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Summary

I. Title

Development of in—site automatic control system for high—efficiency process of starch

Syrups

II. Objectives and significance of the research

O Investigation of spectroscopic characteristics of each component of starch syrups

O Investigation of the factors which have an effect on the reproducibility of a standard
method and spectroscopic analysis measurement

(O Analysis of the factors that control main process for producing starch syrups

O Development of signal analysis models for discriminating the composites according to
the kind and supply of materials

O Investigation of the factors for optimum design material collection modules of an
In—site automatic control system

O Development of an analysis model Generator program

O Development of a program for verifying an analysis model

O Development of factor control modules of production processes

O Development of an In—site process control program that comprises real—time
analysis and interface

O Development of network monitoring modules of production processes

O Development and production of the processes of the first prototype of an In—site
automatic control system

(O Evaluation and complementation of the performances of the first prototype of an
In—site automatic control system

O Design and production of the processes of the main equipment, whose level
corresponds to that of products that commercialize an In—site automatic control
system

O On-site test and supplementation for applying the main equipment to an In—site

automatic control system



O Establishment of an industrialization system of an In—site automatic control system

II. Contents and scope

O Investigation of spectroscopic characteristics of each component of starch syrups

O Investigation of the factors which have an effect on the reproducibility of a standard
method and spectroscopic analysis measurement

O Analysis of the factors that control main process for producing starch syrups

O Development of signal analysis models for discriminating the composites according to
the kind and supply of materials

O Investigation of the factors for optimum design material collection modules of an
In—site automatic control system

O Development of an analysis model Generator program

O Development of a program for verifying an analysis model

O Development of factor control modules of production processes

O Development of an In—site process control program that comprises real—time
analysis and interface

O Development of network monitoring modules of production processes

O Development and production of the processes of the first prototype of an In—site
automatic control system

(O Evaluation and complementation of the performances of the first prototype of an
In—site automatic control system

O Design and production of the processes of the main equipment, whose level
corresponds to that of products that commercialize an In—site automatic control
system

(O On-site test and supplementation for applying the main equipment to an In—site
automatic control system

O Establishment of an industrialization system of an In—site automatic control system

IV. Results and suggestions



Three Kkinds of starch syrups were mixed in the ratio of their composition,
measuring reflection, and transmittance spectrums at the intervals of 2nm, in a
wavelength ranging from 400nm to 2500nm of visible rays and near infrared rays
by using a near infrared ray spectroscopic analyzer, and then making an analysis by
employing multiple linear regression (MLR) and partial least square (PLS).

In order to measure and analyze near infrared ray spectroscopic spectrums of
samples, an analysis model generator program was developed in such a manner that
it may have functions such as spectrum statistical treatments (PLSR, MLR, etc.)
and spectrum pre—treatments, which include multiple scattering correction, baseline
moving, derivative differentiation, and smoothing.

. Sample collection and control modules were developed using a sampling pump, a
temperature measuring device, and others, in such a manner that the sampling pump
might rotate and counter—rotate and operate manually or automatically.

Since the viscosity of starch syrups varies according to the difference in their
concentration, cell control modules were designed and produced after the shape of
passages and the samples were supplied in the amount of 60ml/min. Also, optic
transmission passageway was designed in the order of optic intake—lens 1—
measurement hall—lens 2—optic outlet, so that samples might flow through the
route of sample intake—measurement hall—sample outlet.

. The multiplexer control module, which combines and controls cell control modules,
was designed for four channels in such a manner that the multiplexer control
module, which was the main control module, might have its own CPU and could
communicate by using high—speed USB or RS232, so as to ensure that multiple
processes were controlled through a network.

. A process control program was developed so that the supply of samples and the
sampling pump might be controlled, to ensure samples are transferred to
measurement cells, a spectroscopic analysis system controlled to acquire spectrums,
and the acquired spectrums analyzed in real—time to calculate the measurement
values for components.

. An in-—site system was composed, first of all, in such a manner that starch syrup
samples might be collected in an enriching or fermenting tank where raw materials
of starch syrups were kept. Samples might be gathered using a sampling pump,

which the user could arbitrarily control the speed of the sampling pump so as to



prevent bubbles from being generated in the process of sampling and to ensure
quantitative sampling. Samples collected through the sampling pump might be
transferred to the flow cells for measurement, and the main measurement module
might utilize spectroscopic analysis techniques so as to measure the components in
real—time.

Spectrums measured through the main measurement module were calculated by
employing an analysis program in their component value (syrup concentration value,
w%, g/L) so that the information on the values of measurements and the conditions
of the system might be transferred via an ethernet network to the central process
control module (PLC), which controls the processes by means of controlling the

supply of materials.

9. Considering the time and costs required to develop network modules, such modules

10.

11.

12.

13.

that have already been used for commercial purposes were utilized. In this
research, modules were used in such a manner that, as for the data communication
distance for an installed in—site system, 250m might be securely ensured for
ethernet and no more than lkm ensured for 422/485, with the possibility of a
repeater being installed for a longer distance, so as to extend the communication
distance.

Based on the above results, a trial product of an in—site automatic control system
was produced, and its hardware includes spectroscope, optic cable, controller, optic
splitter and case, so as to primarily measure spectrums, operate and control the
system, and conduct data communications.

Sucrose was used as a material for a fermenting process to produce amino acid
compounds, and the performance of a trial product was evaluated through
measuring and analyzing the concentration of sucrose in the fermenting process.
The main equipment of an in—site automatic control system was made up in such a
manner that the processes might be controlled according to feedback from
collecting and analyzing starch syrup samples in an enriching or fermenting tank
where raw materials of starch syrups were kept, that processes might be
controlled based on process control values, and that the central process control
module might control processes through controlling the supply of materials.

The system was applied on—site twice to a fermenting process which uses such

starch syrups as sucrose or glucose.

_10_



14. The prediction results were as follows: The determination coefficient was 0.994 —
0.998 for sucrose and 0.9913-0.9915 for glucose, with a standard deviation of
0.064-0.069. As for lysine, the determination coefficient was 0.9992—-0.9996 and
the standard deviation was 0.534—0.786, which was a satisfactory level.

15. In cooperation with participating enterprises, expenses like material costs required
for producing the system were analyzed and an operation manual was prepared. A
database for major technologies developed in this research (such as design
drawing and production drawing) was constructed for commercialization and

industrialization purposes.

V. Conclusions and utilization

This research develops an spectroscopic analyzer for an in—site automatic control
system, optic cable, controller, optic splitter, and control/analysis program, all of which
can be applied to starch syrup production processes. Relevant technologies were also
developed for industrialization after a trial product, the main equipment was produced,

and their on—site performance was evaluated.

Patents were applied for the main core technologies such as a starch syrup real—time
spectroscopic analysis device and a spectroscopic analysis method (application number:
10—2010—-0139091, filed in December 2010). In addition, for their commercialization,
onerous transference of the technologies was made in December 2011 to Sensor Eye,

which 1s a participating company.

Preparations are being made to apply for a patent for the operation of processes
producing starch syrups, and two theses will be published as soon as the application has

been completed.

_11_
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E=E, (1—e “)? 2 (4)
a AR FEel WE A
» - alE] el A](Dissociation energy)
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| !
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x1, x2, - : B]Z3} A<5=(Anharmonicity constants)
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Mool ANRE Ya Z47he] ARl PAE 3238 FAKscan)dle] SAHE F Htdh o)

< F85(og(1/R) & R&sto] PCol Aste] A4l ARgak3itt. 2H2he] Als+s= 103
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mé:

Aol 24 vlge] wE AFEHS FAsh] fste V1S9 AEEZEIaE
unscrambler(ver 7.5, Camo co., USA)= t53] 749 (Multiple linear regression, MLR),
HEH A2} (Partial least square, PLS) 5= ©|&3l3t. &322 HAE A~FdEHI} 1
of et FHE=R(E T Ae] B A

dAste] ARAS, 1
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¥ 3-2-1. FAAES 24 H&

Fructose(%) Glucose(%) Oligosaccharide(%)
1 4.2 90.1 5.3
2 6.2 88.4 5.5
3 10.7 84.1 4.9
4 14.2 80.3 5.4
5 19.0 75.3 6.0
6 20.6 74.1 4.9
7 23.1 71.9 5.0
8 27.9 67.2 4.8
9 28.8 66.1 5.3
10 39.5 59.9 4.8
11 37.3 58.1 4.6
12 39.8 56.0 4.3
13 46.4 49.3 4.4
14 48.7 47.5 3.6
15 50.5 45.6 4.2
16 53.8 42.1 4.2
17 54.5 41.7 3.7
18 59.6 36.7 3.9
19 60.9 34.7 4.0
20 68.3 27.7 4.0
21 70.5 25.6 3.8
22 72.3 23.9 4.1
23 73.0 23.0 3.9
24 80.9 15.7 3.5
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ARE sddols 282 AE §70 Pa, APEEE AGB] ARE HEY}]

=4 A% BAAAN o FES AAT F 2A=Y S 5% G A% 2

AEE AEY PEO FHAA AFsy, BEY YLE TEHe] AET A A

thoolF EHE ~AEY 54 F dolHE At AEY AT TEse] Ao ol

g ARE wANt 4 1554 WEHg 549 AEE PLSR & AHgdtel B4

& the AFHA F 1089 ARE A7 1584 1508 SHsglon], ol 53] sl
[e)

