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ABSTRACT  

In the last few decades, a Significant advance in the laser detection techniques have occurred 

in a civilian application like optical fiber communication system, lidar system and now 

satellite communication in the erospace and a military application, one of the most 

applications in military is the laser guided missiles and bombs encountered high 

development and formed high threat for strategic and special targets. The development of a 

laser warning system (LWS) is essential to detect the laser guided weapons attack. A classic 

LWS is composed of an optical subsystem, laser detector, and processing unit. The design of 

a LWS is constrained by the cost, optical system size, detector type, and the required 

processing operations. In this paper, a 15-degree field of view optical subsystem, diffraction 

grating, and a sky camera is used to reduce the whole system size, reduce the cost, and 

decrease the number of false alarms initiated by the dark current on the classical detectors. 

The optical subsystem is designed to shape the laser spot diameter to be 350µm to avoid 

detection saturation. The design and fabrication of the optical system guaranteed a signal-to-

noise ratio up to 175dB in a clear atmospheric condition. This LWS outperforms the state-of-

art LWSs in laser guided weapon detection. 
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1.INTRODUCTION 

     During the last century, different types of 

bombs have been considered in many wars, 

especially, world-war-II [1]. After that, the 

classical bombs were developed to be smart. 

The missile/bomb guidance methods are: 

millimetric waves, television, infrared, and 

laser [2]. Missile and bomb laser guidance 

method outperforms the other methods in 
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 high precision degree of hitting a destroying 

the target [3]. Many methods were developed 

to counter the laser guided missiles. The first 

step is to detect the threat by detecting laser 

rangefinders or laser target designators. One 

of the methods to detect the laser threats is to 

use a laser warning system (LSW) [4]. A 

laser warning system consists of a detection 

head that includes an optical subsystem, 

sensor detection and a processing unit [5]. 
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Figure.1. The classical LWS general block diagram 
 

 

 

The incident laser beam is focused and directed 

by the optical subsystem and passed to a 

detection subsystem [6]. Figure 1 shows the 

classical LWS general block diagram. The laser 

beam incidents on the lenses of the optical 

system and then gathered, it focused on a photo 

detector such as the quadrant avalanche photo 

diode (APD) [7]. The output of the detector is 

converted from optical to electrical signal and 

directed to a trans-impedance amplifier with 

point meter to adapt the amplifier gain to give a 

specific output value. Then the laser pulse is 

widened in a preprocessing step and sent to the 

processing unit where a threshold is applied for 

detection process [8]. Figure 2 shows a LWS 

detecting a laser pulse at 108° from the north 

direction.LWS is designed to be functional in 

different battlefield situations [9]. The design 

shall be simple to be implemented and the cost 

shall be reduced without affecting the system 

overall technical characteristics. LWS is 

implemented with an array of sensors and light 

control filter [10]. An array of sensors is used 

to detect the laser source direction and the filter 

is used to reject the frequencies out of the 

frequency band for the laser source. However, 

the direction of the laser source can be detected 

using the ability of the optical system to change 

the field of view or rotate the optical system on 

a rotating pedestal [11]. Using an array of 

sensors is an expensive choice. A sky camera 

may be used to reduce the cost of the LWS.

The design and implementation of the optical 

system is constrained with the LWS overall 

size. An optical system composed of six lenses 

was used to implement LWS [12]. However, 

the size and the number of the lenses can be 

reduced to reduce the overall size.  In this 

paper, LWS is designed and implemented using 

sky camera, small size optical subsystem, 

diffraction grating, and processing unit. We 

develop a new design of a 0.4 – 1.1 µm optical 

subsystem for use in the detector head of 

LWSs. We use an array of three lenses for 

appropriate gathering of the incident laser 

radiation. The lenses are attached to a 

sinusoidal diffraction grating to detect the 

wavelengths of incident light and separate the 

back ground noise due to sunlight rays. The 

laser beam is then captured and analysed using 

a sky camera. The laser spot diameter focused 

on the camera is smaller than 350 µm in the 

worst case. The field of view is 15 degrees and 

SNR is better than 170 dB. The demonstrated 

laser detector operates in distances very far 

from laser sources and in hazy conditions. The 

novel system has low cost, reduced size, and 

high received signal-to-noise ratio (SNR). The 

paper is organized as follows: section 2 

presents methodology and optical subsystem 

design, section 3 presents the implementation 

of the LWS, section 4 presents the results, and 

section 5 presents conclusion. 

