(BEREEMRE 5315, p.149-156, 1981]

RIMRBRIFE(IC L 2 REDOBEHHICEET 3H %
V. % IOV EOEDH JheoT

HE O GENE - B
(BEYMHEHRE)
FAFI554E 8 A 9 HZ 8

Quality Evaluation of Agricultural Products by Infrared Imaging Method

IV. Grading of Fruits and Root Vegetables for Bruise and Other Surface Defects
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Table 1. Average dimensions and weights of fruits

Kind of Number of Average dimensions Average

samples samples Diameter (mm)  Height (mm) weight (g)
Japanese pear (cv. Nijisseiki) 40 78.1 71.9 251. 4
Sweet potato (var. Norin No.2) 18 — — 172.5
Potato (var. Danshaku) 18 — — 204.7
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Fig. 1. Block diagram of experimental arrangement of the infrared measurement.
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Fig. 2. Thermal image and temperature curve for
Japanese pear.

Stored at room temperature for 4 days and
then stored at lower temperature for 24 hrs
before measurement.

Measuring temperature range: 1.0°C

Base temperature: 13.4°C
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Fig. 3 Thermal image and temperature curve for

Japanese pear.

Stored at room temperature for 8 days and
then stored at higher temperature for 24 hrs
before measurement.

Measuring temperature range: 3.0°C

Base temperature: 20.0°C

Fig. 213, WRCKEL, RAES24RERTICE

% T L c EBORORERES gL, Kot
O ERR5 | L TEO R BEMRY R LIcLOTH
5. FIERELY v 1°C ¢, = OBORLEBET
13.4°C TH 5 1=

Fig. 313, MECHKE LT\ foph S5 UDHEIE
PEAZAR AN 1 B\ R EE DERE TR L1 &5
DOHOEEHES MR L REMB Y R LIL DTS
5. PIERE LV v 212 3.0°C, ZoBOHROLEEL
20.0°C ‘ThH o 71-.

Fig. 2, Fig. 3 1 b, BRE, EEZTHELTL,
BEOHH T, REABESIHRITEA L H—TT
h, FICREMBIL 01°C OFBH LAV 5F
TATCHIR A R LT,

Fig. 413, H50 UHERICKHEL -6, 38 48
L, B LEBR XOT D BORORERE S il
LMMEMBELYRLI-bDTHS. HEREL v 21k

Unbruise Preased Scratched

bruise bruise

3.8 4.4

Temperature range ' "Ci
R WY i W A I I
o ~J \~V1 / \ /
@
14
Fig. 4  Thermal images and temperature curve for

the bruised and unbruised Japanese pear.
Stored at lower temperature for 7 days and
then stored at lower temperature for 24 hrs
before measurement. Unbruised: (A), Pressed
bruise: (B), (C), Scratched bruise: (D).
Measuring temperature range: 3.0°C
Base temperature: 2.9°C
The time measured: 4min. 40sec.
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Fig. 5. Thermal images and temperature curve for

the bruised and unbruised Japanese pear.
Stored at lower temperature for 6 days and
then stored at higher temperature for 24hrs
before measurement. Unbruised: (A), Pressed
bruise: (B),(C), Scratched bruise: (D).
Measuring temperature range: 5.0°C
Base temperature: 20.0°C
The time measured: 4min. 45sec.
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Fig. 6. Relationship between temperature changes at

bruised Japanese pear and the time measured.
Stored at lower temperature for one day.
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Fig. 7. Relationship between temperature changes at

the bruised Japanese pear and the time meas-
ured.

Stored at room temperature for 4 days and
then stored at lower temperature for 24hrs
before measurement.
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Fig. 8. Relationship between temperature changes

at the bruised Japanese pear and the time
measured.
Stored at higher temperature for one day.
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Fig. 9.

Relationship between temperature changes
at the bruised Japanes pear and the time
measured,

Stored at higher temperature for 8 days and
then stored at higher temperature for 24hrs
before measurement.
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Fig.10.  Thermal images and temperature curve for

sweet potato,
Stored at lower temperature for one day.
Measuring temperatuie range: 3.0°C
Base temperature:4.8°C
The time measured: 5min. 19sec.
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Fig.11.  Thermal images and temperature curve for
sweet potato.

Stored at higher temperature for one day.

Unbruised: (A), Pressed and notched bruise:
(B), Scratched bruise: (C).

Measuring temperature range: 3.0°C

Base temperature: 20.3°C

The time mesured: 5min. 35sec.
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Fig.12.  Relationship between temperature changes

at the bruised sweet pctato and the time meas-
ured.
Stored at higher temperature for one day.
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Fig.13.  Thermal images and temperature changes at

the bruised potato.
Stored at lower temperature for one day.
Measuring temperature range: 5.0°C
Base temperature: 3.5°C
The time measured:5min. 6sec.
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Fig.14. Thermal images and temperaturec urve for

potato.
Stored at higher temperature for one day.
Unbruised: (A), Pressed bruise: (B), Scrat-
ched bruise: (C).
Measuring temperature range: 3.0°C
Base temperature: 20.2°C
The time measured: 5min. 20sec.
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Fig.15. Thermal images and temperature curve for

potato.
Stored at higher temperature for one day.
Unbruised: (A), Pressed bruise: (B), Scra-
tched bruise: (C).
Measuring temperature range: 5.0°C
Base temperature: 19.9°C
The time measured: 14min. 3sec.
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Summary

An infrared imaging method was investigated for the purpose of examining the possibility of
an automatic grading of agricultural products. By this method, it was possible to measure the
surface temperature of the samples without contact.

Fruits and root vegetables tested in the present experiment were Japanese pear (Pyrus serotina
Rehder var. culta Rehder, cv. Nijisseiki), sweet potato (Ipomoea batatas Lam. cv. Nohrin No.2),
and potato (Solsnum tuberosum L. cv. Danshaku). Pressed, scratched and notched bruises were
given artificially on to the surfaces of those samples.

Temperature at the bruise is usually slightly lower compared with the temperature at the
unbruised skin. The temperature difference between the temperature of the scratched bruise and
those of the unbruised samples stored at lower temperature is 0.3-1.3°C for Japanese pear and
0.6°C for sweet potato and potato, respectively. while, the temperature difference between those
stored at higher temperature is 3.2°C for Japanese pear, 1.0°C for sweet potato and 2.0°C for
potato, respectively. Since root vegetables, such as sweet potato and potato, are in possession of
irregular surfaces, temperature distributions on the surfaces of these samples stored at lower tempera-
ture are not homogeneous, varying within about 0.2°C as a noise. While, the noise of those stored
at higher temperature appears to be almost zero. Based on these results, it is concluded that the

thermal imaging method is very effective for the grading of agricultural products stored at relatively
high temperature.



