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Development of Defect Sorting System

at Preliminary Sorting Stage
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Fig 7 Measurement of defect spectrum in Citrus.
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Fig. 8 Outlook of spectrophotometers (S2000 and CDI).

Table 1 Specifications of spectrophotometer(S2000, Ocean Optics. USA).

Item

Specification

Detector Range

400 - 900 nm

Gratings

14 gratings; UVl A Shortwave NIR7}A|

Entrance aperture

5, 10, 25, 50, 100 =+ 200um * 9] SlitE
T+ fiber(no slit)

Optical Resolution

70.3 - 10.0nm FWHM
(grating¥} entrance apertureol] 2]<)

Integration time(ms) | 5
Average 1
Boxcar 10
Flash Delay 100

Order-sorting Filters

Z2HE bandpass L2 3L longpass filters

Fiber Optic Connector

SMA905 to single-strand optical fiber (0.22 NA)

Dimensions

141.6mm x 104.9mm x 40.9mm
(with enclosure, master channel only)
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Weight

390g (with enclosure, master channel only)

Detector

2048-element linear silicon CCD array

Power Consumption

110mA @ 5 VDC (master) ; 60mA @ 5 VDC (slave)

Stray light

<0.05<0.10<0.10% at 250nm

Focal Length

42mm (input) ; 68mm (output)

Table 2 Specifications of spectrophotometer(CDI, Control Development., USA).

[tem

Specification

Wavelength range

900-1700 nm standard, custom ranges available

400 micron Low OH with 50 micron slit

Input Fiber standard on 256 element and 25 micron on
512 element array. Also available 100 micron slit.
Optics Fast /2.0 or /3.0 proprietary design
Detector Single stage T.E. Cooled 256 or 512 element

InGaAs Array. 25zoft cooling from ambient

Wavelength Accuracy

Better than 0.5 nm with AutoCal

Photometric
Repeatability

<0.00005 AU variation between 100 data
points, each point consist of 1000 samples
(8 sec. accumulation)

1000 A/D counts/sec/picowatt @ 1200 nm,

Sensitivity 1000 A/D counts/sec/picowatt @ 1450 nm,
300 A/D counts/sec/picowatt @ 1650 nm.
. <0.0000280 AU RMS (1024 sample average,
Noise Level . .
8 second accumulation, 12.5 nm slit)
Interface ISA plug—in card or USB interface stand—alone unit.
Modular connector, trigger, two strobes,
Outputs light source shutter control and two fiber optic

switch controls

Computer Type

IBM computer

Power Reqguirements

UsSB: 85-265 VAC; 120-870 VDC; 47 Hz-63 Hz

_20_




ISA: 5 VDC, 6 Amps

6.8"Long X 4.00"High X Wide for PC plug in card
Size 11.2" L X 3.5" H X 7.5 W for USB interface
stand—-alone unit

Approximately 1lb for PC plug in card

Weight Aproximately 8 Ibs for USB interface stand

Integration time(ms) | 0.5

Sample Average 5

Step size(nm) 10nm

) A A
AT A A FEA
CCD 7hvlg}, @g7ddolel s #estes Zd9d 1dy, 22 a8 385 9% +
Aot 94A=2 FASAY Fd 994 = CCD-NIR 72l (UM-300,
UNIQ Vision Inc. USA)¢} NIR Zhd 2} (SU128-1.7RT-D, Electrophysics. USA)
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Relative Response

Image § Image § Image
processing acquisition source
¥

A/D CCD
Converter Camera
|
Frame
grabber

!

Host ! Object Light

computer Source

Fig.. 9 Block diagram of vision system.

Fig. 10 NIR and CCD-NIR cameras.
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Fig. 11  Spectral response of CCD-NIR camera.
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Table 3 Specifications of NIR Camera (SU128-1.7RT-D).

Item

Specification

Focal Plane Array Format

128 <128 Pixels

Pexel Pitch 60 pum
Opical Fill Factor 100%
Exposure Mode Ripple

Spectral Response

0.9 ym to 1.7um

Quantum Efficiency

> 75% form 1.0 um to 1.6um

Mean Detectivity, VD" (),;.)

> 10%cm - VE/W

Operability

> 98%

Full Well Capacity

> 10 million electrons

Digitization

12bit

Electronic Readout Noise

< 2,000 equivalent photoelectrons

Pixel Rate

6.1MHz

FPA Temperature

18T

Lens Mount

U-and c-mount

LXWxH (cm), Weight (kg)

15.85 X 10.32 X 10.32, 1.1

Power Requirements

85-250 VAC, 47-63Hz

Temperature : Operating , Storage

0T to 40C, -10T to 60T

Humidity : Operating, Storage

Less than 95%, Non-condensing

Scan Mode

Continuous Triggered

Exposure Times

127 psec to 16.3 msec in 8 steps (RS170ni)
128 psec to 16.4 msec in 8 steps (CCIRni)

Trigger Jitter

< 64 psec

Digital Output Format

12 bit uncorrected

Video Output Format

Progressive Scan

Frame Rate

60Hz(RS170ni) 50Hz(CCIRni)

Image Display

Frame Grabber Board and/ or Video Monitor

1) A\, = 1.55 um, exposure time = 16.3msec, no lens.
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Table 4 Specifications of CCD-NIR camera(UM-300).

