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Abstract: In recent years, near infrared spectroscopic technology has been developed rapidly,
which could be directly applied to the qualitative or quantitative analysis of various complex mixtures
such as gas, liquid and solid. It has the advantages of rapid analysis, high efficiency, non-destruc-
tive and on-line analysis, and plays a more and more important role in scientific research, industrial
and agricultural production. Meanwhile, miniaturization of near infrared spectrophotometer is an im-
portant development direction. Recently, there have been some different types of commercial minia-
tured near infrared spectroscopic instruments based on Micro Electro Mechanical System and Micro
Opto Electro Mechanical System. Handheld or portable on-site rapid analysis is a more economical ,
efficient and flexible method. It has the advantages of small volume, low power consumption, low
cost and convenient secondary development. It has been widely studied and applied in many fields
such as agriculture, food, medicine, petrochemical industry and forensic science. The rise of In-
ternet of things technology in many fields such as intelligent agriculture, intelligent factory, intelli-
gent medical treatment and smart city has become the main force to promote the development of near
infrared spectrometer towards miniaturization. This paper summarizes the commercialized miniatur-
ized (portable, handheld and pocket) near infrared spectroscopy instruments and their application
progress, and prospects the development trend and future applications of this technology.
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H TGRS XA T 280 a] Dot S b an il 2 ib), OSSR 2 1 e, JTHR
AL WL 2 48 (Micro electro mechanical system, MEMS) £ 3% e Bl L R 48 (Micro opto electro mechanical
system, MOEMS)HARME &, AEL MG i N EE AR R TR IER], LMY
MEF (Benchtop) . [EH#EF (Portable) . FHa(Handheld), % JER#HIEEI(Pocket-sized ), H T AE] T4
AmsfTa] . PR EE S I PO 7 BT O I LTINS 73 BT B S (A SRR & S T 1) 2 —

g = 6 G, B AMEE FRAEEE B R AT — R 22T | Bk, R
WL, BAAMER ARDIFE . SR . T UK SRR, Rk, & B2y, ik A
LRGN GIAATF TTZMPTE S T RUNMES , @ IO EBART 5 kg A EIERUY
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FHTEE ARG 75 P8R, JRERMEUE . DGR TERE R ES AR 2 8] SR P . I SeAE B R Ak
) A5 485 X0 21 A0 D6 15 A Y 43 O 2R 7 32 B B 35 3 A% 46t (Hadamard-transform, HT) . 40 i 85 K4 9
(Digital micromirror device, DMD) . &4 ¥ — 3% T A (Fabry — Perot, FPI) HI £& P4k 7 A% UE i 4%
(Linear variable filter, LVF)%, 3151 7 REMRUNLE NGRS FH R PERETE R .
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Table 1  Summary of the technical parameters of some typical miniaturized NIR spectrometers

Commercial Wavelength . Light Size  Weight
name Mo/nu?h;(:m;dlur Manuf‘:ttur- region S/N(fZ 1Y) /R(isijlullon source DeEeCtor (RsE) (FH)/
() (R  er(ihilisRy) (YK (53 BE%) /nm G (R 4%) - ke
microP-  MEMS Hadamard ~ Thermo 1596 ~ 2396 - 11.0 Tung-  Single 244.0x 1.2500
HAZIR mask Fisher Sci- sten InGaAs 232.0X
entific 97.0
DLPNIRscan ~ MEMS DMD Texas In- 1350 ~ 2490, 30000:1 12.0(@1 350.0 ~ Halogen Single 82,0 x 0.0850
Nano struments 900 ~ 1 700 (@1 350 ~ 2490.0); 10.0 InGaAs 634 0
2490); 6000:1 (@900. 0~ )
43.0
(@900 ~ 1 700) 1700.0)
NeoSpectra MEMS Michelson Si— Ware 1350 ~2 500 - 6.0(@1550.0) Halogen Single 20.0x 0.0170
scanner interferometer Systems InGaAs 30.0x
30.0
FieldSpec4 Diffraction ASD 320 ~ 2 500 9000:1 3.0~10.0 Halogen Siarray 143.0x 0.5447
Grating InGaAs 49.0X
array 28.0
NIRONE ~ MEMS Fabry —  Spectral En- 1150 ~ 1 350 15 000:1 about 20. 0 Halogen  Single 0.0150
Sensors  Perot interferome- gines 1350 ~ 1650 InGaAs 25.0X%
ter 1550 ~1950 Extended 25.0x
1750 ~2150 Single 17.5
2000 ~ 2450 InGaAs
MicroNIR LVF Viavi 908 ~ 1676 23000:1 12.5(@1 000.0), Halogen InGaAs 45.0x 0.0640
Pro ES 1700 25.0(@2 000.0) array 50.0
Aurora NIR Diffraction Grain It 950 ~ 1 650 11 000:1 about 10. 0 Halogen InGaAs 230.0x 2.0000
Grating array  120. 0 X
70.0
SCiO NIR  Bandpass filter ~ Consumer 740 ~ 1 070 - about 28. 0 LED Siarray 67.7x 0.0350
Physics 40.2 %
18. 8

