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Optical spectroscopy based on photo absorption becomes a powerful tool in atmospheric environmental
monitoring and the industrial field. The strength of the permeated light is related to the absorber concen-
tration according to Lambert-Beer's law. There are several methods which uses the principle of absorp-
tion phenomena in the wavelength range from vacuum ultraviolet to mid-infrared region. These include
non dispersive infrared (NDIR), differential optical absorption spectroscopy (DOAS), cavity ring-down
spectroscopy (CRDS), Fourier transform infrared spectrometer (FTIR), integrated path differential
absorption lidar (IPDA-lidar), laser differential absorption spectrometer (LAS), and differential absorp-
tion lidar (DIAL). This review reports on the basics of these commonly used measurement techniques.
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1. ELBIC

WERIEBEAL, 4V rEE, LAy FEORGAIREICH T 5 MBI, B2FENY), BHEO), TN
T2 (Ar), KAER(H0) DAL ORI 2 IRER ST TH 52 KA P OMELAAEOBREIZE ) XS h
TWa, mBERRFTA, BRBY (N0, HEER{ILY (SO,), 7u vy REBEARILEY 2 ERE D
MEERICEE NS TS, NO,, SO RIALFAFT ¥ v POBELEZ 01 ppm T THY, ZOBEEL N
TORMEOFHIIERSINS, T2, THEEMOERIZIY, RAFEEOLKIIIG L7z S E A AR
BERHIEAM IS WERDSHFE O N T b, AEFT R EZFHIGEICY VTV T 256, 7 ACE TN A KOEN
ZREE, KBRS ORI X 2RI ZRIRT 5720, 2287% ETEBICHR L CRERNZTS . S0
Jik LWHE A Z BN L 0, AL TR ZAT 9 & A AR OFHIZRE ppb ~ ppm & — & — D EREEHSLE
LB,

W2 ERX O A ARBEFHING,  FHIN R 57 25E A2 S D3R s T 4 L F — ITHYS T 2 00BN, T~ Vil
fil, #obtn koK. 2oz, FHUNEWE % AT, =KD &SRS RIS T RETdH
L. wElE, HOFHNZF TR, VE- bRV Y U ZHMIC X AN, SARK oA FHI N O 25
FoTwa, RFFHLFTIE, FFIOEBINZE R L7 7 AGHE OB L i M ¥y 7 2120w THE
T 5.

2. RINAHE
W EEE, HFRoF A OWRONZ WIS 2 H 2 FIH L22RHIETH 5. 7FIEZ AL
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ol& ZOGTOBRTRED L AMRBNERED T AV F— L NVICHROWREI—HT L L, TOWHE
DA TN EN S, BN STHEIBOREITICE TR TH Y, FRyMSIE RS HEER T d
%. Fig. 113 GATS, Inc. 2> Web 4 I TEME L 7295 K 0.3~5.0 um OFEPHIC BT 5 KA DS54 T D
WIRECTdH 2Y. K& EFIVIE US Standard 2 IV, B 0km (RIR 296K, SJE 1.0atm) & L7z
3um LT T H,0 (B) OBOCIRIGESE A SN S, 72, 078 um fHEIC 0, (38) @, 43 um ALl
CO, () DBV SN D, GT-FEADORINANRZ M VIZEdbeTL—¥% LED OEEZ T
i, ZOH ARG DOARZFHNT A ENTES. 72720, FHUNSA DT DT HA 7 IR % 3#IR§ %
CEDWEERD.

178876 lines

{c:m'I [ cm)

log, ,(scaled intensity)

-10

1 2 3 4 5
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spectralcalc.com

Fig. 1 High-resolution simulated molecular absorption spectra from SpectralCalc.com,
High-resolution Spectral Modeling (Ref. 1).

il %2 DWINA R SMWVIZBGEENZ L B Ny 7T =20 2R T HT Z04 L, EDERY 2FETo—1 »
DA DBEHASRTEEND Voigt BN L o TEMENL2Y . 20 Voigt 540 IFHE L E 258K ET 5
BBTH 5720, EREERFHIAZER SN D5 3HIBRES OWRE L E N ZFHI LT, WIA~RZ M vsy
i WIET B 0B 5. Voigt 50 A # 5HE T 5720208485 A — %1%, HITRAN 7— % X— 275 A
FURTH LY. T2, BELH T TRLAEFA FUSMTH, HITRAN 7— & N — 2 % fli o CTHLILGREE R W
IWARY M VEEET S Web 4 b ASWLOMHFHET .