 

2.      METHODOLOGY OF THE 

OPTICAL SUBSYSTEM DESIGN 
 

       An optical warning detection system should 

be able to distinguish pulsed laser sources with 

very narrow pulse width as well as continuous 

signals with wavelengths ranging between 0.4 

and 1.1 µm. Detection of these signals at far 

ranges is difficult, and designing an optical 

array to gather this wide range of wavelengths 

is effortful. we propose the design of an optical 

subsystem capable of gathering laser radiation 

on the detector and distinguishing radiations 

with 10 degrees over the horizon. So, the field 
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Of view (FOV) of the proposed optical 

subsystem is 15 degrees. This is optimum to 

detect the incident laser in far field practically 

from our experience. The optical subsystem is 

divided into five main parts; namely, a lens 

array to gather the incident laser radiation, a 

diffraction grating to detect the frequencies of 

the incident light and separate the laser 

components from background noise, a sky 

camera sensor, processing unit and an angle 

indicator using optical decoder. The 

implemented system costs 1500$ using on shelf 

components. Compared to the subsystem 

proposed by Najad et al. [13], this route is 

advantageous in determining the wavelength 

and incident angle of the incident laser 

radiation simultaneously by a simple optical 

design and low cost. In addition, the overall 

size of the optical system is reduced using three 

lenses instead of the six lenses utilized by [13]. 

 

1. Design of Three-Lenses System for 

Gathering Laser Radiation 

 

      The array of lenses works to gather the 

incident laser light and path through it to the 

sky camera detector. A two-dimensional view 

of the lens array is shown in Fig. 2. The front 

lens is made of sk2 and with thickness8.44 mm 

and the front lens is made of sk2 with thickness 

of 8.44 mm and with front and back radii of 

118.9 mm and 91.961 mm respectively. The 

lens has two spherical surfaces; both are 

convex but with different radii of curvature.  

 
Figure.2. 2-D schematic of the proposed optical  

 

It is equivalent to the aspheric lens but provides 

more reduction of the monochromatic 

aberration; this lens setup can be used to 

transfer a collimated beam from an incident 

point light on the detector similarly like a 

spherical lens. The middle lens is a biconcave 

lens made of sk16 with thickness of 6.34 mm 

and with front and back radii of 52.3 mm and 

32.651 mm respectively. This is able to reduce 

both the coma and spherical aberration in 

addition to the astigmatism.   Furthermore, this 

lens provides the advantage of aspheric lenses 

in qualifying the degree of resolution. The last 

lens is made of sk16 with thickness 2.76 mm 

and with front and back radii of 48.4 mm and 

15.956 mm respectively. Since this is the final 

lens facing the CCD of the camera, it is a 

biconvex lens which functions in overcoming 

aberration of the formed image and the 

distortion field curvature. The separating 

distance between the objective and middle 

lenses is 8.301 mm, while it is 40.66 mm 

between the middle and final lenses. These 

design parameters were optimized according to 

the theories of optical systems and the 

associated image aberration in Ref. [15]. The 

optical materials of the lenses and anti-

reflection coatings are chosen to achieve the 

highest optical transmission and reduce the 

absorption, and reflection. These optical 

characteristics of the lens system are calculated 

using the computer software Win Lens and 

Zemax.  

 

2. Diffraction grating and Sky Camera 

Detector 

 

      The above designed array of lenses is 

attached to a diffraction grating. The diffraction 

grating is used in LWS to measure the incident 

laser wavelength and adjust the incident angle 

[16]. This grating is advantageous in 

conquering the overlap among different 

wavelengths and different diffraction orders 

[16-17], simplifying the abstraction algorithm 

of the wavelength and incoming angle, and 

concentrating the incident laser beam on the 

detector [17]. The laser beam impinges on the 

grating, then diffracts and focuses by the lens 

on the sky camera. Then, the diffraction pattern 

is transformed into an electrical signal by the 

sky camera. This electrical signal is processed  
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By a high-speed digital signal processor (DSP) 

of type LSA2136, and finally the information 

of the wavelength and incident angle are 

obtained. 

