zéfﬁﬁﬁﬁ%  RHIFSEELL Moravec BT ER
FeAIE TT ik INEAR B 2 RS - 3G Moravee 2 fFE 77 BRAAN T (BH&FE> 1999)-

Moravec ﬁﬁﬁﬂ’ﬂﬂiﬁﬁ%’ﬁﬁ%ﬁf@%@mé@ﬁ@F"]@@mﬂ’] K (A R T
B - MRER— B AR ROTE Ry - HEIW AR 3*3 % 5*5 w2 {GnH
Fiase g flias  F ARG Rx %ffﬁﬁ’]#? PR BB  HARFUTT ¢
1 SREHHER(E (Interest Value, [V) :

0 3-1 2 5*5 ARHT - A EETR L8 A SR/ i

M=>(G,, -G,,,) | M=3(G,, ~G.\,u)
MJ—Z(G,, G.) ) M= (G, ~G., ) 6-1)
o |
i=n-k......n+kj=mk....... m+fk
M, @ sk ST PO 5 ) b K B Y,
G, ' TRE PSR ITTIKAE 2



Gt REPAMETTIKE(E
ELIBREE

IV = Min(M)),i =12,3,4 (6 - 2)

|

M2 M3 M4

4

Ml

|

[& 6-1  Moravec B EZEHY /5 % B
2REUAREL (Interest Point, IP) :

EASERMERE N J 8 Thd(Threshold) » & IV>Thd % + 5% RS SR BRE -
3R R IR R A G (Su.ppression of Local Non-maximum ) : |

B 1P BAELBEHEURE 1P 52 1V f » LA s ok oS ST S
w%eg%z%w@@ﬁﬁ’@@@ﬁ§%$@ﬂﬁ«@w%rsuziﬁkﬁ
ﬁ%ﬁm@’m@ab%ﬂﬁﬁtﬁ%wwW%’mm@%mﬁﬁﬂvﬁﬁﬁ
ﬁ@¢@w%ﬁﬂvﬁ’ﬁ%MWMP%%HWﬁﬁm’%E@ﬁﬁmww%ﬁﬁ
IV BEERES 0 ZAI - thuis IP B IV {HERE 0

Moravee SEEUCHIE R » HHEHITEOES » FBR S NI S
ﬁ%ﬁﬁ%k'%ﬁ$%'ﬁﬁﬁ%@%%&@ﬁﬁ%@ﬁ%’MHﬁﬁo%%
RGBT BRI - LR T .
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S f ////////Z/
/// | // 7/
W A
/ 7 //
33 Bk s NN
526 B W

@62 FERARNEE IR A

BT AT, T BN | RILERARE » SR AR - BRI
FAOLTE S 28R G E (4 &) SEUEAT 50 BEERAE » BIREA
ERIERE - Bl » BERIEAISRIE - AEE— B - IRERS > [k
FRGEE AR AR/ R -

BE BFFECESR - Canny EEITHE Hough R

BRI (ede)BIEHRE ¢ rﬁ?lﬂi?ﬁ#ﬁ’ﬂ%@ " BRI R R S B2
7t BRARERETRIKRESRI RIS | - S HI(Edge Detection) BIEHH
BRARBTCHTINBIR » T T TR IS Gmage sampling)F
KB B At gray-level quantization)?ﬁ%[i??ﬁﬁi » 2000] ¢

Canny [1986]H2: = ERFMEHIT L BT SHUAA (detection criteria)

L R Enor ) | BRI R B IR - T L BB
Bz - |

2. TR (Localization) | LUBSREITTH ISR TR ATOR RN
TR E R T |

3. B (Response) | R — BB AETERS » TR AT B IR e

o f

43



B = (HHERI BB ARSI ¢

A
SNR =

My

0

[£ (o

i

(6-3)
S (x)dx |

[H—

=¥

Af(0)

Localization =

my | 1 F(x)dx

(6-4)

iij

12

sz(x)dx

X =7

Ha

- (6-5)
[ ax

FARLE(Signal to noise ratio * SNR) + SR EIRYIE 1440 B B BT A A S5 e B e g
B FTBABAREF » x« BEHHEG > 27 O BEREMNTIOIE » SRS
AT —/ NE T G B RS A SR -

BB RS —ERIEAS £  FILARAAL SNR * localization » AT & HHES - B
RN » NOTRERREATIE » FTLURFIRGE L = 2 R S T B B — M G )
G(x)  GoYVRFER » SESHIIOT ©