ZEMHNAAET B AT L 2 13 (1) T/R$ I 23— b+ X—)b (Lambert-Beer) DL THRE 5.

I, = Ipexp (—aL) = lyexp{—No (1) L} (1)

2T, EEGERIE 1, ABDERIE I, WIURK o [/m], HEL m], 7 AOSTFEEEN [/m’], WX
Wififs o () [m2], R ATHE. Ldo7T, LEcO)PBEMTHNE, 2T AIEICL)N%
KOBZENTESL., UTOETIE, SEWIUMEO 2 ISH L2 & 87 2 FHEE IO WTHAT 5

3. &REHAIE

3.1 FEFEFSRIGE(NDIR)

IEG BRI (Non Dispersive Infrared: NDIR) 1%, 53T O AR Z FIH 5 5 HEET, L OH R
W OFHNASTTRETH 550 MHBIZIER AL, T9 ¥ bosaw A, AEERE, s
& ZHMICHH SN TWS, NDIR 2 W70 15HE, fESHHE T VT F VY ADRESTHY, €51
R E (8 L 7249 E 79O, NDIR O — #2515 % Fig. 2 \R§. ARAMOGIE, SUEt, %7 14
5, RIMRZRE L VRS, BET VORI E ) 1 HERFRE 2B SN S, 1R
HRIZBWT, HHE D REES NIRRT ADHN LV ZilE L, RIS 5.k
MR Z TR IIN R A A DI EZ BB T 2% 7 4 VI BB SR TWD, EVHOWNET Z5T7%
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Fig. 2 Schematic of typical NDIR sensors. The sensor with a single-wavelength method consists of an infra-
red broadband source, a tube with a sample gas inlet and outlet, an optical filter, and an optical detec-
tor. In the sensor with a dual-wavelength method, the two filters and two detectors form the active
channel and reference channel, respectively.

AU E N T SR E N, SIS EE S 2 RO REDRAT 5. COFETORIERDL S
(DRI DEEIFHIE NS, BEZFEFICY TV THED, HEHDORS EAEHNEE & 7 5 /K5
BH b, 2WEHRIHTAWINEZ ZT 2 WS REE HV, IEE & FFRIGEEO T 7 1 )V & &8658
DR ONGATADWRERFHNT LI LD TEL. BREEH VL7200, HFEILORS E0gBEE2ZITIC

CWHLEA D 5.

2020 AFELLRE, Bl a TG 4 0V ARG, BREE 7 & TS T BERE L TV A RS 720,
Fig. 1 27”3 4.3 um 32D CO, W% 272 NDIR 3D CO, EFEL v W% 5§ 2 FHIHIM L Tw 5.
400~1000 ppm FEEDBRETH L, EXHMem BEDOL IV TEBREIE T % L 55720 KEN L L,
IERESTH L. MWERHERITHHOZM %R 5 £ 7 T£50~100 ppm £, BHHED L DO T3 ppm Wi L TH
5.

W6 % F 72 7 AR RN %2 BIREICAT ) 200 RAR T Tu—-—FE LT, X)DF -
b - R=VOFEANZHE, SR ZIET 2 2 LAERTH 5. SRV OIS M $E % £ 72 White &
VR Herriott Y VAV, SERF S L L CECHMEARE m FTELTL2FELH L.