[tem Specifications
Model UM-300 (EIA)
CCD Sensor " Interline-Transfer EXview HAD CCD
Chip Size 6.4 mm x 4.8 mm

Effective Pixels (H x V)

768 x 494

Unit Cell Size (H x V)

8.4 mm x 9.8 mm

Scanning

525 TV lines, 2:1 Interlaced or

Noninterlaced

Synchronization

HD: 15.734KHz; VD: 59.9

TV Resolution

H: 570 TV Lines; V: 375 TV Lines

S/N Ratio

56dB (AGC OFF, Gamma 1.0)

Min. Illumination

0.03 lux

Video Output

1 V p-p, 750hm (BNC or 12 pin Hirose)

AGC

AGC/MGC selectable

Gamma

Gamma 0.45/1.0 selectable

Frame Mode

Frame/Field Mode selectable

Electronic Shutter

1/60 ~ 1/31,000 selectable

Lens Mount

C-Mount

Operating Temperature

-10C~+55C

Power Requirement

12V DC, 210mA, 2.5W

Dimension

50mm x 39mm x 83mm

External Synchronization

Internal/External Auto Switch

Asynchronous Capture

Standard

Low Speed Shutter

2 FLD ~ 16 FLD (Optional)

Long Term Integration

1/30 sec. ~ 2 sec. (user control)

Weight

155 ¢
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Fig. 12 Light equipment for vision machine.
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Fig 13 Colorimeter.
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Table 5 Result of Duncan’s multiple range test among the color values of the
defectives(a = 0.03).

Color Coordinate Color Mean Duncan Grouping
Normal surface 67.19 A
Blossom end 64.44
L Cuts 63.76 A
Sour rots 55.86 B
Stem 54.24 B
Cuts 28.86
Blossom end 25.35
a Normal surface 22.73
Sour rots 13.14 B
Stem 7.71 C
Normal surface 65.34
Cuts 64.01
b* Blossom end 61.59
Sour rots 44.14 B
Stem 36.57 C
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Fig 16 Reflection energy (a) and reflectance(b) spectrums of various parts of
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citrus in wavelength of 900~ 1700nm.
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(a) color image of Sour rot (b) 960 nm—filter imagre of Sour rot

(c) color image of cut (d) 960 nm-filter image of cut

(e) color image of mold (f) 960 nm-filter image of mold

Fig. 18 Color and NIR images of the defect in citrus.
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(a) 900-1700nm image of Sour rot

(b) 900-1700nm image of mold

(c) 900-1700nm image of cut

Fig. 19 NIR image of defect in Citrus in wavelength range of 900~1700 nm.
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Fig 21 Mahalanobis distance computed with the filter images of the defective

part of citrus.
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(a) 960nm-—filter of image Sour rot(a) (b) Processed image of (a)

(c) 960nm-filter image of the mold(e) (d) Processed image of (e)

(e) 960nm-filter image of the cuts (c) (f) Processed image of (c)

Fig. 22 960 nm filter image of citrus having Sour rot (a, c, e) and the

processed images with segmentation (b, d, )
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(a) 960nm—filter image of small Sour rot (b) Processed image of (a)

(c) 960nm-filter image of middle Sour rot (d) Processed image of (b)

(e) 960nm—filter image of large Sour rot (f) Processed image of (e)

Fig 23 960nm filter images of citrus having Sour rot (a, c, e), and the

processed images with segmentation (b, d, f)
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(a) 940 nm-filter image of small cut (b) Processed image of (a)

(c) 940 nm-filter image of middle cut (d) Processed image of (c)

(e) 940 nm-filter image of large cut (f) Processed image of (e)

Fig. 24 940 nm filter images of citrus having cuts (a, ¢, e) and the

processed images with segmentation(b, d, f)
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(a) 960 nm-filter image of small cut (b) Processed image of (a)

(c) 960 nm-filter image of middle cut (d) Processed image of (c)

(e) 960 nm-filter image of large rot (f) Processed image of (e)

Fig. 25 960nm filter images of citrus having cuts (a, ¢, e) and the

processed images with segmentation(b, d, f)
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Fig. 26 Mahalanobis distance computed with the filter images of the sound
and each defective part of Fuji apple in NIR range, and criteria for

discrimination of the sound and the defective.
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Fig. 27 Contour plots of Mahalanobis distance between the sound and the
bruise, computed with the difference(a) and ratio(b) in average gray

values of filter images taken at different peak wavelength.
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Fig. 28 Filter images of the bruise and cuts, (a) and (b), subtraction image of
(a)-(b), (c) and division image (a)/(b), (d).
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Fig. 29 Binary images of subtraction (a) and division (b) images of the bruise

and cuts.
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Fig. 30 Contour plots of Mahalanobis distance between the sound and the
cuts, computed with the difference(a) and ratio(b) in average gray

values of filter images taken at different peak wavelength.
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Fig. 31 Contour plots of Mahalanobis distance between the sound and the
scab, computed with the difference(a) and ratio(b) in average gray

values of filter images taken at different peak wavelength.
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Fig.32 Filter images of the scab, (a), (b) and (c), subtraction image of
(a)-(b), (d), and division image of (c)/(a), (e).
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Fig. 33 Binary images of the subtraction (a) and division (b) images of the
scab.
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Mahalanobis distance computed with the absorbance spectra of the

sound and each defective part of Fuji apple in NIR range, and

criteria for discrimination of the sound and the defective.
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