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Abstract: In recent years, multiple-input multiple output (MIMO) radar has been widespread concern in the 
domestic and foreign researchers. Bistatic radar draws on the great success of MIMO technology in the 
communications field, and it has many advantages over conventional radar. The direction angles estimations of 
bistatic MIMO radar are researched in this paper. To contrast traditional radar DOA estimates, the direction 
vector of the bistatic MIMO radar is the Knonecker plot of the emission vector and reception vector, that two-
dimensional direction angles is estimated. To solve this problem, the principle of bistatic MIMO radar signal 
model is in-depthly researched. By proposing Capon dimensionality reduction method, the two-dimensional 
directions of the dual-based MIMO radar are estimated, and computer simulation is to verify the effectiveness of 
the method. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Multiple input multiple output (MIMO) radar [1] 
which has been proposed in recent years is new 
system radar, it draws on the hugely successful multi-
input multi-output technology and has many 
advantages in the field of communication and, it has 
been to show the potential and to make an important 
contribution to the radar field. In recent decades, 
foreign has introduced a variety of high-altitude high-
speed aircraft and missiles, low altitude cruise 
missiles (such as the Tomahawk cruise missile), 
stealth aircraft (such as F-117A, B-2, F-35, the F-22, 
etc.), high-speed anti-radiation missiles (such as the 
AGM-88) and other high-performance weapons and 
equipment, and to create a surprise effect in the 
previous local wars, and the tactics of modern 
warfare has been changed greatly. MIMO radar with 

its multi-input multi-output characteristics has a 
unique advantage in increasing space sampling, anti-
stealth and anti-electronic warfare and interference. 
In this complex situation, before the enemy 
discovered and before the enemy attack, to ensure its 
own viability, to grasp the electromagnetic power on 
the battlefield, and to achieve effective monitoring 
and blocking of the enemy target, the radar is facing 
increasingly difficult tasks and challenges. For 
example, the radar should have the ability to remote 
detection of weak target, namely long-range ability to 
detect stealth targets. More radar system has been 
need with a good position resolution, to distinguish 
accurately the enemy target position quickly, and the 
enemy is stroked in the positioning precision. 
Therefore, the target azimuth estimation performance 
is an important part of a MIMO radar system to 
detect the target information. 
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Direction of arrival estimation (DOA) [2-5] is an 
important element of the array signal processing, its 
application involves a number of military and civilian 
economic field of radar, such as communications, 
sonar, seismic exploration, radio astronomy and 
biomedical engineering. DOA estimation is to use a 
group sampling of source space in the time domain 
and the airspace domain at the same time by a certain 
arrangement of the sensors in different locations of 
the space and the orientation of the space source is 
estimated by analysis of the sensor array sampling 
data DOA estimation, resolution, accuracy, 
robustness, speed, and can distinguish the target 
number, etc., to determine the azimuth estimation 
performance is good or bad. 

MIMO technology [6-8] as an emerging multi-
channel radar signal diversity, spatial diversity has 
greatly enhanced the freedom of radar systems in 
signal processing. In order to guarantee the 
independence between the channels, the transmit 
signal of each transmitting element are orthogonal 
each other. MIMO radar are composition of the 
multiple transmit array elements and the multiple 
receive array element, thus the target, each array 
emission element excitation scattered field will be 
split in different spatial locations receiving array 
element, while emission unit incentive scattered field 
of different locations will be superimposed on the 
same receiver position, the matched filter is applied 
to achieve signal sorting of different emission array 
element. These characteristics have great potential in 
determining the sampling problem of MIMO radar in 
space-related performance. MIMO radar is increasing 
independent transmit and receive element number, a 
more effective observation aperture have been 
produced with the two multiplied combination of the 
receiving and transmitting antenna, thus forming the 
equivalent observation aperture and the spatial 
sampling density. By DOA estimation theory, these 
features can improve the resolution and accuracy in 
target direction estimation, and improve the 
maximum number of resolvable target several times. 
Therefore, DOA estimates has a very important 
theoretical and practical significance based on MIMO 
technology. Estimated (DOA) estimates, the direction 
vector of bistatic MIMO radar (bistatic MIMO radar) 
to transmit and receive direction vector of the 
Kronecker product with the direction of arrival of the 
traditional radar, bistatic MIMO radar angle 
estimate [9, 10] need to estimate the direction of 
arrival and direction of departure (DOD), the 
perspective of traditional radar estimates complex 
and, therefore, Capon dimensionality reduction 
method is proposed in bistatic MIMO radar 
transceiver angle estimation. 
 
