Development of Real Time Quality Evaluation
Technology, Automatic Sorting and Packaging System
of Mushroom for Export



1997

1997. 12.

(

)




1997. 12.



12 25
70%

16



50

On- line



. On-line

o On- Line

) On- line

1 5,000



SUMMERY

I. Title of Research
Development of Real Time Quality Evaluation T echnology,

Automatic Sorting and Packaging System of Mushroom for Export

II. Summary of Research Results

Quality evaluation of dried oak mushrooms are done first by classifying
them into more than 10 different categories based on the state of opening of
the cap and the surface pattern and color of the cap and gill. And
mushrooms of each category are further classified into 3 or 4 groups based
on its shape and size, resulting into total 30 to 40 different grades.

Size sorting is usually done roughly using a series of a set of conveyor
mounted with vibrating plate having different sizes of punched round holes.
However, quality evaluation and sorting based on the external visual features
are done manually. Since visual features of mushroom affecting quality
grades are distributed over the entire surface of the mushroom, both
front(cap) and back(stem and gill) surfaces should be inspected thoroughly.
In fact, it is almost impossible for human to inspect every mushroom,
especially when they are fed continuously via conveyor.

In this research, computer vision neural network based algorithms for the
automatic visual feature extraction, measurement, and recognition have been
developed. Also as a final product, a computer controlled on-line real time
automatic gradinf/sorting system has been developed and tested.

External visual feature inspection software was developed which can give
a quantaitative data of cap size, shape, rolled thickness of back(gill and stipe)
side, color of gill and cap surface and arrangement state of gill membrane
etc..

Considering real time on-line system implementation and the hardware



limitation, neuro- net based image processing algorithm for quality grading
has been developed. The neuro-net based mushroom identification and
grading utilized the captured raw gray value image of fed mushrooms by the
camera without any complex image processing such as visual feature
extraction and image enhancement. Grading algorithm ulitized the modified
BP(back propagation) network and direct raw gray level image captured by
the camera. Prior to grading, a training process was done. For the
successful implementation of the trained network, illumination calibration was
also developed.

Neuro- net based grading of oak mushroom was developed and tested in
two ways. One was using geometrical feature obtained from visual feature
extraction algorithm and the other was using direct gray scale(256 stage)
image captured by the camera.

Since from a viewpoint of the system implementation it was quite difficult
to acquire both side images of the fed mushroom simultaneously, each side
image of fed mushrooms was acquired sequentially using the side reversing
mechanism. One set of vision system was used and the field of the view of
the camera was adjusted enough to cover the both side images of
mushrooms before and after reversing. Both side images were utilized for
quality grading of a mushroom.

Once the fed mushroom was identified from the optic sensor, the image
was captured. Using the captured raw gray level image, location of the
mushroom was identified and the measuring window was assigned. The
window was converted to the rectangular input grids to the network being
composed of 64(8x8) grids. Since the size of rectangular input grid varies
according to the size of the mushroom, the total number of grids are kept
same. Value of each grid was computed by averaging the gray values of
pixels which belong to each grid and was normalized between 0 and 1.

Using these converted input values the feeding states of mushrooms were



identified as either front side up or not via network processing. The
converted network input values were kept for further processing.

Then, mushroom was reversed and the image was captured again.
Exactly same process was repeated for the reversed mushroom. The
converted network input values of the reversed mushroom were also kept
after identifying the feeding state. Two sets of the converted network
inputs, 128 normalized grid values with normalized 8 size factors(x, vy, |x-Y]|,
x+y) computed from two measuring windows were used for the network
input for quality grading. The illumination compensation process was also
done to ensure the consistent performance of the trained network.

Network training for the feeding state recognition and grading was done
using static images. 200 samples(20 grade levels and 10 per each grade)
were used for training. Network grading and feeding state recognition for
training samples showed near 100% accuracy. 300 sample mushrooms(20
grade levels and 15 per each grade) were used for verification of the trained
network. By changing orientation of each sample, 600 sample data sets were
made and used for the test. And the trained network showed around 91%
grading accuracy.

Grading performance of the network which was trained by 200 static
samples was then tested for moving mushrooms. With the conveyor speed
of 150.6mm/sec grading accuracy was around 88%. As a result, it could be
seen that the blurring effect of the camera captured moving image under the
1/500 sec shutter speed was negligible in grading performance.

The proposed grading scheme required average 0.23 second per
mushroom. Theoretical grading capacity was 15,000/hr without considering
actuator delay. Considering the actuating device and control response,
average 0.6 to 0.7 second was enough for grading and sorting of one
mushroom resulting into 5000/ hr to 6,000/hr processing capability.

