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SUMMARY

Infected seed potato (Solanum tuberosum L.) should be discriminated before distribution to the
farmers to prevent the infection to the entire lots. Pathogens, such as Pectobacterium atrosepticum,
Clavibacter michiganensis subsp. sepedonicus, Streptomyces scabiei, Verticillium albo-atrum, and
Rhizoctonia solani are the commonly found in the infected seed potatoes during harvest and storage.
Since the seed potatoes infected by several bacterial pathogen and fungal spore are not easily
discernible by visual inspection, sensitive sensing techniques need to be developed to discriminate
infected seed potatoes from the sound seed potatoes.

Of the nondestructive measurement methods, spectroscopic and hyperspectral imaging techniques
have shown good potential for identification of biological disorders in agricultural and food
materials. In this study, transmittance spectral measurement method and hyperspectral reflectance and
fluorescence imaging techniques were investigated to discriminate infected seed potatoes from sound
ones. A transmittance spectroscopy with the spectral range from 470 to 1100 nm was used to
classify sound and disease-infected seed potatoes. PLS-DA with various preprocessing methods was
used to investigate the feasibility of classification between sound and disease-infected seed potatoes.
In addition, use of a high spatial resolution hyperspectral imaging technique was presented as a tool
for selecting optimal VIS/NIR wavebands to detect infected seed potatoes. It is indicated that the
hyperspectral imaging technique combined with multivariate analysis, such as ANOVA method,
principle component analysis (PCA) and partial least square discriminant analysis (PLS-DA), has
potential for early detection of fungal infected seed potatoes.

Based on the fundamental experiments a prototype of the on-line sorting system was developed.
The specially designed transmittance spectral sensing system was embedded in the sorting system.
The performance of the sorting system showed good results in that the coefficient of determination
(Rf) and standard error of calibration(SEC) with average moving smoothing preprocessing was
0.967 and 0.091, and the classification accuracy is 100%. For the blind test to evaluated the
performance of the developed sorting system, 50 disease-infected seed potatoes were used with the
same number of 30 sound potatoes. The classification accuracy was 100% for discriminating disease
seed potatoes from sound ones.

The results indicated that the developed on-line sorting system equipped with the PLS-DA model
for transmittance spectra has good potential for discriminating infected seed potatoes from sound
ones. The developed system could be transfer to the third party company and commercialized in

near future.
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Table 1. Comparison between bio—diagnosis and spectroscopic sorting machine system.
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C. michiganensis subsp. sepedonicus= 18 ~ 24 Co|A] & BAst1 &5 7} 26 ColAF H™ =
Hol AA| % 7] wfjEo] 24ToA wjtatdtt. S. scabiei= WA 20] 30CE HwE =& Hol
St A A AW EC] =7 Wi FEIFFE A4S AxEA SllA vl H

1l
o}, FFo|¥ #F2 R. solani, V. albo—atrum-& 7]-&o] B F Y FHo| o AbgoA]
H u

Table 2. Type of bacteria and fungi of seed potatoes.

Name Classification Disease Temperature Note

P. atrosepticum Bacteria Inner 28C 2EY

C. michiganensis Bacteria Inner/Outer 18 ~ 24TC EFy L4

S. scabiei Bacteria Outer 30C HolHy

R. solani Fungi Outer 20C LR Ao H
V. albo-atrum Fungi Outer 20C Ele=c s

3. AeFH ANAA AFE AT BLA A AT

7t AR A E AFS 9 72 HA-3s) AT

a7k gk E3 4G AR AR FR ol AR UF HF AUE FAL 5
of AAFoz AR 7 AR Yol otk mety B ATME AFHoz AEE
Azt g 2 BAe] ol gais ol APt Bk,