T 35 3 28 45 F N B ASC DL — AN W] G B o] () BT SR 30 A5 4 MEMS 588 v i AZ 04 e A (&l 1 R )
o H B S ARG 6 o X SRR HORR RUROE R, MR, T DRI (8] N ARG m PR AL, [
TEE AR A %S . 52 Thermo 23 & A MicroPHAZIR SE3E T 0 /MG AR FH X Fp o3 6 7720

BT MEMS BT SR A0 ROGIE A%, BEnT SeBUR A . IR, dnl Ll it 8
i 77 FCSE BB A i (A& 2 s ), (R S iR 25 o X SAES R HUIRSIAE ik . T B2
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FLPESE . 0% 43 PR S a] A S50 Ao 3B 1] Texas
Instruments ) NIRscan St 835 £1 A0 1 >R H X 43
K5 EEK Tellspec 23 B DMD s Fib& T
TR A AN B 1853 73 BT

EATH - I TG TP AT I B AR A
2 RTINS AR R P T 1 H.
AU, MNSDGRR R SRR, H
S PR i AR, O L R R
T A R I < ) ) B 2 B A] AR AR A ] 45 58
B BB (E13) . IXFMERARE KRB
TR, STHEME, EEEEE A%
452% Spectral Engines 23 H] ) NIR ONE R FDERE ™
e HIX R0 7750, H A Hamamatsu 23 &) 4L
TR RS, BEATERI 1550 ~ 1850 nm, O
WA ERTE ] g 7240,

LA A U8 2 — FRRER Y A IR
TERIVERS 1R € J7 182 RBIEBE )2 (1 4) . 1 Tid
i B O SR Z2 R A G, PO i) 2
AR B 7 10 Ze VAR 4k . 5 RS AR &
2GR X A A AR K, BARREN
PUHR BN P AR P 0 B . 3B Viavi 23 5] (1Y
MicroNIR SRS LLAMEIEASCR 1 X 3ot 2.

MEMS {8 B 238 46 350K B A 62 A L 2R
PHEEAESRA MEMS SR |, E T LU i H %
HUG TR 25 B2 O IRAE i AlE — e, M sSEBLE
RAF R HOG A TIRE, W 5 PR XML
HADGRSEEYE . MO b B S e, H 5454
B ARG TR EL 53 B AR5 MR Ll A o A
%, B Si — Ware 24 7] ) NeoSpectra fi G IEASCR
AP0 3