The developed algorithm was implemented to the prototype on-line



grading and sorting system. Developed on-line real time grading and sorting
system for oak mushrooms was composed of 1 set of computer vision
system with lighting chamber, storag hopper, feeding device such as
conveyor and vibrating feeder, automatic reversing device, two channel
bucket, unloading device, one board controller with optic sensors, and
computer. Controller was developed with F- 8086 microprocessor.

Lighting chamber was designed for a computer vision system and 4 high
frequency(20,000Hz) inverter fluorescent lighting were installed to reduce the
shade effect caused by lighting. Large vibrating hopper was installed to
store and feed the dried mushrooms. Two vibrating feeders were installed
to control the number of mushrooms to be fed and to avoid overlapping and
to precisely feed one by one. Specially designed round cross- sectioned plate
was mounted on the vibrating feeder. Utilizing the speed variation of
feeding between the vibrating feeder and the conveyor, mushrooms could be
successfully isolated and fed while maintaining certain distance interval.

To sort graded mushrooms into the designated buckets, pneumatic
cylinders and air jet nozzles were installed. The electronic shutter speed
controller was mounted to the B/W CCD camera to reduce the blurring effect

of the camera captured image caused by the movement of the mushroom.
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¥ 2-14 £3 99 v 23 2

G 12 58 %
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| R
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2- 25- (a)
2- 25- (b)
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(pattern

recognition)

(edge)

(texture)
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(neural network)

(association) (similarity)
(associative reasoning), (learning),
(parallel distributed processing), (generalization effect)

(artificial neural network)

(artificial intelligence)
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(natural intelligence)
1960 Rosenblatt(1958)
Widrow  (1960) Adaline
Minsky  (1969) XOR

Adaline LM S(least mean square)
1970
Grossberg(1976)
ART (adaptive resonance theory) , Kohonen(1982)

(self organization)

Albus(1975) CMAC(cerebellar model articulation controller)

1970 Werbos(1974) BP(back
propagation) 1980
Rumelhart (1986) BP
Hopfield(1982) (recurrent type) , Hinton
(1984) (boltzman machine) , Kosko(1987) BAM (bidirectional

associative memory)

80

, (western mushroom)
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Tillet(1989) (chain coding)

2.
BP(back propagation) (Error Back
Propagation) (delta rule)
(activation
function)
BP (perceptron)
(weight)

(supervised learning)

BP 3-1 (layer)
k (29
o o (K)
Yy | 7
©0O0::-000-: 000000 ()
Yl 7 NYIlv NI Z Nl V7
EEEEES.  EEEEEE.  EEEEEEN (i)

$433333 $33333 3333

3-1 BP
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(neuron)

(sigmoid) 0 1 , Hyperbolic Tangent
-1 1
BP 3-3 (sigmoid)
0 1 0 1
T angent -1
1
i j
net; = 2, w; o (3-1)
v Wi I i
0; |
(learning
pathology)
0
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0; = f(net)) (3-2)

, f
0;
1
0 = (3-3)
) 1+ exp[- (netj+ §;)]
AN j Bias (threshold)
Bias
O o=l
Bias
(dummy unit)
_ _ 1 2
E = 2 Ep - _2' i/ (tpj - o;j) (3' 4)
p p
P oty
o . BP
Gradient Descent ,
i , O]

Uj
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W B E % Ox
- 9E
p -
o E %
%
- 9E
% = 9net-p
9]
Q;  chain rule
%. _ - ng 90“'
H 90 anet,;
(3-8)
- 90y 1- 0 o
gnet“ ( FJ) q]
j
- oE -9 1
b _ T 9 4 - . 2 = ) i .
go“. go“. Z 2 (tFJ OFJ) (tFJ OFJ)
j 7
- 9E oFE anet
P _ P pk ) .
90“- k_l gnetpk o[j Z%pk. WkJ
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(3-5)

(3-6)

(37

(3-8)

(3-9

(3- 10)
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%i (output layer) (hidden layer)

%i
% = (tj- o) (1- oy oy (3-12)
(31 %i
% = (1- 04) 05 - 2% Wy (3- 13)
, Wi Bias €
wy = 309 o + S wy(n- 1) (3- 14)
N = M39, + & Q(n- 1) (3-15)
n p

(learning rate)

(oscillation)

(momentum) S (Rumelhart,1986).