3.2 RABESRIVE(DOAS)

Fe % 7 4 W I i3 (Differential Optical Absorption Spectroscopy: DOAS) 1Z 1+ m~%{ km O F — 7 ¥ /2
BB B RKDFREZFHIT 5 Tk Th 5510, EABIINICHN, X0 #Ikm, A2 KR OBE
ZRNTE 2R H 5. KREAHD CO,, TFRALAGTH (SO,), * V' (03) &\ o 7k 4 G5 B 255 HI T
BECTHD, FABERORRKGEWEZEREICEHITE 52 &5 5 DOAS EO#HHIEE <, M Zatillas
fibNTwa. DOAS ETIE, Fig. 3 TRT &L HIGHEE ZtEE 2 01 L CaxiE 3 21, @G hay
TV Y RREL, GREZNEELZFECHIICHKETSIENTESL. L oY) 7L 7 ¥ I3RS
AOREERS, V7L 78 —MofMEEHF Y EMHETRTORL, BRPMOFZAT S Ba oFEEE X
B T A6 R S 2 2 DEWE» S FAOME SN2 b 02 FIH L, 2R E RiFTn b,
ZEMTFLEONGRE U THZERENPFH I Tw S, SZERESTIIEF 2O THHETESL L) ITH
Y — 7 B TIZIZATH IS EB L T b7, RO AT MV EIFEFNEDO AT PIVOEFIZE 5
T, BRABRET LI LN TH L. BENWTEONHRE LCEBES v 7R L —F %275, L—
PFREE—LDERD A% Imad LTFICT 22 EDBWRETH D, RBORRTREMEHRZIT) 2 LW HET
H5H. FICEHERIIMEEEST 24T HELNL VDT, KAMEWEOREHEZ LRSS 9 2 THMZ
FETHD. —F, WR[EBREIEMYZBEY?D 5546, it () OIRHWIZ X D DOAS FHIlKE R 2
RECEFHLTLED. 61T, BIPRAET L LNOLEMELIZ L > TRHIEEZEBALT 52 &, "G40

Light

Telescope

Spectrometer

Fig. 3 Schematic diagram of DOAS measurement using existing light source.
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DWBEZTLGEND 5.

F 72, KIUMER A TS LT (SO, D H T LD 2 RILHHAi % CCD # A CTEHllT % FiEd
REENTVAE Y, Fig 4 TRT XIS, EIMVEITEEDSH S CCD 4 A 7 (Caml) T, SO, DWILH 1224
725 WEGI0Nm) 22T 2R L, BOWNEDLDS S0, # T 2 mE2H TS, =70V VOB 2D
B 72, BRI OURINET A 5 320 E (330 nm) DA A — VB FKFIZHIO CCD /1 A 5 (Cam2) THfS:
L, SNS2WEDA A=V UHT 5.

Eruption

Caml
Cam?2

Fig. 4 Schematic of the SO, imager system using two CCD cameras with 310 nm
and 330 nm bandpass filters.

33 FvEFAU2ITEI3HiE(CRDS)

Wtk 2 SRS CTRMINS 2 RIS, F v €T 4 ¥ 7 V4 (Cavity ringdown spectroscopy:
CRDS) %% % 319, Fig. 51373 X 912, CARS 13 2 OB SR I 7 — CTHIBRIMR S h, L—¥%
ZONH ETHEERGFE L LICE D FRVIRGENICB VT, km bOEILBREZELFETH 5.
FERFFIZII BN & BGED 2 WIRBIZ L TB W T, 37— I b DRiERIC L) RS~
AR L, I T —HTRET ST LA LT ORIRGBNONREINET 5. ZOMBEORER ()~
7y CHER) O AREFHIZIT) . I 7O E R &35 L, REEEIGOREBBIE 1() 1Z

10 = hexp{-(1 =R - - Noe et} )
B, ZITeldETHL. NV Ty VEE IO /e 2k b T TORM) 71

B L
T ¢{1=R)+No ()L} (3)

T

Ehh, ZDTk, WRIADBBZOWN = 0ED) v 75 Y to(=L/Ac(1-R) ) DX R A AMLFE N
BUTOXIC Tl g DIENSEHBERETE 5.

