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Abstract

The Scan-MUSIC (MU tiple SIgnal Classification), or SMUSIC, algorithm was developed by the
Millimeter Wave Branch, Sensors and Electron Devices Directorate, Army Research Laboratory
(ARL). The algorithm improves angular resolution for target detection with the use of a single
rotatable sensor scanning in an angular region of interest. This algorithm has been adapted and
extended from the MUSIC algorithm that has been used for a linear sensor array. Experimental
and computer simulation results have resolved two closely spaced point targets that exhibited
constructive interference, but not for the targets that exhibited destructive interference. The
interferences occurred due to the relative phases of their returned signals. Therefore, there were
some limitations of the algorithm for the point targets. In this paper, I extend the application of
the SMUSIC algorithm to a problem of complex scatterer-type targets, which is more useful and
of greater practical interest. The SMUSIC simulation results show that the algorithm can resolve
centroids of the complex scatterer-type targets in which they are close together within the
beamwidth of a K, radar antenna with frequency diversification. To make it easier to see the
results of the simulation and to demonstrate the SMUSIC algorithm for the complex
scatterer-type targets, I developed a graphical interface tool to run and analyze the SMUSIC
algorithm. The tool, which is written in the MATLAB language, allows an end user to analyze
the performance of the SMUSIC algorithm by entering a combination of parameters necessary
for the simulation.
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1.

Introduction

Scan-MUSIC (MUltiple SIgnal Classification), or SMUSIC, algorithm was
developed by the Millimeter Wave Branch, U.S. Army Research Laboratory
(ARL), to improve the resolution of two closely spaced point targets using a
scanning radar antenna. These targets were within a beamwidth of the an-
tenna. There were some limitations of the algorithm for two point targets
based on the experimental and computer simulation results shown in other
documented research [1-4]. The algorithm resolved the targets that exhib-
ited constructive interference; it could not resolve the targets that exhibited
destructive interference. In this paper, I extend the application of the algo-
rithm to a complex scatterer-type target problem. The results show that the
algorithm resolves the centroids of complex targets that are within the
beamwidth of a K, radar antenna with frequency diversification regardless
of interference. These targets consist of many point scatterers; each scat-
terer has its amplitude and its own phase associated with its returned sig-
nal. Thave developed a graphical interface tool to run and analyze the algo-
rithm for the complex scatterer-type targets. This tool, written in MATLAB*,
will enable us to analyze the performance of the MUSIC algorithm in some
practical scenarios and will help to improve future U.S. Army radar systems.

This paper is divided into four remaining sections. Section 2 describes the
extension of the MUSIC algorithm to the SMUSIC algorithm. Section 3 de-
scribes the interface program. Section 4 shows how to use the interface tool
and the SMUSIC results from the simulation as well as the target setup dia-
log window. Section 5 draws a conclusion.

*Registered trademark of the Mathworks Corporation.



2. Extension of the MUSIC Algorithm for Scanning Antenna

Superresolution algorithms, such as the MUSIC algorithm, have a special
structure that uses the phase augmentation in elements of a linearly spaced
sensor array. However, for a scanning antenna, the phase is almost constant
within the main lobe of the transmitted antenna beamwidth, while the am-
plitude of the response varies. Therefore, the returned signal does not have
the same structure as in the linearly or circularly spaced sensor array.

The algorithms that use the signal subspace method fail to resolve closely
spaced targets within the main lobe of the antenna beamwidth because of
rank deficiency. To remedy this and to “decorrelate” coherent signals, Evans
etal. [5] introduced the spatial smoothing method, and its proof was shown
in Shan et al. [6] and Friedlander et al. [7]. This method was originally de-
rived for the linearly spaced sensor array. We adapted the spatial smooth-
ing method for a scanning radar antenna, called subvector averaging
method, because the returned signal was received in a vector as the an-
tenna stepped through discrete angles in the angular region of interest. This
is a crucial step in producing a correlation matrix of sufficient-rank. Com-
putational verification that the subvector averaging method produces the
necessary effect of a rank increase in the correlation matrix with a meas-
ured antenna pattern for point targets was shown in other documented re-
search [1]. In this section we develop the SMUSIC algorithm using the
subvector averaging method.

To illustrate the difference between scanning antenna and a linear sensor
array, figure 1 shows the scanning radar antenna beams. In this figure, the
main lobe of the antenna is stepping from 1 to N scan steps with a single
corner reflector at the angle . As the antenna step-scans at different angles
in an angular region of interest, we obtain an input data vector composed
of N elements.

