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SUMMARY

I. Theme

Development of Compost Quality Autoanalyzer using nondestructive

method

IO . Purpose and its Importance

The traditional chemical analysis method is still the most widely used for
determining the physico-chemical properties of the compost. It should be
remembered that the NIRS approach will never replace the traditional
chemical analysis. However, NIRS technique may be an effective method for
rapid and nondestructive measurements of a large number of samples. Many
researchers were concerned to develop a rapid analytical method and
instrument for measuring method of physico—chemical properties in compost.
The NIR spectroscopy could be used as a commercial compost analysis
method in estimating physico-chemical properties in compost samples
simultaneously.

NIR spectroscopy was used to develop nondestructive quality evaluation
system for measuring the physico-chemical properties in compost.
Applicability of NIR spectroscopy may allow for the analysis of several
compost components simultaneously within a few times. So we were develop
the nondestructive analyzing instrument(Compost Quality Autoanalyzer) using
NIR spectroscopy, newly developed the Compost Quality Autoanalyzer showed

good accuracy and rapid analysis to estimate the compost quality.

II. Result and discussion

_13_



The 103 commercial compost samples (cattle, pig, chicken and industrial
waste composts) produced in Korea were air dried and then ground to pass
through a 2mm sieve for analyzing the physico-chemical properties and
measuring spectroscopic of compost samples.

The range of physico-chemical properties in commercial composts was
following ;

T-N : 041~2.88%, OM : 24.29~89.21%, pH : 43~9.7, KO : 0.06~2.42%,
P05 @ 0.01~2.01%, CaO : 0.03~20.03%, MgO : 0.02~3.04%, NaCl : 0.00~
3.78%, EC : 1.04~13.89dS/m and humic acid content : 0.67~9.02%.

This study were carried out to develop the rapid estimation method of the
quality of various compost made from in cattle, pig, chicken excrement and
sludge using near infrared reflectance spectroscopy (NIRS).

Near infrared reflectance spectra of composts was obtained by InfraAlyzer
500 scanning spectrophotometer at 2nm intervals from 1100 to 2500nm.
Multiple linear regression(MLR) or partial least square regression (PLSR) was
used to develop a calibration tool for the rapid and nondestructive
determination of physico-chemical properties and humic acid contents in
composts.

PLSR showed better accuracy comparing to MLR for the rapid and
nondestructive quality determination of the compost samples.

Compost Quality Autoanalyzer were configured with sample inlet wheel,
NIR optic part, system control board and STA software.

Newly developed the nondestructive analyzing instrument (Compost Quality
Autoanalyzer) showed the good accuracy and it can be used as a routine
compost analyzing method of the physico—chemical properties in the compost
samples nondestructively.

Generally, we should select a simple calibration and prediction method for
determining physico—chemical properties in compost with proper accuracy. It

should be remembered that the NIRS approach will never replace the

_14_



traditional methods. However, NIRS technique may be an effective method for
rapid and nondestructive measurements of a large number of compost

samples.
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Fig. 2. Typical vibrations of a non-linear tri-atomic molecule.
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2 THSS(International Humic Substance Society)oll Al ILA] 3+ H-21 2 o] A gk
e Fole] BWela FAARS & O FAE Ao H2 4k humic acid)

To =49l

o
ﬂll

3. H %y A

2m AE SHAANA JEE 243 HuARE A4 2L G NE AE
sto] 249 ~HER FAQ3T A8 A= 8P @ HAE AlEH
(closed cup)el =3 F  1100~2500mm7FA  2m7tA o= SALmALEEA
(reflectance mode) 2.2 FSA3= A8 449 384 7](InfraAlyzer 500)<t
1970 8] gnts Abgsts FHYE WA o zA Aol AT 5 =S AR
H dF8 EHu F4 v 9y ZA7](Compost Quality Autoanalyzer)E ZH2b Af
f3lo] =459 dojz 249 9 ~FEHH (raw spectrum)S SESAME ¥
Unscrambler 6.01 program< ©]£3}o] absorbance, smoothing, normalization,
derivative & U3 Heolg HAAE Fsidvt. Blgy] HEFEA AL 249
2 ER] folE e} o]35}st FA o] oa] dojxl dolE Zhell F3]+]EA (Multiple
linear regression) % & ARE253] 7] E A (Partial Least Squares Regression)
= ool AEFHS  AAdsislen, AP AdEsE FZAAFR),
RMSEC(Root Mean Standard Error of Calibration) % RMSEP(Root Mean

Standard Error of Prediction)® 7148} th.
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A3dAd7rd HE =