Nl (1ot
T o) \ 1 - T (4)

T ETOMICH NNV AR T A MIZ, M= 1/2(1-R)THEED. BlZI1E, R = 0999 D&, M =
5000 £ 720, L = 10cm & TIUTEREIEEIL 5000x2XL = 1km &% 5. oW tatdkeEe, X
@50 v 7Zyy YEROBERZ T THEGHEDEDH 5. CARS I KREIET AN OE D, FARGERe S Y
ANFHIZ IS ST w519,

Input I, Output 1(z)

—

Without sample

7 5
4 With sample

!
|

R R t

Fig.5 Schematic diagram of the principle of CRDS and schematic light intensity
as a function of time in a CRDS system with and without a sample having
resonant absorbance.
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IR source
Moving mirror i Sample D “Z ; \Yf\’ﬂ
%8 | o
= = U =
«—> Optica path difference

Fixed mirror Interference wave IR spectra

Fig. 6 Schematic diagram of the basic compounds of an FTIR instrument. After passing through the interferometer,
the IR radiation passes through the sample before entering the detector from which the signal can be encoded
into the resulting spectrum.

3.4 TV IEBFNDKKEET (FTIR)

IRHP AR IOV & EIKEETNET 5 7 — V) TR 566 EE R (Fourier transform infrared spectrometer:
FTIR) 33 %7 FTIR 1& Fig. 6 1773 & 9 ISHRIEE, T#dh, ABEB L ORI, 7-) 2L#k%
GLEMT— 7 WO PC THK SN 5. HELLHE SN/ -2 X7 v & TREIEEMN & &
EHFMZTTONL. BEF L BEHFHTRE S NTRIPEIRE -2 A7) v FIRY, HUOGHEINL. 2
nEE, BEFEOME OtlE) ICX )RR 60THBEIEON, SMEICBT 2 THEORFTREL
7 =) TS H 2 ETRBERIITEET 5. i, MBS W EDO AT PV EREDH HED A
N7 MPVORIZE o TEBRFE LTEDSINS. WG TFZ2HHAT L5068 TIE, Ay MEEZKIT S
ECHBARREE RO LD, SNV 2 5MBEESH S, —F, FTIR T, BEIFEOREHHEELMIXT
Z L THBSRREE LIPSO N A, WERMARL 22 MENE»D 5.

3.5 RABRESWBIINZ A 54— (IPDA-lidar), L—UZESKINS ST (LAS)

R CHLZEARIE I L 2 Hy0 X CO, BlllD 720, WEMPHED 2 5 — 7y MIHWh 7 A &8lE %
179 B 75 WL 4 % — (Integrated path differential absorption lidar: IPDA-lidar) & L — 2 5 W58 5
(Laser differential absorption spectrometer: LAS) 232 % 922 IPDA-lidar 1375V 2 L —# % i\, LAS 1327
L72CW L—=%F%Z T, Fig. 7R T &5 ICHRTRPLMEEY, E20 O RSEMELFHIT 5. FHll
FHER R T 570 OWIGRE AR 7 PV TGO R (Aon) & FFVIIRD P (Aoge) (ST L 722 D
DL =%, [FHURESRIRICRER BRAOPLHEED 2SO LEZE L, on, off 2 EEOZEMR
BE Pon(R1), Pogt(Ry) DFE5FH NG IX I BT 2MERN R F DA 7 252 E T 5. IR (o) DE
BEZAAS 20T, lEhoOL 7oy VIZ X WA EOREEIF v eV END. IPDA B XU LAS
1, MVZEMREZFIH L CEERMERICERT 2 DICES R/NULL BB TEETH L. 20
&, 2ROV ARMEEZELS (F 7NV L) 528 T, EEBERICBT 5 RO [ —%
EWERT B LRPLETH 5.

Laser

Photo detector v

Fig. 7 Schematic diagram of the IPDA and the LAS concepts, and absorption
cross section at wavelengths Agp, Aoff.
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3.6 EHWINZA Z—(DIAL)

#5535 4 % — (Differential absorption lidar: DIAL) ® & 7% J5 ¥ 3 IPAD-lidar % LAS & [i] U727%%, Fig. 8
@ITRTEIDICKRAFTRIT UYL OHENEZET 52, WEEH VL 0T, B ERHE
ZPET ST LA X 0 RE S S O Z 15 S5 1527 IPAD-lidar ° LAS & %742 %, 2 RO REANE
BL, =78V VEdE - IO R ERGAEDEHTE 2546, A TRT DIAL XD 5325 F OB
BENIm P28 NTHI LN TES.

