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Image-processed Mango Sizing Machine
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ABSTRACT

Development of mango sizing machine is based upon lincar relationship between projected

area and weight of mango.

The machine comprises a portable TV camera taking a picture of moving mango by the
control of the photocell. The picture will be scanned, white-pixel counted and compared with
the number of white pixel of the standard size mango by 32 bit, 68008. Then, it will give signal
to a solinoid mounted on the conveyor to tap the mango into the corresponding rotary bin.

Sizing maching testing exhibited sizing capacity of I ton per hour at the efficiency of
sizing 89.77% withignorable machanical damage. The machine could size mango (Namdoug Mai
No.4) into 4 grades (Extra-fruit weight > 360 gm., No.l-fruit weight 310.1 to 360 gm., No.2-fruit
weight 250.1 to 310 gm. and No.3-fruit wight 200 to 250 gm.) at belt speed 37.8 ecm/ sec.
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Figure 1 Component of Mango Sizing Machine

1. Frame
2. Electric motor
3. TV camera
4. Rotary bin

Dimension in centimeter
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Table 1 Projected Area (P.A.) of mangoes producted by mango sizing machine compare with
fruit weight.

Number of white dots (pixels)

Extra Grade Grade 1 Grade 2 Grade 3

Code Weight P.A. Code  Weight P.A. Code  Weight P.A > Code  Weight P.A.
Al 458.4 44.42 Bl 360.0 35.28 Cl 299.3 32.76 D1 244.9 26.69
A2 435.5 41.67 B2 358.1 34.61 C2 299.0 33.72 D2 238.6 26.13
A3 4299 40.83 B3 357.6 36.81 C3 296.4 31.64 D3 235.9 26.10
A4 426.3 42.11 B4 357.1 34.53 C4 296.2 31.01 D4 234.3 24.27
AS 421.2 40.44 BS 353.6 35.37 Cs 289.0 30.65 DS 230.2 24.80
Ab 410.9 41.25 B6 351.2 34.80 Cé6 283.8 31.70 D6 227.5 25.93
A7 406.6 40.77 B7 349.1 33.19 C7 283.7 31.60 D7 226.3 25.15
A8 400.2 39.14 B8 345.9 35.74 C8 269.5 29.06 D8 220.0 27.20
A9 398.9 37.87 B9 344.6 35.09 9 268.7 29.74 D9 213.4 22.82
Al0 397.0 39.12 B10 344.1 34.55 C10 265.1 29.49 D10 210.9 22.17
All 390.0 36.20 BI1 343.4 35.31 D11 207.4 22.87
Al2 386.8 37.73 B12 342.3 34.51 D12 196.0 23.21
Al3 386.1 38.38 BI13 330.2 34.22

Al4 385.8 38.16 B14 327.1 34.40
AlS 382.1 38.46 B15 325.0 34.23
Al6 380.3 37.41 Bl6 3243 33.39
B17 319.8 34.00
BI8 316.2 32.61
B19 314.0 32.14
B20 311.1 32.39

Table 2 Range of projected area (P.A.) of mango (Namdoug Mai No.4) and time delay for

solinoid.
Grade Weight Range of P.A. Time delay before solinoid operation
(gm.) (%) (sec.)
Grade > 360 > 36.0 10.3
1 310.1-360 32.51-36.00 8.1
2 250.1-310 27.51-32.50 5.8

3 200-250 < 27.50 3.5




Table 3 Raw data of mango sizing machine testing

Test Grade (Sum of correct fruit) Number
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Grade (Sum of uncorrect fruit) Number
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1 Extra_ (16) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1 (17) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17 2 1y 2
2 (9 1,3,4,5,6,7,8,9,10 1 (3) 18,19,20
3 (12) 1,2,3,4,5,6,7,8,9,10,11,12
2 Extra_ (15) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1 (16) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17 Extra (1) 11
2 n 2
2 9 1,3,4,5,6,7,8,9,10 1 (4) 7,18,19,20
3 (12 1,2,3,4,5,6,7,8,9,10,11,12
3 Extra_ (15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 1 (I 3
1 (16) 1,2,4,5,6,7,8,9,10,11,12,13,14,15,16 Extra (1) 11
2 n 2
2 9  1,3,4,5,6,7,8,9,10 1 (3) 18,18,20
3 (12) 1,2,3,4,5,6,7,8,9,10,11,12
4 Extra_ (15) 1,2,3,4,56,7,8,9,10,11,12,13,14,15,16 1 1 3
1 (15 1,2,4,5,6,7,8,9,10,11,12,13,14,15,17 Extra (1) 11
2 2 1,2
2 (8  3,4,5,6,7,8,9,10 1 (4)_16,18,19,20
3 (12) 1,2,3,4,5,6,7,8,9,10,11,12
5 Extra_ (15) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 1 (1) 3
1 (16) 1,2,4,5,6,7,8,9,10,11,12,13,14,15,16,17 Extra (1) 11
2 (n 2
2 9  1,3,4,5,6,7,8,9,10 1 (3) 18,19,20
3 (12) 1,2,3,4,5,6,7,8,9,10,11,12
6 Extra (15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 1 (1 3
1 (16) 1,2,4,5,6,7,8,9.10,11,12,13,14,15,16,17 Extra (1) 11
2 n 2
2 9  1,3,4,5,6,7,8,9,10 1 (3) 18,19,20
3 (12) 1,2,3,4.5,6,7,8,9,10,11,12
7 Extra_ (16) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1 (16) 1,2,3,4,5,6,8,9,10,11,12,13,14,15,16,17 2 m 2
2 ©)  1,3,4,5,6,7,8,9,10 1 4) 7,18,19,20
3 (12) 1,2,3,4,5,6,7,8,9,10,11,12
8 Extra (15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 1 () 3
1 (16) 1,2,4,5,6,7,8,9,10,11,12,13,14,15,16,17 Extra (1) 11
2 @ 1.2
2 8 3,456,7,8,9,10 1 (3) 18,19,20
3 (12) 1,2,3,4,5,6,7,8,9,10,11,12
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Table 4 Raw data for efficiency Analysis of mango sizing machine.

