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Automatic Recognition of the Front/Back Sides
and Stalk States for Mushrooms(Lentinus Edodes L.)

¥ & o] FT"
H. Hwang C.H. Lee
SUMMARY

Visual features of a mushroom(Lentinus Edodes, L.) are critical in grading and sorting as most agri-
cultural products are. Because of its complex and various visual features, grading and sorting of mush-
rooms have been done manually by the human expert. To realize the automatic handling and grading
of mushrooms in real time, the computer vision system should be utilized and the efficient and robust
processing of the camera captured visual information be provided. Since visual features of a mushroom
are distributed over the front and back sides, recognizing sides and states of the stalk including the
stalk orientation from the captured image is a prime process in the automatic task processing.

In this paper, the efficient and robust recognition process identifying the front and back side and the
state of the stalk was developed and its performance was compared with other recognition trials. First,
recognition was tried based on the rule set up with some experimental heuristics using the quantitative
features such as geometry and texture extracted from the segmented mushroom image. And the neural
net based learning recognition was done without extracting quantitative features. For network inputs
the segmented binary image obtained from the combined type automatic thresholding was tested first.
And then the gray valued raw camera image was directly utilized.

The state of the stalk seriously affects the measured size of the mushroom cap. When its effect is
serious, the stalk should be excluded in mushroom cap sizing. In this paper, the stalk removal process
followed by the boundary regeneration of the cap image was also presented.

The neural net based gray valued raw image processing showed the successful results for our recog-
nition task. The developed technology through this research may open the new way of the quality ins-
pection and sorting especially for the agricultural products whose visual features are fuzzy and not uni-
quely defined.

+ £ 97 1993~ 1949 E #F A AT d7H Aol ojste] FAFHAL
* Qg sty YRAAR G F47)A G

—124—



WA AFER FAP JHY HF A

1LME

AFH #Y st=dole AtAs % J15F
’M Yol A 5040 ol F LS AFHL

FEHAL 7€ 2 B3R 2 FE87Y

°MJ°1 L7 5HE F8A R AFE Lokl 3
o] 1 H&AT7t B3 o] FoA 1 Utk A
FHAZ e HeHoz B 837 Asfre
Wd R e 548 Y3l mstedof st
MA L] B4l Bista S8 BA AFH
o2 iR BEALE dFe F¢E
AP AL F QAW YukA
dutgtshes Ve a2 B9 =
AR FEglol A& F gl A2 ¢y
o] 53 a7¥

& AT FFREALG Aa"e o8
#1ol A% TEAY 2 A2 223 W5
A& T AF VxATEAN F2 A
A HAR FHE ATz Q4% S e
g3 ganFE MEsAH gibHez
FEAIZ Al 2wl o8 gl d e FHRF R
AAT FA S Vg EE EFE JUEH &
AAAA B AT Y SAL PF
F EASH s Pk WS 4 74
st 5 e 2z dAE FrAL 2 ¥4
A #¥etd AFHoz 4 V€6

22 H2 el 3 77 FF o] o]

€]

=

0

= et AFBA S BRAZ % A 7]
e FEAHLZ AT £ de APz A
B2 A7 Ao, A, Al
Ao}, JREdY, HH3} F o FoolA
oA A H A

B9 TFREE AN AT AT RA
¥ e Eig STHUP FFE AL 9
S BRI olE JBEHEE
2RH 23 333 #ﬂ?éﬂi%

A gFAzeEs B3

fidle 478 s BHAe

> off

f

1o, L
O)V

o] FANE FTEHE E19 FFE AT
vt dEsEty] fe B3 sty A%
°ﬂ ek Aol $4Fo 2 Yasit Fuy
sad 4L F= UEY 9B# EAE,

Zt AW 74, 27] J2ln 3 g ¥y '
¥ e} Al Fol ste] W¥Wo wEa
7} A&l olEE WEHY) AWML AER
Q14 o] ¥z A X35l ojot 3}n] 14 & =33}
AAES] F& FnE|Fo] s ojo} B},

B3 FAR7} % vpgo 2AYEAY
wx 9 BAR] AHE 29 A7), @@.4

voF ¥ 7 k) 2AGH g geE

F%E v A get Ene) §
3 R AEREE FHs) g e u il
Felo] mhE HAF X)) tigt AEH 947
=9 7] A ofjof gy,
He AN M F & B3 dojx e
$o A% BAre P 29 2
£ %3 fs} Aol
&}

AN o B fu

>_\l

BARL g
2t 3 Uy
& o Ht Ay BP’Q&OE 242 9
v o] Al W Fge] B, 2t A
UREA gt upgo 2 225 AL
b £A) 50 F¥o] e aA At
bl 2 mgE Yoo duE A
Me WY F402RE B3I}
bE A4 st @R 9 StEH A
g Uz B2eks neslie 99
FZ&3o]of 3he},
o #x g £&5 JXE g83eR
= WHezA 2HE 23 (moment in-
variant) S3Holy 4% WP (medial axis
transformation) ol 2] % #4124 Wgo] e}
AJAZF ol o 3} wh4]o] Aatr ol 71 E-F
Aol A {2 81H9, Langers®+ ® 87} l&e
:rL:"“ 9] A R9l FRF] BT 9xAY
£ A% AT AFEHANG A2de o) &3y
FY3P) ol g A3t TR WH L A A
e, st 4R ddAe AAE 74