11

. 549 2¥EY F 100/ BARdS A d A8skgley,

w2 5071 ASEoRE ARSIt SAE del”He| diste] AHAEY HAEE FsHH]
7.5, Camo co., USA)E ©]83}o] PLSRS 48313

g AR SAAG} dSA= a9 3-2-6°] YERAITh T3} o] A9} o
SAE & dAEelen, AAATE 0.99 ooz w9 wEgh ol Qi)
50

R = 0.9986 /
40 =

30 /

20

10 /D

Glucose contents Lab. (w%)

17 3-2-6. EEF] 240 Z44 2 o|EA9) v

53 kR Ee] AN S 7}%;} A= the] E 3-2-37 ) molAe} o] o S5X]9
ARAGE 12l A 53714 B 0.998 o]4Fo|9lal, SEPE 0.388~0.595 W= A4}

o, Biaske W% W& FEoR YEh vh SA mE AP WS ol
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12} 22} 32} 43} 5}
R? calibration | 0.9989 0.9999 0.9990 0.9997 0.9999
R? prediction | 0.9986 0.9993 0.9983 0.9995 0.9992

SEC 0.482 0.128 0.462 0.250 0.145
SEP 0.564 0.421 0.595 0.388 0.402
Bias ~0.027 —0.018 ~0.004 0.007 ~0.006
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[e)

vlo stEAyl IZPAS 7HA AL 9= HAP7| HARA (electromagnetic radiation) @] o2 <
Gtk A2 JARSES dids] wEA Sk dajehs ol EA, HdA}
7] BApdel 3 HI dEEe ghse] SHelx B o £x e, g 2 F
(amplitude) ¥} 72 Fepu|Ej= AW 4= vk L2y g EYPRto R HAL olux| e &5
(absorbance)vt < (emission)ol] #gk @S distr]le olgem, olHd Aol dat
7] BAPAE 4R dUAE 7R AR BAR B vk AR JARAS 1] WA
o} Yelul= A7 A (electric field)o]w, o] A7]&e] 2Zto 2 2}7] % (magnetic field)e]
ERLHAl . JARd o] B4 YA 24 &l Q= Ak electron) oF HAMA S A 7)Ao]
Mz ZRgSHA HERE dnkHow AP A7)l WS AZele SEeith dutE =
o] A714 A2 29 3-3-49F 2o, o] 3o x, y, p R g A7l A
= YERA Zojrh. x8F yArole] A (E= pot gikolel A= vHH(wavelength, M) o2 1t
Bl = glom, MApr|ub= spge] ool whel 1yl 3-3-59F o] EE 4 drk HEI
zhzte] o] wet Edo] tlg¥= FHt thaY o]F A o R o] g WX = dY
¥ 3—-3—-13 o] gy ut(radio wave), vFo]|A=Z 3 (micro wave), Z¢]X(infrared rays),
7EA A (visible rays), AF]A (ultraviolet rays), X—A (X—ray)®& &8 4 gt}

o
oN

¢

rlo

Electric field strength

! I 2 -y
—~ A
VRN [IEN
\ ANa N 0
/ \ / N '
ya A\ i L
/I \\ /l \ / o
/ / \ /
,/ \\// \//
b q

Propagation direction

% 3-3-4. W] A/ 54
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Hz
Radio TV/FM  Radar Heat Infrared Ultraviolet X-ray o ray
) 152 i 1('JD ) 'lE'l'2 ) 1(;IJ1 ) 1:]6 i III'J‘8 ) 1(;'1” ) 1(;'12 ' 1(;'14 i
im Lmm 1um 1nm 1pm
— | Wavelength |
“1E 3-3-5. yge] Ao whE Wt
% 3-3-1 29=39] o899
Electromagnetic wave Wavelength Molecular level  Spectroscopy
Radio wave 10° ~ 10' m Spin NMR
Micro wave 10" ~ 10° m Rotation Microwave
Infrared rays 107 ~ 10° m Vibration IR
Visible rays 10° ~ 10" m Outer electron VIS
Ultraviolet rays 107 ~ 107" m Outer electron uv
X-ray 107 ~ 10" m Inner electron X-RAY

Ao mhatod Ao whel 244 (Near InfraRed, NIR), 5424 (Mid InfraRed, MIR),
A=A ] d(Far InfraRed, FIR) &= UrolxH, o]F ZA L 733 T4 Atol<l
700 ~ 2,500 nmell EAsaL Juk FPomBE F Aol AR RANEW AlgE EAb
W Aol ol dEe wpe) Hls Faste] ald 3] A7 (intensity) 7F #HAsHAl €
thoolgfgh Al7]e] WskeE AR W 54 =49 w9t wdo] jlow, 1 Aol= HEV|

A

o -
&) HAEH =AY dLH 23S (spectrum)s A, HAAEA ] AR

7t 7B Y F4dE

Pz A& (polyelectron atom)e] AR A == I8 3-3-63 Zo] 1s T2HTH
=2 g §89 olyA =9 25013, 2s 9 ol =2 ouA] £91= 2polth E
gk 2p¢t 2s =9 Abol9 ol A] Zfol= 259} 1s Abo]o] ol A] zfol Wt A a1, 4p2} 3dAto]
o] oA Zpol= B A2 Ae & F AUcH oA 3d — dp=E HolE dov|=H Ha
Sk A= 25 — 2p BEE 1s — 2522 HolE do7]= du "3 X H A= A
= owgt

Aol et ol o] Aozt 11 JAPdo] datel] FARET o] Aol FApIE ARt
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>

% YA}=(vibrational quantum number)
. VA XE ERel] dist AE] Sl A
: Z93 A(Plank's constant, 6.626 <X 10—27 erg/s)

=
il

AA A A AU A L AA=pdo] obm g oluA] F=917F 4 3ol A8k o]
A Az wdHe] A Frk wEbA X UA] S sk Hedl, e e
%3} %15 (harmonic vibration)| 4] H]Z3} %1% (anharmonic vibration) &2 AL Z7}
gt} o]of e mlxs}t Es AHsh] gk 7 Ao Age] wE E'A oA bigh

Morse®] Ag4& 4 45} 2k,

E=E, (1—e *¥)? 21 (4)
a AR Fel mE A
b - alE el A](Dissociation energy)

ZALdL 700 ~ 2,500 nme] IFFAS T, o] AN Frl=e] Be A
o] gl olaf F F57F dojdth =, ofw ExF Aol <A 9|40l i*}ﬂ‘?i a v‘i‘x} 4
grol 7R = A HseuA|e sdshe HAo] F5H) A7 JLHs 3

a Z WA o]F=A} FE(dipole moment)2] W37} Oa]oib}oﬁ“& =g

oldd Ay} ufFo] s AE 7P o] YA A homonuclear diatomic molecule) & 2] A
H 55k &9t o]F=A EWlE(dipole moment)2]

T Wshd JAPA el H71E ARt Aelde] Agete] F4E Ao

71A fck olgld S o YA BAETE o] YA wAeA o & dojdt) 4L
2,500 nm ]3] FA M G dojuli= O-H, C—H, N-H % C=0 5% Z& 287
9] 7]E-5<4~(fundamental absorptions)el] 2]t F-&(fundamental vibration)= Y2o7|H, o]A
of ¢Jaf wjxl-s(overtone vibration)¥ Z %1% (combinational vibration)o] Webe= 3Rl
Aot} NENFL AE FAF v7F 014 12 S7ke w), LA oux7t S7reaA, 2
/by ) 54wl dle FedeRy BAEY s A vk 0914 2, 3, 42 T
7he w), WAE = 52 13 RS (first overtone), 22 B|X5(second overtone) % 3%}

H %5 (third overtone)©]2} gt}

AN

SA QA E D= E4F HhAR(diffuse reflectance) @t ¥ (transmission) ] F 7FA]
A

A
AR IA(RE, 0] 5) i Wol Fats] ofeld A Fol Ag
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Generator TR0 = A5 AL FF AFERS SAsta FA6t7] flste] o
AR A (MSC), Hlo]~8}e] o]&(baseline), T&(derivative) 2 #H&3}(smoothing) 7]%

<
Fol gl ~fEY WA A3 AHEY SAXYPLSR, MR 5) 715 Asaes
}

Agstoith Ed AR B4 5ae 44stn A9 + 9 s 2fEd Y, doly
e @ AA A, 2 display 715, 91 2EESS] A% 7% Fo] sEER e
oAk,

1) e
tlojele] i A 37 E sttt dEHES O 29 2g=8 AA4sta
zog 7kS Ql¥s)= 53k Absorbance S o]&3}= H