1. Zold HuAR AxLSE

B oATe Agd HulAre Az 92 acd nW FUuE sFow
3%, B, AR, PR PHstel X 31 3 % 320 verigch H
AEQRE HEE, S50, B A%, 9Rw 9%, sy, g edelE
5 oogd gue A7tE A9 & 5 A

Table 3-1. The classification of compost by their sources

Excrement Main material

Cow manure, Saw dust, Rice bark, Peat

Cow Cow manure, Saw dust, Zeolite

Cow manure, Saw dust, Zeolite, Peat

Pig

manure,

Saw dust,

Soybean bark, microbes

Pig

manure,

Saw dust,

Zeolite

Pig

manure,

Saw dust,

Wood bark

Pi
& Pig

manure,

Saw dust,

Bean bark, Microbial

Pig

manure,

Saw dust,

Animal waste

Pig

manure,

Saw dust,

soybean bark

Chicken

manure,

Saw dust

Chicken

manure,

Saw dust,

Oilseed bark, Zeolite

Chicken

Chicken

manure,

Saw dust,

Peat moss, Animal waste

Chicken

manure,

Saw dust,

Microbial

Chicken

manure,

Saw dust,

Zeolite

Animal waste, Blood, Saw dust

Animal waste Saw dust, Peat

Others

Plant compost, Sea food waste, Saw dust, microbes

Food waste, Food sludge, Saw dust, Plant compost

Food waste, Saw dust, Peat
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Table 3-2. The classification of compost by main source

Main source of excrement
Total
Chicken Pig Cow Others
No. of
38 45 1 19 103
Compost

2. HHIAIR S o3 £X

B oA AlgE HuAz9 olgety R¥

rr

e 2o ddae 041~
2.88%, fF71=<& oF 2429~89.21%, pHT 4.379.7, K:Ov 0.06~2.42%, P05+
0.01~2.01%, CaO+= 0.03~20.03%, MgO+= 0.02~3.04%, ¥+-& 0.00~3.78%, EC
+ 1.04~13.89dS/m, humic acid3 & 0.67~9.02%744] ZALE lth o] &} zEo]
Al E o] o] ehd 2 Al el wEl Al EEshE Aom AN FHEE

A RS AdMe AREN e G FEFES LA olE AHF Aol Holok

3. HI93 Hy Fd SAHS AT v AFY FAA
ATE 249 EA7](InfraAlyzer 5000 2 A& vy Hu] F4 25 =

A 7](Compost Quality Autoanalyzer)E& AF&3te] Hu] & F-24Hhumic acid),

=

%, 718, pH, Fol&(K, Mg, Ca) 4 5< Hloty 24 & § 435
gt wolE e T sjA 7| o R PLSRS 7RO R Fastglon 4
PS8 e chemometricsE A &35t A wigy] HFAe =&

AEstg o 1 Az obesh 2.

bt

fto

HElAIR 1037 & 833 o=m HIEFAS AAsta 20489 MAANRE diisto]

vk 54 RS 2AR

= .

lo iy

(Compost Quality Autoanalyzer)® 4% = 4#AFR)7F 07612 w1 4 =)



Table 3-3. The result of PLSR analysis between NIR spectra data and

humic acid content of compost

No. of
Instrument Data pre-treatment o0 R SEP(%)
Samples
Compost Quality absorbance, smoothing 83(20) 0.751 1.156
Autoanalyzer
InfraAlyer 500 |smoothing, 1nd Derivative| 83(20) 0.893 0.905

Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer

Fig. 3-1. NIR predicted versus measured humic acid content in compost
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2) 7718 (0M) &% v £ 234

Table 3-4. The result of PLSR analysis between NIR spectra data and

OM content of compost

No of

Instrument Data pretreatment R SEP(%)
samples

Compost Quality absorbance, smoothing, | 83(20) 0.855 8.498
Autoanalyzer

smoothing, normalization 83(20) 0.905 6.937

InfraAlyzer 500 Ind Derivative

s | ’
e _ | oo I’

Messured e
A.\. "
Mezured el
g

]

Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer
Fig. 3-2. NIR predicted versus measured OM content in compost
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3) Ad& ¥ HAA RN 2
HAl$o ddA S vy £4% A= F 3-50 el dFE

A7)0l A vy HEFA oA FAAAF(R)E 0.848, S 2 xkE 0.2940] %
on ATE AV A% FAWATMRE 0936, FHAE 01722 77} )
WA Qe Aarael 24

o}
M3 EAo]l B SRR 24 hsd Aow vyewgd Hu F Adc ¢
B

Table 3-5. The result of PLSR analysis between NIR spectra data and

T-N content of compost

No. of

Instrument Data pretreatment R SEP(%)
samples

Compost Quality | smoothing, ngrmghzatwn 83(20) 0.848 0.294
Autoanalyzer 2nd Derivative

smoothing, normalization 83(20) 0.936 0172

InfarAlyzer 500 Ind Derivative

E o : . ..-.J."' &
E _ : Iiv:__f' E — }
4 = L ¥
E F E ¥4
3 o i e
1 ST Py
Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer

Fig. 3-3. NIR predicted versus measured T-N content in compost
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4) pHe| ¥ 33 £A 23

E4Y] 5 pHE % 103319 pH HASFAE 3 % 3oz A2 S #AAsta
A AR 538 dYdste] HA A¥eE F 367 ok @8 LA 747
(Compost Quality Autoanalyzer)2] 7% FT/Z#ATR)7F 0.824F WL
A#s Jerglen, A3g 239 247 (InfraAlyzer 500)2 H| 37 =4 3%

A, FAAATR)E 0891, FHLLAHSEP)w 0453054 4d3s] = 3%

E YEieh 848 24719 A A8 ZHVIRT sAdAsE e ¢
ARk Z2A 0 2= 0575 HlwA £ ANRE YRR vy Z4o] 7M5is

& AT FHHl T pHO ASA 9 A9 o FA e AdaAE 1d

3-4el vEr A

Table 3-6. The result of PLSR analysis between NIR spectra data and
pH of compost

Instrument Data pretreatment No. of R SEP
samples
Compost absorbance, smoothing,
Quality Analyzer Normalization 8320 0.824 0.570
InfraAlyzer 500 | Smoothing, normalization | ga0g) | (aq; | 0453
Ind Derivative

! a4
'§ ; .".-"4 | y |
g _fﬂ" ﬁ )
o : Fd
[ T—————- .
Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer

Fig. 3-4. NIR predicted versus measured humic acid content in compost
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5) AZIAEE(EC)Y M 24 A%
HulAEle A7 AREECY mvE 24 ASE E 379 ek

A48 A7 A9 10992 Agstel FHF PN FARAFRE
0717, ZA2AHSEP)E 150101900 A7 $A71e 2% deae F4e7
e 098, FHLAE 09182 247 b 43d Aoz AgHAL AT
§ 24700 o9 AEst @48 BA/ud 9 Bgo BC g3l ka2
Fe BUSY) 9% AuRE ALE PAVE A ASTS O 5 AU o
H F ECel AZH 9 249 d3A 7k 4R@AE 29 350 tehuleh

Table 3-7. The result of PLSR analysis between NIR spectra data and
EC of compost

No. of
Instrument Data pretreatment R SEP(dS/m)
samples
Compost Quality .
absorbance, smoothing, 83(20) 0.731 1.470
Autoanalyzer
InfraAlyzer . o
00 smoothing, 1nd Derivative | 83(20) 0.928 0.918
0. S W
- o
3 . T ]
2 : 2
= B = ¢
A e
i f-
-.-__. 1 [}
Predicted(dS/m) Predicted(dS/m)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer

Fig. 3-5. NIR predicted versus measured EC in compost
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6) Z&(K:0) &% v &N A7
HHAE 1037 F 833 S AFHoRE 208S A LR ALESle vy &
A AdE F 3-8 dEdidth @8 4719 As delE dAe

f“1°

(absorbance, smoothing, Normalization)$ 103783 AF&3le] 243k 7 2] o A

TRHUATE 0807, A= 0342010 e A8 £4719 A TEuAF
0926, A= 02182 -3 By HFA o] AgEo & HAEFAE 7]
22 KO &l =1 vas ddsts Zo] 7teds & F A Hy] T
KO8 3ol 252 8 24 9] oS4 1t ZadAs 29 3-69 Hehd At

Table 3-8. The result of PLSR analysis between NIR spectra data and

K20 content of compost

No. of

Instrument Data pretreatment R SEP(%)
samples

Qualiilmi?lzyzer absorbance, smoothing, 83(20) 0.807 0.342

smoothing, normalization 83(20) 0.926 0218

InfraAlyzer 500 Ind Derivative

ca . i g L a ol ;
4 'R
7 o
e L
Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer

Fig. 3-6. NIR predicted versus measured K20 content in compost
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Table 3-9. The result of PLSR analysis between NIR spectra data and
MgO content of compost

Instrument Data pretreatment No. of R SEP(%)
Samples
Compost Quality |4 e, smoothing, | 83200 | 0813 | 0241
Autoanalyzer
InfraAlyzer smoothing, normalization
500 Ind Derivative 8320 0.854 0.280
| M . Mt

v v
] i
F -!H:l; L | *;13--.. Wi
Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer

Fig. 3-7. NIR predicted versus measured MgO content in compost
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8) 2w (Ca0) &9 v ALY A3}
HujA R T 2w(Ca0) d¥Fs vy 4% das 3E 3-100] HERR AT

e BH71E AR A9 109Fem FAE HEHCAA FERATRE

Table 3-10. The result of PLSR analysis between NIR spectra data and
CaO content of compost