RN ARE (LED )G —FEA RO
w b, REHERG AR BOGEE . WL R
PR ST H 200 ~ 1550 nm JE A5 A, Al DLAN
MR . — N E B LED BT & H i) 6 1)
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Fig. 1  Configuration scheme of MEMS Hadamard mask
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Fig.2  Configuration scheme of MEMS DMD NIR spectrometer
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K G A TG A &5 5 B AR SE 0 38 T H. . Corredo 257 5% AgriNIR F-HpR I LA REAL (Dynamica
Generale 2y ], B 1 100~1 800 nm ) %t H R ST R BEA T F00 , BT H T HH 1) 43 B 3 26 Ja 14 1) 25 1)
A 5Pk . Maraphum %8 MIFEI I H P - TF1 F-45 L 20406 15 (L (HNK Engineering 23 7], % K [#]
570 ~ 1 031 nm) TN H BEEAVFEOGRE (pol fB) . LAMNS I H 7o ot 5 - DPA HRE A o Sun %7 H 52 TOIE
TR F T A W 6 TR LSS A SR T4 0T & AL s PR 1 520

FEAAEY it Tt 22 A HUE PR S0 710, Entrenas %>R H MicroNIR fE4% T AL /MG RE(L (Viavi
Zvw), PEATER 908 ~ 1676 nm ) X} ARG JINE) it (Bt . 4 BRI IR I T & ) B 2 1 (Rl
MREh &8 BEAT T BLA T . Torres S5 IR 7 ik TSI S e M e AR K /L DRI N R T 2
A2 TR R R . Sanchez %5 SR S RO LT AMDE RSSO A B R £ L V081 25 b (1) TR
ISP, DL R 2L E AR P A S S E M . Wang %R H NIR - S - R2E %
WL AMEIREAY (InnoSpectra 23 7], P TEH 900 ~ 1 700 nm ) X 5 2E 7B E 227, PR T -
gt a, b AZEHE MRS E . Zhao R H Flame — NIR F5 UL 2L /MG 14X (Ocean
Optics A ), PFATEE 900~1 700 nm) W SERBHEFLSGHEAT /3 2E, A RMBURGE G E A 2R3t T —Fh
P S 7k

TN AT AR AR SR St 2 A b B S 5k T2 A . Kasim 55 ) H SCiO (B # AT 24MkG
WY (Consumer Physics 2], PEHTEH] 740 ~ 1 070 nm ) X 75 5 S SE A A B R4 7 PR A T+ LAk 7 5 1
SEE) GG R M Pk T R), TR R R T TR, AN 5% . Mishra Fll Anderson %F
FTF F750 FHARIB T LA G (Felix 227, PASTERI 300 ~ 1150 nm) FARAFH) EI 4220000,
WG TRETIREE 2] . N AR 2% | i o e [l VA R s 3 e /N — e 7 v S S O T F 4 i & &
B TIARETS , UERH T KRB TR A A R4 Pives S50 R FH g il O 35 20 20 /MG Y
PRSI A AT SR SCH AP P R R, o SER PR AN AR AR SR SC A R . Neama 59 R H F-F5
FALLLAMSGIE ST 7R E e s R sz i
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BRGSO E =] . 2205 . I L AR A S AR S S SR SR R B AR . Li
DL HATARE B LD AN R S 58 T IR R TSR vl S S s, iy TR
fRAVAL IEAET . Subedi %%} 3 B FFERITLL /MGG & S5 AR A T4 i & B ZE R TH S, &
BIR FH A8 HG 2 T L] SR 8 R A S BB A 720 ~ 975 nm FRASCER R4S O T 285 SR dpe b, 1R T /£
() {7 v e R AR SRS E AR, B RIS AL

TEREBR S NS SRR B S TR N J7 18T, Wang %5 S5 T PR AL SRR 135 T = S e 4%
AR, TR B SR 4 R T R T & B T . £ A5 R H MicroNIR 8
AT L AMEEAL (Viavi 24 7], P KT 908 ~ 1 676 nm) HEA7 1 HRyd PRIk vl 78 1 8 - =i A
H, Marques %5 FRAE 1 3 3K FHEAIT LA RS (S & B4 I8AT AR 52 ST W AT, 45 SR80 3 AR TG
WEMEZER . Brito %l H F750 FRERIELLAMEIEL (Felix A1), AT 300 ~ 1 150 nm) L7 % 1
by BB AT PR R S R AT IO, SR ORI S PR S, LA WRR 1T i 2
ZHO] WAR AN 2 E S AT, LB T Foimpite . SR SR . BHES R, PR o
SRS