(1) RiERe B — AT AT A THEME T B x Hy AR i
0 B x Ry AREREARE—IBHERG KIS STTE S
A -

(2> DAFERAfEREHS (Non-Maximum Suppression) #)#53 & B 75 A E B —(E:2 12 15
&It ARR G RESEAM - SRR - TRITLURSE s -
PROHURICIERSE AR LB AR - SR R kTNl
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4 PR EEBEIRIE R/ N E E TSR A AEERTT {E AR HIIED TR
P » BRI T RO AR T A ETRE P RETETEMRE

(3) Canny [1986)5RFI&T (& R fEF e high threshold, low threshold) * FB5E3 hysteresis
thresholding * EIWMERCZAL LJ%F‘?%@?‘JE@E@TC%@%@%@@TC  AEAT]
é@%ﬁf%&@ﬁ*ﬁ%ﬂﬁkﬁ%ﬁﬁ%ﬁ » WAESR AR EARGTT -

Camny (19BRESMEBITAERME LA LERENRER  LRAERNR
BR[Parker, 1999) °

Hough #%i#e Paul Hough 7Y 1962 3 - {55 P 2 R B2 Ml (voting mechanism) °
¥ A B R R AR TR F I BIER - 1969 4 Rosenfeld FIR G - FTLAGEA!
(:'ecognition)%%%%f*aﬁEP?E%&ﬁ?(patterﬁs)ﬂ’ﬂfﬁﬁ » ik R 7 R 2 B 2R
s R B (A LR - BRI R - [ ¥t E8i(pattern recognition) *
N4 T4 (computer Vision)ﬂ%l{ﬁ?ﬁ%%ﬁﬁﬂiizﬁﬁﬂﬁﬁ Hough e (ST Ze R+ 5
BB ERE ﬂt%%ﬁtfﬁﬂi%@ﬁﬁ%ﬁi%ﬂ%@%%Zf‘eﬁE’ﬂqii‘%%}%ﬁ  FEFIWY

=z 00 B 9 Sester and Foerstner, 1989) ¢

= e S ISR BRI A B R AR s B o IR G AR
HHRIBEATIERL - ﬁ**ﬁqﬂ%%ﬂiéi%%%ﬁ%@%ﬁ?Tﬁiﬂ’ﬁﬁﬁﬁﬂﬁ 5 BHER
$15% - Hough R LB RIFEER - S AT A R MBS R

%ﬁ%'EE%ﬁﬁﬁﬁﬂﬂﬁﬁEﬁtﬁmﬂ%ﬁﬁﬁ%ﬁ%°

Hough #HRETH E’\J%?ﬁf_:7[:%3{2'&“13?ﬁﬁd@ﬁ’:‘%“@i”ﬁ’lﬁ@ﬁﬁﬁ?ﬁ&ﬁﬁﬁtﬁ%‘l
m%ﬁﬁoﬂ%ﬁﬁ@%%%ﬁ%ﬁﬁ%ﬁﬂ%%%@@ﬁ’ﬁﬁ%@%%mwe
space)EF'Tﬁﬁﬁﬁﬁlﬁ‘é%ﬁ’;‘ittﬁljﬁﬂa’g%%l%&(feamre point) » AEBEE B IR R 2 226
(parameter space)filﬂ*Ei%‘#HEiﬁ'\J%ﬂéﬁfﬁ » B R R E R (Cluster detection) FRHHTYBIAYZ
$fE - #2552 » Hough @%ﬁ%ﬁ%?ﬂ%ﬁ?ﬁqﬂtwﬁ%ﬁﬁ@%ﬁ%{ﬁiﬁﬂfﬁﬁﬁ%}ﬁﬁzéﬁgﬁ
RSt L2 ZE BhHY B BIRARE Mlingworth & Kittler, 1988] ©
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HRAT AR R B S SER » BT T893 Hough 5
ELERIRAIS E - —REHNFESRRE R slope-intercept form) » y=mx+c * m
FERIE(slope) * ¢ EE R (intercept) » {BILEFR LB ER ST m 1 ¢ SR AT
REAFRR » Duda & Hart [197248H AE S0 48 M B (nommal  vecton) 6t » &
BT

p=xcos G +ysind (6-6)