No. of
Instrument Data pretreatment R SEP(%)
samples

Compost Quality .
absorbance, smoothing, 83(20) 0.819 3.197

Autoanalyzer
InfraAlyzer i izati
y smoothing, n(?rm;?hzatlon, 83(20) 0.858 2858
500 2nd Derivative

Predicted(%) Predicted(%)
(a) InfraAlyer 500 (b) Compost Quality Autoanalyzer
Fig. 3-8. NIR predicted versus measured CaO content in compost
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1) FHA g 239 2¥9EH
HHlA e A8 2471 3 @48 247 o 2H e ~FERS a9

3-9¢ e AT

iy
1|-|—:

Log (1/R)

Vi 3 T TN ==

Wavelength(nm)
(a) InfraAlyzer 500

na

Log (1/R)

LB

b SiaE ENIO A Gl Rkl 00 B R R R RIE ITTE E 0 TEE g The FTER Al e

Wavelength(nm)
(b) Compost Quality Autoanalyzer
Fig 3-9. Near infrared spectra of the compost
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Log(1/R)

B A 1L —_—

Wavelength(nm)
(a) raw spectra

D1Log(1/R)

Wavelength(nm)
(b) Derivative spectra
Fig. 3-10. The derivative NIR spectra of compost according to humic
acid content(-- : high content, -— : medium content, —— : low content)

3) HHl F Fol2(K) #d 2¥ER ¢ JAF=A 1F
HHl o] ol 2(K) ol o] U= AREe] 2HEHLS 9 3-11° Ml
sttt K gide] zpo] v Als=e] A adAEdS 7 109 #lawshait.

& ~"EH 9 2000nm, 2150nm, 2250nm % 2350nm G oA K o

e ~dEY Aols YEMEd o] 992 BT starch, cellulose, proteinll

SAS SFudEQY HY] FoA olE f7IEY AFE FHER EAT e
=

K7F 293 719 @57l 93 3 F+7F K &3 S4<&
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(b) Derivative spectra

Fig. 3-11. The derivative NIR spectra of compost according to K20

content(-- : high content, -- : medium content, —- : low content)
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A dheko] = AB9 wo Alme e AHNEAS 7 3-120] LERY
Atk wE 2HER] F o] E AHEY FoatolE U HES FE
2050nm, 2150nm % 2240nm<eld] o] 9d¥ L& EF protein, CONH; 28 3L amino

acid 779 N-H 5& C=07]0] #edd §43450]0.

Log(1/R)

Wavelength(nm)
(a) raw spectra

D1Log(1/R)

Wavelength(nm)
(b) Derivative spectra

Fig. 3-12. The derivative NIR spectra of compost according to T-N
content (-- : high content, —- : medium content, —- : low content)
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Table 3-11. The result of chemometrics between NIR spectra data and
pH of compost

Instruments | chemomerics | Data Pretreatment Factor R RMSEP
Number
Absorbance 7 0.81 0.64
Normalization 8 0.79 0.68
InfraAlyzer PLSR Smoothing 9 0.85 0.51
500 Smoothing +
Normalization+ 9 0.89 0.45
1st Derivative
c PLSR Absorbance 10 0.79 0.65
ompost Smoothing 10 082 | 057
Quality -
Autoanalyzer|  MLR Smoothing 10 080 | 0.0
Normalization
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2) Holet AAME 2 IJALAEY HEE 5 humci acid9 #3379 A
AGE F4 A=
EH] 9 humic acid 4 A% FAS Yo tpdst doly dAa =2z}
He A&ete Wolads HES A+ 3F 3-120] Yeidde. A&
71E5 Ab&3ke] PLSR 3|24 S gk A3, A EG o Aol wpe}

A
Fot Z40AT 23 Aol7h Yok st 2 Wk GegA v

oty
Ry
Mo
1%

Table 3-12. The result of chemometrics between NIR spectra data and
humic acid content of compost

Instrument | Chemomerics | Data Pretreatment Factor R RMSEP
Number
Smoothing 8 0.84 1.04
InfraAl Normalization 9 0.83 1.12
nfraAlyzer
500 PLSR Ist Deriv. 9 0.87 0.97
1Ind Deriv. +
Smoothing 10 0.89 0.90
Absorbance 10 0.74 1.19
Compost ..
Quality PLSR Normalization 10 0.71 1.26
Autoanalyzer Absorbance 10 0.75 115
Smoothing
vt dA 2 Wy F 129 Y smoothingS M sl A & A4E A
g A FARATFE 089, FHLAHRMSEP)E 0902 7Hg vrof e 4
rd = 71 A eyt =8 Awa o Aubdr. dZ4E BEAV|E AdAs
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Table 3-13. The result of MLR analysis between NIR spectra data and
humic acid content of compost

