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Abstract: - A measurement method for the wavelength and incident angle of
narrow pulsed laser based on sinusoidal Transmission Grating and Digital
Signal Processor has been proposed in this paper, and the corresponding
principle prototype fof laser warning receiver has been designed, this
instrument consists of a sinusoidal transmission amplitude grating, a
plant-convex cylinder lens, a linear CCD with 50MHz driving frequency
made by ATMEL Company, a High speed DSP TMS320VC5509 and a liquid
Crystal Screen. our experiment results show that this instrument has the
following technical characteristics : measurement wavelength range(span) is
from 500 to 1100nm, wavelength resolution is less than or equal to 10nm, the
Field of View is 22.5° in latitude or longitude, the incident angle resolution is
about 1, the responding time to laser threat is less than 0.1s, the detecting
sensitivity is less than 10mW/cm’.
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2 The measurement principle of
wavelength and incident angle
based on sinusoidal grating
There exist many measurement methods
for wavelength [2], the advantage of using
diffraction  grating is  simultaneous
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Fig.1 The principle of Sinusoidal Grating
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Fig.1 depicts the principle of laser warning
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receiver based Sinusoidal Transmission
Grating, the receiver consites of linear CCD,
plane-convex cylinder lens, Sinusoidal
grating . As showed in this figurel la beam of
laser with wavelength A and incident angle
o impinges on the Grating, after being
diffracted by the grating and being focused
by the Lens. Two diffraction stripes have
been formed, this diffraction pattern is
transformed into electronic signal by CCD,
Then, the electric signal is processed by DSP,
finally, the information about wavelength
and incident angle are displayed and
delivered  to main control Unit. The

measurement principle is as follows.
The transmittance of plane sinusoidal
grating is.
TXy)=T,+T,cosRzx/d+¢,) (1)
The angle spectrum of a beam of incoming

laser with wavelength Aand incident angle

a can be expressed

sin(@)

U,(4,X) = Aexp(j2rx2m22)  (2)

the transmitted wave by grating can be
wrote as

Uz(x’ y) :Ul(X> y)T(Xa y)

=T,U, +%T1 Afexp] jzﬂX(Sinia) +é+ o)+
expl j22x(E -2 )
:UO(Xay)+U+1(X’ y)+U—1(X’y) (3)
there
UO(X: y) = UI(X’ y)TO
_ AT, exp(j2ex 0@y g
U, 06 y) =2 T Aexpl j2x (i 4 - Dol

()



1 ) i 1
U, (xy) =5T1Aexp[12ﬂx<%ﬂ—a>—¢0]

(6)
obviously [] the output from the grating

includes three trains of waves with different

diffraction angle, from them one is U (X, Y)

which propagates along the original incident

direction of incident laser beam, the second

part and third 1s U, (X, y),U_ (X Y)
respectively, they are a pair of conjugated

waves, their diffraction angle is S,,5

separately which meets the following
equations
. . A
sin(f,) =sin(a) + 4 (7)
. . A
sin(f_) =sin(&) 9 (8)

after being focused by the cylinder lens with

focus length f on CCD, the positions

coordinates of the zero order, the positiver

and the negative first order can be calculated
by

X0=ftana

X, =f tan

ol ©)
X =ftan g _

from above expressions, we can get the
formula of wavelength

A=d [sin(arctan(XTO)) + sin(arctan(%))]

(10)

From above deduction, we can see, the fact
that there is no higher orders diffraction
except the zero and first orders in the
diffraction pattern of sinusoidal grating is
benefit to simplifying the algorithm for
wavelength and angle discrimination!|and
because the diffraction energy of laser is
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distributes among the zero and first order,
it is helpful for the ratio improvement of
signal to noise of optical system.

3 The parameters choice of
optical elements

According to the technical demand!(the
wavelength span is from 500nm to 1100nm'
the wavelength resolution is less than or
equal to 10nm and the filed of view is 22.5°,

we can build the following equation
ftan(11.5°) < Nd/2;

AX ;
Aa = Tocosz(a) <1°(0.0174radian);

d(sin(f, ) —sin(r)) = A1 <10 nm (11)
At the end, we choose f=25 mm, grating

density d =1/300 grating size 2.5x2.5 cm’.

4  The selection of driving
frequency of CCD

The sensitivity of the laser warning
receiver has to reach IOmW/cmz, and Laser
warning receiver always works in harsh
circumstance, in the spectrum span between
500nm and 1100nm[/the background noise
from the sun is very great , which may lead
the CCD to be

effective extraction of laser signal from

saturated, therefore the
background is the foundation of the selection
of Driving frequency of CCD. because the
duration of laser pulse 1is short for
example ,7=10nsJthe peak power is great,
but the integration time of liner CCD is
millisecond level, during the integration time

the useful integration for the laser signal is



just several nanoseconds,other time mainly
is used to integrate the background noise, the
effective way to improve the ratio of signal
to noise is to increase the driving frequency
of CCD,

We can take sun as a blackbody radiant

source with 5900K[1Its radiance is

to decrease integration time .