N = 1 [ (Poff(RZ) Pon (Ry) ) _ln(ﬁoff(Rz) Bon (R1) )] Aa  NipAor

2A0AR Posf(R1) Poy(Ry) Borf R) Bon(R) || A Ao )

CIT, Ao (=loogn — oo 13 WIUMIERE [m?], AR(=|R,— Ro|) I ZHEEESMARE [(m], B Id K& TG
HEIm ], A 12 RSB 2 KAHEBERE n " IO (o — o), Nip & Ao ZIET RO 7 R
L AR ChH 22, L allGI NI T UV VRS OBRBKEEE, 70V L ORE S2E
K MBUCHAFT B 72D IEHEICHEE T 2 DM TH ), TP RBMREEEENE 2D, —T, 2 BEN
HEHL, BE o DWEREEERLMBOF 22 L ZWINOEBEHI MR TE B56133005) 0% 2 HUBELSF v ~
LVEN, 2WEOZRBETHRENSHEN Z2ROLZENTESL. FI2IE FEFICTT— F2RIGEZ2 b
2 03 % DIAL CRIHT 24, A & A DRI A B om L IR E 2 BEBHLDT, KO xZ0FFH
W5, H)O X COy CH, FFZFHNT 2356, TNOHOWIRANRS MVIFEIE 1 om LT & VDT, 2 HEEORM
izt 20, RG)OE1HOAH L ZENTEL. —F, EHETL2HEOREZERTL20,
PAL SN2V AL —HF & WD ¥ — 7 1A 5 720 OWEREAERE LI & 72 52420,

Fig. 8(b) {Z 1.57 um CO, DIAL % I\ CHEABV. KA HE F v > 282 (REHH ¥77) T 2018 4F 8 H 18~
19 HIZBIM S N7z CO, REIDEE S ZRT. K707 7 4 VORI GGEE 30 5, SHE 5 ERE X
300m CTH 5., EPFMEDSHITHIZHT THEE 1L5km LT O CO2 RALAWMINL TV T2 5 5.
Z DX )2 DIAL X HEE B % B o 728D HETH 2 A LRt i K& (R 5.

(a)

(b) 2018/08/18-19 CO2 mixing ratio

Laser

p = %
? o o
Photo detector \?

Fig. 8 (a) Schematic diagram of the DIAL concepts, and signal-reflection powers at wavelengths A, Aosr. (b) Verti-
cal distributions of the CO, mixing ratio obtained with the 1.57 um DIAL at the Tokyo Metropolitan Univer-
sity on 18-19 August 2018.

Intensity

380 390 400 410 420 430 440
CO2 [ppm)

4. F&H

JERI % R U 72 fssm A A GHI B 12 B9 2 WE 9813 2000 EAATHTE & ) 2SRRI > THB Y, ML
T L LRHIEEO AL SN RE D 5 5. G, Sthhe, BREREAN & L o)l
A OFRIC L T, WKL, B, Wbz EOBRZM/Z L2 7V s A4 LEHIASTREZH L »
BREHIRBEORE;fTON TR THA ).
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LeAFRFR

1997 E BRI KR e T e R M LA E 1, Wil (T%). Btk K T80 T,
HIMRFARIRFIE Y AT A7 A VOeRt I, dE8dz 28T, BUE, WL RERERE ¥
AT AT WA CIFERHESIZ (2020 SERFET). T4 ¥ —=° LED I X 5 BEEHIF o5
%, L—WRIRICHEE. el AB (TRILE, KEXR FV Y, NORLY), FyTI—
SAT =X BAEHN, I =545 —ICXBE - 7u Vot y, ZECb5. Y
Mgy, FHA BRI, KE¥SR, AGU R EDORH.
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