SEC SEP
Used wavelength(nm) R

(%) (%)
2304, 2314 0.66 1.70 1.78
2304, 2314, 2454 0.69 1.64 1.80
1932, 2014, 2302, 2314 0.75 1.51 1.83
1896, 1924, 2302, 2314, 1474 0.79 1.40 1.54
1896, 1926, 2048, 2302, 2312, 2470 0.81 1.33 1.56
1894, 1932, 2050, 2268, 2302, 2318, 2474 0.86 1.15 1.27
1888, 1936, 2060, 2268, 2302, 2318, 2360, 2470 0.87 1.13 1.55
1616, 1722, 1960, 2044, 2278, 2304, 2324, 2356, 2470 | 0.90 1.01 1.60

Humic acid A& <49 o 71 A#AAAE v =2 T2
HH]F9 humic acid & vy FH3= Aol 75ttt Humic acide

Hule] 4 A9 Fo8 AROBA R&vide] FARSE Fol F7}

3) delgt AAY 2 AR HEE FF ECH H93 F3 A=
FE A=
& EC vlvta] SAAFEA ] Weladds FAekr] fls) T dioly A

AP 2L Be WMol AEF At E 3-14e] Uehilth EC 248
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Table 3-14. The result of chemometrics between NIR spectra data and
EC of compost

Factor
Number

8
9
9

Instrument | Chemomerics | Data Pretreatment RMSEP

0.88
0.87
0.90

1.02
1.01
0.94

Smoothing

Normalization
InfraAlyzer

500

PLSR 1st Deriv.

Ind Deriv. +

Smoothing ?

0.92 0.91

Compost
Quality
Autoanalyzer

Normalization 10 0.69 1.63

PLSR

Smoothing 10 0.72 1.50

A

4) dlolet dA # IAAEAYY HEE TF A4

A

ERESIESE L
3 dole A =
3-1591 vehiieh, A9

ul

A mEx28 9 smoothing % normalization
Al7F 09302 o & fHegFo vl A9

= Ah&3tel PLSR

s =

s

3
smoothing @} normalization 2 22} v& A2+ A 2 ABJHAFT7F 0.85

ZAF7F 0.29% Blad A e

S|

1= [e] =
T = “151'

=
y T
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Table 3-15. The result of chemometrics between NIR spectra data and

T-N content of compost
Instrument |Chemometrics| Data Pretreatment Factor R RMSEP
Number
Absorbance 7 0.86 0.27
Normalization 7 0.86 0.23
1st Derivative 7 0.85 0.26
InfraAlyzer
500 PLSR Smoothing 8 089 | 019
Normalization +
Smoothing+ 9 0.93 0.17
1st Derivative
Absorbance 10 0.81 0.32
Compost Normalization 10 0.81 0.33
Quality PLSR Normalization +
Autoanalyzer Smoothing + 10 0.85 0.29
2nd Derivative

5) Holet AAz2 #

P4 AE

IAEAEY AEE T K09 v 34 HE:

o,

e

A=

rE

o] 29l BAL 98 T

3# 3-16°1 ER AT

Hul F9 KO & 54 dlolE A

gl =2k AEANE HE

s

Table 3-16. The result of chemometrics between NIR spectra data and

K20 content of compost

Instrument | Chemomerics |Data Pretreatment Factor R RMSEP
Number
Smoothing 8 0.83 0.35
Normalization 7 0.80 0.40
InfraAlyzer PLSR Ist Deriv. 7 0.84 0.31
500 -
1st Deriv. +
Smoothing + 9 0.92 0.21
Normalization
Compost Normalization 10 0.79 0.36
Quality PLSR -
Autoanalyzer Smoothing 10 0.80 0.34
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Table 3-17. The result of chemometrics between NIR spectra data and
OM content of compost

. Data Factor
Instrument | Chemometrics R RMSEP
Pretreatment Number
Absorbance 9 0.85 8.11
Smoothing 8 0.87 7.43
InfraAlyzer PLSR Normalization 9 0.86 7.93
500 1st Derivative +
Smoothing + 9 0.90 6.93
Normalization
Compost Absorbance 10 0.83 8.60
Quality PLSR
Smoothing 10 0.85 8.49
Autoanalyzer
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Fig. 3-13. The flowchart of data treatment on the Compost Quality
Autoanalyzer
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Fig 3-14. The Prototype for development of Compost Quality
Autoanalyzer
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7. Compost Quality Autoanalyzer? 7l