3k
4, @ ExcelollA] Hlo]HE ol &al= WH 5 dANAM AMgAte] Wl sl
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MIR Model Generator Yer. 1.0
e EEpieay = ~ ~EmEm a0 B HE | SHAR
S sagioas ¢ amEE JYT
CIOIE] M2HHEL 42 |Calibraions 45 #2): 0 <= 249 o FHEl S0
=] = Factor: AR 20 ENHE\ 2t
Targetd A~
51 LT D GERD 0meT 002G QU3 00U OOIRD oNms oo oot
52 1.715000 0.020079 0018349 0.014161 0013517 0.010444 0005871 0,005709 0,000000 -0,002110 -0.00:
53 63000 OOIGPES  OOTS4B0  OODBE37  OODEE  DOGEDE  OODZBO4  QOO0Z4E 000243 000320 000
T} 1,50 10,016265 0 11§ V11 0 11~ 1 /R 1 1
55 1 0,020667 0.016120 0017608 0.014125 0,003976 0,008951 0003171 0,000000 -0,000
sh 1.4 0019138 0.013043 0014062 0.010969 0005871 0.003471 -0,000730 -0,002110 -0,00:
7 1, 382000 0043 0009418 000257 OOOVO3 OO0 0O0V3 000304 Q0024 OO
58 O DOISED OIS 00NE GO N 0Ol DOUMT 00Is D05 00
EL] 1.214000 0.013633 0,014306 0.003140 0,008630 0,005470 0,002038 0,000000 -0,004617 -0,004516 -0,00¢
=10 1.714000 0013325 001257 0, 006084 0006195 0.004947 0000764 -0,000435 -0,007763 ~0,005617 -0,00¢
Bl 762000 00135 OOM36 Q007G OO0STIE OO0SAE OOOZYE  -DOOOWZ 00047 | -QO07IS -0
512 L7000 0001591 0012280 OOO7AED OODG4EE  DOMEEE 000129 000080 -OOOSEAE | -00081Tf -0
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=18 0439000 OOISEI 004G D00MTZ  OO0GSS 00070 OODIZY3 -OO0TdB4 -OO0GION  -D.O0G7ES -0
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0-256 ~HER S HEE OOIE AE0IS 1256
256-512 ~HES = T e {05 A E 0| £ |267-512
HEOCEHERMEZ OCOH AME S LAB

18 3—-4-2. B4 59 Generator LRI dHo|E J=T H

Qeisl dolEe] BAAGS AV g8l audY 2 eAgdol sEs s

ek AEPHE TS olgaAL e moA vt Aol JFsHES sl

1815 &4817] AaiA sepretE At silvh. Zh2be] debretel] g
Aol 9 AU v o] JiEsigit
DEAE AR NeERA 1R AAE A4S Ul RS 2AES v
H 9 oHlolE e A
— % Spectrum F* @ AREE & AFEY WG] T
Calibration 7|4 : Calibration 3}7] 9|3l A}-&3t AE2] HE
— Validation 7R @ Validation a}7] 918 A]-&& A1Z&2] M (>Calibration H%1)

- AT 2AEY AR AT 2AEY W] WA AY

— Factor 4= : PLSR #4412 3}7] 98] AF88 Factor 7/N2A] AMEE ~dFEY Wt} 2
olo} s}, AnkAo g 20 HLE7} HA )

2t AA Y 23
Axe daeEs ol&ste] AAER ] HdAer}t Vst s TS FYsgith 2
2o ARR-3 A e dare]5e MSC, Derivative, Smoothing, Baseline 52 AF&-3}3 2
), ARGAZE A o2 AEgt daglEs SAHoR A8 7 JEE Jdekad
SA 2 BAAE st DerivativeE A|9]gt UMK dagFES FHX
R

™, MSC9 Baseline®] sA] AR Algtsiaity. AaFA A oA A=

i)
e
L
LI

_64_



g uf oo} e AE & VUanE VS
— MSC : Multiplicative Scatter Correction(
AAE el B Lt 8aEo] E3H o] AFER S HAE WAy uf AR
— Derivative : 2FEHE 123t Y59 HloA o0& 9 g+ 9
S 24T 7 A (GAPL 7T g do))
— Smoothing : ~HEAS Heslel wo]=z <3t AdHER B3 0o 58 A
A wj ARE-3E GAPS: H&ste W] ZHols yEhd
]

=
— Baseline : =¥ EH ] 7|FHE

iy
e v
R )
%
o
o
o
kf
ot
o
[
[ﬁ
o
-3
>
2y
1
i)

Hxle| M 3

Derivative ‘ Gap |3
Smoothing ‘ Gap 3

Baseline ‘

Smoothing 3
Derivative 3
M5C

H2 58| x|

1% 3—4-3. B4 %9 Generator X139 AR dardls HEH

_65_



S
T AH FA AE 7hee A AAHY RS fEiAe 3l AREEE 9 A
ol oIk olsle} T S AP ERS B3 5AS dotof st} o A T T2 A}
L5 = o= E=Y(glucose), TF(fructose), A (sucrose) o] qomw, 7+ o] 3}s+
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OH OH H O H OH
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NIR Madel Generator Yer. 1.0
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S5 | 1EI0W0 002657 0020BE7  OOBIAD  OOITEDE 004125 OO 0008351 Q00T 0000000 -OLOO
s6 | 1470 0019198 0,019507 0013043 0,014062 0010969 0,005871 0,003471 -0,000730 -0,002110 -0,00:
ST | LER00 00EIE 00IEE3 000941 0010257 000703 OODT0 O000M 000304 | -DO0Z34 00
5§ | 1,257000 0,015680 0,016615 0011369 0,010257 0,008870 0,004081 0,002478 -0,001947 -0,003046 -0,00:
s (124000 D033 00I406 000314 0ODGE30  OQ0S4TD 0002038 0000000 -0OOdGIT  -O.O04TE -0
Tsim | 1,714000 0013925 0012579 0,006084 0,006195 0004347 0,000764 -0,000455 -0,007763 -0,005617 -0,00¢
ST LT 005 001406 0007196 0009PI4 OQ0SE0E  OODIZT -DOO0VZ 00047 QOIS 000
Tsfz | 1.756000 0.011531 0.orzz91 0007750 0.006465 0.004686 0.001273 -0.000530 -0, 005586 -0.009111 -0.00¢
S13 (1430000 00NSI 000728 000391 OOOSIIS 000070 00022 -DOOBGS!  -000GST  -OOIOETS  -OO0:
Tsfd | 1.396000 00135925 0015442 0006639 0.006195 0.003504 0.002038 -0.001454 -0, 008554 -0.006783 -0.00¢
15| L2200  00N83 00096 0004695 0OD4BAS  O00IE2D OS2 D006 0006247 | -DLO0%60S -0l
Ts1R | 1173000 a.o1ovy 0.012004 0.003531 0.004845 0.001820 -0.002288 -0.003213 -0.003488 -0.009809 -0.01
sIv | 1.147000 0,008971 0,008273 0,003531 0,002420 0,000520 -0,005331 -0,006661 -0,010900 -0,010870 -0,01%
TsTE | 0983000 0029530 0026192 0.023150 0.022265 0019935 0.014872 0013707 0.008070 0007775 0,005t
"s13 | 0,483000 0015973 0,014306 0007472 0,006195 0,005470 0001273 -0,001454 -0,005101 -0,006783 -0,00¢
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| NIR: Model Generator Ver. 1.0 B

T2 o EERET| e © AHEE HOE EEELC| =32l
— 2 - 2mey JME Dervatoa 3
o 2| Rl R e TR ZHHOE
HOlE TRNEl Y | Callraton® Mg a0 ¢ 209, e gaog
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-0.035

a 20 40 B0 @0 100 120 140 160 150 200 220 240 260 230 300 320 340 360 350 400 420 440 460 430 SO0

38 3—4—-5, BA 529 Generator L2130 AnEe (A =]g] A1)

NIR Mods| Generator Ver. 1.0

bk = EN®
vueen |E505L e x [ ¢ su=edoE R I [ E
E ZEE!EH%-*.FE‘!# 52 PR MEC S = Derivative 3 %?{Ig%\%%)ﬁgﬁ%
CIOIE| THEHHE ME  [|CalibrationS (= B2 0 <= 249 ~ FHD ZAEI0E e ===
Walidations o4 S = 2]: 280 <= 316 ~ AHT =g =
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< »

e
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Targel _[modell [T
ST 0000000 38, 253779 T
s 0.000000 74, 303603
E 0.000000 00, 226070
s 0.000000 15, 840229 | LA
5 0.000000 43137739 1 o
s 0.000000 37,331896 I ’

s 0.000000 45406433 | 1200
5 0.000000 56, 145237

s 0.000000 61865399 | 100 f
s 0.000000 76, 159322 | i
s 0000000 B1,322045 1,000 f
s 0.000000 95, 781465 | :
s 0.000000 85, 355853 i Gy
s 0000000 53412607 1 :
s 0,000000 205, 10338 800 1
s 0000000 95, 926879 |
s 0000000 33, 265080 I
s 0.000000 204, 364530 It
s 0.000000 218,631344 !
s
s
s
s
s
s
s
s
s
s
s
s
E
s
s
s
s

ZINS 2 T

1,500

Target

7
*

modslt

<

modsl2

<
*

model3

modsld

<l

0.000000 25, 653712 b
0.000000 26, 132513
0000000 28, 154121 &
0,000000 40,533215 |
0000000 40 604257
0000000 43317230
0.000000 42, 216230 |
0.000000 50034501
0000000 52319052 [
0,000000 67, 653965
0000000 61,521940
0,000000 75, 741690
0,000000 60,282140 |
0,000000 62 480052
0,000000 62,291773 f ! :
0.000000 88,226323 | am f ! ! !