£
>

= 5 o 4

X X o
HU

[t
2 ol

),\l rR rlr

2
—?—‘!'
st R A A 1}

rok e
o
5'!: 2

e b

a0 4o
Lo ol 2 fooob

_?L' A S I )

ok o

_\‘_’,o""

X

X,

b



FZE5H71AEIA A 197 A 2 3 19949 69

3k stao] FHE o] &3t Hu) ¥ HAnA
o2 EERY JXNE AHSEY. o] e
A Habol wet =49 X7} oo
2 o] F3A Ho B9 HSoe EF EAR
9 A AE 227t A 5 Aok

OE e 43 A9 ZASAE 4R
I AP 257 BAE o e dolst
AAslhe] FHE AE FA 209 HE o
L3l EER AXE DAY o] WE L
ART H el ek A4HAZEe] A Py
A ol A1 vtk Z AANY FITH
3ol e} HYFHE Ao e BAHo)
Aok F Y 25 gidAe] AV #e 718
B3 EAo) g o &3} YEo zupges &
23 2ARE BE3E T2 AL 2o Yy
7} ©ha AEA 223 Zgd x93
Ae 4 EY Heo] utor )

Wolfe"? 52 Blueberry2} Cherry Pepperoll
ate] AAQRYE T3 F2F HFANNY
Z=g 223 fEg 7t FXF Q94
< AAY AJQ=2g ) FARAE B3
o 4 4 BATLE E(ard)2M TR
FEZ(K-slope) & ¥l 2dte ¢uldEe A
At o] = dl A el BA 7} 2t 7]kety
40 o E&ste dd g et

Sarkar’® 5 AFo2 ol$HE EvlE ¥
A7 AAN RE EntEs} §uo 2 X s
£ EntEo] EARo B389 YA FE o
¢ ATE ATE FYIAT. d7IHE &4
A28 2 B3R EvtEe] F¥ito)
€ ZAZ clA3e FYEFE BUAAEA
Yool FAIEE vliste WS Alg et B
AR BER &ARYE FEsA AT
EotE 9] 44} thkste o] X GAtel o] F
A= ZHo2N &4 RIS B B B
29 Y& A&t EAHEo AUk

€ QTN e gt AL MR v AgA
o AFYE Y BX R FHE JYste A S F
A P N3] H& 4 AQ =P 93

o 718t JRE FE3E o7l Ex 2t
9] e FFozRH d¥EHo 2 J2d 7
g Bitete] g S-S M ¥ olE AY
AT £ TEE AT o)Xt st WS
Al B3g AdAgagd Ay dEAA
AFHEZE STz AHES 3yt §F
Ho g FMvgt2 R Eojo e dx|o By
£ A AR Egoz Hsly A EE 3}
= 4T E Y34 o] E ¢ngEY dR e
dydelgel At FEAA W2 4
3

2. HE R 20t

HFEAZ A2’ 9 CCD7H 2 (PUL-
NIX TM745E), 9’348 R=(ITEX PcVision
Plus), IBM Z8 486—DX2/66 AFHE So=
TASAT 8 Eugdol g AFH P &
AH ARAAH L G 7Eey EJ3xE ¢
FATA el o A FsT Y E o
£t FE% A4FHE Mgt AT
A%H AR o FARA A47&L AT
AL, dngEe] B4, A4y A g
AT EAREY T A& T @HL e
o olA ¢ GHES FHE] 94 sl 1Y
FHe EFH ATolA e st WA
o] RIYGYE BENY 32 L A% 3
Bolol AR Yz AY AP A SaPoz
W A= E 3}

HAFHo 2= A2 RE SojoE g
ENGYE AP ARz To g Mt Q4
EE ATE FYP39ct S22y dg=E o
29 HHE Q=8 o] FAolx3 B
ALRGE 53t 2 A =4 2 FA
HBE o83t AU vz R ¢
G5 & X G2 o] X g ol vl ke th A3 A ol
HE ERn ARAHA ARE AFIER o)
AR AT gAY B} kP FHe|n
2149 7teAE oA Hoh

—126—



B

>x

EF ddAe A e £83e 1Ay 33
S Ao zH A BAo] = 0B T
g U GBEHE A FF 2nYdE
mZ aglel AT Q4] FhEdi £ =
ol A e Q1d7|&e HEADE HFse
THELEC HE FFEAIZ 7152] FH Lo
2 7149& stz 2o

e}

-

Md

2-1. MY olA

7k SAE HAX Mo o8 014

EGY AFo)N3 Ao o8 B 2ol A
23 942 Aoz B FHsn
oo e BAH GaH FAE Bl K
gel AFA A4S SR Y 2HFo)
Astel N2H HYe et 2ok YH I
JAEIVORRE FES P oA

