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Abstract. Microwave staring correlated imaging based on the temporal-spatial stochastic radiation field is
a radar system that can not only derive the target image without motion limitation but also obtain higher
imaging resolution beyond the aperture limitation. The basic principle of such a radar imaging system is to
employ the temporal-spatial stochastic radiation field, which is produced by a multi-transmitter configuration,
to make scatters located at different positions reflect independent echo from each other, and then to derive the
target image based on the prior knowledge of this radiation field. Furthermore, the more stochastic the
radiation field is, the better imaging quality could be derived. This paper illustrates an approach to improve
the spatial stochastic degree of radiation field using bistatic radar. By constructing the mathematic model, the
principle of this proposal are analyzed in detail in this paper. Finally a stimulation is carried out to verify that
this proposal is obviously useful to improve the stochastic characteristics of radiation field and the imaging
performance.
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1. Introduction

When traditional real aperture radar is used for staring imaging to a static target, its azimuth resolution is
limited by its antenna aperture, resulting in low imaging resolution. Though synthetic aperture radar (SAR)
and inverse synthetic aperture radar (ISAR) are able to obtain high azimuth resolution, they are dependent on
the relative motion between radar and target [1]. Microwave staring correlated imaging based on temporal-
spatial stochastic radiation field is a new imaging method which could obtain high-resolution without
relative motion. Its basic principle is employing a temporal-spatial stochastic radiation field, generated by a
radar array, to make target located at different positions reflect independent echoes at different moments.
Then, we use the echo samples and the known radiation field to extract scattering characteristic of the target
by means of correlation processing algorithm. Consequently, the more stochastic the radiation field is, the
more information about the target will be extracted [2]. Thus, the stochastic degree of radiation field plays a
significant role on imaging effect.

Currently, researchers have raised some ideas on improving the stochastic degree of radiation field such
as increasing the amount of transmitting units, enlarging the area of radar array, increasing signal bandwidth
and so on [3]. Compared with uniform distribution of transmitting units on the radar array plane, using a
genetic algorithm to optimize the layout of transmitters could increase the diversity of radiation field [4]. Jun
Li suggested to spin the radar array to raise the rate of radiation field change [5]. Above studies focus on the
optimization of the emission source as well as the radar receiver being put on the center of radar array
indiscreetly, namely monostatic radar system. Therefore, this paper focus on improving the stochastic degree
of radiation field by adopting bistatic radar system.
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This paper is organized as follow. Section Il briefly gives the fundamental analysis of microwave staring
correlated imaging and illustrates the relationship between the transceiver angle and the stochastic degree of
radiation field in detail. Along with stimulation results, the effectiveness and performance of this proposal is
analyzed in section I11. Section IV concludes the work.

2. Analysis of Microwave Staring Correlated Imaging Based on Bistatic Radar
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Fig. 1: Scene of staring correlated imaging based on bistatic radar.

2.1. Microwave staring correlated imaging model based on bistatic radar

Microwave staring correlated imaging system based on bistatic radar are depicted in Fig. 1(a). The radar
array is composed of N transmitting units and it is away from the radar receiver. Meanwhile, The radar
array and the radar receiver form a wide transceiver angle ¢ relative to the target region, defined as
FT _r.O o FR _FO
(77 =10 ){r" 1) M
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where T' 7" and T° is the center position of the radar array, the radar receiver and the target region,
respectively. In order to generate time-varying signals which are uncorrelated from different units,
transmitting unit emits M randomly pulsed signal with random amplitude modulation, random frequency
modulation and/or random phase modulation. Hereinto, signal from n-th unit is
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where ™ is the position of n-th transmitting unit, n=L2--N T s the pulse period and Ty is the pulse width.

Aum is the amplitude, fom is the frequency and O is the phase of the m-th pulse from the n-th transmitting
unit, respectively. Transformed by transmitting antenna, signals become incident radiation. Then, after the
first propagation in free-space, incident radiation in the target region is

N Fn(ﬁn)

E™(rt)=), ppe S(FnT,t—%j 3)
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where U is observation time, T is arbitrary point within the target region 5(r) and its distance from the n-th
=T

transmitting unit is =[r-7,

, its unit vector toward the n-th transmitting unit is R, :(r_r" )/

F.(R,) . - " : .

”( ”) is the radiation pattern of the n-th transmitting antenna and © is the speed of light. After reflected by
the target and a second propagation, radiation field reaches the radar receiver, namely modified radiation
field and expressed as

n=1 167Z'RR n’ C
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Besides, the stochastic degree of radiation field can be evaluated by correlation function of EX(rr ’t),

denoted as (5).
R(F, £ )=JE™(r,r" t)E™"(r,r"t)dt (5)
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and for an ideal temporal-spatial stochastic radiation field, (r" r“) o ~fa ,Wp’rqes(r).