Assume that there are two complex scatterer-type targets which consist of a
total of M stationary planewaves (complex scatterers with their magnitudes,
phases, and locations). A snapshot in this context is defined as the radar
completes one step scan from 1 to N. The received signal x; for a scanning
antenna at the kth snapshot model with M scatterers is

X1k S1k
Xok 52k
x =2 =1a(6,6)1a(6,B)1.. a6, By | T |+ "
XNk SMk
where 8=[6,, ..., 0y]" is a vector of angles that the antenna steps through;
B, By, --., Py are the locations of scatterers of two complex targets; s, where
i=1,..., M, is the i" element of M x 1 complex amplitude signal vector at



Figure 1. Scanning
antenna beams.

Figure 2. K, band
antenna pattern at
35 GHz.

the kth snapshot; u; is the N x 1 Gaussian noise vector at kth snapshot, each
of whose elements is independent; and a(6, ;) is an N x 1 steering vector or
array manifold vector of the measured scanning antenna, shown in an ex-
ample of which is figure 2* in the direction g, m=1, ..., M.

Thus,

a(01 - ﬁm)
a(6, -
ao,p,)=| "% 7P| @
a(Oy = B)
A compact vector notation for a scanning antenna is
x=As+u, ©)

Magnitude (dB)

-10 -8 -6 -4 -2 0 2 4 6 8 10
Azimuth Scan Angle (degree)

*This sum pattern is 12" lense of 35 GHz radar in which the data were digitized from
Militech report (2/19/96).



where x is a N x K matrix, K is the total number of snapshots, sis a M x K
matrix, # is the N x K noise matrix, and A is the N x M array manifold
matrix. Thus,

A =[a(6,p1)1a(0,p,)!---1a(6, Brr)] - (4)
The important property of representing A as in equation (4) is that the ele-
ments of the vector a(6, ) for the scanning antenna are not simply delayed
versions of one another as in a uniformly linear spaced sensor array.

2.1 Subvector Averaging Method

Since the SMUSIC superresolution algorithm that uses the signal subspace
method utilizes the noise eigenvector subspace to compute a
pseudospectrum, it is important to find the noise eigenvector subspace from
the data correlation matrix. In this section, I describe the subvector averag-
ing method to compute the correlation matrix. Given input data x as shown
in equation (3), with spatially independent noise, the correlation matrix can
be found as

R = E[xxH] = ASAH + 021 (5)
where E is the ensemble average from the snapshots, S = E[ss"] is the signal

covariance matrix, and H denotes Hermitian transpose. E[uuf!] = o021, where
o2 is the noise power, and I is an identity matrix.

The correlation matrix R in equation (5) is the true correlation matrix if there
is almost an infinite number of snapshots. However, in reality, given a set of
data with a finite number of snapshots or even only one snapshot (k = 1),
we need to estimate the correlation matrix by using the subvector averag-
ing method, since the rank of R = xx/ is equal to 1 for k = 1.

Let us partition an input data vector with the subscript k being dropped
out, x = [xy, x5, ..., x5]7, with N step scans into overlapping subvectors of
size Q, with elements {1, ..., Q} forming the first subvector, with elements
{2, ..., Q + 1} forming the second subvector, and so on, as follows:

1 T

il =[xy, %,..., %0l ,
2 T

x! }=[x2,x3,...,xQ+1] , (6)
P T

x{ }=[xP,xP+1,...,xN] 7

where P = N — Q + 1 is the total number of subvectors, P < Q.

Next, let the instantaneous subcorrelation matrix R be x! x7/H, Finally,
define the estimated correlation matrix R,, to be the average of P
subcorrelation matrices as

P P
R =121§{p} =lzx{p}x{p}H ' @)
XX P P



This method has not been proven theoretically for a scanning antenna; it
hasbeen proven only for a uniformly linear spaced sensor array. Other docu-
mented research has verified computationally that the subvector averaging
method works for scanning antenna data in [1]. The theoretical proof is
being investigated.

2.2 SMUSIC Algorithm

The matrix ﬁxx is of the order Q x Q. If there are two target centroids from
M scatterers, there will be two (2) predommant eigenvalues from Rxx Let
{7L E} be the e1gendecompos1t1on of R, where the eigenvalues
h= {Al , Az . AQ } are arrangedAm decreasing order of size, with correspond-
ing normalized eigenvectors E ={¢;,&,,...,eq}. Let us partition these into
signal and noise subspace components with Eg = {é;,é,,...,€,,} having the
dimension Q x M and EN {éM+1,é M+2,---,€q} having the dimension Q x
(Q M) so that E={Eg, Ey} and, smnlarly, }Ls = {)Ll,)\,z, AM} and

{)LM Ry AM 2 )\.Q} so that 4 = {)LS,AN }. These eigenvector subspaces
are orthogonal to each other. For this paper we know there are two targets,
so we can split the signal subspace with dimension Q x 2 and the noise
subspace with dimension Q x (Q — 2). In a general case, one could use the
minimum description length technique [8, 9] to estimate the number of tar-
gets before splitting the signal and noise subspaces.