4oz MeeTh 498 7
AR RRE Eo9 pHYYL aHoz &
2T & Qo oz2x Eag S Be A
23 A5 EAYFE GA Aok Bk AR
AYUES $3} olg) APEROL FnPT

399 J9E JRHoz B4 A8 3
& o) AUE A% wg nAW AN
gox $ANE olgsden 1y 13 ge
A2 ohaag Ree & Fzo] U 92
dolehg Hlwaleio.

 P@® — OE P® — OE PO

i {

GO GO
(a) mask 1 (b) mask 2 (c) mask 3

AFPS FA% gee AF A4

I¥2€ B3 57 FoM BEHA g3, 7
B33, §1, F3, FAUL 42 10148 A2 v}
&30 mg} Z33] PF§ HAge ek
o 714 Ay, Ap, Aw, A 242 7|33} A0}
Hl st of w7171 (0,0), (0,255), (255,0), (255,
255) Q1 A9} AA AWl MBS S o
et 28 1-(a)e] A2 vz (0] AEW
Aol 7HE g Aoz vehgon, = 6070
o AFE AG e st Au=609 A
S 7|EoR AFY AP L ¢ 2 883%
9 A= E EAT XY 2AFo| N3} A
o3 M ol XYL Huz X FHEGF
o TR ZAR FEHrL YA 2
739 FEdige 2 99 AAC BEE3)
A B3 ol2 18] RS 14 ARE &
I A=

Lt 2% 0la3 Mol 23t ol
THY AFol Ao o8 Enol £YIHL
%% ¥ TH ojiaE AAS BYYHE
AFHor 25 MR AFW AL 5
BSHUTE 1Y 32 ALGE FH vpas) 4
vpaze RS HoET ARS8 o3
of PolAE o] FYFFOLRYE 2 vl
2 EEY BN 24 % AA 438 2F
ke AAY Al GAs RARel AAY
AE Q0 YE ATE FAY A2y ez
& AAY 299 wopggo YW
£2 BAR7} goka wYo] @ F9ole 1
ARoz AAAYel faag 24 S0z
Agstel o) AR et Saule B

B
P® — OF AN17C @ : basis pixel
N D~P—E
GO OH Fv |~H O : reference pixel
G

(d) mask 4 (e) 8-direction

Fig. 1 Four types of path masks.

—127—



FIEL7IAEIA A 197 A 23 19949 649

unit - %

Mask Front All{Al12 | A21|A22 Back All | A12 | A21 | A22

1 - 461 | 29| 37| 238 681 | 20 | 30 | 117

2 é:’\ 517 | 105 | 103 | 275 ’ 698 | 74 | 67 | 162

3 29 Y 543 | 80 | 81| 207 715 | 56 | 55 | 174

4 Ng 435 | 26| 33| 206 638 | 12 | 22 | 118
(a) texture values of “Hwago”

unit - %

Mask Front All | Al12 | A21 | A22 Back All | Al12 | A21 | A22

1 4471 51| 61146 921103 13| 09

2 : 55.0110.1|12.8 (189 914 31} 28 | 27

3 339114 (113|214 916|129 (24| 31

4 218 29| 481106 88407109 | 17

(b) texture values of “Gureum Hwago”

unit : %

Mask Front All | A12 | A21 | A22 Back All| Al2 | A21 | A22

1 A-z 4891 39| 5.9(139 , 923|104 |14 12

2 ":x,% 56.4 | 116|128 | 178 ,? 91930 | 25 | 26

3 293 587 [10.6 | 104 | 203 il 927 44 | 21| 31

4 451 26| 48108 892106 | 1.0 | 12
(c) texture values of “Donggo”

unit © %

Mask Front All | Al2 | A21 | A22 Back All | A12 | A21 | A22

1 4591 43| 57160 9441 05| 09 | 4.2

2 55.1112.3112.5|18.3 898 30| 27 | 45

3 574110.0| 9.6]23.1 892136132 40

4 447 | 27| 261133 85506 | 14 | 23
(d) texture values of “Hyanggo”

unit . %

Mask Front All | A12 | A21 | A22 All | Al12 | A21 | A22

1 503 39| 731 89 738 16 | 36 | 76

2 54.7|14.7 | 143 16.2 7691 6.6 | 6.6 |10.0

3 5741121120186 781) 54 | 5.0 [ 116

4 415 3.0| 86| 8.1 702113129 | 74

(e) texture values of “Hyangsin”

Fig. 2 Average texture values of front and back side of 5 types of mushrooms.
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Fig. 3 Local mask and mask selection for front and
back side recognition.
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Fig. 4 Front and back side recognition via local mask.
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Fig. 5 BP network structure and input structure of the captured image.
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