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Abstract  With the extension of the application domains for laser imaging radar, it is necessary to 
find a new technical way to obtain high technical performance and adaptive ability. In this paper, A new 
concept of digital receiver of laser imaging radar system is presented. This digital receiver is defined as a 
time varying parameter receiver which possesses large dynamics region and time domain filter. The 
receiver’s mode, component structure as well as every function of its processing are described. The results 
and laboratorial data show the feasibility of digital reception. Also, it can exploit the inherent nature of 
laser imaging radar to obtain high probability of detection. 
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Theoretical basis of the transmitter and high 
sensitivity receiver design and the problem of 
waveform design for diode laser imaging radar had 
been discussed in the past[1] . However, with the 
extension of the application domains, there are some 
important technical problems, such as, how to increase 
the active range of the imaging lidar system in the 
applied situation of the both limited maximum power 
of laser and limited maximum size of system. Another 
important problem of them is the subject of detecting 
small target. A topic related to small target detection is 
extracting and amplifying returned target signal in the 
presence of direct sun illumination of outdoor daytime 
scenarios. It is necessary to find new technical way to 
obtain high probability of detection and low false 
alarm rate. The digital receiver is an efficient way to 
resolve above problems if it can be real-time working . 

 
 

1  The Model of Digital Receiver for 
Laser Imaging Radar 

The model of digital receiver and it’s component 
structure are depicted in Fig.1. 

The digital receiver of laser imaging radar is a 
new technical means for extracting target signal. 
Combining irrelevant multi–dimensions and relevant 
multi-pixels information, it can improve the adaptive 
ability of system to different weather and backscatter , 
as well as background irradiation. These effectiveness 
can not be reached by analog mode. 
1.1  Adaptive CFAR Processing      

The radar system is assumed to be the pulsed 
radar adopting direct detection, and the detector is 
avalanche photodiode detector(APD). Thus, the 
average false alarm rate(FAR) is
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Fig.1  Model of digital receiver for laser imaging radar
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where τ  is width of pulse, tI  is threshold current, 
2

n nI i=  is root-mean-square current of noise , and it 
is often variable with weather .Thus, if the threshold 
current can vary as root-mean-square noise current, the 
average FAR of laser radar system remains 
unchanged . 
    The output noise power of detector for direct 
detection is 

2
p n LN I R=  

     2 2 2 2( )NS NB ND NJ Li i i i R= + + +            (2)  

where 2
NSi , 2

NBi  and 2
NDi  are shot noises coming 

from signal spectral, background spectral and dark 
current, respectively. 2

NJi  is thermal noise.  
The current generated by shot noise process from 

background irradiation on to the detector can be given 
by 

  ( )b b r r
ei E A
hv
η λ= Ω Δ            (3) 

where bE  is the energy from background irradiation, 
(W/㎡⋅sr⋅μm), Ω is the receiver solid angle, rA  is the 
receiver clear aperture area, and λΔ  is the optical 
bandwidth (μm). While the shot noise current from 
background spectral irradiation is 

2 2NB bi e i f= Δ  

22 ( )b r re E A f
hv
η λ= Ω Δ Δ       (4) 

In fact, the target signal is affected by both bi  
and 2

NBi  noise coming from background. In Eqs.(3) 
and (4), bE varies with weather in a large region. As 
an example, Tab.1 lists the values of the bE in 
different weather condition at the wavelength 1.06 m. 
The dynamical range of E is about 10 in Tab.1. 

 

 
Background            Sky  background 

Condition 
Eb/W⋅cm−2⋅sr−1

⋅μm−1 Condition 
Eb/W⋅cm−2⋅sr−1⋅

μm−1 

Daylight          1×10−3           Sunny       1×10−3 
Snow          1×10−2           Cloudy      1×10−2 

Night          1×10−8           Night        < 10−8 

 

The data in Tab.1 show that the difference of bE  
is about ten times between the cloudy and cloudless 
(sunny) in the daytime, and that the energy of 
background irradiation E varies rapidly with weather 
condition, being 105~106 times less at night than in the 
daytime. Therefore, when the receiver solid angle
Ω,receiver clear aperture area Ar and λΔ are fixed, 

bi and 2
NBi as well as nI will vary with bE . Thus, the 

weatherproof performance of the radar systems 
working at such wavelength depends on whether the 
adjustable region of constant false alarm rate (CFAR) 
processor is large enough. The analogous CFAR 
processor cannot do it. In order to adapt to the variable 
weather, the adaptive CFAR processing according to 
the forward statement of transmission route, such as 
the background spectral irradiation and the atmosphere 
aerosol and cloud, etc. can auto-adjust the threshold 
level to decide the signal or noise. We think it is quite 
necessary especially for airborne laser imaging radar 
system.. 
1.2  Joint Range-Intensity Processor 