H 6 FREIRAVEARER « SIROZEA o BRCIRES I ARAOBERE - 20 TG -

¥ ®
\\ 1 Originat °
eoordingte
plana
ol
2 Hough piana
3
a .
1 A :

- I 6-3 DB ERR AN Hough i

WRERINIG, LHRA - CTBIEI B¢, VISR « B —EREy
MBS W2 R — R IER AR AR LA m B - PRI m BERLt e
THEZR—E (0.60) BEHIVEEILE - BIFTRIR DA evidence) BEEE Cluster) 7E( o |
0)L « HEF RSB BIWEL S » TS ImEE - R o it
w0 BSCRAE o RS - R GBI B A B R B AT DB B i
ZHAHERTB Y - ESYEMEEEY BT RS IR RIS
5 accumulator array) SREE(E » SRS IRHE A BT B IR0 2 BRI - 40
MBI BIE T MR IIRESHE R 5 4 - 57T 2 ML B 2o R /NG i
FESISEA A RS - S B TE B e N hE DA T IRy T AT B B B
o RIS IR TCRFARINEITT (bin) » 2RI B INE I L S0 L 2 I 2o
HBERY T FHR 8 e (quantization) - 33 BIUREFIAY BANETTIENT | » FEESHESI (votes) «
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|

%f@ﬁ?bﬂﬁiﬁ%ﬂ%%%i‘%ﬁﬁ?ﬁ%iﬁf%&ﬁ%%ﬂi’eﬁﬁﬁ%ﬂ’ﬂfr& °

Hough BB ER AT T -

1. B PRIRFEEAGGY) -

2. PRIEBMEET A BIA/NM,N) » EASBZER 0 F16 - OHELRINESIIRE » &

D BEGHAR LARE -
A p=D/M (6-7)
3. AG=rn/N ' (6-8)
4. AGj=0  i=1,2,...M j=1,§,...N (6-9)

5. RHSERE MRy - EAEN 0 ESERTo -

6. Oi=AOxk  i=12,..M | (6-10)

7. pj=xcos @i +ysingi (6-11)

8. BlLAERI o) -

=ofap 1)

9. REFaahin - MHEEEENRMETEN ] -

AL, A+ ‘ (6-13)

Hough ISR HATLUERIERES - MAAES SR RO « HERSTPIR A
BT B AR - A0 | D - ER = (HS IR - EOA9 X and Y 408
4 R - T Hovgh WHHCEIEIR S = SEI BAINMRS ] » AHEBARIGTTIX AT
PEISE (vore) » S AL PaIG: %ﬂ?%@ﬁ’ﬂﬁﬁéﬁiﬂiﬁﬁ BB 2

R Rk -




TEREEEE n FREY  ERINESIGR A n HEE - SRR SRR TR
E  BIEA MR  BCREGEHN2E 0 B2 ERRIEAEE - It
F TR R S {EE cluster detection)

BB AR SR (IR T — (U A8 MM (slobal threshold) » KHAPIEEAY B
JRESTATHERYE M B (Duda & Hart, 1972] - BLIEEURREE HAEKISEIE » TFRE4D
EMNZER LR - THEMRE P e R E R e S e
ORERIHEN  TEZHTRE - ABIUERA Risse (1989 HHay v Fa BEE ()
(adaptive cluster detection) * J@#& L IRAERES, -

RN P I R B R R R L BB R
IIREE I « TR AR - BT
(1) {ERMETEF b ETRAENRINET » BUBB(6.0) -

(2) TEES PHEBR 01 =xcos O« +ysin 0 A EL » WIS — B8 L &S
P EES L AUS e -

(3) #HRE L B4R Hough ¥#% » SR BINMEFIRH | ok L -

(4) EE% EOSENE - BEREIFENERESL -

B OEHEER

B (colon)ZHA—TERFE - ABREDROGEERIE » LIRS IR MR
380~780 BCKRUERLSY » IITREMIEN BT Rt « KBS BEEH i BT -
185wk B R BREOE BREASKEET DR SENGR - L0
%%Aﬂﬁg%ﬂkﬁé‘;%ﬁ%ﬁ@ﬁﬁﬁﬂﬁt ' IR R CARR S BRI IS AR - FEIREE
RRE NIRRT 6% SR B LR S BUDHE S bR R an s
I ARR TR IS BB L B RO BB - SOME G IS Ieaang « ASILETR
MifBRRR RS - HLIRF - IRIEH OB S EE I &S (E -