Sum of fruit in correct grade Total weight (kg) Grade’s weight (kg)

Test Ng. Ng; Ng:  Ng W, W, w, w2 w3
1 16 17 09 12 18.8066 6.4960 6.1324 3.4930 2.6852
2 15 16 09 12 18.8066 6.1060  6.1733  3.8421  2.6852
3 15 16 09 12 18.8066 6.4636 6.1648 3.4930 2.6852
4 15 15 08 12 18.8066 6.4636  6.1398  3.5180  2.6852
5 15 16 09 12 18.8066 6.4636 6.1648 3.4930 2.6852
6 15 16 09 12 18.8066 6.4636 6.1648 3.4930 2.6852
7 16 16 09 12 18.8066 6.4960 5.7834 3.8421 2.6852
8 15 16 08 12 18.8066 6.4636 6.4641 3.1937 2.6852

Sum of mango in each grade (fruits) Total (fruits)

Test Nt, N, Nt Nt Nt
1 16 18 12 12 58
2 15 18 13 12 58
3 16 18 12 12 58
4 16 18 12 12 58
5 16 18 12 12 58
6 16 18 12 12 58
7 16 17 13 12 58
8 16 19 11 12 58

Table 5 Analysis of the efficiency of mango sizing machine.

Test Pg, Pg, Pg, Pg; Pw Cw Ew
1 1.000 0.944 0.750 1.000 0.938 0.062 0.935
2 1.000 0.889 0.692 1.000 0.909 0.091 0.901
3 0.938 0.889 0.750 1.000 0.901 0.099 0.896
4 0.938 0.833 0.667 1.000 0.868 0.132 0.862
5 0.938 0.889 0.750 1.000 0.901 0.099 0.896
6 0.938 0.889 0.750 1.000 0.901 0.099 0.896
7 1.000 0.941 0.692 1.000 0.927 0.073 0.919
8 0.938 0.842 0.727 1.000 0.881 0.119 0.878

AV(%) 96.09 88.96 72.23 100.00 99.33 9.67 89.77 (2.50%)
N, N, N; N; K, K, K> K;
16 20 10 12 1 1 1 1
P, P, P, Py W, W, W, W,
0.276 0.345 0.172 0.207 0.276 0.345 0.172 0.207

*Coefficient of Variation
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Table 6 Operating rate of mango sizing machine at linear belt speed 37.8 cm/s

Test Started time (s) Finished time (s) Labors (Man) Rate (Fruit/hr.)
1 70 S 4 2983
2 64 14 4 3263
3 63 13 4 3314
4 67 14 4 3116
Average 3169

Table 7 Analysis of Variation of machanical damage K by vary b.

>USE MANGO 7
VARIABLES IN SYSTAT FILE ARE:

A B C D E
F G H I J
K L

> BY B
> STATS K/DUN = 0.05
THE FOLLOWING RESULTS ARE FOR:

B = 1.000
TOTAL OBSERVATIONS: 20
K
N OF CASES 20
MEAN 1.025
STANDARD DEV 0.112
THE FOLLOWING RESULTS ARE FOR:
B = 2.000
TOTAL OBSERVATIONS: 19
K
N OF CASES 19
MEAN 1.029
STANDARD DEV 0.115

SUMMARY STATISTICS FOR K

BARTLETT TEST FOR HOMOGENEITY OF GROUP VARIANCES = .012
APPROXIMATE F = .012 DF =1, 4099 PROBABILITY = .878

OVERALL MEAN = 1.026 STANDARD DEVIATION = 0.112

POOLED WITHIN GROUPS STANDARD DEVIATION = 0.113

T STATISTIC = .036 PROBABILITY = 0.971

Note : B (= 1.000) refers to the mango which was sized by machine
(= 2.000) is the control
K refers to the mango which was externally damaged
The internally-injured mango amounts to 0.5% while the control was not injured. In brief, the internal damage

of tested mangoes was insignificant.
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