0.000000 57, 390550 | : . . .
' oo umm!\_‘ 400 f : :
>

500 | : - : ] i : + -

madell (ax+b)

model? (ax+b)

modeld faxet]

o B A |

modell [madel2 | mot
-1.#INDO0 -1.#1NDO0 -1.4 -600
-1.#INDO0 -1.#INDOD 1.3

_75_




3. In—site FAA0] =23 7
AlzEle] et EUEY 55 S8 In-site 34 Z2IHE Ndeigith 2RO 5

Q75 oRE OFF 2 AEY JZE Alojstd AluE SAHAR oFA=

Al AzElE Alojste] ~FERS 5k, P55 ~FEYS

3]
A A QAT 2L Polw o) d

& 9 2 4 gl )
T, @FAHE 2ze FEe] RUHY & £ e 7%, 0948 dFste] A4 34

@9 ~HE-YS DMsHE 7

oTr
01['1
)
olr
_Orl_l(
=8
Jhu
=
(i3
_Orl_l(
38
)

dIolE BUHE | AAS MY & BURY | EATEAY]
=401 =4y A= EE W& Mong Avg

vEE [ s ‘ SB[ [T [T o [renc  HOIE3 ‘
o %% ’T ‘E A ODEL -2 2 Wl SUCHSUICZ, mdf gé%% ’17 ’T "7 i | - Holz= ‘
2 N R A BEIE| T[T chek [rwpc | AoEd ‘
rEl ‘ ARl T OT O[T chek |rwepc | MOEH ‘
iR | B [T o [rene | HOER |
=7 | ‘ iEEH EN E1 En Check |~ s PLC Hoi=2 ‘
a %% r ‘ i EN E2 En Check |rm pLC Hols= ‘
N — S| T o [renc | AdER |
el ‘ BE| [T e [remc  HOEH ‘
= N — B | [TOT T chek [rwmc | HOIES ‘

% 3—4-8. FAAC] TRl $And 47

_76_



=% Ferment #4 (2HE)

[ 2Ue ]

AIE MY & ZHAE

« =Hdlolg ~ Absorbance [0 [ |

2% 3-4-9, FAA] Zege] ARV B HY

8 £ . = Horme

CPl P2 OCP3OCPY

ReferenceE = Spectrurn=EBtn AhsorbancesSE ‘ P]T "BT FW "58_
~Ferment 1 = MM — ~Ferment 2 =S HIH ; FermentS#%Ilﬂﬂ'l . —Ferment 4 ==X
PIT - m=on @ mzon 03T m=on 4T m=on
pio - m= of 020 mz= of 050 mz of Ml m= off
M m=cw z 14l m=cw

121 =
M m=ccw |||[@ == ccw
210

SEH Ref, 220 =3 Ref,

2]
3
=

Al

0

L
o
o

=]
b
=
i
04
iz
o
i

i}
E
(]
=
&
i}
1]
O
=

o
|
il=]
1]
0
0
E =
=
=)
L]
1]
s
In]
=

211 =234 Meas, 21 ==4 Meas,

% 3—4-10. FAA ] T2 a=o] Al2E] Ao

_77_



A 5 A In—site AFgAIAA2E A|ZE

1. BAER AJA A EE T

© 5748 flow cell® o]FHolx|aL, WISHEE
SAEES 3830

2 A of o8 (T F=ak wh, g
L)ooz Ao, S g A28 e 59 JE= Ethernet VIEHAE S8 54

SAANEE(PLO 2 AEEH TgsAA LN deea® Ao & S sAHA A

=
Y, A2 AAEANM AARE Ale B BUEEE HEl HA 5~10% S SRR

[e]
AN TFsahEs T,

4 h

Spectrum <::| Analysis model generation
measurement

- System status
K Analysis ::> monitoring & DB storing j

Analysis result & system status
network transmission (Ethernet)

PLC 1 ﬁ PLC 2 H ﬁ PLC 3

Control value Control value Control value
calculation calculation calculation
| Pump control ‘ | Pump control l | Pump control l
Sugar Sugar Sugar
concentration concentration concentration
\ control ) K control j \ control )

a9 3-5-1. AL e In—site AAA=E) 42 2 A

I
ot

_78_



AT In—site A|&El AoJEE] AAWNEES thS 19 3-5-29 @)

TRl el o] In—site AEZ(MIAEZ M= AEHHE

H !
A TS AASES Stk o]F HF EAHolEE AR PLCE 7IWo R AAkEA
S Alojebe= shglek. whekd, AEF Bisge] In—site A|2F1e] AARES FA 3744

Source

----- Flow line
storage 1

Signal line

Source
storage 2

Fermentation
storage

()
'.
— \ [5
() _- 1
.
Sampling Multiplexer

collection B contral module
control module oy —
(fixed quantity) ==
Cell control
module

%) 3-5-2. AT AATAC] In-site Aol 2w YRS Aoj ] 74

p
ol
ol

_79_



D) NEAHAANELE

B
gt

K

B

9;]\

A2kt

bz, AHH e A=

S

< 4—-20mA AFAZT} 7Fs

B71e] &57F ¢F 40T

= RS—232 =

Al O
] —

we

.
ois

= 24l 7}

=2
=

s,

o] 7V&

% 3-5-3. A|EAFH A

)

o] 99N AHE

Ao a5

B

a9 3-5—4. AR A

_80_



13 3-5-5. AlmA|F A BEol AL

it
e
3
o,
o
(&l
>

N
o

2) AR EE

A 548 A UVNVIS F3=8 SAs] fste] AMgse A=AM 3 d2dols
SmmE Ak, AL dFvES AREsHalen dl=s HgE ARSIt

9 AR EEANA AR flow cell] FHAAEES YERH FoR2A 7)E] A
S3he cello] 9 it dAFer Azteo] a7t B4 @7] el AH % dl= ug
o] 7Fsstel, 7Ie R FAEFE A 7€ &3 AES AR L flow cell&
Al ztsk At
o] sk Aol whe} Hrr) wWalsly] el fme] FAdel meh A

g&o] depARE f2o] JFS HHgelr] flste] AF A H

A#sllhs. 53], o] ool weh Ao FewbAo] @b 4= glo, &F AAWA 2
S W Hup gadoR hAshy] st AA 2 ARE stk

=
 ewEe] 60m/min o2 WA A2 gol7] wiEd] f2e] S FFol HlaH

_81_



g Flow cell(3D)2] A|ZFE A=

_82_



3) MultiplexerAl|o] &
Multiplexerxﬂoil?_%ro FQ 7SS 3 AES EHFEAVIE AHAHY ALEs] 9]
=

™, ool whEf Al

o :
AAE multiplexers 4198 c2 AASEL F+ Ao REZA CPUS
A BAslal 9lomn 314 USB HE RS232E5 o] 83t F4lo] 7h53les saith uheha
HEYAE S8 v e4A 7} 7hsst=s AAe 3.
AAE multiplexere] g W3k 7]FE2A, Colimate lensE A2 4= = 7115 (F
W FE)7E 7 N AAE e, F Ji7F gk e T 8Ado] Thest=E Skdlal, 4
T A Fo] Wihs FEolH skt 7 SHAANMTY Fo] Sojes FREoR

A,

Al sl B HME SA M A ool ThsskH, of W Ad o] FAIRKE °F 5
Z oWt HxE AASGT w3 ARgAte] WS fat] AsAE 2 ol Mgtk 750

Feales AAS,

_83_



2. ﬂEHAqﬂﬂl 7HHE'|—

=
In—site AFsA|JA|2=E ] AT FARGE Jitstr] Qo] Ay 2AASE 235
al

e FHlsta, AFRds )

o= 3 Tl-=22

mU.‘.
Ot
o
2
b
o|N
Oft
o
38
=
11
o
=2
>
=
ofo
_?L

A
A ARPEE A RS AF k] TAIE o, 65419 ARE ol &&3lth

654 AR WHES HPLCE o]&dte] =4stalon, AEH  column(Aminex 87C,
Bio_Rad Inc., .U.S.A.)9 Z7]+= 300mmXx7.8mme]™ mobile phase:= 0.6 ml/min, column
=55 80C, AE7]9] 2= 32TCE 3Ath

ARFe FHEA TEes A% AY AAXe 2HYAAEEEA71(Model 6500,
NIRSystems Inc, USA)E ©o]&3sle] 7RAda 2 A efd 9ol ~3HEZ 400nm~
2500nme]  FFELlOlA  2nm FASE WAL Bl FARAAERS FAglon, 400~
1,100mmell+= SiAlA], 1,100~2,500nmell= PbsAlAE ARSIt A A AlgE Wil 7t
Zkel Aol B 323 FAKscan)sto] SA7 - Hd AAEHS F
A gksto] PCol A 7Fste] Aol ARE-al3itt

AEEY 24 vEd wE AFESS FAs] flste 7EY A
unscrambler(ver 7.5, Camo co., USA)Z -3 Ax}5H (Partial least square, PLSR)
ol-&3lAth. FHER FAIE AAEHI o sjFste FHEG(ERL B 2 A)S
shar IS, 8 el 2 AA R (MSC, Baseline, Derivative, Smoothing) &<
Qo] AAAS, wAR oA Fom BAseI)

AAE gl PLSR A eR 243 A= a9 3-5-83F Pt o] REloA9] SEP+=
0.091w% °]al R? &= 0.994, C.V.& 11.881%= Yelgth A §le 2o 49 S04
Q1 SR kg E o] dvkd 7 F2 AdE YEith ot 7 Taeg el 544
710l s=7F JA48H oA n® Fo AE FGRIE oA dHeoly Ex7F A

°

4ol glom, o mifel Rle] Aol A9 Al B el A I Ee A d

o:i
H
S
N
=
Z
e

o
Kl
ht
M

r om e
o

i i o

rUO

2

AN}

ul
¥2,

MSC A2 % PLSR #A1o= A48 Ay= 19 3-5-9% #t} of7]o|x SEP+=
0.814w% ©]iL R* ¥ 0.510, C.V.¥ 106.901%= YEbgth r? 9 SEPE 7|&AdA He
ozl A& 1~2709] dFoR WA ALEATE MSCHAE] § mele] Adso] g430HA4 E
o171 Aoz Hol ZHE AFEHM Ak gyto] JiFo] e Ao
=4 AlB7F AAo) H SAHHA T reflectance probe 7F ofUE}f flow cell 213 ALES
7] W02 A}

Hatalol mjE Axg ¥ PLSR #Awles B3 Ax= a8 3-5-103 vl SEPE
0.140w% ©]aL R* = 0.985, C.V.& 16.966%= et Haksle}l n|i AA2 S =33
B9 AAAQ] BFE Ao glov WAHHE FHA @GS AHTt Bl o] W

_84_



A Vet o= [AEr}t Q358 ~HE
.