AR ARl Ll AgozE AN AP BAANE FIAAS FFF EHo g
sHERY W57t BAHAY AT F9A o9 T2 HeA edHe 2HEHe]

|

Fg wE A7t golok HBE ola X WHOE HFS AW the A9 WE P
Adsts A9e SHHon Sy,

S4 NBAE HE F99 FEAA Solzk ¥lol AlF 2 Bl Fol AAY H97
T AHE SHSE AAS e ol glenmz
3171 915 AAe AASE P dAss dekd 442 AASHSE AAs] Aol A
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Fig. 1. Seed potatoes before and after peeling.
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Fig. 2. Measurements of spectra [reflectance spectra before (a) and after (b) peeling, transmittance

spectra before (c¢) and (d) after peeling.
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Fig. 3. Seed potatoes prepared in two types of cut and spectral measurements.
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Fig. 5. Comparison with acquired transmittance spectra of seed potatoes after and before half cut.
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Fig. 6. Washing seed potatoes.

Fig. 7. Sterilized and dried seed potatoes using the UV lamp.
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(© (d)

Fig. 8. Process of injection of seed potato in the bioclean room(a: cutting, b: making a hole, c, d:

both sides injecting pathogen).
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Fig. 9. Seed potatoes infected with pectobacterium atrosepticum, C. michiganenisis subsp.

sepedonicus, and streptomyces scabiei.
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(b)

(c) (d)
Fig. 10. Seed potatoes infected with fungi; (a) Rhizoctonia solani, (b) Verticillium albo-atrum, and

after 10 days (c) Rhizoctonia solani, (d) Verticillium albo-atrum.
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Fig. 11. Seed potato in plastic container and samples stored in a constant temperature and humidity

chamber.

Fig 12. Samples infected with pathogens. (A) P. atrosepticum-inoculated, (B) C. michiganensis

subsp. sepedonicus-inoculated, (C) S. scabiei-inoculated.
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Fig. 13. Apparatus of (a) transmittance and (b) reflectance spectrometers used for the experiments.
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Fig. 14. Schematics of the prototype for the seed potato quality measurement system.
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and after (right side) 20 days storage.
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Fig. 17. Transmittance (a, b) and reflectance (c, d) spectra of seed potatoes infected by P.

atrosepticum after 1 day (left side) and (right side) 10 days storage.
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Fig. 18. Photos and representative spectra of seed potatoes infected by P. atrosepticum after lday

and 10 days storage.
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Fig. 19. Transmittance (a, b) and reflectance (c, d) spectra of seed potatoes infected by C.

michiganensis subsp. sepedonicus after 1 day (left side) and (right side) 10 days storage.
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Fig. 20. Photos and representative spectra of seed potatoes infected by C. michiganensis subsp.

sepedonicus after 1 day and 10 days storage.
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Fig. 21. Seed potatoes infected by S. scabiei.
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Fig. 22. Transmittance and reflectance spectra of seed potatoes infected by S. scabiei.
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Fig. 23. Transmittance (a, b) and reflectance (c, d) spectra of seed potatoes infected by Verticillium

albo-atrum. after 1 day (left side) and (right side) 10 days storage.
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Fig. 25. Transmittance (a, b) and reflectance (c, d) spectra of seed potatoes infected by Rhizoctonia

solani. after 1 day (left side) and (right side) 10 days storage.
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Fig. 26. Photos and representative spectra of seed potatoes infected by Rhizoctonia solani after 1

day and 10 days storage.
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Table 3. Results of calibration, validation and prediction of PLS discriminant analysis for sound and

disease-infected seed potatoes with the transmittance spectra.

) Transmittance
seed potato during storage - - — —
Calibration Validation Prediction
period R? SEC R? SEP R? SEC
1 day 0.970 0.084 0.893 0.163 0.881 0.167
3 day 0.941 0.117 0.523 0.344 0.662 0.281
P.

5 day 0.987 0.055 0.775 0.236 0.865 0.165

atrosepticum
7 day 0.996 0.027 0.910 0.149 0.929 0.128
10 day 0.992 0.043 0.905 0.154 0.969 0.083
1 day 0.987 0.055 0.819 0.211 0.848 0.188

C.