Let us introduce the a(f) vector to be the effective array manifold vector for
all allowable angles f in the true signal space. In this case, a(p) is the two-
way digitized magnitude pattern of the Ka band radar. The effective array
manifold vector was computed the same way as in the estimate of the cor-
relation matrix, i.e., the subvector averaging method with the same number
of subvector averages was used to compute the array manifold vector to
avoid the shifting in angular space. Note that the number of elements of
the estimated manifold vector must be the same the number of elements in
each column of the noise eigenvector subspace. Since the signal subspace
contains information about the angles of arrival from each planewave, the
array manifold vector from those angles are also orthogonal to the vectors
in the noise subspace. The magnitude of the product of the estimated mani-
fold Vector and the noise subspace is therefore a small number, i.e.,

" BEN| =& or
a(B)" EyEla(B)=¢ , ®)
where ¢ is a small number.

Equation (8) is a null SMUSIC spectrum. If we normalize this equation, it
becomes

a(B)"” ENENu(ﬂ) <1 9)
a(B)" a(p)



The inverse of equation (9), i.e., the magnitude product between a manifold
vector from all possible angles and the noise subspace matrix, called the
SMUSIC pseudospectrum, is

H
Py (B) = “;{32 ‘f(h/f) , forallp - (10)
a(B)” ENyEya(p)
The quantity of equation (10) is large for 8 such that a(p)s are in the true
signal space. We see that the peaks from this spectrum are more intuitively
appealing. Py, () is the profile of a one-dimensional pseudospectrum. The
location of the peaks of this spectrum are the estimated locations of the
target centriods. Equation (10) only estimates the locations, not their strength.
There is a separate task to determine the strength of the estimated signals
by applying the least-square solution technique [10]. This paper does not
cover this task.

Equation (10) is the same way as an ordinary MUSIC calculation. The
SMUSIC algorithm performs the search for all possible angles in the search-
ing angular region to find out where the peaks of the SMUSIC spectrum
are. The searching method, which goes through each computational loop as
shown in figure 3 for each searching angle, consumes a lot of computa-
tional time. A new procedure or method has been developed, taking advan-
tage of the optimized MATLAB software, for a fast computation of the
SMUSIC spectrum. The technique involves the following;:

1. Pre-calculate a(p) at each angle for all the searched angles.
2. Store them in a file or a computer memory.

3. Create a searched array manifold matrix, A(f) in which the columns
of the matrix are the array manifold vector of the searched angles.

I utilized the property of the matrix product and the diagonal matrix ma-
nipulation to develop a fast technique to calculate the SMUSIC spectrum as
shown below

diag(A(B)" A(B))
diag(A(B)" ExEN A(B))
From equation (11), we see that the numerator is the vector of all the diago-
nal elements of the dot product of the searched array manifold matrix and

its conjugate transpose. Since we know A(f), the only thing that we need in
the denominator is to compute the noise eigenvector subspace Ey.

IsfastMu (/3) = for all B . (11)

In summary, the SMUSIC process is shown in figure 3. Note that a(f) in the
last block of the diagram is replaced with A(p) for the fast implementation.



Figure 3. Ordinary
SMUSIC process for
experimental data
and simulated data.
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3. Interface Program Description

The interface program was written in the MATLAB language, version 6 or
R12. The MATLAB code for this program is listed in the appendix. To run
this program, first you need to invoke the MATLAB command window.
Then, assuming that the interface program is in the current directory, type
snusi ci nt er at the MATLAB prompt sign >> in the MATLAB command
window. The SMUSIC interface window will appear on the screen. Figure 4
shows the interface program window. The window consists of the plot of
the SMUSIC result, and the input parameter section. The input parameter
section includes three parts: Radar Characteristics, Target Characteristics,
Processing, and Run SMUSIC and other options.

3.1 Radar Characteristics

Figure 4. Interface
program window.

Radar characteristics consist of
* Signal-to-noise ratio (SNR): the signal to noise ratio in dB.

* Range (RANGE) from radar to target center: the range from the radar
to a referenced center point of targets in meter.

¢ Bandwidth (BW) of the system: the total system bandwidth in hertz.
The operating frequency is 35 GHz.

¢ Number of frequency steps (NFSTEPS): the number of frequency steps
within the system bandwidth. These steps are evenly divided.