A\

(forward) (backw ard)

(network pathology), (local minimum problem),
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(binary) (gray)
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60 100
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32 18
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0 1
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8
9 4
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3-13
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50 32
18 50
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- 64 -



, 3
3.
100
45°
0.6, Z 03
50
18
01
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4 ¢ ) () 10
256
76
78
2 0,0, 01, 01
, 09 01 , 09 09
9239
20
5 93.8%
2: 8
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80 BP
76
256
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5 1
20
13 91.9%
23434
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12 10 120
BP
76 256
(gray) 12

3-34
76
154 20
1
30000 0.00001
0.0027543 100%
20 240 23
90.4%
4 12
(4 ) ‘8 )
76
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10

(binary)
(gray)
4
31
3-1
No. of Recognition
misrecognition Performance
(total) (%)
1 5 (80) 93.8
2 13 (160) 91.9
3 23 (240) 90.4
4 19 (240) 92.1
2
20
4
4

20
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(gray image)

3-3

3-3
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3-2

3-2

M1 M11
M2 M12
M3 M13
V4 M14
M5 M15
M6 M16
M7 M17
M8 M18
M9 M19
M10 M20

8x8
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p ekl
1]
W o | @
1]
[+ i 8 1
1]
4-2 1
1 110 , PLC(programmable logic controller),
4-1
4-1
Autonics Co. , BM3M-TDT1- 2, Korea
PLC KMC RO , Korea
I/O Board GSIl, MASTER K-50 Series, Korea

AXIOM Co. AX5008 , Taiwan

Tanhay Pneumatics Co., Korea

Korea Pubot Co., TRC- 00- 30- 600, Korea
Seowon Compressor Co. B980S/9.5cm
SMC Co., IDF1C-1, Japan
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(vibrating feeder)

DC
15.6 cm/sec .2 1
(carrier)
3
1.5m, 0.2m
1.7m, 0.15m
0.15m, 0.05m 23
(profile)
4-3
1. 2. 3. PLC 4. 1
5. 2 6. 1 7. 2 8.
9. 10. 10.
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« 1)
feeding)
(1)
(2
1
4-4

(Rotary actuator)

(1)

(2)
(1)

(Shoute)
V
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3-8
O]

(1)
(back
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7 = ’TL-F P L
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4 oy '-U' 27;/ ~
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hoi | T j&z . . ____/’ﬁf

e - P 7 /

N~ P 7
@ - (b) ©
(V- )
4- 4
4-2
V- (
)

(total=100) 67 57.3 96.7

(brake cylinder)
(stroke) 3
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4-5

(@)

(1)
4-5
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(photo sensor)

8
(relay) /0 (AXIOM co. AX-5008)
(magnetic lead switch)
, 8 ROM
PLC
I/O
PLC
(ON)
(timing)
PLC . PLC
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4-6
LCAMj o C
4 !
@ @' @2
OPS1  OPS4-—OPS3 y -
| SYSTEM(D) - — — % P27
—O0—0—C I tCAMj
Y| O|CPS2| @ - +2+ ¥ P26
L - | CYL3=
1 | oO—@—'@® ¥ P25
— —' | OPS5_ OPSG-—OPS7
_ | SYSTEM(2 ) | % P24,
pes pes Eed Eed J —O0—©O
| P20 P21 P22 P23 Y
L
4
2 @: ( ) O: ( )

4-7
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0x300

I/0 0x200
(logical AND)
PLC I/O Chl Ch4
Ch1l
(slot) 110 3-19 37
PLC
PLC Master K-50 PLC (AC 220V),
24V), ,
(ladder) (mneumonic)
PLC
4- 8 PLC

- 86 -

(DC



4-3 PLC

P00 |SW1 emergency stop : push button main switch

P01 |OPSW1 | optic switch for image capture (vision system I)
P02 |OPSW2 | optic switch for hwago out

P03 |[OPSW3 | optic switch for hwago out check

P04 |OPSW4 | optic switch for mushroom feed back

P05 |OPSW5 | optic switch for image capture (vision system 1)
P06 [OPSW6 | optic switch for hyanggo out check

P07 |OPSW?7 | optic switch for mushroom feed back check

P10 |SWB1 cylinder #1 switch for backward direction

P11 |SWF1 cylinder #1 switch for forward direction

P12 \SWB2 cylinder #2 switch for backward direction

P13 |SWF2 cylinder #2 switch for forward direction

P14 |SWB3 cylinder #3 switch for backward direction

P15 |SWF3 cylinder #3 switch for forward direction

P16 |[SWB4 cylinder #4 switch for backward direction

P17 |[SWF4 cylinder #4 switch for forward direction

P20 |AS1 brake cylinder A switch 1 (4 grading)
P21 |AS2 brake cylinder A switch 2