 

2. Bistatic MIMO Radar Model 
 

Bistatic radar technology [1, 2] has been some 
applied research in tactical radar, and with the 
demands of modern warfare for radar and Rinpoche 

demand for radar itself battlefield survivability, 
coupled with the rapid development of digital circuit 
technology, and bistatic radar technology is more and 
more attention in radar circles. The basic 
characteristics of bistatic radar is that sending 
equipment is separated from receiving equipment 
(including antenna), the target and transceiver are 
located within the triangle plane. Compared with the 
monostatic radar, bistatic radar structure 
configuration is more complex than the structure of 
the monostatic radar configuration. In order to 
achieve the correct positioning of the target, there is 
the sending signals and receiving signals and 
postscript signal processing functions of the general 
base one in bistatic radar, there is also the "three 
synchronization" problem of space, time and phase 
between sending and receiving. First, sending and 
receiving beam space synchronous scanning. Since 
the basic features of bistatic radar, sending and 
receiving beams are separated very far away, then 
how to ensure that the process of scanning the 
airspace, sending and receiving beam irradiation to 
the same destination at the same time and with better 
data rate, these ware a big technical problems. 
Second, how to provide a unified high-precision time 
reference for the transceiver, which is the time 
synchronization problem. Time synchronization 
issues are also to complete the range and bistatic 
radar beam scanning synchronization depends  
on premise.  

Again, for bistatic radar with pulse compression, 
MTI, PD coherent signal processing, etc., you must 
also ensure that the phase synchronization between 
the transmitter and receiver. 

The main characteristics of bistatic radar can be 
summarized as the following three aspects: 1) the 
sending and receiving devices separation; 2) the 
received signal is a non-backscattered echo objective; 
3) triangulation positioning relationships. Formally 
based bistatic radar these three characteristics, which 
leads to a bistatic radar at the tactical and technical 
performance with some unique advantages. 

High measurement accuracy is achieved by using 
a narrow beam in precision-guided conventional 
radar, the search capacity is often weak, bistatic 
MIMO radar is using broad emission beam, receiving 
simultaneous multibeam by using DBF technology, 
the use of long accumulated technology to 
compensate for the power loss. Which shortens the 
search time of the entire airspace, but also to ensure 
the tracking and high-precision measurements on 
multiple targets in a short period of time, the anti-
saturation attack will be greatly enhanced. 
Meanwhile, the bistatic MIMO radar can 
simultaneously access the target relative to the point 
of view of the transceiver array and transceiver array-
to-target distance and the characteristics of 
information surplus, and therefore has unique anti-
deception jamming capabilities. Analysis of bistatic 
MIMO radar signal model, the array configuration is 
shown in Fig. 1. 
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Fig. 1. Bistatic MIMO radar array configuration diagram. 
 
 

This is a narrow band of bistatic MIMO radar 
system with M transmit dense antennas and N 
receiving antennas densely. Transmitter launches M 
quadrature encoder signals for the transmitted signal 

vector ( ) ( ) ( ) ( )1 2, ,...,
T

Ms t s t s t s t=    . 

Assuming that the aperiodic autocorrelation, 
cross-correlation signal sidelobes is very low, even if 
the Doppler shift present. The encoding of the 
launching baseband signal is recorded as 

1H K
m ms s C ×∈ , m represents the m-th transmitted 

signal H
m ms s K= , the use of binary sequences with 

zero correlation zone. And high Doppler frequency is 
still low in the zero correlation zone of the 
autocorrelation and cross-sidelobe. Doppler 
frequency is almost no effect on the orthogonality of 
the waveform, the waveform approximation retains 
the orthogonality of the target of large Doppler 
frequency. Doppler frequency can be caused by a 
variety of pulse and can be ignored. Here, we assume 
that all targets are located in an adjacent range, both 
the goal of zero correlation zone, so the targets within 
the sidelobe can be ignored. Suppose a target is 
located in the (ϕ , θ ） , which ϕ  is the desired 

launch target angle (defined as the DOD), and θ  is 
the desired acceptance target angle (defined as of 
DOA). Data which is received by the target launch to 
reach the receiver array can be expressed as the 
following expression: 
 

( ) ( )

( ) ( )

2

2

0

...
1

...