To enter the values of the parameters, use the left mouse button, click in the
box, then enter the value in each box. For example: SNR = 30 dB, RANGE =
600 m, BW = 2 GHz, and NFSTEPS = 51 (evenly divided from 34 GHz to
36 GHz).
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Ele Edit “iew Insert Tools Window Help

Radar Characteristics

SNR (dB) RANGE ()
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
: : : : ! B/ [Hz) NFSTEPS
L] e Frommeeeees
[i]= ) L ___________ L_AA_, Target Characteristics
: : 3 3 : TGTSER NPTS
(7 S S N F— N LT
: : 3 3 : TGTORI TGTSET
L B B el
; : ; : : TRTAMPL TGTOFFSET
1 T A N |
ol SR r ___________ r_yy_1 Processing
! ! ! ! [ COMPAMAG S
| R b S U SO Complex ¥
: : 3 : i Fiun SMUSIC
. ; : 3 3 ; INFO |
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3.2 Target Characteristics

Figure 5. Target setup
diagram.

Figure 5 shows the target setup diagram.

Target characteristics consist of

Target separation (TGTSEP): the target separation in term of the an-
tenna beamwidth, either %, ¥, ¥, or %3 of a beamwidth apart.

Number of point scatterer (NPTS) for each target: the number of scat-
terers for each target. In this version, we assume there are two com-
plex-scatterer targets. Each target has NPTS scatterers. For example,
NPTS = 10 means there are 10 scatterers for each target.

Target orientations (TGTORI): the vector of angles for orientations of
targets in degrees. These orientations show the rotations of the tar-
gets around their reference points (RANGE, TGTSEP). TGTORI = [0
45] means no rotation for Target 1, and Target 2 rotates 45° around its
reference center with respect to the radar line-of-sight axis.

Target coordinations (TGTSET): a flag which indicates that the loca-
tions of scatterers of each target whether they are selected from a
predetermined fixed point target set or from a random scatterer set
with their downrange, crossrange generated from a uniform random
generator within a reference target frame.

Target amplitude (TGTAMPL): a flag which indicates whether the
scatterers of each target have fixed amplitudes or random amplitudes.
In the fixed-amplitude case, the scatterers have the same amplitude
of one. In the random case, the scatterers have random amplitudes
generated from a uniform random generator from 5 to 15 dBsm.

Target offset (TGTOFFSET): the down-range offset between the two
reference centers as shown in figure 5.

)
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3.3 Processing

Processing consists of

Method of computation (COMP/MAG): a flag which indicates
whether the SMUSIC algorithm uses complex or magnitude data
when it calculates the SMUSIC spectrum. For the complex case, the
algorithm uses the complex data in the SMUSIC calculation with the
magnitude antenna pattern as shown in figure 2. For the magnitude
case, the algorithm uses both the magnitude data and the magnitude
antenna pattern in the SMUSIC calculation.

Number of subvector averages (SVA): the number of times that we
perform subvector averaging to estimate the data correlation matrix.
For example, SVA = 3 means that we perform 3 partitions of the in-
put data, and form three subcorrelation matrices and then calculate
the average of those subcorrelation matrices. Usually, SVA = 3 is suf-
ficient to compute the correlation matrix if we want to estimate two
centroids.

3.4 Run SMUSIC and Other Options
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Run SMUSIC: is the execution button which starts the SMUSIC cal-
culation.

Plot target setup: plots the target setup for the simulation after the
SMUSIC calculation is done.

Plot SMUSIC: plots the SMUSIC spectrum for the simulation after
the SMUSIC calculation is done.

Plot data at frequency i, where i = 1, ..., NFSTEPS: allows a user to
plot the data at a particular frequency.

Info: shows where the MATLAB source code of the interface pro-
gram is located.

ZOOM: allows users to span the figure at a specific area. To do this,
first click the ZOOM button, and then move the mouse cursor in the
desired area of the figure and click the left mouse button. If you want
to zoom back out to the normal size figure, click the right mouse but-
ton.

REFRESH: clears all input parameters, figure, and screen command
window.

QUIT: exits the interface program.



4., Simulation

Since there are 12 input parameters to the program, we cannot set up all the
possible combinations. The result of the simulation for one set of the input
parameters is given in table 1.

Figure 6 shows the result of the SMUSIC spectrum, plotted as SMUSIC out-
put (dB) versus Azimuth angle (degree), with the specified input param-
eters. In this figure, the two vertical lines on the top of the figure are the
estimated centroids of the two targets. The shaded area is the antenna
beamwidth at -3 dB point. This figure clearly shows that the SMUSIC algo-
rithm resolves the centroids of the two targets accurately at %, of the an-
tenna beamwidth. The peaks of the SMUSIC spectrum almost coincide with
the estimated target centroids. Other simulation results can be obtained by
changing the values of the input parameters.