Ref.[2] simulation shows that joint range-intensity 
processing offers significant performance benefits over 
intensity-only and range-only system . For example, if 
Pf=0.01, ξ=5 dB, m=100, n=10, q=30, when CNR=8 

dB, Pmj<Pmoi is about 1 000 times, Pmj<Pmor is about 
twenty times. In practical implementation, each of the 
processors need to complete the complex calculation 
and multi-pixels statistical decision of maximum 
likelihood (ML). Only the digital receiver can exploit 
the inherent statistical nature of laser imaging radar. 
And with the same signal noise ratio (SNR), the digital 
receiver can improve the detect probability to about 1 
to 2 level. 
1.3  Adaptive Range Gated Filter 

Adaptive range gated filter can efficiently reduce 
atmospheric back-scatter and the irradiation of the 
illuminated background scene as well as quanta noises 
due to background optical power. We proved this in 
1998 and the result was satisfied. By theoretical 
corresponding analysis as follows, for receiver mode 
of direct detection, without consideration of the 
detector noise, the detector output S/N of power with 
input SNR of power is 

Tab.1  Eb for different weather at 1.06 μm 
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where sp  is the signal spectral power which is 
incident on the detector, and np  is the stray spectral 
power. By the way, the signal spectrum is the portion 
returning from the detected object at the detector. The 
stray scatter spectrum includes three terms, the 
returning spectrum of transmitting laser back-scattered 
by the cloud and aerosol and the background spectrum 
generated by sunlight or diffuse daylight, as well as the 
power of the shot noise for direct detection which 
consists in noise equivalent power(NEP). That is, Pn= 
Pbackgr+Pbsc+NEP. 

The background power Pbackgr at the receiver 
generated by the sun or diffuse daylight is 

π
backgr

backgr r r rP L Aλ

ρ
λη= Δ Ω          (6) 

where Lλ  is the background spectrum irradiation, 
λΔ  is optical bandwidth , rη  is optical loss, and 

backgrρ  is an average reflection coefficient of the 
illuminated background scene. 

The back-scatter power from atmosphere, aerosol 
and cloud etc. is similar to the returning power of the 
irradiated object, but it is different from the returning 
power in which the coefficient of back-scatter

bsc
ρ  is 

related to the range. The coefficient of back-scatter is 
shown as 

1

1 2

0exp[ 2 ( )d ]
( ) d
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R ext

bsc t r t r R R

r r
P A R R

R
σ

ρ η η β−

− ∫= ∫   (7) 

which shows the assumed detected object is at a range 
during 1R and 2R , if the detecting time is chosen at 

2 1(2 / )( )c R R− , it is the most beneficial to improve the 
detector output ( / ) powerS N . In Ref.[3], by comparing 
the expressions for the object and atmospheric signals, 
an equivalent reflecting coefficient, atmρ of the 
atmosphere is defined as 

πatm gRρ β= Δ               (8) 

where 2 1,gR R RΔ = − and β  is back-scatter 
coefficient of the atmosphere . 

For a cloud, the equivalent reflection coefficient 
can be approximated as: 

When 1cloudRσΔ > , (π ) /(2 )atm cloudρ β σ≈ . atmρ  
is at the region of about 0.1~1 for dense clouds when 
the wavelength of laser is 1.06 μm .  

When 1cloudRσΔ < , πatm cloud Rρ β≈ Δ . For aerosol 
at 1.06 μm  wavelength, if 11 kmextσ −= ⋅  and 

10mRΔ = , then 0.1%atmρ ≈ . 
Based on above analysis, we can make following 

conclusion that the main advantage of range gated 
system is to reduce back-scatter from atmosphere and 
aerosol. But the range gated filter is more difficult for 
moving object than for static object, because high 
speed processing is necessary to detect the object from 
a fast moving platform. How to choose the range gated 
value and its width only can be reached by the digital 
receiver. So the range gated system should be 
completed by digital receiver, but this is uneasy to 
realize. 
1.4  Morphological Filter 

The above processing methods are based on 
multi-pixels. Besides, we can adopt the morphological 
filter which is a nonlinear filter. Based on the shape 
characteristic of detecting object, the object can be 
filtered or abstracted from the clutter background and 
noise by this method. This method is unusual in 
different applied field, because the shapes of the useful 
objects for different field have unknown characters. 
We will no more discuss it. 