] 6-4 2 —{BERATRIE RS - (EiE e SIE A SRS AL TR L R
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|
R4 IR I BSEE » TR R S « BT LA » TEBE R Ep
BRI S B R T B PR -

| B 6-4: AR

SEARIE SR - AIAL - 85 | FEERERIE - AR AT
(AR RIS A R R0 ERKLAREE
AL~ RGB ARBENIETADIT B 65 FE 364 09 RGB RRIGHH 8 3.5 2 R
AL - 8650 2 G TR 6.5 BT -

RCB %"fﬁl%‘{%mrﬁu@wﬁ LR - RESSEP B a It
tHE +8 > FTLARGB %ﬁ’é?ﬁ%ﬁﬁﬁﬁmj@i\ BREHEETZARM B
SRR TR f%ﬂtté’“ FFRYZCR « (RIE 6-5 > AR R

 ROB ZERIVH BT - |

!
|
|
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6-5a: R 5 (%

6-5b: G MG

[ 6-5¢: B fHASEL {4

YUV FI HIS BRI TEIER (BN RIS (R85 » 35U b i — Bl
A2 RGP BRIy - $ofr» YUV W BTG e g e Y
NREEADT - UV BIRRIE 2 0358R Pritchard., 1977) « YUV 1 RGB AR LA
FITHIASERTRZ  Sr U 1V sehisg i 0.493 TI10.877 255 7 MG B BT
2 TITERYE TR -




|

Y =0.299R +0.587G +0.114B
U =0492(B-Y)

=0.493(B-0.299R ~0.587G -0.114B) (6-14)
=—0.147407R ~ 0.289391R + 0.436798B

h |
VvV =0877(R -~ T)
=0.877(R ~0.299R —0.587G ~0.114B)

=0.6 14777R}— 0.514799G ~0.099978B

|
LA G-14)d » 1R RGB fﬁﬁﬁﬁﬁf?’j‘:(&l) |/ Y RIEEEERQ,D - U B9EEER
(-0.436798,0.436798) * V B’S’%’é%(—o.éll4777,0.614777) » AR EN UV BEEERLE

(-0.5,0.5) » Al EERY AR AT LAEER

Y = 0.299R +0.587G +0.114B
U'=Ux0.5 [‘— 0.436798
= —0.168736R ~ 0.331264G + 0.5B (6-15)

V'=Vx O.SJJ—:- 0.614777
=0.5R - 0.418688G - 0.081312B

R A E6-15) » AHER T B image_rgb_to_yuv * T AL RGB #5
B YUV 824% - Hoh Cb 8iZ U T Cr b2 V « 7Ef = image_rgb_to_yuv 8 RGB
YUV BygIEERE SR E[0,255) » [J/flilﬁﬁﬁjuﬂ% 8-bit #J unsigned char SEEERY -

|

|
|
|
|

|

|
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void image“rgb_to_yuv(rP, image_area)
unsigned char **rP; // YUV planes
int image_area;
{
unsigned char **image RGB;
int i;
char fid(FILENAMELENGTH) ;

strcpy(fid,”imagedrgbﬁto“yuv:");

fprintf(stderr, "%s \n", fid);

image RGB = MEmory creat_color image (image area);

Tor {i=0; i<COLORS; i++) memepy (image RGB[i], rP{ij, image_area);

fprintf(stderr,"%s Transform is doing now.\n", fid);
for {i = 0; i < image_area; i++) {
rP[Y COMP}[i]) = image clip{0.299 * image_RGB[R_COLOR][i]
+ 0.587 * image_RGB[G_COLOR] {i)
+ 0.114 * image RGB[B_COLOR] {i)):
rP[Cb_COMP] [i] = image clip(- 0.168736 * image _RGB[R COLOR]) [i]
- 0.331264 * image_RGB[G_COLOR] [1]
+ 0.5 * image RGBIB_COLOR){i) + 128);
rP[Cr _COMP][i] = image clip(0.5 + image_RGB(R _COLOR] [i]
- 0.418688 * image_RGB{G_COLOR] [i]
- 0.081312 = image_RGB({B_COLOR] (1] + 128);
}
memory_free_color_image(image RGB);