Figure 7 shows the target setup with the corresponding input parameters
that are shown in table 1. Each target has 10 point scatterers. Each scatterer
has its amplitude and phase. The larger the size of the scatterer, the larger
the amplitude. The dash box around each target represents the reference
frame of a target with a dimension of 6 m in the downrange direction and
4 min the crossrange direction. The center of the reference box is at (RANGE,
TGTSEP). In this case, RANGE is at 600 m down range and TGTSEP is ¥ of
a beamwidth apart. The two targets are facing directly to the radar, i.e., oy =
o = 0. The shaded area in the figure indicates the area covered by the an-
tenna beamwidth at the -3 dB point, about 23.24 m for the antenna
beamwidth of 2.2°.

Figure 8 is the target response at the frequency number 30 (35.16 GHz).
Note that there are 51 different frequencies for this particular simulation.
These frequencies are divided equally within a 2 GHz interval with the cen-
ter frequency at 35 GHz.

In summary, the interface tool is extremely useful for analyzing the perfor-
mance of the SMUSIC algorithm for different scenarios with complex scat-
terer-type targets. We can use this tool to plan an experiment before we can
actually conduct an experiment.

Table 1. Inplflt Parameter Value

parameters for

SMUSIC simulation. [ ANGE (m) 600
BW (Hz) 2E09
NFSTEPS 51
TGTSEP (BW) 1/4
NPTS 10
TGTORI (°) 0
TGTSET “Random”
TGTAMPL “Random”
TGTOFFSET (m) 0
COMP/MAG “Complex”
SVA 3

11



Figure 6. SMUSIC
result.

Figure 7. Target setup
window.
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Figure 8. Target
response at the
frequency number 30
(35.16 GHz).
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5. Conclusions
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This report describes the extension of the MUSIC algorithm to the SMUSIC
for complex scatterer-type targets. The extension showed clearly the differ-
ence between the MUSIC algorithm which used a uniformly linear sensor
array and the SMUSIC algorithm which used a single rotatable sensor. Also
described is the graphical user interface program which allows us to ana-
lyze the performance of the SMUSIC algorithm. The SMUSIC algorithm
can resolve two closely spaced simulated complex scatterer-type targets and
can estimate the locations of those centroids with frequency diversification
regardless of constructive or destructive interference. The targets are within
the -3 dB beamwidth of the K, band radar antenna. This work shows that
we can improve the angular resolution by at least a factor of 4. This report
also describes a fast implementation of the SMUSIC algorithm, which shows
great promise to be implemented in a real-time system.
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Acronyms

SMUSIC
RANGE

BW

ARL
NFSTEPS
TGTSEP
MATLAB
NPTS
TGTORI
SNR
TGTSET
TGTAMPL
TGTOFFSET
COMP/MAG

SVA

Scan-Multiple Signal Classification

Range from the center of the radar to center of corner
reflectors

System bandwidth

Army Research Laboratory

Number of Frequency Steps

Target Separation in beamwidth

Registered trademark of the Mathworks Corporation
Number of point scatterers

Target orientation

Signal to noise ratio

Target set

Amplitude of ears scatterer in the target set

the target of set between the first and second target

Computational selection, complex or magnitude
computation

Number of subvector averagings
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Appendix. MATLAB Source Code of the Interface Program

% Fi l enane: snusicinter. m
% Aut hor: Canh Ly

% Date: 29 Novenber 2000
%

% SMUSI CI NTER brings up the SMUSIC GUI. There are two sections for
% the user to input paranmeters for the sinulation.
% Characteristics, and section 2 is the Target Characteristics.
% characteristics paraneters include signal-to-noise ratio (SNR)
% radar range (range) in neter, radar bandwidth (BW in Hz,
% step frequencies (nfsteps). The target characteristic paranmeters

% include target separation (tgtsep), nunber of point scatterer for each
% set of a target (npts), target orientation (tgtori),
% one point target for each target or nultiple point targets for each target
% set (tgtset), and target anplitude (tgtanpl),
% t he sane magni tude or random magni tude ranged from5 dBsmto 15 dBsmin
% total number of point scatterers. The SMUSIC result will

% t he MATLAB w ndow.