3 day 0.962 0.094 0.796 0.224 0.811 0.201

michiganensis
5 day 0.864 0.180 0.784 0.234 0.874 0.169

subsp.

7 day 0.988 0.051 0.965 0.093 0.944 0.107

sepedonicus
10 day 0.999 0.010 0.937 0.124 0.962 0.089
1 day 0.944 0.118 0.788 0.236 0.819 0.212
3 day 0.804 0.221 0.721 0.271 0.833 0.202
R. solani 5 day 0.925 0.136 0.814 0.220 0.884 0.162
7 day 0.970 0.085 0.880 0.177 0.940 0.119
10 day 0.996 0.030 0.904 0.159 0.962 0.093
1 day 0.751 0.242 0.689 0.277 0.763 0.234
3 day 0.988 0.051 0.657 0.291 0.850 0.186
V. albo-atrum 5 day 0.938 0.120 0.794 0.226 0.876 0.170
7 day 0.988 0.051 0.969 0.086 0.875 0.165
10 day 0.997 0.022 0.900 0.157 0.937 0.120
S. scabiei 0.992 0.038 0.681 0.268 0.827 0.187
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Table 4. Results of calibration, validation and prediction of PLS discriminant analysis for sound and

disease-infected seed potatoes with the reflectance spectra.

Reflectance
seed potato during storage - - . T
Calibration Validation Prediction
period 9 2 2
R; SEC R, SEP R; SEC
1 day 0.990 0.048 0.867 0.181 0.880 0.166
3 day 0.977 0.072 0.855 0.189 0.882 0.163
P.

5 day 0.996 0.030 0.923 0.138 0.966 0.088

atrosepticum
7 day 0.994 0.034 0.903 0.153 0.922 0.135
10 day 0.994 0.035 0.867 0.179 0.950 0.108
1 day 0.954 0.103 0.867 0.181 0.840 0.194

C.

3 day 0.980 0.068 0.796 0.224 0.843 0.191

michiganensis
5 day 0.981 0.065 0.887 0.167 0.850 0.187

subsp.

7 day 0.948 0.110 0.821 0.210 0.903 0.147

sepedonicus
10 day 0.993 0.039 0.917 0.143 0.928 0.125
1 day 0.962 0.094 0.895 0.160 0.796 0.218
3 day 0.990 0.047 0.898 0.159 0.933 0.120
R. solani 5 day 0.995 0.031 0.851 0.192 0.867 0.170
7 day 0.995 0.031 0.917 0.142 0.918 0.126
10 day 0.999 0.006 0.810 0.217 0.919 0.136
1 day 0.952 0.108 0.895 0.166 0.841 0.189
3 day 0.983 0.064 0.846 0.201 0.917 0.142
V. albo-atrum 5 day 0.999 0.015 0.856 0.195 0.933 0.128
7 day 0.999 0.015 0.905 0.158 0.955 0.104
10 day 0.985 0.060 0.862 0.190 0.918 0.142
S. scabiei 0.875 0.159 0.832 0.195 0.512 0.304
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Fig. 27(a). PLS-DA prediction results of sound and infected seed potatoes stored for 10 days
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Fig. 29. Washing process and Sterilizing seed potatoes using UV lamps.
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g Aol ALEH e #F= 4 FFHE MTH T#F < Pectobacterium atrosepticum,
Clavibacter michiganensis subsp. sepedonicus®t Z3-o|¥ 39 Rhizoctonia solani, Fusarium
sp.= Korean Agriculture Culture Collection (KACC)o| 4] Eofutol A} &8l tH(Z 5). 229
Z91 P, atrosepticum& NB (Nurient Broth)s} ]l A] 28 C, &Fx 7oA etujek st o, 7=}
EyHew FFQ C michiganensis subsp. sepedonicuse )T 7} 26°C o]Ato] ™ AJS-
A5t @arol YERG 7] wj&Ed TSB (Tryptic Soy Broth)ujx] 24 Cel|A] Aetu)oF stgct. w3k =
oY #F ¢l Rizoctonia solani, Fusarium sp. T3+ PDB (potato Dextrose Broth)#] 2] & A&

shol 267Col A 1497 Aulo} sto] TAAANG 5o} §F Ak

Table 5. Plant pathogens used in this study and their host plant.