1) System $9<& 93 A2ZEH S (STA program)
Compost Quality Autoanalyzers 937|918 A =H STA T2 F
of A Hluty Aoz FAH3] gk A Ao} AL FF AAELEH
o

A5H 2P dolHE ol g3t Hule FLFF] £ dolHE

Windows& 7IHFo.2 A|zty]o] 7]7] g 2] AF-§ o] Ad )
Azt Ak vgy SAHA] EHuEA R BF dHolEgE xR st dH
calibration®] Fsle 23 #S A4S F 9oy IH AHoAAE JEES 9

%} I/O board+ direct memory access &2 oz A 25 it}

[o

B Z2 3 (STA program)S HETE =L 7|50 gloj= AL&x7 44
system® +9°] 7FEItEE A H AT
obgfjo] ¥ 3-162 HI#y HAH] F4 s SAEX(Compost Quality
Autoanalyzer)®] 71241 Aol T2 STA Z2a3e] dagFd dis)
flow—chart= o A] 3} 93 T},
(1) Software Installation
- STAE st=r)2z0] Agseg 439 CDEYE et sz £xE9)
©] & Install 3t Folof gt}
(2) Install Procedure
- STA program CDE CD-ROMod| <4
- Setup 3¢ Double Click
- 0] % 9] Install }BE F o2 o]Fo]A 1 Installe] $FH 1 Y 5

Rebooting 3}°] Window Registryol] STAS S5E3= Ao =3¢
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Fig. 3-16. The flowchart of the STA program for control
on the Compost Quality Autoanalyzer
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(3) OPERATING PROCEDURES
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@ FILE MENU
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r Edit Calaaiion Dats
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Fig 3-19 The view of calibration data edit menu
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Fig 3-21 The view of the Edit Calibration Data menu

_69_



flol el dste 94 #e FAHI FH <REGISTER> W ES CLICK 3
3, <EXIT> ¥ E<S CLICK 3% DIALOG 7} &89t}

® DELETE
<DELETE> Eo =25 CALIBRATION A  AMAlstza st
CALIBRATION o] & A% 2HAstes 7|52 33t} o] BES o] 839

CALIBRATION & #tAlat:= 74§ CALIBRATION & <4 2tal€t}.
A Fo]g A& CALIBRATION & NAME # CALIBRATION GROUP 3
AAE] lew, & W AAA G A HER £ sjof g

@ EXIT
<EXIT> WE<& CALIBRATION DIALOGE Z#3lE 7]%5S s
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Fig 3-22 The view of the Calibration Group Dialog menu
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Fig 3-23 The view of the Calibration Group Add menu
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@ GROUP EDIT
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Fig 3-24 The view of the Calibration Group Edit menu
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Fig 3-25 The view of the Calibration Group Edit menu
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- Spectra Not Empty
w37 A Aol dmE F HuZF ] AA HA XK AdEjo] A, H]
Ab A2 Qs 3719 PHOTO SENSES o] & & o] 710 Q& 7-$-o]t}
zRadeA Eor 53] 744 #37] A9y CLEARE Al&=ahA| vt wh
°f, CLEAR 7} ¢t5& A9& 9 3H3 o] Ady 2z ~9AE 224
B oyt o= E35tal CLEAR 7} ¥# &Evd 54 n=g &
Z3le] MACHINE INIT MODECIA AuH|E Z2#Fsl 27] npgkc)
- Serial Receive Data Incorrect : All System Stop
TR7)25E Al 574 DATA 7F A8sA ¢ A 9otk o 49 &3
e tigk 54 AAA = FaEZE HY, ARSAE 3Hd A A Ho
2 AWy 27 294AE 2Aete] £R3V|E5FE HHE AASHa CLEAR
3] FoloF dhrt.
® SAMPLING
- SAMPLING DIALOG* SAMPLIG 3= 4% 9 74 R=oln, DIALOG
M= % dHolHE Bd HAE ¢on, GRAPH & 574 A3 o] 2
A A
GRAPHelAM Z2# 2 4 ¢l& GRAPH LINES At 7B+ 100781, 100
A o]4e] =HAE <DELETE> BUTTON<S CLICK 3}¢] 7]&¢] GRAPH
LINES 2tA|stofof ghr),
39 SPEC SAVE CHECK BOXE 744 719 #3& HETAIA
AR-E AAd} wof A s 7E 3PS BEID A ARE 3y
S a8Fa, e A9 71E 38 AAsta 2 8-S 2 Eh

<START> BUTTON < PCollAl A¥]E START st7] 91& 7|5 A&

O

ol
il

i, <DELETE> BUTTONS 7]&¢] DISPLAY ® #3& 2% AHA|st7] &
3 7158 AlF3h <EXIT> BUTTONS SAMPLING DIALOGE &3}
71 A% 7 S Ale)

