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Defects exist underneath the fruit skin are not easily discernable by using conventional color imaging technique in the

visible wavelength ranges. Development of sensitive detection methods for the defects is necessary to ensure accurate quality

sorting of fruits. Hyperspectral imaging techniques, which combine the features of image and spectroscopy to acquire spatial

and spectral information simultaneously, have demonstrated good potentials for identifying and detecting anomalies on

biological substances. In this study, a high spatial resolution hyperspectral reflectance technique was presented as a tool
for detecting bruises on apple. The two-band ratio (494 nm / 952 nm) and simple threshold methods were applied to

investigate the feasibility of discriminating the bruises from sound tissue of apple. The pixel wise accuracy of the

discrimination was 74%. The resultant images processed with selected wavebands and morphologic algorithm distinctively

showed the early stages of bruises on apple which were not discernable by naked eyes as well as a conventional color

camera. Results demonstrated good potential of the hyperspectral reflectance imaging for detection of bruises on apple.
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Table 1 Characteristics of apples used in the experiments

Cultivar Fuji
Harvest date 2009. 11
Mass (g) 283.56 + 35.87
Major axis (mm) 85.30 + 3.49
Minor axis (mm) 82.79 + 3.42
Temperature (T) 0=+1 20 £ 2
Relative humidity (%) 90 + 5 30 £ 10
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Schematic (a) and photo (b) of the hyperspectral imaging system.
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Table 2 Specification of the vision system

(b)

Fig. 2 Photos of (a) line light sources and (b) halogen lamp controller with a fiber optic guide.

Part Item

Specification

EMCCD
camera

Vision

Active pixels :
Pixel Size :
Image area :

Max readout rate :

Frame rate :

Pixel readout rate :

Digitization

1004 x 1002
8 x 8 um

8 x 8§ mm
13.5 MHz
12.4 fps
13.5 MHz
: true 14 bit

Peak quantum efficiency : 65%

Cooling : -2

0C @ Air-cooled

System

Spectrograph

Spectral range = 400-1000 nm
Spectral dispersion = 100 nm/mm
Aperture = F/2*1

Includes the choice of one slit assembly (12, 25, 40 or 60 micron X 18 mm)

Lens

prototyping.

Lenses are designed for 400 - 1000 nm precision imaging and are useful while

Lighting

100 W Halogen Lamp x 3 (2 sets)

Slit

25

um slit

Vision controller

Quad core (2.4 GHz) CPU, 2 Gbyte main memory
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Fig. 3 Flow chart of the entire image processing procedure for

apple bruise detection.
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Fig. 4 Representative spectra of sound and bruised areas of apples.
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Fig. 5 F values of wavelength pairs used for discriminating bruised
area from sound one of apples.
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Fig. 6 Histogram (a) and frequency distributions (b) of the ratio values at optimized wavebands pair.

Table 3 Calibration and validation results of classification using optimum threshold value

o Classification results
Calibration
Correct* Incorrect* Accuracy
Bruise 34628 13972 71.3%
Sound 37008 11592 76.2%
Total 71636 25564 73.7%
L Classification results
Validation
Correct* Incorrect* Accuracy
Bruise 34772 13828 71.6%
Sound 36993 11607 76.1%
Total 71765 25435 73.8%
*Number of pixels
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Fig. 8 Representative processed images of an apple in terms of storage period.
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Fig. 9 Detecting rate of bruised area on apples stored at low (a) and

technique.
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