Pathogen Name of the diseases KACC accession No.
Pectobacterium atrosepticum Soft rot KACC 10532
Clavibacter michiganensis subsp. sepedonicus Ring rot KACC 20123
Rhizoctonia solani Rhizoctonia canker KACC 40137
Fusarium sp. Fusarium dry rot KACC 40050

Ao HadHs=EE sty fs 4= AATANTLAA £F T2 AAT A7

ol

Aboll Pectobacterium atrosepticum, Clavibacter michiganensis subsp. sepedonicusZ z+z; 5.0 X
10° cell/mls}, 6.2 X 10° cells/ml T2 ujoFated 1u), 2uf, 4u), 82 3 A3t HZ35 ).
P. atrosepticum& ZAFe] Z=<}to 50 ul HESY:  Clavibacter michiganensis subsp.
sepedonicus& A} B3 o] F ¢HZo) pipetd] tipe® FHE Eo] 100 ulE FZstYct. o]
ul 3lMLe FHFE ol &5t wFgMHez HASIHY. =3 FFoly FF<0 Rhizoctonia
solani, Fusarium sp.= kA= 1 20 3| aol 4u)] 3ol 8u] A z4zh 2.5 X 10°
cells/ml, 1.2 X 10° cells/ml, 6.2 X 107 cells/ml &} 3 3.1 X 107 cells/ml9] 4 7|72 }F
of AFSAUT BHol FFe AFL EARHAL BEo] 1247 FAs TAYTF S,

O 308 T wHoR HEW ARG UHQEd ot $Edr JF B4R @

rlr
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o AE 2 HAH 7Y XA AL g3k Aotk 23 30(a)E slice Fejold 28 30(b)=
A 7kAFe] half cutdt AR ola mhx]=e] 2@ 30(c)E conical BFe] =& o] &3l HEsIE
3 7 WS vEld AQd, e gty m7|E AT £ Qo] HA FEE YEdE 4

Ao A 5= o]&d HHY Hd NHAAE AT F AN

Fig. 30. Different inoculation methods of bacterial pathogen P. atrosepticum on seed potatoes

;(A) slice cut, (B) half—cut and (c) conical shape tool.

12

F 67 29 317 32¢] vheRd ukel Zo] W AJAT Y P. atrosepticum Wl AHL

2 HAFTsHES w, 14 vl 3.2 mm o ®yko] BAFS AFAT & o, 7d Hip Fof
= JFS A AAZ Bato] o] e AL AT F AT E£3 FHTE 8l I A
Sl dS HETSHE W 39 A & SdeE HIFS FFE F Adden, 99 FH F4
= 13.1 mme Huta7|E AL FAT 4+ QAvh. =38+ C. michiganensis subsp. sepedonicus
= FHFTE 4] FMEAS w 7Y AT F HEFS Yoz AFET F AUT. T3 A E
9 AT R. solanis} Fusarium sp.© 48] A Hox 24z 747} 3€ FAHY §F 5SS §A2
2 #FE F UdAqd

Table 6. Ring rot lesion size in diameter caused by bacterial pathogens p. atrosepticum on

seed potato.

Days after inoculation

Concentration
Control 1 3 5 7 9
Original 0 3.2° 5.4 10.7  whole whole
o 2 fold dilution 0 1.5 4.2 7.1 11.2 19.7
5 X 10° cells/ml o
4 fold dilution 0 0 3.1 4.5 7.6 14.5
8 fold dilution 0 0 2.0 4.2 6.9 13.1

# Unit : mm
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Control 1dpi* 3dpi Sdpi Tdpi

(A)

(B)

Orig.
2D
1D

SD

(€)

Orig.
2D
4D

8D

Fig. 31. Comparison of symptom development of bacterial pathogen P. atrosepticum(C)
inoculated with different methods on potatoes in two days of interval; (A) slice, (B)
half—cut, and (C) conical shape cut.