& 6-6 {5 H image_rgb_to_yuv #$B] 6-4 IS B EERE] YUV SR R
- YUV BOSR 8847 BERAR LLIE] 6-5 19 RGB BT » 17 UV SIS0 B S R i f
HORBERE RGB F Y S A - RSN &M HRoR » UV TG LE RGB A Y 48
WHIBCREYT - BUSEE - RITEHRA YUV RREREY  B—EX B aEs
J& RGB 82 YUV FRA IR g e 5 5 5) b -
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SHVHET BRHITCRES

ERE NS ERAR RS % BT~y MR o KEpTh
REBNEAL B B b ARt - BREY— "B ) /TR EE - ME—-PEER - BHEA T8
BRILED ) 2 50T < ARIREER TR TR | T B2 R LAt e
Bz TIEHAERT , & A EITICRD - ITEIsE g - TR EIHTRAL. EAE » ETRI LA
EITELH - THEGE =LA HIR8 , (Normalized Cross-Correlation, NCC) 2 {EZF
R -

AR T R IR BT - ¥ BB R S EREANs
IR R TRA — R » P RR (ERE S R o LR M i B de ey e
N ERERR R  ALRERRRRE RS (HF0 1) B R
NP RRETESL GRS AR BUS R E B ET MG LR s
GHELERMAITAE - —~RPGITRNEEEEE SR NCC S s T
Bt - HETREAS

) 2.8~ Xgu, ~ 1)
Py = === (6-16)

\/i(g'ﬁ _ulf‘)\/i(g.u, _”.u)
/=l i=|

Hp
81:8y, ' TRIFETEE (Target Window) BUESEZ (Mask Windows ) [E&H-EIG T
RIKIETH - |
uyuy, 53 B AR R A A (R -
P EABBIGRSL

PREEARTR IS + F)H B R ar S MR S S ch e ey A EAHE -~ {8 1HEE
TRE R ROMERR R — B SR AR (R L ERE RIBCA AT T
fE (B0 2 0.75)  BOTE ST R -
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B LEEETA

B Mk
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& 7-1 B 7-11()2 PR B eSS

object_0: total count = 744139

object_0: total count = 11

object_1; total count = 12

object_2: total count = §

object_3: total count = 14

object_4: total count = 6

object_5: total count = 14

object_6: total count = 8

object_7: total count = 14

middle_object_0: toral count = 11

middle_object_1: total count = 12

middle_object_2: total count = 14

middie_object_3: total count = 14

middie_object_4: total count = 14

object_5: pixel_count = 11, cgx = 350.954545, cgy = 155.681818
object_5: pixel_count = |2, cgx = 621.541667, cgy = 162.208333
object_5: pixel_count = 14, cgx = 353.750000, cgy = 372.535714
object._S: pixel_count = 14, egx = 103.535714, cgy = 753.750000

object_5: pixel_count = 14, cgx = 359.535714. cgy = 857.321429
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object_0: total count = 782774

object_0: total count = 10
object_1: total count = 10
object_2: total count = 8

object_3: total count = 14
object_4: total count = 10
object_5: total count = 8

object_6: total count = 12

object_7: total count =6

middie_object_0: total count = 10
middle_object_!: totai count = 10
middle_object_2: total count = 14
middle_object_3: total count = [0
middle_object_4: total count = 12
object_5: pixel_count = 10, egx = 381 .SSOOOd, cgy = 177.750000
object_5: pixel_count = 10, cgx = 127.250000, cay = 183.350000
object_5: pixel_count = 14, cgx = 382.321429, cgy =~ 395.392857
object_$: pixel_count = 10, cgx = 382.850000, cgy = 661.750000

object_3: pixel_count =12, cgx = 647.54166|7, cgy = 783.875000
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object_0: total count = 721457

object_0: total count =29

object_lI: total count = 31

object_2: total count = 31

object_3: total count = 25

object_4: total count = 29

middle_object_0: total count = 29

middle_object_1: total count = 31

middle_object_2: total count =31

middle_object_3: total count = 25

middie_object_4: total count =29

object_5: pixel_count = 29, cgx = 437.189655, cgy = 18.568966 _
object_3: pixel_count = 31, cgx = 440.403226, cgy = 291.725806
object_5: pixel_count =31, cgx = 860.364516, cgy = 301.916355
object_5: pixel_count = 25, cgx = 56.820000, cgy = 304.260000