% The GUI then plots the SMJSI C pseudo-spectrumin dB versus azinmuth search

% angl e.
%

Section 1 is the Radar

and nunber

target set,
poi nt targets have

be printed in

nsteps = 1;val ue=1; % Setup default nunber of steps and value for frequency sel ection

figtag findobj (0, ‘tag’, ‘SMJSIC);

if isenpty(figtag)

fig = figure(‘Name’, ‘SMJUSIC ,’ Units’,’ pixels’ ,’Position’,
‘NunberTitle, ‘off’, ‘resize’, ‘on’,

end

set (gcf, ‘Default AxesPosition’, [.1 .1 .55 .8]);

figcolor = get(gcf, ‘color’);

hndt ext head. Styl e ‘text’;

hndt ext head. Uni ts ‘nornal’;

hndt ext head. backgr oundcol or = figcol or;
hndt ext head. f or egr oundcol or = ‘bl ue’;

hndt ext subhead. Style = ‘text’;

hndt ext subhead. Units = ‘normal ' ;
hndt ext subhead. backgr oundcol or = figcol or;
hndt ext subhead. f or egr oundcol or = ‘bl ack’ ;

% Radar Characteristic section

ui control (gcf, hndtexthead,...
‘position’, [.69 .95 .27 .03],...
‘fontsize', 10, fontweight', bold ,...
‘string’, ‘Radar Characteristics’);

ui control (gcf, hndtextsubhead,. ..
‘position’, [.70 .91 .1 .03],...
‘string’, ‘SNR (dB)’');

[303 188 658 495], ...
“SMUSIC ) ;
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ui control (gcf, hndtextsubhead, ..
‘position’, [.85 .91 .1 .03],...
‘string’, ‘RANGE (m)');

ui control (gcf, hndtextsubhead,. ..
‘position’, [.70 .82 .1 .035],...
‘string’, ‘BW(Hz)");

ui control (gcf, hndtextsubhead, ..
‘position’, [.85 .82 .1 .035],...
‘string’, ‘NFSTEPS);

% Target Characteristic section

ui control (gcf, hndtexthead,...
‘position’, [.69 .725 .28 .0385],..
‘fontsize', 10, fontweight', bold,...
‘string’, ‘Target Characteristics’);

ui control (gcf, hndtextsubhead, ..
‘position’, [.70 .685 .1 .035],...
‘string’, ‘TGISEP);

ui control (gcf, hndtextsubhead,. ..
‘position’, [.85 .685 .1 .035],...
‘string’, ‘NPTS);

ui control (gcf, hndtextsubhead, ..
‘position’, [.70 .595 .1 .035],...
‘string’, ‘TGIORI');

ui control (gcf, hndtextsubhead, ..
‘position’, [.85 .595 .1 .035],...
‘string’, ‘TGISET');

ui control (gcf, hndtextsubhead,. ..
‘position’, [.70 .505 .1 .035],...
‘string’, ‘TGTAMPL');

ui control (gcf, hndtextsubhead, ..
‘position’, [.84 .505 .12 .035],...
‘string’, ‘TGIOFFSET');

% Processi ng section

ui control (gcf, hndtexthead,...
‘position’, [.69 .41 .27 .0375],...
‘fontsize', 10, fontweight', bold,...
‘string’, ‘Processing);

ui control (gcf, hndtextsubhead, ..
‘position’, [.69 .370 .12 .035],...
‘string , ‘COWP/ MAG);

ui control (gcf, hndtextsubhead,. ..

‘position’, [.85 .370 .1 .035], ...
‘string’, ‘SVA);
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% Edi t abl e buttons

hndedit. Style = ‘edit’;
hndedit.Units = ‘normal’
hndedi t. Font si ze = 10;
hndedi t . f ont wei ght = ‘ bol d’

hndpopup. Styl e = ‘ popupnenu’
hndpopup. Units = ‘nornal’
hndedi t . Fontsi ze = 10;
hndedi t . f ont wei ght = ‘ bol d’

inputl = uicontrol (gcf, hndedit, ‘position’, [.7 .86 .115 .05]);
calll = [*SNR = str2nun(get(gco, ‘'string ’'));'1;
set (inputl, ‘callBack’, calll);

input2 = uicontrol (gcf, hndedit, ‘position’, [.85 .86 .10 .05]);
call2 = [‘range = str2nun(get(gco, ‘'string ’));’'];
set (input2, ‘callBack’, call?2);

input3 = uicontrol (gcf, hndedit, ‘position’, [.7 .77 .115 .05]);
call3 = [*bw = str2nun(get(gco, ‘'string ’'));'1];
set (input3, ‘callBack’, call3);

input4 = uicontrol (gcf, hndedit, ‘position’, [.85 .77 .10 .05]);
call4 = [*nsteps = str2nun(get(gco, ‘'string ’));'1;
set (i nput4, ‘callBack’, call4);

tgtsepstr=[*1/2 BW1/3 BW1/4 BW1/8 BW];

t gt sepi nput = ui control (gcf, hndpopup, ‘position’, [.7 .635 .115 .05], ..
‘string’, tgtsepstr,’backgroundcolor’,’white',’ enable ,’on’,...
‘Interruptible ,’on, ...

