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Development of a Portable Near-Infrared Spectrometer and its Key Component
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Abstract

With today’s expanding international trade in food prod-
ucts, pharmaceuticals, cosmetics, and personal hygiene
products, as well as with the increasing number of legal cas-
es regarding these products, users pay acute attention to the
products’ constituent analysis and labeling. Various types of
instruments have been developed to analyze the organics
contained in these products, and, among these, near-infra-
red spectrometers have attracted particular attention be-
cause of the simplicity of their operation and the quality of
their performance. However, current near-infrared spectrom-
eters are too large to satisfy the operator’s desire to analyze
constituents with ease.

In response, we aimed at the development of a portable
near-infrared spectrometer with the performance of large
near-infrared spectrometers so that an extensive range of
constituents can be readily, easily, and accurately analyzed.
We developed this portable instrument by adopting a
Fourier transform method as a spectroscopic method, a
method mainly seen in large instruments, and obtained con-
stituent analysis performance equivalent to large instru-
ments despite our spectrometer’s portable size. Also essen-
tial to our portable near-infrared spectrometer was the
application of optical designs (a Konica Minolta specialty)
and the development of a compact spectroscopic engine
made possible by a unique and key component driven by
small actuator technology. Further, the performance of the
spectrometer easily met the USP1119 guideline, an evalua-
tion criterion of near-infrared spectrometers in the pharma-
ceutical industry.
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Table 1 Examples of applications of a near-infrared spectrometer.

Fields Agriculture Foods Medicine

*Grain constituents *Constituent analysis  *Measurement of
analysis of flour drug constituents

*Measurement of
water content

*Measurement of
fruit sugar content

*Receiving inspection *Receiving raw materials

*Constituent analysis  *Measurement of
of processed foods water content

BIER S LT 235 R o hidsiE (NIRZEE) (3,
FUCHARICRE L T T 2EMTHh 5, HEMO
W, LYy 7Yy SBREBHEINTED, |’
5 &k o4 ikl 2 SR ETllETE 5, L
L, ERSED D SRR HE % 1T ) D3I 3SR L
TE D HEZ FEEICHE RGN R B EATHIET % 2
EIXTER W, FlZIE, B3 - 82— — TP
YIRL & o 72 AR A TR OB DM 2§ 2 5513,
MBI OZ I ANBRSLLEREI A v THy 7Y v 7Lk
B ZEEF CRBIAATIE T 20688 H 5, 2D
By, FEMRISZ I ANIRICIE, BIBOZ I ANBENSTE
T\, E7e, ERES A LTI, SR RN SE Y
WO APFET 2HOBENH Y, RV EEORK
DR TH B PRI Z O TE 5, EEICIERD
BT,

FLIE DX LlEE RIT 22, PREAEEE L H
LV VDG AV HEET, BEREIICR L #EA T
HIEELZ 73 W13 C & 2 NIRP T E O B2 H 5 L Chix
WD LA, TR—% 7RI NIRHTEEE ) ORI
T DL ENBTE T,

ARETI,

a) 2N FE TIEEMRE - IBEMOBEICRHI N TV
7= IR ERAL kD6 b, F—5%7
NRDOBEEZRRT 2 X —Lholca=hI /Ly
WHD X —F A R NGy (TsED

D)IE D ¥ =734 2% EH 7 4 — K3y 7T 5
Z ko T N R A B L 2l R T A

Zrhic, BEFE L 2Bl L BE IO LT T 5,

2 FREBER

P TE RIS E R 1 TSI RE ©, B BT IS RE
LIEONDHEE 7 TR — % 7 VIO NIR o Fr et ) 2 B9
2k, HEETHEERIIZUTOLIICHREL 2,

OMREE, BESTFONIRSFOREL Lo T3

USP111944 R 5 A v % Mg 1 B Cilizz 3,

Q@QAREE /HXIF, HEE L UIRLHEATEET S

ZEREBRLALT v TV v YA AT 4kg,
EoarEnsogkzyyy (FHEED 12150cc,

PHEIZ O WTIE, NIREED Y —7 Y b s, K
ST O HEEERE 2 JE L 72655, E3RM i ol
B THE L SN B R ZER T IR Totk
BE S THrERTHE L HIWT L, BHFHEZ L )R IE DR
WHEIBERDRICRE L7z, £72, WEENZA FLAZKL
22 HATELMERME L TIMZEEE L,

NIR #5i# % BISEE ROl 5 564, KEEBRGTOED 5
NIRZEE DO MR 1B 2 #HE USP1119 %272 972 & 28
HIL 745, FRCHEEZMEREZ Table 2 IR T,

Table 2 Basic requirements of USP1119.