*dpi; days per inoculation of bacterial pathogen

#*(Orig.) Original, (2D) 2 folds dilution, (4D) 4 folds dilution and (8D) 8 folds dilution.
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| albo-atrum

Fusaruim spp.

Fig. 32. Representative infected potatoes by fungal pathogens, V. albo-atrum and Fusarium spp.

inoculated on potatoes.
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Fig. 33. Infected seed potatoes by (a) bacterial and (b) fungi pathogen.
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Fig. 34. Drawing of the frame made of aluminum profiles.
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Fig. 35. Schematic of the hyperspectral imaging system.

Fig. 36. Hyperspectral imaging system.
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Table 7. Specification of the hyperspectral imaging system.

Part

Item

Specification

Vision System

EMCCD camera

Active pixels : 1004 x 1002
Pixel Size : 8 x 8um

Image area : 8 x 8mm

Max readout rate : 13.5 MHz
Frame rate : 12.4 fps

Pixel readout rate : 13.5 MHz
Digitization : true 14bit

Peak quantum efficiency : 65%
Cooling : -20C @ Air-cooled

Spectral range = 400-1000nm dispersed over 6mm

Spectral dispersion = 100nm/mm

Spectrograph Aperture = F/2*1
Includes the choice of one slit assembly (12,25,40
or 60micron x 18mm)

L Lenses are designed for 400 - 1000 #m precision

ens

imaging and are useful while prototyping.
UV-A(SPECTROLINE, XX-15A)

Lighting
100 W Halogen Lamp x 3 (2Set)

Slit 25um slit

Vision Controller

Quad core(2.4GHz) CPU, 2 Gbyte main memory

Conveying Unit

Step : 0.9deg
Motor
Power : 100 oz-in
operation : RS-232 interface, 9600, 19200, 38400
baud rate settable
Controller

Weight : 2.6Ibs (1.2kg)
Electrical requirements : 24VDC 2.5A

Slide Assembly

Repeatability (short term) : 0.0001" (0.0025mm)
Straight line accuracy : 0.001"/10"
(0.025mm/25cm)

Screw lead accuracy : 0.003"/10" (0.76mm/25cm)
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Table 8. Specification of the conveying unit

Part Item Specification
Step : 0.9°
Motor
Torque required : 18kg - mm
Operation : RS-232 interface, 9600, 19200, 38400 baud
Conveying Controller rate settable
Unit Weight : 1.2kg
Electrical requirements : 24VDC 2.5A
i Repeatability (short term) : 0.0025mm
Slide
Straight line accuracy : 0.025mm/25cm
Assembly

Screw lead accuracy : 0.76mm/25cm
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AZAE HHol ofd Troz Hof

FA e AV Aesint. 2RAA = FF 2] 7hed 100 Wi =AW Z(LS-F100HS-IR,
Seokwang Optical Co., LTD, Hwaseong, Korea)dll #F4-fE ©]&3sl 7tol=& AHAAsta =4
o =z Mol SOl R AFadh. ZTRRAE 1Y 373 Lo| Jjol= IhE 1 HER 7
Hegom Flol=e) Fo= Alol7h o 30°AE FLolAER AAse] Fwa el o

2 AHoz =AY + AES AAa

Fig. 37. Photo of halogen lamp controller and guide.
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FFIdAe HFE3r] Y3 FYozE 365 nm  FAFRFZ] AgHL wE
UV—A(SPECTROLINE, XX—15A) =& AR5ttt UV-A == N7ate)] ZAE 49 345
FEY =2 A FF ¥hgo] f=

UV-A fAze 07 387 o] A7 W 5 ZAH Hed dvbyoz
ofstm 2 HE FFAVIE FEATI7] A FFo Fdo]l AR HAEF stal FUS AR

o HFe g 7HgA AAESE FAsHAT

Fig. 38. An UV-A lighting unit.
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1100 nm ¥4 €2 v A}E AHEHE 1 nmo AER FESHT.
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(photon) ¢} 4& 283 At) Fagel ollel PMTE 591 %8 & 429 49 +2 %