_76_



(7) VIEW DIALOG
VIEW MENU:= MEASUREMENT RESULT ¢ SAMPLING RESULT 1]
i, ERROR RESULT = 74 =o] glew, 7t virol tgk 7] ofefeh Aok

@ MEASUREMENT RESULT

MEASUREMENT RESULTE APPLICATION #¥7¢] MEASUREMENT
MODE®I A &4 DATA°] tdt TAAE BAF7] g 715 ATt

MEASUREMENT RESULT ol tg st /42 ofef 13} 3}
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-
[ I | e o
GRARHIG] ‘E-!ﬂ; PRINTIE] sl een

Fig 3-28 The view of the Measurement Result menu

Fig. 3-28°14 <BROWSER> BUTTON<S CLICK & stdS Mea 5= gl
obel ¥ Fig. 3-297 £ DIALOG 7} YERT]
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b nimoE | i Bl
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Fig 3-29 The view of the Measurement Dialog
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o] DIALOG®lA DATA Ztj¢] MEASUREMENT Z0l& ®»H 3o dx9
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% <OPEN>% CLICK 3t &g ujgo] LISTe RoX]A Hrh

@ GRAPH
<GRAPH> BUTTONS =43t DATA®] thst P, Eibo] thd ke 1)

Fig 3-30 The view of the Measurement Dialog
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- STANDARD DEVIATION : ¥ %32}
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- EXIT : DIALOG &% 7|5 +3
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(8) SYSTEM INFO
SYSTEM INFO MENUE PC Alz="l 34 A4 9 Compost Quality
Autoanalyzer®] INITIALIZING 7]5& 331, 59 47HA dw2 T4k
@ PORT SETUP
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Parity Bit [NO =] Sl exaTea

Fig 3-31 The view of the Port Setup menue
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COk PORT SELECTION WM DO Wy

SP1 CONNECTION PORT [Corl e
SP2 CONNECTION PORT [NONE =1
SP3 CONMECTION PORT |[NONE =
SP4 COMNMECTION PORT [MONE =1

E SAVE([S]) ﬂ EXITR<)

Fig 3-32 The view of the Port Selection menue
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Fig 3-33 The view of the Password Edit menue
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3) Compost Quality Autoanalyzer A€o o|& 74 E EF

Compost Quality Autoanalyzer®] A& Al2®l o F o} YH BHAEE= ofg)
a9 3-34, 17 3-359F Zrh "o HTo] HAAHor FHEZ FAHOR
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Fig 3-35 The view of inside on Compost Quality Autoanalyzer
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Fig 3-36 The view of photometer and motor of Compost Quality
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Fig 3-38 The view sample cup of Compost Quality Autoanalyzer
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8. JAA =3 HES /MAH3 New Compost Quality Autoanalyzer® H| 3}t
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(a) Old Compost Quality Autoanalyzer (b) New Compost Quality Autoanalyzer
Fig 3-39. Near infrared spectra of the compost
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ASES Al B Ay F 3-18 2 29 3-40% Zt}.  New Compost

Quality Autoanalyzer® 79 F4#AT(R)7F 080302 <t =old HAAAE
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= ol Fou} 2HQASEP)E 17172 AA W3ty =7

HA = FokTh

AgErt A F

Table 3-18. The result of PLSR analysis between NIR spectra data and

humic acid content of compost

Instrument Data pre-treatment R SEP(%)
Old Compost Quality
Autoanalyzer absorbance, 0.751 1.156
New Compost Quality smoothing 0.803 1717
Autoanalyzer
o | Mesamred |
ey
. '

PR ¥

] L] b

Predicted(%)

(a) Old Compost Quality Autoanalyzer

. IM—l.-l—'
P o—— |

|
LI'
}

Measured e

Predicted(%)

(b) New Compost Quality Autoanalyzer

Fig. 3-40. NIR predicted versus measured humic acid content

in compost
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6) F71=(0OM) 29 v EA A}

MAE ngty ¥u 2 =A7](New Compost Quality Autoanalyzer)$t 71&
o] ity HH] F2 54 7](0ld Compost Quality Autoanalyzer)e] H|3}3] 4
HAIA=E A 2 Axe= ¥ 3-19 ¥ 29 3-417 #th. New Compost
Quality Autoanalyzer®] 749 F4@TAF[R)7F 0849, &4 L XH(SEP)7F 7.672=%

ulsha) 24 Aewst 2 FdE e

Table 3-19. The result of PLSR analysis between NIR spectra data and

OM content of compost

Instrument Data pretreatment R SEP(%)
Old Compos ali
post Quality 0849 | 8498
Autoanalyzer .
- absorbance, smoothing,
New Compost Quality
0.908 7.672
Autoanalyzer

| Ml ¥

Measurad o)
T

i)