Requirement
Wavelength range 1,200~2,500 nm
Bandwidth 16 cm™
Wavelength tolerance +1~1.5nm
avorage RMIS 300 pAbs
9 t (800 pAbs)
Spectrophotometric (worst)
noise .
(worst) (2,000 pAbs)
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Fig. 1 Michelson interferometer and FT-NIR system.
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Fig. 2 Construction of moving mirror.
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Fig. 3 VCSEL (vertical cavity surface emitting laser) package incorporat-
ing TEC (thermoelectric cooler).
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Fig. 4 Split sensor.
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Fig. 5 The spectrometer’s key component: its tilt correction mirror.

Table 3 ICfHE#HIE S 7 — % BRI L 2 #E 5 %2
T, T 7= A X p7mm (FREHEE6mm) % fEfR
L, /INHZEHERFL 2536, KA Fu—727 LSRR
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Table 3 Results of tilt correction mirror development.

Targets Results

Mirror size >@7.0 mm $7.4 mm

Amplitude (at-15~45V) > +7.75 minutes > +8.26 minutes

Resonance frequency >4.76 kHz > 6.25 kHz
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Fig. 6 Control of the key device.
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Table 4 Targets and effective values.

Targets Effective values
Amplltude of moving 09 >0.9
mirror (mm)
Dynamic alignment 01 <01

system (minute)

Moving mirror unit

Tilt correction
mirror unit

Split SPD
(back side)

Fig. 7 Construction of interferometer.
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Photo 1 Portable prototype.
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board & Touch panel display
- MEEBREE T C b SV RE 2R B EE - Bk (IP65) %t
JBEA (IP65 body)
- WRCENERIRE L T 5 DNy 7)) — (Battery)
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Fig. 8 Prototype assembly.
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Fig. 9 Prototype GUI display.

3.3 HEEFTMRER
3.3.1 USP1119:HEi#=R
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BREF v LY v 7V EERETH > 72h3, Table5
IR L7 ) HEMEZER L 72, Fric, B5EMNEL
EO SN EEDSELR X 115 Absorbance : Lowflux (10%) @
Spectrophotometric Noise (2 &\ T b, &S /NSy
Hx vy v DRI X > THEEZ IR 2 ) 7 TE T,

Table 5 Satisfying USP1119.

USP Result
requirement  (typical)
Bandwidth 16 cm™! 15.6 cm™!

Wavelength tolerance +1~15nm £0.1nm

High flux Average 300 pAbs 85 uAbs
Spectro- (99%) Worst 800 pAbs 206 pAbs
photometric
noise Low flux Average 1000 pAbs 444 pAbs
(10%) Worst 2000 pAbs 1182 uAbs
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i) ZWARDOIEEAEEE (Desktop instrument) D43HF
L & g L 72 A5 % Table 6 127397, AH I D 5 [ER1%E
ERASEL SVOREEEZERT 5 2 L TER,

Table 6 Results of componential analysis.

Prototype Desktop instrument
Moisture 0.071% 0.066%
Ash 0.015% 0.016%
4 F&®
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AT LY DF—=FNL A EZ2N6 RN L /NS
IV ORFICE>T TR R=2 7V Bl 7 —Y =4
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EW DG % TR O PR ERIAEE & 7% L XL THTTE
5 EERMERLT,

SEBEFE L7 =T A A, APy RO
INELETRI o HTEEE, A7 XA RS AT LD
Hir, ROSEOTNTHTEAM /N - EiERe i IR
ICHEEAFMTH DT, NGO IEHZED 5 F
ETH 5,

@SE XK
1) US Pharmacopeia 30 (2007), <1119> Near-Infrared Spectro-
photometer
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