Wagstel nE g MSC Ax]g] ¥ PLSR B4 Ho=w BEA3 Ax= I3 3-5-119]
el 2dch o] w SEPE 0.137w% ©]al R* &= 0.985, C.V.i= 17.937%=4] obA AMg-gk %
ARE BEHo2 8T A7 44 wETARY AR AAee B 98 ¢ 4
AT

a8 3-5-12~7138 3-5-15% Jjatel 2dS o] &t AZd AFE U= =
2A] 2esjdke]l gz a8 3-5-8~18 3-5—-113 w9 GAFSE Ao mA HAg 9
gyl mde] AAA 5 Ao B A5e BAEg o, By AF ] o] = Wkt

6

ot
1o
[-‘ET
oy
=
il
g
9

g
Sal
~N
=
Sl
r o
P
o
fr
r’l
L
i)
32

OH

=

5.
<4 P=09938
T
[
=}
»n
e]
Q 2f
O
e]
o
o 1
0 A
1 1 L L 1 I L
1 0 1 2 3 4 5 6

a9 3-5-8. A2 ASA 8«54 val(Cal, PLSR model)

_85_



5.
S
T
S
o
=}
%)
e]
1]
o
e]
o
o
1 I 1 1 1 1 1 1
1 0 1 2 3 4 5 6
Measured Suarose(%o)
% 3-5-9. Ao A5A H oS4 v]al(Cal., PLSR model, MSC)
6
A
5.
O r=09855
IR
=}
%)
8 2 A
o
e]
o
a1t
O.
A L 1 L 1 L 1 L 1 L 1 L 1 L
1 0 1 2 3 4 5 6
Measured Suaose(%)
% 3-5-10. AEGe] A=x] @ =X v (Cal., PLSR model, smoothing(f 2),
Derivative(f3))

_86_



=0.9860

Predicted Sucrose(%)

A L 1 L 1 L 1 L 1 L 1 L 1

2 3 4 5 6
Measured Suarose(%)
a7 3-5-11. A8 A=x 2 o =x] v (Cal., PLSR model, smoothing(f 2),
Derivative(f3), MSC)

N
o
-

Predicted Sucrose(%)

_87_



Predicted Sucrose(%)

Measured Suarose(%o)
18 3-5-13. AEFe] A=x % o=X] v (Val., PLSR model, MSC)

Predicted Sucrose(%)

Measured Sucrose(%)
9] A== 9 o ZX] vlul(Val.,, PLSR model, smoothing(f 2),
Derivative(f3))

9 3—5-14, AR

oft

_88_



%)

Predicted Sucrose(?

Measured Sucrose(%)

1 o] =% H]nl(Val.,, PLSR model, smoothing(f 2),

=

Derivative(f3), MSC)

ofl
o
>,
|\
B0

ul

9 3—5-15, AR

_89_



H}-sk

A 6 A In—site AFsAA|LH E7] s
1. 71244

1o
i

B
el
KR

N
TH

B!

110
0

i:’
el
z]T_

N
TH

A ARulES]) =

ol
oh

}a1, HPLC(a4ds

S

4 shejeg

E

REEEIE

al

1

2

=
=

AHew AHH A=

AT

o, o] FollA

ox

B!

110
0

ol

el
z]T_

N
TH

el

el

of Alzel o

=]
RN

at7] o

S

gl Apel] ok =

iR

1

-
. L

1

o s}

13kl 18] g=rnt A

=]
RN

Ak &=
R

Z)
)

afoF

S

ge grz A

iz

N
TH

o)

124 18] bl of 2A17ko] 285 7]E

F5317] 9

o
=

&

[e)
i=1

sto] o

°©

Aest] 9

[e)

< El O
—wm=

Al

@ ~grkatg el

%

&

22

XL
==

AZHE 10702

Aofell g7-=

=]
B4

A4 -57

— %

- AR A

3L

[¢)

gl

oz dolge] AFGe] a5 1~2912
(33 g N3} ’=1)olar A ojA]LE o]

3

[e)

=
-

0|29
= A

AL (=) 7}
pe!

[REK=S

s

2

°©

°©

floF

1= ofoF
gor ANgd ¥

o

-

[

=

=

HAo17} 7}
P2

77}
_1Q

@ F7gA°]

TR

=
=

_90_

S

°]-&

=

=

— Multiplexer



=

® @G 9)71270] Aol Aut 2k Belsl7qA WAk AR 9l LR % 5

7} ul§- BafAste] FA Al A"l tigt 7L {A] 5& LEs
A AT In-site 7] A|2EE] Z]EAAJINR F AR o] ™
3—6—13 18 3-6-2¢} 7o] AAFFTE In—site A|2HE X AH o7 AR AAE7}

upEo] gt % EE W B0 ARG ARE AFeln, 2A® ¥ vov du=
A4S Aolsu T
RECIESERRE

£9 YTE ol g3l ARS AN Hu, At oEP me
Flow cell2 527 5], oju] R33a135o] ﬂﬂ}ﬁﬁﬂﬁ%%:%ﬁaE%‘ﬂﬁﬂ.ﬂ

2 o
ol
ol
X
i)
i)
|\
o
>
2
2
f’fi
m
—
=
D
=
=
®
é
_I_4
mim
offt

L

N
0x
i
g
i
=
[>
Jg
Im
o
i
=
=)
=
D
H
ne
0z
0x

A 4

BI XO8t At

E&2/ MOt / AIAE ALEH
Database M &
X t

X
0=
I

A 4

L | S32t/ Mot/ AIAE AR |:‘> =X [HOIE| L Al AE AEH
HE<SRIa &5 ELIE{%‘i

718 3—-6—1. In—site AFEA|OAE 7]H I}

-

_91_



Sampling pump on

!

Spectrum <::| Analysis model generation
measurement

l - :"> System status
\ Analysis monitoring & DB storing /

I

Analysis result & system status
network transmission (Ethernet)

PLC 1 PLC 2 PLC 3
Control value Control value Control value
calculation calculation calculation
Pump control Pump control Pump control
Sugar Sugar Sugar
concentration concentration concentration
\ control / \ control ) \ control )

8 3—-6-2. In—site AFsA|JA]~E A AR}

2. 34 3 ZALA
In—site A]Z=Ee] 7|2 FAEE= o}

o] AEFo] P8 = g I8 E

ANF ELawo] Z2t AA|sHA ot
2 ook & vholm= Aol HH, YEAFEEC] tthz HA]

7] wiel ST A4 AR Eofob shuh AlaEe] H|gS FHASE dk7] st
Multiplexer& AX|3le] dtdle] EFEA7|2 F ALS A&H oz WAsAA 4] 7%
sh== AASEAT

Multiplexerell ola] S4H A3A= AIAES A BARDS HAote 22299
Generator 2130 ola)] EAxo] AHojzks AH&=3t & PLC A& Ta) d83a%ES A
o8t A

o
rl

as)

o

A

[

_92_



“ ®
T T T T o ® )
s Bl ® <
“I IIIII - ® — ®w K < = wﬂ 3
q \ao ‘.Ol —_— ‘.Iqm_v” oS i~
] S X
[ TEzIl %R
R0 HI | I me H o
_ - Al w N i WM Ay > iw il o
i | EME Ay _tw P &
_ H S I o 9 X I B e
i m HI G (% MR H N
| FE0 bl Ho ol L o5 2
| = ;| 3 A ® b
— L T B S z
| T 5 ~ o BN Il s £ P
| wim 4 g = xmw7%mﬂc o =k
| H 50 T £ M_ Moz X oYX 2 B
B El E ) g;lﬂL._z_ﬁ = o M
| T — T ﬁiﬁo%m wuﬁo%
s | C T = T
pinadadininm ! 3 o E WM N B ™ Gl
|- E Em A B
| o n 7 dbow e E X T F o
wm | ﬁ = IR WY
_ 1 FE0 mi | = = R N o T X
| = RIRERE = TErsztEpiz
1 = = © = X Jl N o 3¥ c.: s ﬂo
1T sg |2 I firzwzigk
| FE Hl g S 3N G E W
a A _ w - 1A S N
| N = ® up A 3
| — T ﬂ_”-— NI %oﬂ H W oW mw.'m_v £y
_ y i = = g o= AT A 4o
i = wm I CRE I oo R
_ m_u._ﬂO HQ l._ v ‘Nﬂ &O O N
20 o T om Won T p 3
| — = 5 i ZISO T = 1
| = E_gﬂmu_z_ﬁlﬂwm
To | o U —
S | _ iaiﬁf@w
|||||| _ _:ﬁrmulﬂoﬁoh%
||||||| _ o B g < oo T
- mﬂ_zfﬁqs&mﬂ‘_ogMiM
do w5 TR E o &
X < A EO

- 93 -

7t E3E
£ 3382 7](Spectroscopy)