Predicted(%)
(b) Old Compost Quality Autoanalyzer

| e P
1

Messured e

Predicted(%)
(b) New Compost Quality Autoanalyzer

Fig. 3-41. NIR predicted versus measured OM content in compost
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7N AEALE FF HAIAEN 2AH

AR wga g{e F2 =AH7](New Compost Quality Autoanalyzer)$t 7]&
o] ity HH] F2 54 7](0ld Compost Quality Autoanalyzer)e] H|3}3] 4
HAIATE A 2 Axe ¥ 3-23 ¥ 29 3-299F Zth. New Compost
Quality Autoanalyzer®] 7% F/&3A5(R)7F 0.853, =4 2 *HSEP)7F 0.280°. =

Hjsts) &4 gews} ofg @i

Table 3-23. The result of PLSR analysis between NIR spectra data and
T-N content of compost

Instrument Data pretreatment R SEP(%)
Old Compost Qualit
post Quality 0848 | 0.204
Autoanalyzer . .
- smoothing, normalization
New Compost Quality
0.853 0.280
Autoanalyzer

Predicted(%)
(b) New Compost Quality Autoanalyzer

| e
|

Predicted(%)
(b) New Compost Quality Autoanalyzer

Fig. 3-29. NIR predicted versus measured T-N content in compost
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3) New Compost Quality Autoanalyzer® KoO°| t3& v]d 3] A FF=3kA
MAE ngty gu F24 =A7]|(New Compost Quality Autoanalyzer)$t 7]&
o] vy HH F2 =A7](0ld Compost Quality Autoanalyzer)e] H] 33| =7

ARug A 2 An:

=<

3-19 % 29 3-259F . New Compost
Quality Autoanalyzer®] 4% F4TAFR)7F 0.794 54 LAHSEP)7F 0.345=%

Wshy 24 AHe] 2 was 9ok

Table 3-19. The result of PLSR analysis between NIR spectra data and
K20 content of compost

Instrument Data pretreatment R SEP(%)
Old Compost Quality

Autoanalyzer absorbance, 0.807 0.342
New Compost Quality smoothing, 0.794 0.345

Autoanalyzer

| ssaniinis

Measuredap

Predicted(%)
(b) Old Compost Quality Autoanalyzer

Al

Meazuredah

St )

Predicted(%)
(b) New Compost Quality Autoanalyzer

Fig. 3-25. NIR predicted versus measured K2O content in compost
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4) vt2vlsMgO) &9 H 33 EN 43

WAE vuty HH] E2 =4 7](New Compost Quality Autoanalyzer)} 7]
o] ity HH] F2 54 7](0ld Compost Quality Autoanalyzer)e] H|3}3] 4
s Al B Axe= ® 3-20 2 19l 3-26% Zth New Compost
Quality Autoanalyzer®] 4% F43AFR)7F 0817 S5 LAHSEP)7F 0.221=%

Hjsts) &4 gews} ofg @i

Table 3-20. The result of PLSR analysis between NIR spectra data and
MgO content of compost

Instrument Data pretreatment R SEP
Old Compost Quality

Autoanalyzer absorbance, 0813 0.241
New Compost Quality smoothing, 0.817 0921

Autoanalyzer

Predicted(%)
(b) Old Compost Quality Autoanalyzer

il g s

..,: L] 3
{ ! e =
a 1 = e
| L VS N O R . . . i
Lk ] i 1K
Predicted(%)

(b) New Compost Quality Autoanalyzer
Fig. 3-26. NIR predicted versus measured MgO content in compost
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5) Z&(Ca0) &9 v &4 23
MAE ngty ¥u 2 =A7](New Compost Quality Autoanalyzer)$t 71&
o] vluty] EH] #2 =47](0ld Compost Quality Autoanalyzer)e] W] 33 =4

AHEE A B Ave ¥

w

-21 2 ¥ 3-27¢F #Zv.  New Compost
Quality Autoanalyzere] 749 F4@A[R)7F 0840, &4 L *HSEP)7F 2.851=%

Hshs %4 4R BAEe ¢ 5 A

Table 3-21. The result of PLSR analysis between NIR spectra data and
CaO content of compost

Instrument Data pretreatment R SEP(%)
Old Compost Quality 10 o
Autoanalyzer .
New Compost Qualit absorbance, smoothing,
. ! 0.840 2.851

Autoanalyzer

| WD T

Mesured o

Predicted(%)
(b) Old Compost Quality Autoanalyzer

il

Measuredap

Predicted(%)
(b) New Compost Quality Autoanalyzer

Fig. 3-27. NIR predicted versus measured CaO content in compost
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