31 10 Vol 31, No 10, pp2874-2878
2011 10 Spectroscopy and Spectral Analysis Ocober, 2011

A, B, BERRME, WO, Y, RIK

s 430079
s s InGaAs
: TH744 1 A DOI: 10. 3964/ j issn 1006-0593(2011) 16-2874-05
20 80
, 90 HTMI
, 1999 )
s (digital micromirror device, DM D) s
s (2] s 1
) ) (31 , HT
’ ” ( ) ”
(hadamard transform, HT) , 1
s n HT s n
2 2 2 2 2 n
N HT n
, ) s , s CCD s
: 2016-11-25, : 201+ 0316
« ? (2004BA210A02), (60808010) (2009D-5006-0% 06)
, 1986 R e-mail : Liujiayp@ yahoo. com. ¢n

* e mail: qgswu@ whu. edu. cn



10

2875

5

’
\ DMD

’ 1
s (n+ 1)*/4n
(n+ 1)/2 Jn 14
1 el gr;‘llmg
maskn
original
singal ’ I\Ill
mask 2
S . o # e - " ~N
— o’ encoded image n detector 8
Spherical mirrors
—
mask | s Fig 3 Top view of optic part
encoded image 2
decoded DMD
signal
encoded image | s s A/D
FPGA DMD, USB
Fig 1 The principle of hadamard transform PC
23
+ 1 i
2 9 1 2 9
21 '
, : : 900~ | ’
d= 0 005 mm
1 600 nm; : 8 nm; : 2000: 1; | |
1/ ’
22 ’
’ 2
’ ’ ’ ’ DM D, DM D 900~ 1 600 nm
A ) 3( ) ’ DM D 11 059 2 mm light tools
1 2
’ s 75 mm 900~
3 s 4 DMD5 , DMD 1 600 nm
’ 3 DMD
s s DMD
6 >
(1)
’ 1 (2)
) 7,
8 : 4 ,
6 ) 9
el : 3 75 mm
4
il p s 4 100
' mm Judson InGaAs s
BB 1 mm, 1 70m
N 900 nm
b ‘gr‘;umg
) 24

1 slit
8 detector -

Fig 2 Side view of optic part

chanical systems,

MEMS( micre-electre- me-

)



2876

31

s 10 kHz
s TI 0 55XGA
Discovery 4000 1 024x 768 ,

10. 8 PHmx 10 8Hm 4 ,
12 =7+ 12
N On, 1; - 12

s Off,
0 on  off
( 1024 )

u Projection Lens
Light
Absorber I{

5

-

Fig. 4 Pixels in “on” and “off” state

—

Beginning

{ Initialize masks i=1

!

Measurement <

v

Rotate masks, =i+l

Decode signal ‘

!

Fig. 5 Flow chart

DMD On/Off 1 o )

n 9
) n ,
, i
-1 1
5( n )
Y
yi= 28X (1
j=1
(1) Xj J > Sy = (SLI’
Sa, - Sij) on 1, off 0
Y= SX (2)
(2 ( )
X=5"Y (3)
[812]
s & nm ,
88 R DMD 1024 ,
128 s )
2x 128= 256
, 8 s
4 , 256

: (1600- 900)/128=5.5 nm

31
Applied Harmonics Corporation Derystal laser
1 064 nm )
s 6
0.5
044
o, 034 1
g
z 0.2 ‘
‘ L
0.14
| |
0 ~——T——
— — . r
800 1 000 1200 1 400 1 600
Wavelength/nm
Fig 6 Spectrogram of a 1 064 nm laser
1 064 nm ( ) 8
nm,
5 5 mm s
32



10 2877
’ ’ 1064.70
7
1 064.60
1.001 54
E 1064.501
1001 0 £ J\v_\ A/
50
1.000 51 £ 106440 m/\ V/
o
1.000 04 2 1064301
)
5 099951 1064.201
099901 1064.101— , . . ~—
0 5 10 15 20
0.998 5 g
Measurement times
0.998 0 )
1 Fig 8 Accuracy of spectrograms
0.9975 r T T T
1 000 1200 1 400 1 600
Wavelength/nm
Fig 7 Ratio of two spectrograms
4
RMS | SNR
2 1990 1,
3- 3 2 9
1064 nm 20 S ’
B 20 N ? »
8 B
8 , , ’
01 nm, > >
3 4 ’
s 11 5s, ’
[13]
References
[ 17 LEI Meng, FENG Xin-hu, ZHANG Xir-min, et al( s N N ). Modern Scientific Instrumen ts( ),
2009, 4(8): 44.
[ 2] CHANG Lingying, ZHAO Bae chang, QIU Yue-hong, et al( s s , ). Journal of Applied Optics( ),

[ 3]
[ 4]

[ 5]
[ 6]
[ 7]
[ 8]
[ 9]
[10]
[11]
[12]
[ 13]

2010, 31(3): 345.
Harwit J V, Slone N J. Hadamard T ransform Optics. London: AcademicPress, 1979.
TANG Hong-wu, ZHOU Jir song, LI T ao, et al( s s , ). Chinese Journal of Analytical Chemistry(
), 2005, 33(3): 417.
DeVerse R A, Hammaker R M, Fateley W G. Vibrational Spectroscopy, 199, 19: 177.
Fateley W G, Hammaker R M, DeV erse R A. Journal of M olecular Structure, 2000, 550: 117.
Torsten Diehl, Wolfgang Ehrfeld, M anfred Lacher, et al. Journal of Selected Topics in Quantum Electronics, 1999, 5(1): 106.
ZHOU Jirsong, LUQurrbo, XIANGLI Bin( s s ). Acta Photonica Sinica( ), 2005, 34(10): 1518.
Ruth A D, Stephen A D, Brian K H, et al. Transactions on Instrumentation and Measurement, 1990, 39(1): 163.
Brian K H, Jin BP, Stephen A D. Transactions on Instrumentation and Measurement, 1994, 43(3): 397.
Susanto R, Bogdan]J F. Transactions on Circuits and Systems, 1999, 46(8): 1094.
Renato G, Maria A S. Electrophoresis, 2005, 26: 3151.
XU Hao, TANG Hongwu, LI Ying, et al( s s , ). Journal of Analytical Science( ), 2008, 24(4):
385.



2878 31

A Digital Micromirror Device Based Hadamard Transform Near Infrared
Spectrometer

LIU Jia, CHEN Fen-fei, LIAO Chengsheng, XU Qian, ZENG Libo, WU Qiongshui®
School of Electronic Information, Wuhan University, Wuhan 430079, China

Abstract A Hadamard transform near infrared spectrometer based on a digital micromirror device was constructed. T he optical
signal was collected by optical fiber, a grating was used for light diffraction, a digital micromirror device (DM D) was applied in-
stead of traditional mechanical Hadamard masks for optical modulation, and an InGaAs near infrared detector was used as the op-
tic sensor. The original spectrum was recovered by fast Hadamard transform algrithms. The advantages of the spectrometer,
such as high resolution, signalnoise-ratio, stability, sensitivity and response speed were proved by experiments, which indicated

that it is very suitable for oil and food-safety applications.
Keywords Near infrared spectrometer; Hadamard transform; Digital micromirror device
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