‘foregroundcol or’,’ black’);

set (tgtsepi nput,’callback’,’  settgtsep’);

input6 = uicontrol (gcf, hndedit, ‘position’, [.85 .635 .10 .05]);
call 6 = [*npts = str2nun(get(gco, ‘’'string ’'));’'];
set (i nput6, ‘callBack’, call6);

input7 = uicontrol (gcf, hndedit, ‘position’, [.7 .545 .115 .05]);
call7 = [“tgtori = str2num(get(gco, ‘’'string’’'));'];
set (input7, ‘callBack’, call7);

tgtsetstr=[‘Fi xed| Randomi ];

tgtsetinput= uicontrol (gcf, hndpopup, ‘position’, [.85 .545 .10 .05],..
‘string’, tgtsetstr,’backgroundcolor’, white',’enable ,’ on,..
‘Interruptible ,’on, ...
‘foregroundcol or’,’ bl ack’);

set (tgtsetinput,’callback’,’  settgtset’);

tgtanpl str=[‘ Fi xed| Randomi ];
t gt anpl i nput = ui control (gcf, hndpopup, ‘position’, [.7 .455 .115 .05],..

1

‘string’, tgtamplstr,’backgroundcolor’,’white', enable’ ,’on’,...
‘Interruptible ,’on’, ...
‘foregroundcol or’,’ bl ack’);

set (tgtanplinput,’callback’, settgtanpl’);
input10 = uicontrol (gcf, hndedit, ‘position’, [.85 .455 .10 .05]);

call10 = [‘tgtoffset = str2num(get(gco, ‘’string '));'];
set (i nput 10, ‘callBack’, call 10);
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processstr=[‘ Conpl ex| Magni tude’ ] ;

processi nput = ui control (gcf, hndpopup, ‘position’, [.7 .325 .115 .05],...
‘string’ , processstr,’backgroundcolor’,’white', enable ,’on’,...
‘Interruptible ,’on, ...
‘foregroundcol or’,’ bl ack’);

set (processi nput,’ cal | back’,’ set process’);

input12 = uicontrol (gcf, hndedit, ‘position’, [.85 .325 .10 .05]);
call12 = [‘sva = str2nun{get(gco, ‘’'string ’'));’'1;
set (i nput 12, ‘callBack’, call12);

% Push bottons

hndpush. Styl e ‘push’;

hndpush. Units ‘normal ’;

calcstart = uicontrol (gcf, hndpush, ‘position’, [.76 .26 .13 .05],...
‘string’, ‘Run SMJSIC ,’ backgroundcol or’,’ blue’,...
‘foregroundcolor’,’yellow ,’'callback’, ‘nmsnB5GHzd");

plottgtsetup = uicontrol (gcf, hndpush, ‘position’, [.685 0.20 .15 .05],...
‘string’, ‘Plot target setup’,’backgroundcolor’,’ blue’,...
‘foregroundcolor’,’ yellow ,’'callback’, ‘plottgtsetupinter’);

pl ot smusi c = uicontrol (gcf, hndpush, ‘position’, [.845 0.20 .13 .05],...
‘string’, ‘Plot SMJUSIC ,’ backgroundcolor’,’blue’,...
‘foregroundcolor’,’yellow ,’'callback’, ‘plotsnuresult’);

| abel str=[];
if nsteps ==
| abel str=[*Plot data @freq. 1]|’'];
el seif nsteps>=2
tenp = [*Plot data @freq. 1|'];
for i = 2:nsteps
tenpadd = [ Plot data @freq. * nun2str(i) ‘|'];
| abel str = [tenp tenpadd];
temp = | abel str;
end
end
| abel str=[1abel str ‘Pl ot the average'];
pl otdata = uicontrol (gcf, hndpopup, ‘position’, [.74 .11 .19 .08],...
‘string’, |abelstr,’ backgroundcolor’,’ blue’,’  enable ,’on’,...
‘Interruptible ,’on’, .
‘foregroundcolor’,’ yellow);
colum = get(gco,’'value');
set (plotdata,’ callback’, ‘plotdatainter’);