0

d l

d l

j f tT H
m r t m

j f t
r tm m

Y a a Ke Zs
K

a a Ke N

π

π

θ ϕ β

θ ϕ β

 
 
 
 = +
 
 
 
 

= +

, 
(1) 

 

where 
1 H

m mN Zs
K

= , and ( )tma ϕ  is the m-th 

element in the launch of the array steering vector. 
1N

mN C ×∈
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Hermitian transpose. In the case of P target (1) can be 
modified to: 
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It is assumed that the different objectives have 

different Doppler frequency, and all the P target in 
the same range interval. 
 
 
3. Capon Down-dimensional Method 
 
3.1. Theoretical Analysis 
 

The full name of the Capon algorithm is the 
Capon's minimum variance algorithm. The main 
beam is formed using a part of the degree of freedom 
in the direction of the desired user, but also zero point 
is formed with the remaining degree of freedom in 
the direction of the interference signal. The 
advantage of the Capon algorithm is to make a 
minimum power which is contributed by noise and 
any interference from the non-source direction, but 
they can keep power unchanged in the direction of 
the source signal. The features of the Capon 
algorithm are adaptive interference cancellation, and 
the number of interference cancellation by the array 
geometry constraints and resolving power depends on 
the array geometry and signal to noise ratio. Between 
Direction-of-arrival (DOA) of the bistatic MIMO 
radar and Direction-of-departure (DOD), the angle 
estimation are discussed, and a dimension reduction 
Capon algorithm is proposed. This algorithm only 
requires a one-dimensional search, you can avoid the 
two-dimensional Capon (2D-Capon) high 
computational cost of the algorithm and prove that 
the algorithm can be very good in terms of 
performance, and be better than the two-dimensional 
Capon algorithm. 

Multiple-input multiple-output (MIMO) radar 
[11-13] is spreading a variety of waveform 
simultaneously by using a plurality of antennas, 
while receiving the reflected signal in a similar 
manner. MIMO radar Direction-of-departure (DOD) 
and the direction of arrival (DOA) will be conducted 
in-depth study. The two-dimensional Capon 
algorithm (2D-Capon) is an implementation of the 
algorithm of the MIMO radar DOA and DOD 
estimation; However, the two-dimensional search 
requires a higher computational complexity. 
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Dimensionality reduction in the bistatic MIMO radar 
angle is estimated Capon algorithm [14, 15], which 
obviously reduces the complexity. 

Consider bistatic MIMO radar systems: its 
emission arrays and receiver arrays are uniform linear 
array, respectively, m and n are ordered adjacent 
antenna spacing half between the wavelength of the 
transmitting array and receiving array. In addition to 
assume that K non-related goals through the matched 
filter output at the receiving end can be expressed as: 
 

( ) ( ) ( ) ( ) ( ) ( )1 1 2 2, ,..., T
r t r t r K t KX a a a a a a B Wφ θ φ θ φ θ= ⊗ ⊗ ⊗ +  

, 

(3) 
 
where Kθ

 
and Kφ

 
are K target normal emission 

arrays and array of launch angle and acceptance 

angle. L KB C ×∈  waveform is caused by the 
Doppler frequency in the number of snapshots K 
target sources include phase and amplitude, and the 
magnitude of the main subject, such as reflection 
coefficient of the transmit gain and receive gain, path 
fading and other losses. 

( ) ( )( )1,exp( sin ),...,exp 1 sin
T

r k k ka j j Nφ π φ π φ = − − − 

( ) ( )( )1,exp( sin ),..., exp 1 sin
T

t k k ka j j Mθ π θ π θ = − − −  , 
( )r ka φ  and ( )t ka θ  are respectively receive 

steering vector kφ  and transmit steering vector kθ . 

W is to receive an additive white Gaussian noise 
matrix in receiving end. ⊗  indicates plot  
for Kronercker. 

For the signal model (3), we can see that the 

covariance matrix xR  can be the origin of estimated 

by /H
xR XX L= , so we can construct two-

dimensional Capon spatial spectrum: 
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where the K peak of ( ),caponf φ θ  is the target 

DODs and DOAs. The two-dimensional Capon 
requires a detailed two-dimensional search, due to the 
high computational cost, the efficiency of doing so is 
relatively low. 
 
 
3.2. Capon Down-dimensional Method 
 

Definition: 
 

])([])([),( trK
H
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It can also be expressed as 
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Equation (5) is a quadratic optimization problem. 