TN L ARG A 2 b H] T ARl AR i s . Mayr S50V HEL T 3 & TR /i
GNP 5 6 S LA BTN R ARAE AR i P K 3 B R, R Y SR PN TR 28 o 246 s Wik
FEMNAE R E T, TR PR S GG . Rubini %004 SCiO TR SMGIE
% (Consumer Physics A1), JHEATEE 740 ~ 1 070 nm) ] FHERAAARNEHALSE B S A PR TN, S84
HASRAMGAUEHES, (AT DUHER RS TR . Hadlich %7 R A LabSpec®4 {F#5 UL /MG i
{CCASD 23 w), PERTERI350 ~ 2 500 nm) , @ AR K7 220 U 2D A MG REAE ST Ab BLAZ I 2 b SRpR )
BiFh, PR PR E R, PTLLE AR R AR AR B . Ramadevi %7 >R H Polychromix {E#%05E
LLAMERE{X (Thermo Fisher 23 A, K TE 940 ~ 1 800 nm) B FZ TN T AR SEAR ML ARRE , B0
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TR R 2% 7= S Bl L% . Sandak %5 SR F MicroNIR S BT 2L 4G HEAX (Viavi 20 1), P4 IEIH 1 000 ~
1700 nm) FMAL S AR B ST SE, TG R EAR A= R0 BT ORILE
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TN LT AR £ R 24 b i B S AR p RIS BN . BAOW DL O T . TR
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HEATr25, B e B RPGETRT TR AN A 00 HL SE MRS A T RE . Caceres — Nevado % NPK-Z T
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(Thermo Fisher 28], JRASTERE 940 ~ 1 800 nm ) XF4li /N P 77 it o B 58 1A RIS TR RS G 24 T B b 6 3]
R ZEF NG 5 BT ARSI 3] 80 B Al /K2R 10%., Grassi Z5 MW PR 2T 20 /MG AU F X 20 A R 65 fo b
Ky AR GE, A B TAT R AR SR VETT R, IR T S b S 2R . Coombs % H]
NIRvascan fE#5 20T 2L /MG (Allied Scientific Pro 2y, JETEH 900 ~ 1 700 nm ) fEHH X 43 1 4E Al
LA . Curro 285 H PoliSPEC UL 2L /M EREX (IT Photonies A ), IRKTER 902 ~ 1 680 nm) L
Gyt ) 7B . SRR LU S A S F S R AR, BRI R AR

TEREFEMY, WO 20 A6 i ACHE 0 W A AS ] 350A2 ) A PR 43 4, LA oy 2R G e & .
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HRIENG . B A RK S BT I PR AT, ATAREAE R ARG S B AT KB . Prieto %R H
LabSpec®4 {H1%RIT L AMEIEAL (ASD 24 1), %GB 350 ~ 2 500 nm) FiFE B2 T s b 2 FRARHG IR Y
CRMMUE, T EREALEE NI LGRS, ST RN R IR R T 2R, LLR BT &
Hi. Patel 5 ML 1 3 FABHEARIELLAMCRHASOE A4 AL S 20 A S8 T AT, A5 R FEIHX
SEA AR YE T B E A RN SEbR TARE &4, vT EIEZENLA RIS, JEFFRT A 2
BEATTIALEE , Piao % H TR OB LRI AL /MG IEASCEI P 25 110 37 b 20 A AR R SR AMB RN AT . TR
ABFNEIR &%, JFES G LRI T 7RG . Perez % #% DLP NIRscan Nano fE#T 2T
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Pereira %4 DLP NIRscan Nano FHFRITZLAMGHEAL (Texas 24 1), PEATEH 900 ~ 1 650 nm) T 1
FEGIBERS T, HEPBEIISEE M TITHE. Manuelian %748 1 SCIO #HEE AL A 4N E
¢ (Consumer Physics 2y &), JEATEH 740 ~ 1 070 nm) PEOY WHE& S B A BT 4500, 45 SR WA H 70 S 1
MRS A& B ERI T 58 . Santos %5 R H MicroNIR 8 #5200 2L /MG REAX (Viavi 23 7], P TEH 908 ~
1 676 nm) X EEFLE) S BT T IR, RERSARIFHb TR 4y . MEE B . SR, ARG S RS
B, FHWF5R 7 AL AL R S FE R AR . Cruz — Tirado 5577 H DLP NIRscan Nano F-§
FATLLAMETEAL (Texas 25 7], PEHTER 900 ~ 1 650 nm ) )51 38 R FNGE 58 S AU R BE , ] DUEGR Fim &
B R AL (Haugh unit) % 5 TS 4 . Tao 557 FHFRIE L AMDGIEAUH T /N0 45 AR B8 i Puisk %
). Shannon 577 3% F SCi0 #E2 AT 2L AN EREIX ( Consumer Physics oaE], HRSEE 740 ~ 1070 nm) X1
Y EEDEEOR AP T 4028, DUARIP N B 2 RVE . Jiang 57K HL — 2000 300 21 A
(Ocean Optics A7), P KFEE 900 ~ 1 700 nm) FF/NEETEIS R RSHTIR & 2 0 sk 2047