P22 |AS3 brake cylinder A switch 3

P23 |AS4 brake cylinder A switch 4

P24 BS1 brake cylinder B switch 1 (8 grading)
P25 |BS2 brake cylinder B switch 2

P26 |BS3 brake cylinder B switch 3

P27 |BS4 brake cylinder B switch 4

P30 AA I/O board 1 output 1

P31 |AB /O board 1 output 2

P32 |AC /O board 1 output 3

P33 |AD /O board 1 output 4

P34 |BA I/O board 2 output 1

P35 BB I/O board 2 output 2

P36 BC I/O board 2 output 3

P37 |BD /O board 2 output 4

P40 |SOL1 solenoid valve for cylinder #1

P41 |SOL2 solenoid valve for cylinder #2

P42 |SOL3 solenoid valve for cylinder #3

P43 |SOL4 solenoid valve for cylinder #4

P44 \ASOLB | solenoid valve B for brake cylinder A

P45 |/ASOLF | solenoid valve A for brake cylinder A

P46 |ABRK brake solenoid valve for brake cylinder A(COMMON)
P47 |ABRK brake solenoid valve for brake cylinder A

P50 I BSOLB | solenoid valve B for brake cylinder B

P51 BSOLF | solenoid valve A for brake cylinder B

P52 \BBRK brake solenoid valve for brake cylinder B(COMM ON)
P53 |BBRK brake solenoid valve for brake cylinder B
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24V

( P40

< Pushing out cylinder(No.1) cperation: 4 Grade >

F30 P04 P12 P13

[ [ | T—— I\ ( P41
4l |

< Cylinder operation for Feedback: back side mushroon>

F20 P21 P32 P33

| 1——I\I N el P44
P44 T P22 P32 P33

[ Y [ I\ ( P46

L P23 P32 I|33§ i

(I —JL—I |— ( P45

F45 .
| |— " " ( P47
< Return operation of brake cylinder 1 >
F35 P14
[ [ [ SET M33
< Set M33 relay >
N33
[ - " " ( P42
< Guide plate operation - Solencid 3 >
F35 P15
N |1 [ RST N33
< Reset M33 Relay >
F24 P25 P36 P37
| =\ N | | P50
P50 T PgG P36 P37
[ Y [ I\ ( P52
L II3 I7 ||33(|5 P37 |

< Brake cylinder'operation for sorting : system(ll) >

FO7 P24
I I—JL—I |—r ( P51

| 1— ( P53

< Return operation of brake cylinder 11 >

[ END

4-8 PLC

- 88 -

ov




7cm

PLC, PLC I/0
On- Line

93.3%  88.3%

I/0
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4-9

(bowl feeder)

PLC F8086 CPU
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170

Air Cyl. Sal

! Air Nozzle Sol

Nozzle

4- 10

(bow! feeder),

(OFF)
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4-11

4-12

- 02 -



4- 13

- 03 -



14

15

- LB Bt B B ]
ARARRARA )
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4-15 DC
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4- 16 . 4-17
4-18
,4-19 20

HyangShin Small

DongGo Large

poutkico g

4- 16
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4- 17

4- 18
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4-19 1

4- 20 2
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4-21

F8680

4- 22 DC
4- 23
4- 24 4- 25
LIy Displayer
Main Controller
(Chips F3086)
Dvigrital 1A0) Interface BALY
-:‘_H‘- ;
———— ] Driver Board
magnet S Opto S/W Solenoid Vision
for for Processing
Air Cylinder Gate Cylinder System
4- 21 F8680
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e R

4- 23, DC

4- 24
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o R | UL s
4
! [ '] 12 fl 4 Driver BD
conl conz [ !
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| 100 NG f ] 1 ! inpul [1 output |
i I.
|
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f\"" \ 1
) 1 1 i
AC229$I | CON4 CONS |
Power I I l |
Supply for l_
rozzle |
solenoid :
8255 | 8255 |
—— — |
ACin S .
= 11 | Controller
S ——H CoNz  CON3 &
Nl ; I | Interface
ACE‘Z}V [
'\,i
NC 73 =
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UnAct

o>

Yes

Input Grading data
to Buffer

v

(  ser )
¥
System Init
Act

No

No

Data UnAct

v

ON

OFF
OFF
OFF

ST1 Act?

—Sr2ar =%
) UnAct

SR

UnAct

while(data[ST1]==0xff)
ST1++

while(data[ST2]=0xff)
ST24+

while(data[ST3]=0xff)
STa++

data[ST2]=5~87

——TAta[ST3|=9-127 =

Yes Yes
[ ST1 Action B | ST2 Action [ ST3 Action |
Yy
data[ST1]=0xff data[ST1]=0xff data[ST3]=0xff
ST1 Act ST1 Act ST3 Act
ST1++ ST2++ ST3++
Wait1=Start Wait2=Start Wait3=Start ¢
No
Wait{++
Reflash the Buffer Wait2++ ST1,2,3 UnAct
Wait3++ .
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