In order to eliminate the zero solution, we also 

consider constraints ( )1 1T
te a θ =

 
to have been 

joined, here [ ]1 1,0,..., 0
T

e = . This optimization 

problem, we can use the linear constraint minimum 
variance to rebuild, get: 
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Using the Lagrange multiplier, then  

equation (6) becomes: 
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And then search [ ]90 90,Φ ∈ − ° ° , you can get 

( ) 1
Q φ −

 the K largest peaks of each element(1,1). K 

largest peaks correspond to the requirements bistatic 
MIMO radar direction of arrival (DOA). 

On equation (5), you can also consider this: 
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Similarly, using the Lagrange multiplier, so the 

solution becomes: 
 

 ( ) 1

2 2
Te P e

θ
θ θ

−
=ˆ argmax

 

[ ] 1
2 1,0,..., 0

T Ne R ×= ∈ , 

(9) 

 
Search [ ]90 90,θ ∈ − ° ° , we can get the K maximum 

peak of ( ) 1
P θ −

(1,1) element, which is 

corresponding to the double base MIMO radar waves 
away from the direction (DOD). 

Bistatic MIMO radar Capon algorithm based on 
DOD and DOA estimation, dimensionality reduction 
algorithm main steps: 

1) covariance matrix xR ; 

2) φ , ( ) 1
Q φ −

 ‘s (1,1) Each element of the K 

largest peaks is obtained by (7), which can be double 
base MIMO radar DOA estimates; 
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3) θ , by (9), ( ) 1
P θ −

 ‘s (1,1) element of K 

largest peak are obtained, which corresponds  
to DOD estimates. 
 
 

4. Simulation of Experimental Tests 
 

Uniformly spaced linear array with one pair of 
bases MIMO radar transceiver arrays are arranged in 
half-wavelength, only the transmitting array into  
M = 8, to receive the array of N = 8. Emission the 
orthogonal Hardmard code waveform at the 
transmitter, sensor, and signal to noise ratio for the 
SNR = 10 dB, the number of snapshots L = 100. If 
we assume that there are four goals in the space 

( ) ( )1 1 10 20,ϕ θ = − °,− ° , ( ) ( )2 2 10 0,ϕ θ = °,3 ° , 

( ) ( )3 3 40 30,ϕ θ = °,− ° , ( ) ( )4 4 40 0,ϕ θ = − °,5 ° , this 

is the case under the simulation of W Gaussian white 
noise with zero mean. And we make the signal to 
noise ratio changes from 5 dB and 10 dB to 30 dB, 
interval 5 dB. 100 Monte Carlo experiments to define 
the angle estimated mean square error (RMSE)  
as follows: 
 

 
2

0
1

1 Lc

m

RMSE
Lc

θ θ
=

= − ˆ , (10) 

 
where Lc is the number of Monte Carlo experiments. 

Fig. 2 and Fig. 3 of this algorithm four pairs based 
MIMO radar target DOA and DOD estimates. The 
value of the DOD and DOA can clearly been 
understood from two map peaks. This shows that in 
the case of Gaussian white noise, the multi-objective 
point of view the joint estimation can effectively 
been achieved by the method. 
 
 

 
 

Fig. 2. Direction of arrival (DOA). 
 
 

The figure is our bistatic MIMO radar algorithms 
for four goals DOA and DOD estimates. The peak 
value of DOD and DOA can be clearly understood 
from Fig. 4. DOA and DOD is a perspective value 
matching method in Fig. 5. 

 
 

Fig. 3. Direction of departure (DOD). 
 
 

 
 

Fig. 4. Joint estimation of DOA and DOD. 
 
 

 
 

Fig. 5. Angle search. 
 
 
5. Conclusion and Outlook 
 

Multi-objective plumbing of coherent bistatic 
MIMO radar are researched based on the same 
phased array system in the paper. The main features 
of bistatic radar is that space between stations is 
small, the rays from multiple transceivers array 
element to the target is approximately parallel, the 
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target relative to the transceiver array has the same 
DOA, and for narrow-band transmit signal envelope 
delay between array elements can be ignored. The 
angle estimation of Direction-of-arrival (DOA) and 
Direction-of-departure (DOD bistatic MIMO radar 
are discussed in the article and a less-dimensional 
Capon algorithm is proposed. The proposed 
algorithm requires only one-dimensional search, it 
can avoid the high computational cost of two-
dimensional Capon (2D-Capon) algorithm, and show 
that the algorithm is better than the two-dimensional 
Capon algorithm in terms of performance.  
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