AR A FRF=gelt w27t HEE A AR ARE AFHT T IRFEH

Ao AlLE dFA~HE 2 v E (FluoreMate FS—2, Scinco Co., Seoul, Korea)= 28 403 &
o 23 ZJTE ZoF= PMT(photo multiplier tube)9} 200-900 nmeH-L ZA}s=

xenon—arc W3 excitation monochromator, emission monochromator2 A% o] QlIt}.

Sourco

Single-grating
Excitation
Spectrometer Controller

T-hox Sample Single-grating

Compartment Emission
Module Spactramatar

Fig. 40. Fluorescence spectrometer system.
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mm# o] FA]7| M A line—scandte WAL AT} Line—scane. & thdA| oA FHEE g
535} spectrographE FHAI7|™ 13149 gllo] B3 =o] 23] EFHEZ WA =

t}h olgfdl WAoo g Efo gl AstH MA WA tigk EFAHR, = 3D Hyper cube

& A "do 2E8F S 58] sk a9 413 o] 4=, step motor

J_:|:__
o] A, 85 94 59 g5AHE AT 4 Jd= =23 (Visual Basic ver. 6.0, Microsoft,

Z8G GAIE HH L a8 429 o] A= FAE 72l GAbo] spectrographol] o5t
zh g 3oz wgdEn. #@dde 3" HRe= 23kde] Fo] EMCCD (Electron
Multiplying Charge Coupled Device) Z}u|gtol] 98] ZFZ 5o #7184 Az2 HIFH oz}, =
Ao &8 HA 2 400 nm o]ste] ALHPGL ATHES STt HEH 223
He AFEHA 94 3 2HEY JHE AFEHES o

g2 AL o] &3 FEFG HiALE FAHL exposure times 0.07%2 91, A EE 0.5
mm=z YTt UV-AZ o] &3t 28 &P AFAL exposure timeS 0.5 2 3}

T 98 AZE gaind 5002 A5 TFE FFE 55 ARSIt 28R whAR e

white boardE A}-&3}9a1, dark references WL A3 xetst oAy Ho] = §lo] &Y

& 3he ALgetsith wAbg Ao ohdel 4 13} B

R : calculated relative reflectance values
Ri : raw intensity values of each pixel
D : intensity values of dark current image

W : intensity values of white reference image
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S TEN

Fig. 41. Program for hyperspectral image acquisition.

Electron Multiplying CCD
Imaging Spectrograph
C-mount Object Lens
UV-A Excitation Source
Motorized Positioning Table

Fig. 42. Schematic of the hyperspectral imaging system.
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Fig. 44. Measurement unit and precision cell of sound (upper) and disease- infected (lower) seed

potato samples.
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Fig. 46. Contour plot and 3D fluorescence EmEx of disease-infected seed potatoes.
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potatoes upon excitation by halogen lamp (left) and UV-A light (right).
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Fig. 49. Result of image processing for disease-infected seed potato using hyperspectral reflectance

images.
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Fig. 50. Result of image processing for disease-infected seed potato using hyperspectral fluorescence

images.
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Fig. 51. Spectral weighing coefficients and first, second, third, and fourth Principal component

images from hyperspectral reflectance images.
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Fig. 54. Image processing for detecting disease-infected seed potatoes using hyperspectral
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Table 9. Calibration and prediction results of sound and P. atrosepticum disease-infected seed

potatoes using PLS-DA models with several preprocessing.

