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Abstract: On the basis of characteristics of imaging spectrometer with imaging-spectral information at
the same time, a portable Prism-Grating-Prism(PGP) imaging spectrometer was developed for clinical
monitoring and intraoperative navigation. The design principle of the optical system was introduced
and analyzed according to the requirements. Then, the principal parameters including spectral resolu-
tion, spectral smile, and keystone were tested. The actual spectral resolution was up to 5 nm, which
satisfies the needs of clinical application. After combing the imaging spectrometer and an operation
microscopy, this paper diagnoses the brain tumors of rats online, and acquires lots of imaging spec-
tral data of brain glioma. By analyzing the spectral data, the position and the size of the tumor is ob-
tained precisely. Obtained results demonstrate that imaging spectrometer developed is characterized

by its high resolution and smaller volume and can diagnose tumors in the operation on line for its
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common interface with a microscopy.
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Fig.1 Theory of PGP imaging spectrometer
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Fig. 2 Structure of prism-grating-prism
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Fig.3 Schematic diagram of medical minitype ima-

ging spectrometer
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Fig.5 Curves of spectrum bend and color aberration
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Fig. 6 Clinic experiment of minitype medical imaging

spectrometer

4.2 XLIGHER

Bl 7 B s S /N B OGSO 26 2 itk
8% 2 HRBRI i 5 A3 2 s g 25 1,
ZEM R 55 100 3 B (R P4 A 606. 1 nm) fY B
W B R AN E R R ALBLC 3 5 6% & 5t
EAHIES

. 025
B %015

0.05

—0.05¢
400 500 600 700
A/nm

800 900

B 7 /N R RO T (O PR 52 36 4 R
Fig. 7 Clinic experiment results of minitype medical

imaging spectrometer

S E 3k

(1] SR, 2 B, A8 %, 5. 20 5] J o R v v

Bie i g X1 & B AP 5 s &, 2006, 33
(17):992-994.
LIW L, LIU Q, PIAO Y ZH, et al.. Clinical ap-
plication of intraoperative ultrasound in surgery of
brain tumors [J]. China Tumour Clinic, 2006, 33
(17):992-994. (in Chinese)

(2] gk, 2 20, &90 8, 5. RGO — &Lk
T %5 5 k5 47,2012,3(32) :839-843.
CUIJCH. LIU Y J, PAN M ZH, etal.. The inte-

grative design for imaging spectrometer[J]. Spec-

MOETE S R M K AT LU . B C Pl
IEH ARG TE B A i 4. A R il iR 19
B AR 2 IR R AL ZUTE 720 nm [EIE AT W] R
F1RY R WA T 9 2L R M T Ak ) 35 A TR A
N T U AR o T 4 A A X 5 ) T R £ 21
17 T IR SR B BT » S BN A D T 5 i e 21
ZL.B.C MR IEF AL,

PR T L 3 3o BRI 3 A3 i T L S R A
A W R ) i ORE ZH 4R RE S A AR B TR
S VLI IRE o T A T R 0 BT A S DB

AICPL PGP 5 50 JeH ARy Bt » L+ I B
il T — G T IR TR AE A2 W I RSO S
S D R S BT 5 38 DRl M S R R i R B I
LU BB TS s o 38 ST 6 T B 4 3 A BE
05 550 Sy i b ) WA Ji R 04 07 8 K KD 5 DA
B AR A D) R bR

AR SCHIR A 14 BT AR A TR G g O
ASC 0T Wy TR R AT 19 9 06 33 Bt ok 4R 07 2l
T AR T R AT 49 4 Ok S BT 1 BOHE B oR B L XA
F14 B B O W PR PR 2 T AN A s oy
I VNN - SN B N AT R RN
HAATE TR AT TR RS W S 0. BRI AL
BIF A 2 — 22 4 Bl T AR O 3 PO AE 3 e PR AE 2%
2 WU A

troscopy and Spectral Analysis,2012,3(32):839-
843. (in Chinese)

(3] #®E. BF I AU & bR ORI . 40 5h. 2006, 27
(8):24-26.
YANG Y, Spectral calibration of hyperspectral ima-
ger[J]. Infrared, 2006,27(8) :24-26. (in Chinese)

[4] SHU R, XUE Y Q, YANG Y D. Calibration and
application of airborne Pushbroom Hyperspectral
Imager(PHD[J]. SPIE,2004,5234:668-675.