SO - I 3
—_ = HT_ Og .~ o & HT_ o ﬂ.ﬁ Jl _ui ,HE H_T ~o ,UI
T ET % %, Sy BET ZwiEL 2 o 5
-y N I — 0 z.L k) o e} ~ Lf
<° S ca O = = by G ) ~+
- ls) < T O A T wooH il
g w o =) ,H_._ MM i m . %ol < 17_.M M ,m,.# ol o = B Jhuuo
v T = 2 io} =Y o 4 o T e TRy T
ok B O A A T g 2 B wool M Z T 4
— o = 0 — ,Ol 7 O jrugnt —
IR - - N - W e 2 RIS i i
- 5 o ° ) FIKE - TR T ﬁﬂ%u ok
B g F o mear.g%zﬂ T oo A W o= X T T 3
® E B n By oE W e - I S
g = HgeBE® B 2 2wk 5% X
N r = o S - Rk 0 T 2 o o T L
! pow N B N, - oar oF 2 N A mooxE B X o
™ R il T o T WT_ 8 e < < 0 o o WO
— 0 0 _ — -
K joz%éaﬁﬂﬁ%%% = bk ZProal o zmmmr
w T N go T I Ho & T o= o o 0 Jo = N BR
A= ! o 3 o T g0 & ° S i ~ W o e
g do T o mﬂﬂ s ﬁome .5 & % Jp NoR
: ﬂmiT%Mﬂ%w‘% O N S A T
ToemliendlLEY 2wl - I A
% Ny B Ld% ¢ s g 2 oM D O oy O o
9/ %_m.ﬂxﬁaﬁ_/aa%lnm %gﬂ. A,,wuqo._iuazﬂo mﬂE
Yo X < & T A= oo oy o N B o "N M
o g T o K ° o XN S 2 B N 2 ® W o M T N odo
I < = %O - ST = _ o i ofp B =
T T 0 aFF o Moy g w2 naoﬂ_sLL.EJgL. <
%ar}.nug%mq@%cgd,%ﬂmt1m IMaﬂmwii.ﬂ%smmi
o o s W T E W S %ﬂ%%}w;a%ag
OM Da L ,UI D EO n_m_l o Og U_x .ﬁ ;OL ,Ol Lo ,a L.E N o :.L _ui n_mo
HT_ ﬂ.,ol O ;ow_ 17_A| ‘Ul J.M E.:l — FL — | st EE — o ﬂvﬂ_ et} Eo
L OB = N o S8 WY < B o M 0 T u, o I Mo
N omr N X ° hu wo 1 ool oox o C ooy _ o e]» o o Jlo
I oo oW T do o R F wow b o XN Ik i
B ogs R Wogy oo Ao < g AR R = m P o o X Ul N ook N
a4 _Lﬂ o W I ol N A s B o= M W W oo e o e
.= A X o = N o Y )| a- 2 1o I O o
TN RN W o ° Bo— o I o o R m.__m o K N~ N © )
3 o g ) A * = T _ m PN B s
AN do v It & H T o o BB oo R T %o Ol O S by
o X w T T Moo " oW eﬁoﬂar.%%as%uﬂﬂo
%Aﬂn%%d&,sﬁov&w T T K q_o%ﬂmMﬂAﬁo,ﬂaox
Moo T 2 5 0 E = o iy o Tk oT —_ o
% — a4 N ™ do ~ o o W wH i) LT OW oz o W F o
ot ol ST T B Ko ooy B m ~ 5 o o T oo~
o < G = = ko Jjo B — o XV o mK == XomON
o ® B b o~ ME o g N SR Y

}

9
pl

3

s

]_ T
AXEE CCD, InGaAs, PbSE o] &3

- 94 -

= O]
, A=,

=

d=

s
a

A=7](detector)
B 9]0

)
=



900~2100nm IFAHE ¢

1

i B

T

900~2100nm

g4 300~1100nm I}
=]

1

s

3

=

[e)

A

H

=i
=

A3
300~1100nm ZFFHE ¢
], 900~1700nm IFHE ¢

71&9] grating 719
1, 2F 900~2100nm N2 ¢

900~1700nm A= ¢

st

S

g
iz

Al

o
R

{oz Aojgd 4 glen, CCD,

Zulo] wze] Agtolu} W=e] of

=
=

oA SAZL WA FE gtk

(integration time)<-

InGaAs, PbS

—

A, R = e}

B

)

)
S

of S7AIzto] L

floF sk7] it

A3

9% =7} 3

SHA 7}

[e)
e

1% 3—-6-59]

=

=i
boleh, 1% 3-6-4¢)

°©

_95_

RURETEAESE

Aoz FAEY wEbA, & o
o wel 28 3—-6—4

Al =, 8le A
HAl €k o714

°©

el
=

©

o)

A

801:
At

S

I 3-6-5= TR FgAe] 1Y 3-6-49 2 TR

a9 3-6-5%} Zo

1

25E o]

Al AR
°| 7V

ol



T

9
pl

s

&
biet.

°©

o =d Ee

S

1o, CCD,

EREE
°
ugo] TFsshEs

A7y 7hseteE AdA

d o

[e)
I

SIER
o]
AL,

=

=

=

2l

s
a

F o2 HE 9
Ao A S In—site Al
g d3sslen, A4

=

A T2 vE Aol =Y, 37K, 670
E] 2l

sl

7A%7] (detector)
InGaAs, PbS

i
=

)

110
0

5
Wy
ﬂo
oF
o

o)

iy

iy

_96_

FE o U2 7] Zejvoly FAl, 7] Al

Ao

I



il

il

i

B
) L |

Collimating
lenz

)

HRRRE

N

Rl

Ki

(1)

® o =
£ £ E
< £ I+ <
WlO WlO H.MO
T = I
ol 2 ol 2 Tol 2
0 2 " S M S
@ [=2] (=]

U
T

HO
IH

o
=
T N
-m mO
©
Q
I+
&0
Kl
_ ABRAR
~
ri
Ki
o
HO
£ £
I+ < I s
<o <o
- I~
ol 2 ol 2
7 3 CH
=0 ™ o

LA S
900~2100nm

xr
IH
0
IH

_97_



3. Multiplexer
she] S 7S o] S 718t FLsHAl AR S ¢ RS FAES ol
2 IHtHA oAy AlEe EAo] 7begh Multiplexers AASGITE AlZMES 4 9]
] %

MultiplexerE& AR o}, ArbaAo)] H83517] feide= 8a1do

)

of, AIEHES] F8 AAV|ES ol&ste] E7]d= &A1Y 9] Multiplexers AAISH3
Multiplexer?] AAIE=E el AS = Colimate lensE &A&st 4= = FHo] F 7o)

W, T A7 3 Aoz & 8 Ado] /IR d9a, AR e oA o] Yt
ol s g SR AEY Fo] Eolee FEor st
sadl A= B dE F2oA ALY olso] JhsahH, o] W A o]FAgR °F 5
Z o7t HEE AASIGth Eeh AREAle] HE flEte] e Y B ol
7Fsst =S Al
¥ 3—6—62 Multiplexer BE 24 AL33H5, HAHAEZET, Spectrometere} TR 7]
Z

7] % Multiplexer®] 7]7]=2 =™, &4 Sol3t Fx2= 479 77Es widsiith

0>.’
™
(LU
N
o 4
o

_98_



I/O X021

=

0
]
w|
Y

oJ

Power Supply

Spectrometer Driver

N e e

M1

Spectrometer & =Y

Multiplexer Driver

Multiplexer

j -
=

18 3—6—6. Multiplexer

i

EEE

2

In—site AFsA|oIA| 2~H2]

SFATH 1Y 3—-6-7).

cell o= A

o

3—6—1

-
It

boich 1% 3-6-83

S

b=

°] 7}

a2
a

ERI R

o

slo

Al

ol
=~

_99_



RS—232 B 4~20mA AFASS ARgsglon], AFd Alme 2554 % 23] 7he

oS spglon, s ZJEH 40C= A k3

A= 548 Flow cell 274 bmmQl A FE|=24 ¥ F=ZZol= smm=E AAENS
H, UV/VIS 53=5 S437] flste] AR = A2A Ade dFres ARgeien
Z= Ads ARt

4

7159 A3t celld] B iR AP om AFtEo FarF HA 7] wiEel] A
9 A= wgto] Erbsste], 7l 2 FAIETE f8 7S AEskE AlEs AMESHA
flow cells A&kt
AR 24o] & ztol wet A&7F Wstely] wiol] fme] el we A il
A A BT WA S ade] SexER fRo Je HASIer] flete] A AA B A%
skttt 53], d] At wet Ao} zrehbajo] webd 4= glof, - A Qo]
a

o}

Oft
&2
K]