 

3. Spot size, aberration, and SNR 

calculations 

 

The spot size of the laser beam is 

determined assuming propagation of an ideal 

Gaussian beam. The intensity distribution in a 

Gaussian beam is represented by a bundle of 

rays in which each ray has a random pointing 

error. The ray bundle is allowed to pass through 

proposed optical system the usual geometrical 

optics formulae and it is shown that the position 

of the focused beam waist agrees exactly with 

the usual Gaussian mode analysis in [18], the 

spot size of the beam along the propagation z-

direction is determined by: 

 

        ( )    √  (
  

   
 )
 

                       (1) 

 

Where the  ( ) is the spot radius in an 

arbitrary ,    is the minimum spot diameter 

and   is the wavelength of the radiation. Figure 

4(a) far field in a clear conditions and 4(b) far 

field in a hazy conditions 

 

 
 

                            (a)

 
 

                            (b) 
Figure.3. Laser beam profiling (a) in a far field clear (b) 

in a far field hazy. 

 

       Another important parameter, which 

should be considered in the design of the 

optical subsystem, is the aberration of the 

proposed optical array. Although the 

aberrations include spherical, coma, 

astigmatism, achromatic and distortion, which 

are called "five Seidel’s aberrations" [19], the 

effective ones for the present lens array are the 

achromatic, coma and spherical aberrations 

because the other aberrations are addressed by 

sky camera. Large values of these three types 

of aberration mean that the noise is high and 

the sky camera sensor cannot define the laser 

wavelength. Figure 5 shows the seidel’s chart 

of the lens array using Win Lens and Zemax 

software. This chart displays the aberration 

parameters to each surface of the three lenses 

separately. The measured values of the total 

aberrations for the present lenses array are 

chromatic aberration of- 0.45mm, coma 

aberration of- 0.29mm, and spherical aberration 

of -1.65mm. These values are optimum to 

achieve qualified detection of the incident laser 

beam [20]. 
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Figure .4. Seidel’s chart to each surface              

separately parameters 

 

The Seidel aberration function is given by the 

following equations [19]:  

      
          

                  
                                                                                                     

(2) 

      
          

 (       )  

(    ) 
          

                                                                    
                                                                        (3) 

where    is the Seidel aberration in the   axis 

direction,    is the Seidel aberration in the   

axis direction,    is the spherical aberration 

coefficient,    is the Coma coefficient,    is the 

astigmatism coefficient,   is the Petzval sum 

coefficient,    is the distortion coefficient,   is 

the ideal image height on the image plane,   is 

the ray position angle at the exist pupil, and   is 

the ray height at the exist pupil. These chart 

yield information on the best results of 

minimum aberration values of the present 

proposed system. Another important parameter 

that should be examined in the optical array is 

the signal-to-noise ratio (SNR), which can be 

calculated according to the following equation 

[21]. 

      
  

  
 
           

      

        
√
  

  
                       (4) 

Where    is the maximum voltage of the 

detector,    is the environmental noise signal

         

 

Voltage,      
      is a detective parameter at a 

particular wavelength,    is the atmospheric 

attenuation for the laser,   is distance from the 

laser source to the detector,    is the optical 

transmission coefficient,  is laser’s divergence 
in radian,    is the laser spot’s area on the 

detector,    is the detector’s bandwidth the 

proposed system and    is a peak power laser 

source .LWS is a military application 

 
 Figure.5. SNR for the proposed optical array in clear 

and hazy atmospheric conditions compared to the work 

in [13] 

   Its work in very hard battle field conditions, 

so the SNR of the laser detector received signal 

must be as high as possible to detect laser 

sources at high ranges [21]. Figure 5 plots     

as a function of distance   and the results are 

compared with those in Ref. [13]. SNR in clear 

atmospheric conditions is higher than that in 

hazy atmospheric conditions by more than 30 

dB. The SNR of the proposed optical system in 

both conditions are higher than that in [13] 

because the detective parameter      
      and the 

detector effective area are higher when using 

the sky camera detector. The active detective 

area is 20 times more than in [13]. Although the 

SNR of the proposed system is enhanced, SNR 

is degraded more in the proposed system in 

hazy atmospheric conditions  

 

3. IMPLEMENTATION OF THE 

LASER WARNING HEAD  
 

         This section is concerned with 

implementation of the designed optical 
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Subsystem. First, the lens array was 

manufactured according to the 

aforementioned specifications. The lens array 

is designed in three dimensions by the 3D 

model of the Optocad program. The designed 

3D model of the lens array is shown in Fig. 6. 

The lens arrays were placed in an aluminum 

chassis closed tightly and charged with 

nitrogen gas to avoid moisture from water 

vapor. 