Calibration Prediction
Processing K K *DR (%) K DR (%)
*R2 SEC *Rr? SEP *R? SEP
con Pa con Pa
Raw data 0.962 0.095 0.881 0.170 100 100 0918 0.142 100 100
Mean 0.957 0.101 0.876 0.174 100 100 0.919 0.141 100 100

*Nor Maximum 0.979 0.070 0.893 0.162 100 100 0.894 0.160 97.5 100
Range 0957 0.101 0.874 0.175 100 100 0.900 0.157 100 100

Ist Derivative 0.980 0.068 0.884 0.168 100 100 0.902 0.155 100 100
2nd Derivative 0972 0.081 0.890 0.164 100 100 0.882 0.170 100 96.7
R : determination of coefficient of calibration

R : determination of coefficient of validation

R: : determination of coefficient of prediction

Nor : normalization

DR : discrimination rate (%)

Table 10. Calibration and prediction results of sound and C. michiganensis subsp. sepedunicus

disease-infected seed potatoes using PLS-DA models with several preprocessing.

Calibration Prediction
Processing K K DR (%) K DR (%)
R SEC &R} SEP R SEP
con Cs con Cs
Raw data 0.954 0.106 0.904 0.155 100 100 0.900 0.158 100 100
Mean 0.967 0.089 0.912 0.148 100 100 0.922 0.138 100 100
Nor Maximum 0.969 0.086 0.912 0.149 100 100 0.917 0.143 100 100
Range 0.962 0.097 0.904 0.155 100 100 0.912 0.148 100 100
Ist Derivative 0.959 0.100 0.902 0.157 100 100 0.908 0.151 100 100
2nd Derivative 0915 0.145 0.875 0.177 100 100 0.865 0.183 97.5 100

Table 11. Calibration and prediction results of sound and Fusarium sp. disease-infected seed

potatoes using PLS-DA models with several preprocessing.

Calibration Prediction
Processing K K DR (%) K DR (%)
R SEC R} SEP R? SEP
con Fs con Fs
Raw data 0973 0.081 0911 0.148 100 100 0.831 0.203 92.5 100
Mean 0974 0.079 0.910 0.149 100 100 0.832 0.203 92.5 100
Nor Maximum 0.975 0.077 0.909 0.149 100 100 0.815 0.213 92,5 100
Range 0.957 0.102 0.890 0.165 100 100 0.822 0.209 90.0 100
Ist Derivative 0.967 0.089 0.902 0.155 100 100 0.806 0.218 90.7 98.1
2nd Derivative 0.964 0.093 0.889 0.166 100 100 0.867 0.173 100 100
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Table 12. Calibration and prediction results of sound and V. albo-atrum disease-infected seed

potatoes using PLS-DA models with several preprocessing.

Calibration Prediction
Processing , , DR (%) 5 DR (%)
R} SEC R} SEP con Va Rp SEP con Va
Raw data 0965 0.092 0.896 0.162 100 100 0.882 0.172 100 97.6
Mean 0961 0.098 0.889 0.167 100 100 0.885 0.169 100 97.6
Nor Maximum 0964 0.094 0.889 0.167 100 100 0.888 0.167 100 97.6
Range 0964 0.094 0.887 0.169 100 100 0.886 0.168 100 97.6
Ist Derivative 0956 0.104 0.889 0.167 100 100 0.845 0.196 97.5 97.6
2nd Derivative 0945 0.117 0.869 0.182 100 100 0.865 0.183 100 100
25 25
204| R} : 0.919 P. atrosepticumn 204| R} : 0.922 C-bmfchflé’aﬂzﬂsff
15| SEP: 0.141 15| SEP: 0.138 Subsb. sepedumiets
o) o)
g 1'0<_ false positive { Iﬁ[ Eﬁ{ q E{ g 1.0 false positive %ﬁfﬁﬁﬂﬁ{%ﬁﬂﬁ{ﬂ}ﬂf
e} 0.5 } }H I ko] 0.54 E -
3 A g i ok oo
% 0.0 }Iﬁﬁ j ﬁﬂﬂ }Hﬁ EH{H % o.o-FﬁI Eﬁ Eﬂi ﬁﬁ Eﬂﬁfﬁﬁ
i -0.54 i -0.54
1.04 control -1.04 control
-1.5 : T : T : T : -1.5 T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Sample numbers Sample numbers
(a) (b)
25 25
20 R}? : 0.867 Fusarfum . 204 RI? : 0.888 false negative
15 SEP: 0.173 15]| SEP: 0.167
o ﬂ o h} ; 1
3 10] 2 104 ol S }1
s hHI iy H@ éfﬂ s iy R
e} -9 ko] .0
2 {% B w2t V. albo-atrum
% OIO_WIBE{ Hﬁﬂhﬁﬁﬁﬁ false negative % 00—%{&%@%}&&;@%@%
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Fig. 56. Predicted results of the best models of PLS-DA with (a) P. atrosepticum-infected seed