SH0o=m A ety] flete] A B AAE shaith

60ml/min o2 H|WA AL <kolr] uwjite] Fzo] FAS A=o] H|uH

lstglom, o5 S Algrt 54 FAAT 225 d4e BAEISITh

Negd 9w 320 ddEs 279e 1Z2o s Mgud=y) oz tlolA Wy
u

Z7a A= Aol AE7b Al R weAEaEs AAsith el 3 A=

H
£ Y

]
A4

% 7175l wgsle] AL Wil FHEwE A

AR EAE A0 AAERA ARET 2L WE S0t AdEE FMADS V)Eow
qod =7k FEmOR Holr(104, 105) T} W= Aol AE7} A FeHES WA
2 st

wek oz A= R J|FEo] 1AE (106, 107) SAHAAAE YR FFeEqct 4 &
519 (106a)—>AZ1(104)—>SAE(103)—>d=2(105)—>Fw|&=F(107a)  ©|H,
AT (1022)>FA=(103) A B8 =7(102b) AZ= 524 s3]
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Fiber connector

| Flow Cell & Jig

| Pressure indicator
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Seax Al
Items Specification
Motor type DC motor
Gear ratio 100:1
Ratation speed Max 50 rpm
Flow rate Max 17.5 ml/min
Power TW
Pump roller 8
Tubing type 3—stop collared tubing
Tubing i.d 0.13~3.17mm
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5. AFAe EHT ZUHY ZENE
Aol MESA RUEY EES MLt ESYA LZEOE o|&ste] 54 A7
s wlgde] dEshy] /s Fal750] 83 7502, ol 7|EH o2 Ethernet 7]
grow Azt gloy, 583 dEe] MgAEe RAMOl o AslMs RS-422 EE
RS—485 W2e] FAl7|He] AR 4 == stk
HIEQD E5e /o] Aoy AR} B8 55 aLdste] 7]Ed 48o= AREE L
U BE(IH 3-6-10)S o]&allom, E AFtolA AREgE BES AXE in—site Al
o] dloly &4l A& Ethernet?] 749 250m, 422/485%1 749 1lkm ©]3slolA <A o]
B, 1 ol A= 47t FAI7](repeater) & XSt BAIALE £ F JEE
ESAss
a¥ 3-6-112 YELF| ©]83 Ethernet(f-d#)o2A AZ|EHAE  ©]&3}o]
10/100Base—T &Alo] 7bsdtal, —40~+80TCe] 2&=ollX zhEe] 7hsate] ALl At
£-317)o] FE-3cta #aEALt. =3 ¢y¥ 7] 7], DNS, DDNS, Telnet Com port control
9 T SV S Wste] Al tdet S xRt 487 e dd
= AT}

a9 3-6-10. VIESA BE
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(TX/RX/LINK/STATUS/POWER)
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A shiA F A HASE ¢ =T ALES AAESIT

5, 718 83 AlFelM = 3R] R el L= FAAlelEol F ] Alo)x
of AdE dHom AdH el thr] BEe] F AlolEo] 3lo] 3 el AAE A
g HgkS S, 2 Aol Al F 2] B B gdel o= 3ol

o] FEu7] UFe 314 ol A4 AAHES AARHAAN B £48 Haske & ook

a9 3—6—-12. AZH Flow cell
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=2

3—6—2. In—site AsA|oJA|2=Elol A3l 7]7]9] Al

e

A

NIR spectrometer

Detector

(G9204—512; InGaAs linear array

Detector range

850—1700 nm

Pixels

512 pixels

Pixel size

25 um x 500 um

Focal length

40 mm input

Entrance aperture

5, 10, 25, 50, 100 or 200 wide slits or
fiber(no slit)

Grating options

1 grating option (N1 Grating)

HC—1 grating option No
Detector  collection lens

. No
option
OFLV filter options No
Other bench filter options No
Cglllmatlng and focusing Standard
mirrors
UV enhanced window No

Fiber optic connector

SMA 905 to 0.22 numerical aperture
single—strand optical fiber

Wavelength range

900—1700 nm with N1 Grating

Optical resolution

~3.0 nm FWHM

Signal—to—noise ratio

4000:1 (at full signal)

A/D resolution

16 bit

Dark noise

12 RMS counts

Dynamic range

5x10° (system); 5000:1 for a single
acquisition

Integration time

1 ms to 3 seconds

Corrected linearity

>99.8%

Operating systems

Windows 98/Me/2000/XP, Mac OS X and
Linux with USB port; Any 32-bit
Windows OS with serial port

Computer interfaces

USB 2.0 @ 12 Mbps; RS—232 (2—wire)
@ 115.2 K baud

Peripheral interfaces

12C  inter—integrated  circuit; SPI

(3—wire)

VIS spectrometer

Detector

Toshiba TCD1304AP Linear CCD array
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Detector range

200—1100 nm

Pixels

3648 pixels

Pixel size

& um x 200 um

Signal —to—noise ratio

300:1 (at full signal)

A/D resolution 16 bit
Dark noise 50 RMS counts
Corrected linearity >99.8%

Sensitivity

130 photons/count at 400 nm; 60
photons/count at 600 nm

Focal length

42 mm input; 68 mm output

Entrance aperture

25 um wide slit

Grating

Grating #3 (blazed at 500 nm)

OFLV filter

OFLV—-350—1000

Fiber optic connector

SMA 905 to 0.22 numerical aperture
single—strand optical fiber

Wavelength range 350—1000 nm
Optical resolution ~1.5 nm FWHM
Signal—to—noise ratio 300:1 (at full signal)
A/D resolution 16 bit

Dark noise

50 RMS counts

Integration time

4 ms — 10 seconds

Dynamic range

2 x 108 (system), 1300:1 for a single
acquisition

Stray light

<0.05% at 600 nm; 0.10% at 435 nm

Operating systems

Windows 98/Me/2000/XP, Mac OS X and
Linux with USB port; Any 32-bit
Windows OS with serial port

Computer interfaces

USB 20 @ 480 Mbps (USBI.1
compatible); RS—232 (2—wire) @ 115.2
K baud

Peripheral interfaces

SPI (3—wire); 12C
circuit

inter —integrated

Lamp

Spectral range

360—2500 nm

Dimensions

9.0 cm x 5.0 cm x 3.2 cm; 3.5" x 2.0"
x 1.25"

Power input

12 VDC/800 mA;
amps

7-20 VDC/0.4-2

Power output

6.5 watts
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Bulb life

900 hours (standard);

(long—life)

10,000 hours

Bulb color temperature

3100 K (900—hour bulb);
(10,000—hour bulb)

2800 K

QOutput to bulb

5 volts/1.3 amps

Output regulation

0.2% voltage

Time to stabilized output

~20 minutes

Stability

decay rate is ~0.1%/hour of the output

power

Bulb output

7400 foot—candles (7.4MSCP)

Connector SMA 905

Type Metal mesh filter
Membrane filter | Membrane hole 10um
& sampling probe | [ength 150mm

Flow rate 0~60ml/min

1000um cable for light source

600um for absorbance signal

Fiber cable

400um for bifurcate cable

Spectral range : 300~2100nm

7" touch panel

RS232 communication

Digital I/O interface

8bit analog input

, XN

Fo7%
%dﬂi@
S4=
7', @5AE
»~FAEHS DM 7% 5]
R A1
stod Jtsislon,
2P A=FsEA T

Ze gl ARe o
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(MSC), Hlo]2=gl] o]&(baseline), "]i-(derivative), *§&3}(smoothing) 7]% So] 9= ~
ey AAY 71sd ~HEY SAA(PLSR, MLR &) 7I%5°] 7Fest=s Hdagiv.
T AR A 7S At A 5 Qe Ve, 2FEY Y, Eﬂ olf] Al E Al

7 7%, 139 display 7]s, A AZELC] AE 7T SO }%’3} = it
AR A Zeafe AxFe TgelA AztE o ARkl AHe-ef el V]E
& = ARESHA skt E}EW, 22 Al cross
validation & W]l calibration Hi= validation &2 714 2 AE AHEAl 23] 7Hs
st sielth. =] 7S =9 | —°r9] G7F avkE S7Fe] winel B ALt
AlZro]l A oskAINE Bl AdstA Az 4 JweE shaivh

A Z2ae v)Ee] FgreEadve 9 %ﬂﬁlz T4, F7F R el =t
w71 el @Al A AEHQ A o] 7hssith calibration HlO]E] Sl R
S FA717] skl dolElE outlier dfoF & A$7t ded, HE TS ALES)
A 7P ARkl WSS vl RA Alshy] wimel w sEE AR ob | #HA &
ARdlS Agelr] ofH A7 Brk =3 dlolHe] 23 9@ ATl mEE v #go]
AEE A57F At olmjel® o]& lel= batchd} 3 ¢ gl7] witol] #d=Fe] FrlsH
ot wEha], 2 AFA et 22 ae P Bg 7S FUhete] AR A6
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7. 4%%7t 2 ne
7). Ay

In—site AFsA A 2E 7] AFH7ME 8] Ao 48H T4 oAt 3EES
Aaksls whg g Aol Y8R A (sucrose) X FFEAAS ALgsle] wEEAH F A

=
W FFms0] FEE 54, B ALE Y52 Bl
=
=)

AFHTE Alge= 54 flow cell2 Bl v £324 A8l ofs] o] SA= L, o
714, 541 AFERS AAFter F4FE o] b AZgto] ARt ES siglvh oHd Sz
AL oF 5~1029] F71= A& wEE o= At SA7Ibed ASH R S

AGlE 3 Ao WEEE 47 SYHoR so] Aol wazelN Yo FES
=gaigde of W F Buly|E Apgaglons wazAeldls F Rulrle Ft] we
A WAL BASA ek ek 9RHowE 7 dExE AR Aol F o
= mae S do) g miadsn dadors wEFAel A B0 o
Aol AN Ao AmE AAGT HPLCEZSAME o) 8all & vEE Z4ahe
Aol @A oz ofelgol WAL,

e B ATl ME A WAl MEEE VFOR ARS AR § BE oF wde
AT T AR G5 Bue U2 wazd 48dd 448 BUg ATt wen