2  The Necessity 

The short wavelength has advantage of small 
dimension antenna and high resolution of angles. Thus, 
the short wavelength make direct image be possible. 
But the size of particle in atmosphere is comparable to 
the transference wavelength. Therefore, the problem 
that the efficient of extinction, back-scatter and 
background irradiation effecting directly on the 
detector should be considered. It is needless to 
consider for other wavelength.  

Obviously, the technique of increasing the 
transmit power to improve SNR and system 
performance is not scientific. It cannot break through 
the limitations of hardware resources. It is obvious that 
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the back- scatter power from atmosphere or 
aerosol or cloud etc. is similar to the returning power 
of the irradiated object. That is, the effect coming from 
the back- scatter power cannot be reduced by 
increasing the transmit power. Adaptive range gated 
filter is the best way for reducing this effects. But it is 
difficult to implement adaptive range gated especially 
for wide FOV system and multi-object state. So further 
research works are required. And then, for laser 
wavelength, the extinction effect and back- scatter 
effect and background irradiation effect are 
time-variant. Therefore, to improve radar performances, 
we need to use time varying parameter receiver. 

In order to obtain high probability of detection 
improvement radar system’s performance, we ought to 
exploit the inherent statistical nature of imaging radar 
and to use the radar’s character of multi-dimensions 
and multi-pixels. Fusion process is an active and 
effective way. 

Whether time varying parameter or adaptive 
range gated or multi–dimensions fusion process, all of 
them need to complete complex and bulk data 
computations. Advanced digital technique and high- 
speed processor make these complex calculations 
practicable. To sum up, this digital receive technique is 
a necessary trend to enlarge the system detecting range  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and improve weatherproof performance.  

3  The Feasibility 

The feature of real-time is the main advantage of 
analog receiver. The digital receiver has the preeminent 
capability that cannot be reached by analog way. 
Therefore the real-time input-output is the key problem 
for the digital receiver coming into use.  

According to the feature of scanning imaging 
radar data, we design the function processing model 
after A/D and T/D. The high speed processor is used in 
designed receive system. The high speed digital signal 
processor (DSP) type is TMS320C6201 .The clock 
frequency of DSP is 160 MHz .The frame speed of 
laser imaging radar is selected one frame every second. 
System experiment research has been accomplished. 
Every part of the digital system can operate according 
to predetermined request. Operation time is measured 
for different frame form and different model. What we 
will mainly examine here is imaging radar system, 
which is based on digital receiver. We receive data by 
laser radar scanning left and right, up and down .The 
measured operation time and processed image result 
are given in Tab.2 and Fig.2 respectively. In Fig.2a、2b, 
imaging object is a crane at complex scene. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Original intensive image (b) Original range image 

(c) Without morphological filter 
(d) With morphological filter 

Fig.2  Processed image 



  No.1                             WANG Weiran et al: Digital Receiver for Laser Imaging Rader  

 

5  

 
 

 
Only selecting object at shortest range is acted as 

an additional condition in system experiment. Fig.2cd 
are the experimental result under this additional 
condition. This experimental result was pleased. From 
Tab.2, we draw conclusion that the digital receiver is 
feasible in laser imaging radar. 

From processed image, It may be seen that the 
background is reduced and Fig.2c、2d show lower FAR 
than Fig.2b. Certainly, from the point of view of pixel 
due to filter process miss probability may be increase a 
little. But the detected target image can be selected 
from complex background, especial for wire-like target. 
With algorithm improved and the newer DSP such as 
float point adopted, the digital receiver could be 
adapted absolutely to the laser imaging radar of high 
speed and also other function can be developed. In 
consideration of the imaging frame rate of imaging 
radar, in general, is one or two frame every second. 
The research results show that the digital receiver of 
laser imaging radar is practicable . 
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Pixels 
(every 
frame) 

Processing 
time t/ms−1 Method 

256 × 256 
200 × 100 

65.76 
55.00 

Without morphological filter
With morphological filter

Pixels 
(every 
frame) 

Processing 
time t/ms−1 Method 

256 × 256 
200 × 100 

65.76 
55.00 

Without morphological filter
With morphological filter

Tab.2  Processing time for the different filters which

are both based on digital receivers 