 

 
               

             Figure.6 . 3D view of the glass lenses 
 

 
     Figure.7 . Layout of the implemented lens array. 

 

 

Figure.8. Layout of the chassis of optical proposed  

 

. The length of the chassis is 25cm, the front 

diameter is 15.5cm, and the chassis diameter of 

the middle is 8.5cm as shown in Fig. 7. A 

layout of the implemented lens array is shown 

in Fig. 8. 

4. RESULTS 

 

In our experiments, we used three laser sources 

with wavelength λ = 532nm, 808nm and 

1064nm. The optical subsystem was carried on 

a pan-tilt motor to enable 360
0
 scanning of the 

field of view. The optical system is attached 

with an optical digital encoder which is 

connected to a computer to measure the angle 

of incidence of the laser radiation relative to the 

axis of the lens array. Incident angle of θ = 90° 

corresponds to the case of on-axis incidence to 

the detection head. Fig. 9 plots the spectrum of 

the incident laser in existence of sun light as 

detected before incidence on the sky camera by 

a digital high-speed DSP spectrometer with a 

digital oscilloscope (model Aglint 

86100A).Fig.10 plots the laser real 

measurement formed by spectrometer after 

using sky camera only, this figure shows the 

background noise from sun, laser source 532nm 

and multi-mode laser .The spectrum data were 

exported serially to the computer and plotted 

using special software. The figure indicates 

noisy spectrum and the laser spectrum cannot 

be distinguished. On the other hand, Fig. 11 

plots the spectrum after passing through the 

proposed optical subsystem ,diffraction grating 

and then recorded by the sky camera for laser 

emitted at wavelength λ = 532 nm. In the other 

spikes we utilized other laser sources incident 

off axis on a proposed system with  a 

background noise to be sure the proposed 

system can be detected and identify the main 

laser sources 532nm ,808nm and 1064nm  on 

axis  by a higher intensity than  other laser 

sources off axis Separates from back ground 

noise. The laser beam is directed one time in 

the on-axis direction of the optical head and in 

another time with an angle of off-axis. It is 

clear that the shown spectrum corresponds to 

the laser source only. That is, our detection 

system is able to remove the background noise 

with the laser beam. Fig.12 show the real 

images were captured by proposed system and 

identify the angle of laser beam (90°) on axis 

and (58°) off axis and  
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Figure.9. the spectrum of the incident laser in existence 

of sun light 

 

Figures 13 to 17 shows the spectrum of incident 

laser beams at wavelengths of λ = 808 and 

1064 nm, respectively. The system was able to 

detect the laser beam at these wavelengths. 

 

 

 
 

    Figure.10.532 nm laser real measurement formed by  

Spectrometer before using proposed system.                                    

 

 

Figure.11. the spectrum after passing through the 

diffraction grating and then recorded by the sky camera 

for laser emitted at wavelength λ = 532 nm 

 

Figure.12. the real images were captured by proposed 

system and identify the angle of laser beam (90°) on axis  

And (58°) off axis 

 

Figure13.808 nm laser real measurement formed by 

spectrometer before using proposed system  

 

 
 

Figure.14. the spectrum after passing through the 

diffraction grating and then recorded by the sky camera     

for laser emitted at wavelength λ = 808 nm 
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Figure.15. The real images were captured by the 

proposed system and identify the angle of laser beam 

(90°) on axis and (122°) off axis 

Figure 16.The spectrum after passing through 

The diffraction grating and then recorded by the sky 

camera for laser emitted at wavelength λ = 1064 nm 

Figure.17. the real image captured by the proposed 

system and identifies the angles of laser beam 

(90°) and (35°)

5.   Conclusions 

         A laser warning system based on new 

optical subsystem, sky camera, and 

diffraction grating is designed and 

implemented. The optical subsystem is 

composed of an array of three lenses attached 

to a diffraction grating and utilized a sky 

camera sensor and a high-speed DSP 

spectrometer to detect the laser source 

wavelength and the angle of arrival. The 

system has low cost and the results showed 

that it can detect laser sources at wavelengths 

532nm, 808nm, and 1064nm. Using this 

result; we can identify the incident laser from 

background noise. There is no false alarm rate 

because it depends on a real image of the 

incident laser spot size, as we can see a real 

image of laser incident by special monitor. 

Compared to the work in [14] SNR 160 dB, 

the proposed system achieve SNR up to 

175dB in a clear conditions. 
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