potatoes,

(©)

(b) C. michiganensis subsp.

Sample numbers

sepedunicus-infected seed potatoes,

(d)

spp.-infected seed potatoes, and (d) V. albo-atrum-infected seed potatoes.
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Fig. 59. The fundamental system to acquire transmittance spectra from sound and pathogen-infected

seed potatoes.
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Fig. 60. Graph of same intensity of several directed transmittance spectra from seed potato.
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Fig. 61. Drawing of designed sorting machine for seed potatoes.
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Fig. 62(a). Insert part of the developed sorting machine of seed potatoes.
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Fig. 62(b). Seed potato transfer container and solenoid valve of the developed sorting machine of

seed potatoes.
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Fig. 62(c). The whole developed sorting machine of seed potatoes.
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(c) (d)
Fig. 63. Photo of cup holder used for sorting machine

(a) (b)
Fig. 64. Photo of Installing (a) socket and (b) optic fiber to make the spectroscopy part.
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PLS-DA.
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respectively.
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Fig. 69. Transmittance mean spectra acquired from sound and P. atrosepticum seed potatoes.
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Table 14. Calibration results of the sound and P. atrosepticum seed potato using PLS-DA models

with several preprocessing.

PC Calibration Validation Accuracy (%)
Preprocessing

no-— p2 SEC  R? SEV  Sound Infection
Raw 10 0989  0.053 0938  0.125 100 100

Moving average smoothing 10 0.967  0.091 0.943  0.121 100 100

Mean 10 0.958 0.103 0.913 0.149 100 100
Normalization

Range 11 0.959 0.101 0.920 0.143 100 100
MSC 9 0.955 0.107 0.910 0.107 100 100

R? : Coefficient of determination for calibration
R? : Coefficient of determination for validation

SEC : Standard error of calibration

SEV : Standard error of validation

15
R? : 0.967 :
SEC : 0.053 < GROUP 1I >
1.0 n: 128 infected—potatoes {
(70} .
n: 64
o) s
© e
>
s 0.5
9
Q
©
o) < GROUP I
o 0.01 >
S o u n d
'05 T T T T T T T
-0.5 0.0 0.5 1.0 1.5
Real values

Fig. 70. PLS-DA calibration algorithm for sound and infected seed potato to use online sorting

machine.
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Table 15. Predicted results of the sound and P. atrosepticum seed potato using PLS-DA models

with several preprocessing.

Prediction Accuracy (%)
Preprocessing
Rf SEP Sound Infection
Raw 0.948 0.111 100 100
Moving average smoothing 0.950 0.109 100 100
Mean 0.907 0.151 100 100
Normalization
Range 0.915 0.148 100 100
MSC 0.901 0.158 100 100

R} : Coefficient of determination of prediction

SEP : Standard error of prediction

15
104 2% Hiﬁ ﬁﬁ E }

t™* 4 '
0.5

Predicted values

o
o
—o—

—e
He
0]

—o—
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T < GROUP I >
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T T y T Y T T T . I 2
0 5 10 15 20 25 30 35
Sample number

Fig. 71. The predicted results at the best models of PLS-DA with sound and infected seed potatoes.
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Fig. 72. Spectrum of beta coefficient of optimal developed PLS-DA
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(e) ®
Fig. 73. Real process of sorting machine using sound and infected seed potatoes with the best

PLS-DA model.
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