Furthermore, according to electromagnetic scattering theory, the echo received by the radar receiver is
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where a(r) is the scattering coefficient of the target located at . Then, the time domain is discretized as

t=[t t, ot o =[o(t) o(r) - o(r)]
=[t t o t] and the target region compose a vector “Loth) otk UL it it is discretized
to L grid cells. Hence, above equation could be written as (7) in matrix equation form.
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Finally, target reconstruction can be achieved by the correlation processing algorithm using the known

radiation field E® and the echo samples Sr.

&(r)=p[E™.S, ] (®)

There into, ©() indicates the first-order correlated operator. Apparently, equation (8) has unique
solution and the scattering coefficient can be calculated as long as the matrix E™ is nonsingular. Therefore,

the matrix rank of E™ presents the imaging ability and higher rank indicates a more ideal radiation field and
higher imaging resolution.

2.2. Analysis of the stochastic degree of radiation field
For sake of concision, the transceiver angle’s influence on the stochastic degree of radiation field is
demonstrated in below specific scene. An X-Y-Z coordinate system is located beneath the target region, as

depicted in Fig. 1(b). The height of target is H and the radar array illuminates the target with an elevation
angle ?. A(H/tang,0,0) and B(H/tang, H tand/sing,0) are the coordinates of radar array center and radar

receiver, respectively. Assuming point CY.H) js in the target region, its propagation distance is
L(xy)=|AcT+[BC ", which can be approximated to (9) using 2nd-Order-Taylor's approximation.

H H .
L(X,y)=——+—————-2XCcos@p—Yysing
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Thus, path difference between two adjacent points, P(0.0.H) gng a(ax Ay, H)(Ax Ay >0) , can be briefly
expressed as (10). Obviously, path difference AL increases as transceiver angle ¢ enlarges when 0°<6<90°,
ALpq (0) =L, (0,0)—Lg (A, Ay) = 2Axcos ¢ +Aysin & (10)

On the other hand, since all signals from different transmitting units are orthogonal in different instant,

E™ (r,r"t)

the correlation of can be approximated to
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where 4 is the wavelength of signals. Under the circumstances of using microwave and for two adjacent

. . R(r,, . . . AL oy - .
points, it shows that (r" rq) will reduce rapidly as path difference = P9 increases. In conclusion, the
stochastic degree of radiation field is better by using bistatic radar and enlarging the transceiver angle ¢

3. Simulation and Analysis

As shown in Fig. 1(b), the elevation angle p=45 and the height of target region H is 50 meters. The
coordinates of radar array center and the radar receiver are A®50.0.0) ang BGO.502 tan6,0) respectively.

The main system parameters are showed in Table I.

TABLE I: SIMULATION PARAMETERSABLE

No | Simulation Parameters Value No | Simulation Parameters Value

1 | Number of transmitting units N 25 5 | Area of the target region 10m*10m

2 | Areaof the radar array 2m*2m 6 | Grid gap 0.25m*0.25m
3 | Signal frequency 9.5GHz 7 | Number of the grid cell L 1600

4 | Bandwidth 1GHz 8 | Sampling number M 2000

Firstly, the correlation function of B (rrnt) , as defined in formula (5), is given in Fig. 2(a)-(d). It can

be seen that with the increase of the transceiver angle ¢ | the radiation field has better correlation function
with narrower main-lobe and lower side-lobe, namely better stochastic degree.

Secondly, as shown in Fig. 2(e), the relationship between the matrix rank of E™ and the transceiver
angle ¢ indicates that rank, standing for stochastic degree of the radiation field, increase as ¢ enlarges.

Finally, imaging results are provided with different transceiver angle ¢ to verify the effectiveness of this
proposal. In Fig. 2(g), the image is quite fuzzy and hard to distinguish. It looks better but the head of the

plane is still fuzzy when € =30 Keeping enlarging ¢ and when it gets to 45 | the image becomes very clear.
Under circumstance of above simulation conditions, the azimuth resolution of traditional real aperture radar
is 0.75 meters, which reveals that this method can obtain 3 times resolution than traditional one.
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Fig. 2: (a)-(d) The correlation function of radiation field with different transceiver angle ¢ when =0 ¢=15 =30
9=45 respectively. (e) The relationship between transceiver angle ¢ and matrix rank of £ . (f) Target scene. (g)-(i)
Imaging result with different transceiver angle ¢ when 9=0, =30, 9=45, respectively.

4. Conclusion

The key to get higher azimuth resolution of microwave staring correlated imaging is to construct an ideal
stochastic radiation field. This paper illustrates an approach to improve the stochastic degree of radiation
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field by using bistatic radar system. It is verified that the stochastic degree and the imaging quality get
improvement by adopting this proposal and enlarging the transceiver angle.
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