object_5: pixel_count = 29, cgx = 443.948276, cgy = 625.603448
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object_0: total count = 753358
object_0: total count =29
object_1: total count =31
object_2: total count =29
object_3: total count = 25
object_4: total count = 22
middle_object_0: total count =29
middle_object_1: total count=31
middle_object_2: total count =29
middle_object_3: total count = 25
middle_object_4: total count = 22
object_S: pixel_count =29, cgx = 484.948276, cgy = 126.431034
object_S: pixel_count = 31, cgx = 486.596774, cgy = 399.790323

object_S: pixel_count =29, cgx = 899.534483, cgy =410.1 89655

object_$: pixel_count = 25, cgx = 92.420000, cgy = 4312.060000

object_5: pixel_count = 22, cgx = 487.840909, cgy = 737.113636
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object_0: total count = 726267

object_0: total count = 11

object_1: total count = 10

object_2: total count = 6

object_3: total count = 12

object_4: total count = 6

object_5: total count = 12

object_6: total count = 11

object_7: total count = 15

middle_object_0: total count = 11

middie_object_1: total count = 10

middle_cbject_2: total count = 12

middle_aobject_3: total count = 12

middle_object_4: total count = 11

middle_object_5: total count = 15

object_6: pixel_count = 11, cax = 315.954545, cgy = | 12681818
object_6: pi#el_count =10, cgx = 592.3‘50000, cgy = 118.850000
object_6: pixel _count =12, cgx = 318.541667, cgy = 339.041667
object_6: pixel_count = 12, cgx = 53.541667, cgy = 736.541667
object_6: pixel_count = 11, cgx = 596.954545, cgy = 737.681818

object_6: pixel_count =15, cgx = 322.633333, cgy = 842.433333
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object_0; total count = 706788
object_0: total count =9
object_L: total count =6
object_2: total count =12
object_3: total count = 10
object_4: total count =6
object_3: total count = 9
object_6: total count =8
object_7: total count = 12
middle_object_0: total count = 12
middle_object_1: tota;l count = 10
middle_object_2: total count = 12

object_3: pixel_count =12, cgx = 597.541667, cgy = 179.041667

object_3: pixel_count = 10, cgx = 318.250000, cgy = 395.550000

object_3: pixel_count = 12, egx = 320.541?67, cgy =901.041667
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object_0: total count = 622381

object_0: total count = 19

object_1: total count =23

object_2: totai count =26

object_3: total count = 24

object_4: total count =29

middle_object_0: total count = 19

middle_object_1: tota] count = 23

middle_object 2: total count = 26

middle_object_3: total count = 24

middle_object_4: total count = 29

object_S: pixel_count = 19, cgx = 395.710526, cgy = 16.973684
object_5: pixel_count = 23, cgx = 394.804348, cgy =264.413043
object_5: pixel_count = 26, cgx = 46.365385, cgy = 275.365385
object _5: pixel_count = 24, egx = 780.937500, egy =276.104167

object_5: pixel_count =29, cgx = 393.879310, cgy = 568.431034
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object_0: total count = 635641
object_0: total count =24
object_1: total count = 30
object_2: total count = 30
object_3: total count = 24
object_4: total count = 35
middle_object_0: total count =24
middle_object_1: total count = 30
middie_object_2: total count = 30
middle_object_3: total count = 24
middle_object_4: total count = 35

object_5: pixel_count = 24, cgx = 419.854167, cgy = 15.062500

object_5: pixel_count = 30, egx = 418.650000, cgy = 263.383333

object_5: pixel_count = 30, cgx = 797.683333, cgy = 274916667

object_5: pixel_count = 24, cgx = 61687500, cgy = 274.895833

object_S: pixel_count = 35, cgx = 416.128571, cgy = 568.128571
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object_0: total count = 625917
object_{: total count = 17
object_1: total count = 19
object_2: total count = 17
object_3: total count =21
object_4: total count = 23
midd]e_object_O:. total count = 17
middle_object_1: total count = 19
middle_object_2: total coumt = 17
middle_object_3: total count = 21

middle_object_4: total count =23

object_S: pixel_count = 17, cax = 403.441176, cgy = 19.147059
object_5: pixel count =19, cgx = 401.815789, cgy = 267.605263
object_5: pixel_count =17, cgx = 44441176, egy = 279.14705%
object 5: pixel count =21, cgx = 781.071429, cgy = 279.214286