2
M(AT) = 2zhe” C,

hc C)

AE* —1) AT -1)

(12)
where A is wavelengthl 'h Planck constant[ /T
absolute temperaturel IC velocity of light!

k=1.38x 10_23W[mz. Bolzman constant[]
ch
c,=—
O K. The stretch solid angle

of the earth to the sun is about

Q=6.8x107Sr [Jthe illumination Of the
surface of the earth from the sun is
M (4, T)Q _ _
wn — ( ) (Vv[rn 2D/Um l)
2 (13)
In order to further decrease background

¢, =2zhc?

E

light'] a lens-hood with 24°plane angle ,
(,=0.1372sr is
used before the Grating[Iso the illumination

equivalent to solid angle,

entering into the surface of grating is

. Ean€2, _ M}.(T)Ql&
grating 27 27 2 (14)

sun

E

supposing the spectral response function of

The CCDis T () [Jthen during the spectral
range CCD[Jthe effective optical power is

1.1
Eeﬁ = J. EgratingDP(/l)dﬂ(WD‘n_z)
0.5 (15)
referring to the typical spectrum response,
from equation (13) using digital integration ,

E =5W/m’

we can get U

If the least laser power which the laser

(Wem?Cum™)
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warning  receiver can  detect is
PMZIOmW/cmZD the length of the CCD
pixel is 14pm, the size of sinusoidal grating
is 2cmx2cm, whose diffraction efficiency
is 25% , the focus occupied 5 pixels, the
illumination from laser is

E,... =10mw/cm?-25%-2cm/(14umx5)
(16)

in the spectral range from 500nm to

laser

1100nm, when the wavelength is larger
than 1000nm, the sensitivity of CCD
decreased by 20% or more, for example,
for the wavelength of CO; laser , 1.06um,

w(A) decreased by 15%, no loss

representative, taking the duration time T=
10ns[Jthen the lowest ration of signal to

noise is
0
SNR= ElaserXISA)XT (17)
E At
there At is the integration time of the

CCDlJif SNR =1[Iwe obtain At =178us .If
output of CCD is separated into two parts,
each part includes the output of 1024 pixels,
we can make the conclusion that the Driving
frequency of CCD is no less than 6MHz.

5 The circuit design of the laser
warning Receiver

Based on the measurement principle and
parameters choice of the Laser Warning
Receiver, combining with the requirement of
response time (less than 0.1ms),we finished
electronic  circuit of
optoeletronic system. A TMS320VC5509
and AviiVA™M?2 CL CameraLink'™ Line
scan Camera from ATMEIT company and a

Single Chip Computer 89C2051 have been

the design of



used, as showed in Fig.2, the electronic
circuit
Module,

Information

is composed of Signal Sampling
Module,

communication

Signal  Processing
Exchange

Module, and Information Display Module,
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the circuit module fulfills the opeoelectronc
information sampling of diffraction pattern,
thecalculation of wavelength and incident

angle, and Information Display and so on.

Signal Sampling CCD
Module ﬂ U
TTLAVDS LVDS/TTL Info rma’Flon_ Exchange
Communication Module
Signal Processing M
Module McBS EMIF
D
lock > P
System Cloc TMS320VC5509 ower
SP]
Reset control > >N E2PROM
A
| v
. JTA SDR oo ..
Information Communication
Display module ¢—f with DSP
> SCC 89C2051 B
Communication
With Camera ¢L
LCD
Fig.2  Optoelectronic detecting system of laser warning receiver

6 The prototype of laser
warning receiver and actual
measurement results and
conclusion

The theory analysis and the development
of prototype indicated that Using Sinusoidal
transmission Grating, CCD and High speed

DSPs, we can measure the wavelength and

incident angle of pulse laser, the prototype

can meet the following performance:
Optical Spectral range is 500-1100nm, the
10nm, the

duration time of pulse laser is no less than

resolution of wavelength is

10ns, the peak power of being measured
laser is no less than IOmw/cmz, the Field of
view is 22.5° and the angle resolution is

less than 1°.
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Fig.3 The prototype of laser warning receiver and display results
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Fig.4 The laser diffraction graphs collected by CCD, when wavelength is 532nm and
incident angle is zero(a), and 11°(b )respectively
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