E A AN ME SR TR S B S BT 2 BT RIS BN 7 T, 2530 FSE IR R T AE S AL A A B
PRI, W LA BN K g . Ry BER AR . KR I FNHER S . Wang 500
R FAESE T LA M SO AL ) LA S A E A & B e TI0 e , JFHLAS T Rl Rl 2 )5y
BRI 25 o Sun 55k ] DLP NIRscan Nano fi 45 it 21 48 G 35 A (Texas 20 W), 3 K Fl 900 ~
1 700 nm ) XF B G AW T2 A TIR . Wang Al Jin SR45 1 0E 2L AMGIY S it VR &, HT
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ARE SRR ST, AT IR E AN LEREEES ™ Wang % R F{EE AT 2L /MG iR
BT PR LT, WIARYE A 2 5 Z R R A FL D A R PR AR A T e oy 28 . BT R RE T
ML FHRFRIE MG RE R AR, Li S0 A R S5 e e T 7 st e YR e &8, 7
HEA ARG, B, PR . Manuel %7 R H DLP NIRscan Nano ffZir 2L /M HE{ (Texas 23 H]
PACTEHE 937~1 655 nm) {3 450 1 EPH —FFERFMAE B U HE S A . Correia %R ] MicroNIR fH 455
ELLAMEREAL (Viavi 2 7], P KCTEE 908 ~ 1 676 nm) AFMIHER IS BEATH 8 S ), SR ARCAG I B A 5% ~
8% (Ji /0 40) . Baqueta 55 R H A LLAMERE SO PLS — DA J7i,  ELHE TN BERE FOWEE I HETR &
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PRI B MT 7, Chen %5 SR H F-REIE LA GGG N7 1 PSR B T BRI KA A
TERMRIEAR, WZREIF. Giovenzana 55 % AvaSpec — 2048 fEIE 0T AL /M IE{X (Avantes,
PG 450 ~ 980 nm) F TR TR WG 2 1 ik A v ) ST AGE I, 5B B b U R K B A R0 T2
Kapoor 25> F§ DLP2010NIR AT L /MG IEAL (Texas 257, P KFEHE 900 ~ 1 700 nm ) X 3EH H-Px T4
TR R & AT T PGETI . Ferreira 55 H Spec1700 fH #2124 HE{Y (SpecLab Holding
23HE], BERIERI900 ~ 1700 nm) PREE TG 7 J1 NG, FREL T X5 v IAEfE RS A gy
HIZERAEAAE B 0 Melo 55 SR MBI L0 AMGEASO I BE Tolkid 72 2 A I T B R S i A v it
AT T, LES A= 32 . Aykas % F i NeoSpectra IS L /MG RE{X (Si — Ware 23 7],
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JRM & 45 . Risoluti %™ 244 MicroNIR fE4% 301 2L/ RHAY (Viavi 24 H), KB 950 ~ 1650
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