[5] DINER D J, BRUEGGE C J, MARTONCHIK ]
V, etal.. MISR: a multiangle imaging spectrora-
diometer for geophysical and climatological research

[J]. IEEE Trans. Geosci. Remote Sens, 1989,



3048 e K LR 4§21 %
27: 200-214. QI X D, HAN P P, PAN M ZH,et al.. Spectral
[6] SAINTPE O, DONNADIEU O, DAVANCENTS calibration of the imaging spectrometer with con-
R, et al.. Development of a 2-D array for 1 to vex grating [J]. Opt. Precision Eng. , 2011, 19

2. 35 mm hyperspectral imager [ J]. SPIE, 1997,
2816. 138-149.

AEALEL,E— BHEOCIE RGO RS
MRS R I]. A% # % T 4.2009,17(11)
2629-2637.

ZHENG Y Q,WANG H,WANG Y F. Selection and

(7]

design of systems for spaceborne hyperspectral ima-
ger [J]. Opt. Precision Eng., 2009, 17 (11):
2629-2637. (in Chinese)

HOE, T B i L M S T RO i
BT, 40 9h,2010,31(1) < 1-7.

PAN M ZH, QI H X, XIAO G H, Design of the
compact ground radiometer[J]. Infrared, 2010,31
(1) :1-7. (in Chinese)

EEF . BOCTE ALY G 1 e R R L N 6 35 o1 B BB
1000 A e #H AR 1991 :44-50.

WANG J Y. Spectral response and spectral resolu-

(8]

[9]

tion of hyperspectral imager [J]. Imaging Spec-
trum ,1991:44-50. (in Chinese)
RER AL A F. O R EOk
SERRIBOIE AL FLT ], o Bk . 2011,4(2) 1 175-
181.
ZHANG J Q,YUAN ] B,YAN CH X, etal.. Data

processing of on-orbit spectral calibration of space-

(10]

borne high resolution imaging spectrometer [ J .
Chinese Optics s 2011,4(2):175-181. (in Chinese)
e AL BN R L T DGR G X
MOe g E bR [T 6 5 4% 42,2011, 19(12)
2870-2876.

(11]

EER N

EgA(1976—) . W . HEHRKEFEANH L+
0 A R IR S A R - N =37 S 2 BN
FeIEAN AR B T & OGBS B WF 5T .

E-mail:jicheng_cui@ yahoo. com. cn

(12]

[13]

[14]

[15]

[16]

[17]

(12); 2870-2876. (in Chinese)

X AR AR L R 2 AR R O3 P RO E bR HR AR A
)], F B k% ,2012,5(6) :566-577.

LIU Q Q,ZHENG Y Q. Development of spectral
calibration technologies with ultra-high resolutions
[J]. Chinese Optics ,2012,5(6) ;:566-577, (in Chi-
nese)

JERRY Z. DANIEL G, ROBERT M, etal.. Cal-
and measurements for the

SPIE,

ibration procedures
COMPASS hyperspectral
2004, 5425.182-188.

Rl LR RO F IR BEOE I kB
ARG BERELT]. + B &5 ,2013,6(5):692-700.
ZHANG J, WANG SH R, HUANG Y,et al..
Status and development of limb imaging spectrom-
eters[ J]. Chinese Optics, 2013,6(5):692-700. (in
Chinese)

HrE . ARG T AL 1 S bR B AR [T ] 4241, 2006,
27(8) :24-26.

YANG Y. Spectral calibration of hyperspectral imager
[J]). Infrared, 2006,27(8):24-26. (in Chinese)
SHU R, XUE Y Q. YANG Y D. Calibration and

imager [ ] ].

application of airborne Pushbroom Hyperspectral
Imager(PHD[J]. SPIE, 2004,5234:668-675.
WO, T B i A A S ROt
AT e B )] 40 98,2010,31(1) : 1-7.

PAN M ZH. QI X Y. XIAO G H. Design of the
compact ground radiometer[J]. Infrared, 2010,
31(1):1-7. (in Chinese)

BEEE967—), B HHEE A
T BESE 51 T AR U, N
AL M B OB B R . E-
mail : tangyg @ yiliaoyiqi. com



%12 3

BEARR L AF T IR TP R AE L2 W R A5 6 13 A 7 ) 3049

WAL (1977 — ), %, I P K B A, A
+ L BIBFSE 6L, 35 B NSOGB 2
BT R % AL A8 T & 7 W F 5T

Email : cuihanpengpeng(@ sina. com. cn

HEE 1977 ), B, E KK EAN
+. IR B, 3 B S5 R TR Y I
K5 3l 58 . E-mail: 1x121 @ sina.

com

BB (1982 —), H L FH ML AL
R S AR B VN R B rR7 SO N
BT FE TAE . E-mail: mzpan(@ foxmail.

com

(AEBHH:§ &)
(WRILEFE REWFH AREEH)





