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Raman Spectroscopic Imaging Technology and Its Biomedical Applications
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Abstract Raman spectroscopy is an analytical tool for chemical compositions and structures of molecules. Because
it is a non-invasive technique with rich biochemical information, minimal sample preparation and little interference of
water, Raman spectroscopy has been widely used in the field of biomedicine. Raman spectroscopic imaging is the
combination of Raman spectroscopy and imaging, which collects Raman spectrum at each pixel for the entire region.
Thus, both spatial and spectral information can be captured for positioning analysis of material molecules
qualitatively and quantificationally. Compared with traditional Raman spectroscopy, Raman imaging can provide
additional spatial information about the sample, which is extremely important for biomedical applications.
Therefore, Raman spectroscopic imaging technique with both biochemical and spatial information shows significant
values in the field of biomedicine, such as biological sample examination, clinical diagnosis, and treatment. The
Raman spectroscopy technique and its development are introduced based on the principle of Raman spectroscopy.
The application of Raman spectroscopy technique in the field of biomedicine in recent years is summarized. Finally,
the summary and prospects of Raman spectroscopic imaging technology are discussed.
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Fig. 1 Jablonski diagram of energy transition for Rayleigh
and Raman scattering. (a) Stokes-Raman scattering;

(b) Rayleigh scattering; (c) anti-Stokes-Raman scattering
PGS R BRI FZARHAE T ol $40RE 5 i 1k
30 N i (IS T VA AP Y R
A5 B . BeAh A JE T SR A RE A O S AT AL B,
HA AR AN o F f4s  HlAR ZK 51
Yoo P, 8O R A Y R SUR A A B R
VB AE N AT 5. B AT, P8O0 R B AR 1
O AL AR R 2O R R U &
JCIE LR LY R O % AR | P R R i
JCIE R B T I A R i R G

Bl 2 T 7 A% Ge i 20 3% g 4 R,
S A R G T IR e B B B B 06 &
B AN 2 Cad iz, 0RO BER AR BIAE b R i —
FOBUR TS 00, I i i Pk B 5 A% Bl B 45
AL E L PEME SR — MR R AR 2O . R
A R G T R B AT 523 H AR 4y ) — 4k
JRAB 1R R R D' B AR AR A A AR DX B
At RIS AR AR A (s ) BT L 9 T 58 A
FIARAE G Y e R 2 i g . AR B RO R AR
AR T 15 5 T8 R G 5 i Ly T A R AR X O
SiR B ) PR 7 B FEA By AH X 58 1 r 2 AR L AR AR
IR A O — AT 1~10 s, BRI A,
FH 2 s 346 05 1 2R A7 A S A& ek T 5 3 oy L+
OB IL/NRY . P, R T R T A R =0k
T R B AR K H BB T 57 20035 R EARTE A= W)
[ 2 U N

L ATl 2 2 0 T AR B R R B A S T
B SR F I S BOR AT T R U 2O
JAR B PG A A 206 1 R B S = 1300~
600 5" . LA B 2 LI MU R O L 2k
FR IR 2w SR AR A i R T 1% R B OR 1 DG
i 5B =4k CCD ML AR W&l 2(b) Bros. o 1%
RE G HEAT R BRI B2 R AR HT « B
SERERCR N S S . BRI B R

0307007-2



th i

i ot

v B LSRR RATS 38k AR IBOG R R AR
JERESE T AUS . AR LR 2 Otk AR A T
P ARZ TR AR AR 7 il 4 ) 8, O SRR AR
HEZ IR T RGN H R LS R,

BEA AL B % AR I — i B 2 0 B 2O
15K 2 Ce) BT s BE 7 4k iR X 380k 3k O 8
BB R P EAE T — Rk B CCD AR BL
T CCD MIMLAS Rl X 43 i 4 21 9 B b
P, R s B 400 80 o 8 5l 3% Bl A5 R A U8 O B %
I T O uE O R, an mT U R T R R B
(LCTE)™ =) 1 /& 6 n] 3 38 6 A CAOTE) 7
G R PRE W h 2 AR S W, IR CCD #R I, #E 11
SR AR N B A K B2 F S R B
ZAF RN 2Otk EIR . O AR FAAE T ] DL TR
BRICRF ML A (7 25 18] SOGi6 (5 B . $RmT, i T

(@) point scanning

N
¥ scan

I3 IGH AR YA BEAT I B DRI 0 A I R R
B2 I L B i PRI AR AR SR B 3R 2 52 B RO BR
bR HE Y 43T 6 S T B AR A o — YR 4 T[] IR A5 1 0
REAR 1 23 (B FOE AR B, 5 & St & 61 g 5
LM ZOT BRSO R R EEER R T8
FRER . ZTT IR RO A TR A R A% — Rk
SR JITA (T T PR ol G T A A
B . SR, DR IR TR A7 & Ol 1% AR T k0 R
AT 7 PR AR BRI 25 LA KR I K A B8 i Ak P
S5 W LA PR R R 2 T AR PR AL 2 AR R
AR 20T g fLAR B 2 O R A 183 TR
Oy R T G At LA A DR R B 8 Ol % AR
FPA 00 & 0 £ 1 B2 S8 0 . N AN, O 4
W fLAE o Ay BihJ7 AR L D e i ROV
S ) 3 R

(©) staring

LLLLLLLL 2

léj

\\‘\\

/
]
L
/)

B2 Boiie ik B AR, (@ S8 () LA (OB

Fig. 2 Traditional scanning mode for Raman spectroscopic imaging. (a) Point scanning; (b) line scanning; (c¢) staring
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Fig. 3 Schematic of coded-aperture Raman spectroscopic imaging
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Table 1

Comparison on Raman spectroscopic imaging techniques

Raman imaging mode Principle

Advantage Limitation

Point scanning Point-by-point collection

Line scanning Line-by-line collection

Wavelength-by-

Staring )
wavelength collection
Spectral and spatial
Snapshot information is
obtained in one shot
Spectral reconstruction
Spectral

. followed by narrow-band
reconstruction
measurements

Moderate data acquisition speed

Strong Raman signal Slow data acquisition

Field-curvature artifacts

Spectral and spatial Slow data acquisition

information is when the required spectral

obtained simultaneously resolution is high
Requiring large
Ultra-fast data
. detector array and
acquisition speed ]
slow post-processing

Fast data acquisition . . .
) Requiring calibration dataset
and post-processing
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