In—site SHA|2He] A5S H7SESIth

01]/\1«] v‘f"ﬂ.%k(reference data)< T-sk3itt
HPLCONA AF8% column(Aminex 87C, Bio_Rad Inc., .U.S.A.)29] Z7]+= 300mmX<7.8mm
o] mobile phasex 0.6 ml/min, column =%+ 80C, #HAE7]9 &&= 32TC=E 33t}
ol A& A B FAIAHS 23] FPste] 2TFY HolH AEES Ao, 1WA
HelHAIES o]&ete] EA Y-S AAstaL 2vA HolHAER 449 RS A58t

A darelFe(MSC, vk, B83h) M2 g2 A8ste] dd s o5 2Ee] 45

S A vaste] FHZA RES MASE 8 dra ol Zhzy Ag3she] whg oA sucrose
2SI SRS o 5350
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At BARAS ALESte] HEFoa 1HA TEFAH F sucrose s& FUEH A
& TRk 19 3-6-1804 predicted LeZ= T 13 %011 Al=gle] HUE P gk
& 9vlsty HPLC 2+ 34 Skl 71302 BE A8
AZHE JeERNALE SEPE 0.808w% ©]a R? = 0.994, C.V.&= 7.585%=A] 253 Ay}
£ 48 T Uk

g oA 29 HaFdA T osucrose % EUHY AYS st AdeE O
3—6—-199F #om oA} o] SEPE= 0.815w% ©]al R? = 0.998, C.V.& 8.116%9]
AE JeQe. AxfolA AlxEle] H% wUEd 3yt HPLC A2k Alole] A4 AG:7}
0.994¢} 0.998% H]m A wHE3H #%0121 . ol FAA] in—site A]2Hlo] Aoj= Hr}
aedor & ¢ AdeS ovishy Tdaxe] RUEY L E(2d 3-6-20 3 3-6-21)°]
RUHY #3435 YehAth

axv 24 RS LS gAolnw daxdAe] AFATEL Al dHo] &
Peloll i Al2=d)e] AAES HEE Jloz AdHm, = Aol 60wpelnz Tdax
808 ¥} 0.815w% > WEE 7|Fo2 1.35% <} 1.36%

22 ZAA] TAs= AAE 727 (slope) E AH(offset) S AHESt] HASIR o™ A}
L8 RAANL APRAA 1x+10 o]tk AIollA A|lxHle] %= RUHY #¥} HPLC 4
Z7k Alole] AARATIE 0.994, 0.998F o] M3 mAWIo R =Ho| AAAS FAE F
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a9 3-6-21& In—site AFsAAA2=E 275 o] &ste] dAolA SA g Glucosed] &
FEE e Folth Glucose® WaZldaAddA 43l om, 1‘?]301]"19} ol 400~
500nm FHNAM e FF=7F A HEgth 19 3-6-22¢ A EaEIYAFAA =
A%t Glucose FHEE ©]-83F] Glucose?] FLitAs A ASEIE Jdsta HEs 4
oty e e} o] SR Ee] AXAFE 0.977 TR Aol AHETbse e
=2 e
9 3-6-23~3-6-25% In—site AFEAAAIAEE o]&sto] g4 Glucose Z
Lysine®] s=WH3E EUE Y= 2S Uehd Zlolty. adolxel o] Lysined]
dol 1YPA+= Skt Ao, GlucoseE: HaEIAH FUshd s=7F FobA L
olF Wy ypgo] P &Aoo 7 Fhastal Qvk. o] % Glucose®] FFFo] HolbA™ A
AoJ Al 2~Elel &J&]] Glucoses FYHA =& HAo] RHEA o2 o] FofZiT),
a9 3-6-267 19 3-6-272 In—site AFEAlojAlzElo] o] @AM F
Glucose®] ¥Fe =3 g3t HPLCE ol&ste] SAS A5gke vlugk Zlojth o=
B 27MA Rels AS2¢] nlusiglon, gy ol 23] SA ko] Zhzt L
Aoz dFA9t AS5A7F vl 2 dA83AH

%) 3-6-282 In—site AEAIA 28] s AN ZH Lysineed] FFS o=
o

2o
lo ot

o
iy
:i
il
Au)
Y

sk k¥t HPLCE o] &3t 43 AS5gks vk Aoz 919 Glucose St 5HsHA

oS ef AS5X]7F 2 A5tk
# 3-6—32 Glucose ¥ Lysine?] d&olA In—site AFsAJA|AHo R ZA3 =X
o] ASX| ke AAA ]‘F 2 gFHAF vl Aol oA el ol AASG

¥ 3—6—3. Glucose ¥ Lysine2] @& oA In—site AFsA|oA]AE o2 AT o S5X]9 %
TSAAHY] ASX| ko] AAAT L HEAAF vl

R2 EH A

A model 0.998 0.332
Glucose

B model 0.995 0.533

A model 0.991 0.069
Glucose

B model 0.991 0.064

A model 0.999 0.786
Lysine

B model 0.999 0.534
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FEa utetmer A g | £ ABMES b 20 = 3

® BHDIE | ez iEce bt ey e 4= 53T HoE o2 | e

= JamE AHSE SHEH B4 #2230 <610 =4
42 3 | = Factors: K& 20 eno e EHME 5 R

-~ pape e (@B | SoEHAR A [0 azas
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Result Display ensorEye R&D Technology (www.sensoreye.com) v6-17, tx
& View Analysis Result " View Spectrum
Call Vali 2]
A i) . 0,988457 7,650000 12,365000 6,580000 5, 700000 5,630000 13, 740000 5, 110000 10,270000' 4, 405000/ 0,675000 27, 105000 1,260000 56520000 0,545000 64,3600 5,050000 10,080000° 1,645000 24, 45!
R-Gguare| 0,577046 0,977045| 9,347804 11008245 7,035098 6613513 5613654 8539279 7171448 10648002 5,229426 0,932015 27870815 1063123 56,570041 0,70069 66677755 9044761 10,664343 -0,917901 24,29
SEC 2,090175 1497804 1,356755 0215498 2913613 0,06366 5200721 2061448 0,378002 1,624420 0057015 0765815 0,190877 0050041 015569 2317755 0005238 0594343 2,562901 0,16
Bias 0.013230 0013230 009 0180 0200 029 0268 158 0599 0153 093 0303 0589 0131 0016 053 1640 0079 0499 0564 O
PRESS
SEP 2.090175|
0977046 0,970 |
7.850000] 12,355000  B.830000 5700000 5.630000) 13, 7400000 5110000 10.270000 4405000 0875000 27, 105000 1.2B0000 56520000 0.545000 B4.360000 5080000 10080000 1.645000 24. 45!
9.347304) 11.008245 7.096498 613613 6.613664) 853327 7.171448 10648002 6.200428 0.932015 27870815 1.069123 5570041 070066 BE.AT77S6 9044761 10664343 -0.817901 24.29:
1.497804 1356756 0215498 2813613 0016346 5200721 2061448 0378002 1.824428 0.057015 076R815 0190877 0.060041 0.158636) 2.317786 0006233 0534343 2862901 0.16
0.277 1.471 0,244 0.288 1.365, 0.251 0,000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0
&
84
62
80
58
]
54
52
50
4
48
e
42
40
38
5 X
34
3z
30
28
28
24
z * *
20 *
18 *
16
14 ¥* £
12 *
10 #* ﬁ"‘/m
8 ;}' W
*
f: %»e £ T
4
2
il i
-1.346000 3.185000 6.228000 8.104000 14.051000 18.334000 24.283000 27.871000 32 609000 44.783000 56.570000 66678000
2 3—_f— 3] Alo] A3 G ool A
j—uB §) 22.230]‘ A —10@‘ IUCOSG = 1= Zj;g
Targel [modell [r~ 232E =
il 0.000000 0497028 ’d Edum = Y
&2 0,000000 0,498927 & S
53 0000000 0437013 ¢ i
) 0.000000 043355 1 5 D+ 6660
%5 0000000 0457086
6 0000000 0436099
s7 0000000 0.438904
<8 0000000 0.430%68
) 0.000000 0436543
s10 0,000000 0,493348
si1 0,000000 0,495734
s12 0,000000 0,491240
B 0.000000 0430533 e
sl 0,000000 0,4902%5 2155
ST5 0000000 0484275 *
ST 0000000 0.486530
s17 0,0000000,481975 5 X model2
sT8 0.000000 0477979
Al 0.000000 047463 bt Bl moded
s20 0,000000 0,477689 ™ & modell [ax+b)
s2l 0,000000 0,477051
23 0.000000 0483316 A odsl2 ahi)
523 0000000 0450393 . I & model axsh]
20 0.000000 0472792 1
i) 0000000 0467340
% 0.000000 0462317
<27 0000000 0464505
28 0000000 0.451365
s29 0,000000 0,460695
530 0,000000 0457745 |
] 0,000000 04528201 1
5% 0.000000 0447632 1
] 0.000000 044349 1
530 0000000 043345 1
5% 0000000 0441822 1
5% 0.000000 0440861 1
77 0000000 0443262 1
538 0,000000 0,439315 |
39 0,000000 0,440364 |
540 0,000000 0,434258 |
] 0.000000 0442305 1
a7 0.000000 0436772 1
503 0.000000 0479415 1
sai 0000000 047889 1
o5 0.000000 0436847 1,
b e J—‘
mode [mot
~1.AND00 -1 AN -1.3
—1.ANDOD -1 ANDID - 1.4
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|

Target |modell [~
0000000

0497028
0.000000 0.498327

0000000 0437013 ¢ 8“%
0.000000 043355 1 %
x
*
*
3
kS
%
%
%

BURUEWE HE

s
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