object_5: pixel_count = 23, cgx = 399.847826, cgy = 373.021739

AL EEBEE 7-11(ORE 7-IH)RETR—HEHR » B 7-11(c)FryE 1L
ELER 7-1 (PRI E » Db T S RS R R B e
%145 FERERIBEN 1 A% T FIENGR AR | A9 - ik 7-3
0 7-4 FRSANEEAGT - FTILAEHEGHIE 7-11()FIIE 7-11(d)Z fRy b S
BREATIS LI3AS - 09845 - I 0.75 A4NEIBE 7-10) » SRS TLELE
PSRRI AR < [ 7-11(f) » ()FIR)ESE—EHIEAE - 1 7-1 1R 7- 11 (SR
7-H (DR E T SEAETSE 1 DA (PRI AR BB 7-11 (HEIE 7-11(2)
Z RS B R BB IR 7-11) LR IR R BIE 1.00
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DT~ 0942855~ F1 071 A% » [ RALEE ISR -

#7-10 ¢ [ 711 RIS 7-11(0)2 BHEAR B k5

XY =

304.2600 301.9194

Uy =

412.0600 410.1897

56.8200 860.5645 437.1897 440.4032 443.9483

18.5690 291.7258 625.6034

92.4200 899.5345 484.9483 486.5968 487.8409

126.4310 3997903 737.1136
sU =
0.0000 ¢ 1.1332 0.9'|!'89 0.7482
x®7-11:H 7-11(8)7FE¥3‘7|J“’:‘ - I R BT ES R
XY=

46.3654 780.9375 395.7105

275.3654 276.1042

Uy =

61.6875 797.6833 419.8542 418.65

394.8043

393.8793

16.9737 2644130 568.4310

(l‘)o 416.1286
|

274.8958 2749167 15.0625 263.3833 568.1286
sU =
-0.0000 0 1.0041 0.9397 0.7134
| 78
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2) THRFRETRERY) -
3) RAEEIREA AR -
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7y CHSS AR P SRR - AARE A RIS SR EUS 263 -

85




BEIE R |
1.Km%%_ﬁaﬁﬁ%%ﬁﬁ%‘%ﬁ‘Wﬁﬁﬁﬁﬁ~$E@%Mﬁﬁm

SR - BGMRTET R RAMEH IR ESS REA AR E
B - BRI AR R SET SR T - W EREACR -

2. TRERERRERRMLE - RSB EREEDT:

(1y CV-M4 CCD i (BUSHIT) :

Progressive scan

Frame rate normal = 24 frames/sec (1044 lines/frame) ;
Picture element > 1300(h) x 1030(v) effective pixels ;
Cell size £ 6.7 mm¢h) x 6.7 mm(v) ;

S/N ratio > 57 dB ;
Video output: Digital 8 bit LVDS (EIA 644) ;

Lens mount: C-mount ;

o

Sensitivity on sensor < (.1 Lux

(2) Meteor-1I/Digital 4 EINE (BEUOT) -
PCI interface at sustained rates|up to 130 MB/second ;
32-bit wide LVDS interface ;
Sampling rates up to 40 MHz ;
Configurable LUT ;

4 MB on-board memory °

() BRI T
FHIREE: Windows 98/NT, Windows 2000
FEFREE © FIR Microsoft Visual C++, Microsoft Visual Basic
P2V (ThREal 1) -
Image capturing module ;
Image processing module ;
FFT module ; |
Segmentation module ;
Gauge and measurement module ;
Blob analysis module ;

Calibration module °

SRR (TORELNF) ¢

| 86
|
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Sequence grab to system RAM or hardisk ;

Read and save DICOM, BMP, JPEG, TIFF files ;
Calibrate image :

ROI processing ;

Pattern recognition ©

(4) Eoi
4.1 C-mount #FHH(EERE 12, 16, 75, 100 mm) ;

42 BHER=@Z - 24,
43 BRBEPAIEI-RY Cable - BIFH -

3. REBERRESSEET ST

B s % ¥ME B A
1 |CV-M4 CCD Bt 1. PCS 120,000
2 {Meteor-11/Digital BB HEI< | 1 PCS 46,008
3 | HBREEESETE 1 SET 125,000
4 | BOR(EETE - 3R - Cable) 1 SET 36,891

& & 327,899

AWFE R R BRI CEAR B I ARSI - ERTHITRBHR
BIRETHF - ELLHEREL -
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