% Push bottons
ui control (gcf, hndpush, ‘position’, [.775 .085 .10 .05],...
‘string’, ‘INFO,’'callback’, ‘infofile’);

ui control (gcf, hndpush, ‘position’, [.685 .025 .08 .05],...
‘string’, ‘ZOOM,’callback’, ‘zoom);

ui control (gcf, hndpush, ‘position’, [.775 .025 .10 .05],...
‘string’, ‘'REFRESH ,’callback’, ‘snusicinit’);

ui control (gcf, hndpush, ‘position’, [.885 .025 .08 .05],...
‘string’, ‘"QU T ,’callback’, ‘close all’);

grid

clc;
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% unction settgtsep

% Fi | enane: settgtsep.m

% Aut hor : Canh Ly

% Dat e : 16 January 2001

sep_val ue = get(gco,’value');
if sep_val ue==

sep = 2; % For 1/2 BWapart

el seif sep_val ue==2

sep = 3; %for 1/3 BWapart

el seif sep_val ue==3

sep = 4; %for 1/4 BWapart

el seif sep_val ue==

sep = 8; for 1/8 BWapart

end

% unction settgtset(col um)
% Fi | enane: settgtset.m

% Aut hor : Canh Ly

% Dat e ;16 January 2001

tgtset = get(gco,’ value');

% unction settgtanpl (col um)
% Fi | enane: settgtanpl.m

% Aut hor : Canh Ly

% Dat e : 16 January 2001

tgtanmpl = get(gco,’ value');
% uncti on setprocess

% Fi | enane: setprocess. m

% Aut hor : Canh Ly

% Dat e : 16 January 2001

conp_nmag = get(gco, value');
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% unction [ant, ds, snuout] =nsnB85GHzd( SNR, r ange, bw, nst eps, sep, npts, tgtori,tgtset,

%

t gt anpl , conp_mag, sva)

% Fi | enane: nsnB5CGHzd. m (nonopul se Scan- MJSI C for 35 GHz)

% Aut hor
% Dat e

%

Canh Ly
20 Novenber 2000

% Run SMUSI C usi ng nonopul se antenna for conplex scatterer type

% targets for averaging all

%

% Synt ax:

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
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frequenci es.

[ ant, ds, smuout ] =msnB5GHzd
(SNR, r ange, bw, nst eps, sep, npts, tgtori,tgtset,tgtanpl, conp_mag, sva);
wher e:
| NPUT:
SNR : power of signal noise ratio
bw. bandw dth of a system
nsteps: nunber of steps frequency fromlower freq to upper freq
range: the radial range fromradar to a centroid of conplex target
sep: target separation with respect to the ‘reference’ centroid
[2] for 1/2 beamni dth apart
[4] for 1/4 beamni dth apart
npts: nunber of scatterer point targets
tgtori: target orientation [deg]
tgtset: [1] for two point targets
[2] for two set of point scatterers
tgtanpl: [1] for equal nagnitudes 1
[2] for targets within 5 dBsmto 15 dBsm
conp_mag: [1] for conplex process
[2] for magnitude process
sva: nunber of subvector averagi ngs
CUTPUT:
ds: data set structure. It consists of follow ng paraneters.
dsl: [ 10x57 double] % Scatterer setup for data set #1
ds2: [ 10x57 double] % Scatterer setup for data set #2
ds3: [ 10x57 double] % Scatterer setup for data set #2 + 1/16 | anbda
ds4: [ 10x57 double] % Scatterer setup for data set #2 + 1/8 | anbda
ds5: [ 10x57 double] % Scatterer setup for data set #2 + 3/16 | anbda
ds6: [ 10x57 double] % Scatterer setup for data set #2 + 1/4 | anbda
xradar1l: [ 10x1 double] % Scatterer radar range (down range) val ues of
data set #1
xradar?2: [ 10x1 double] % Scatterer radar range (down range) val ues of
data set #2
y1l: [ 10x1 double] % Scatterer cross-range coordi nates for data
set #1
y2: [ 10x1 double] % Scatterer cross-range coordi nates for data
set #2
tgtloc: [ 1x20 double] % Cross-range (azl and az2) |ocations (deg)
tgtmag: [ 1x20 doubl e] % Magnitude of scatterers fromb5 to 15 dBsm
scantheta: [209x1 double] % Antenna step scan angle
Asum [209x20 doubl e] % Response matri x coresponding to the ds.tgtloc
rcsctgtl: [600.0722 6.2546 0.5972] % True rcs centroid of target set #1,
[x,y, thetal]
rcsctgt2: [599.2045 -5.6135 -0.5367] % True rcs centroid of target set #2,
[x,y, theta?]
SNR: 30 % I nput signal-to-noise ratio
xKsunD: [209x51 doubl €]
xKsunl16: [209x51 doubl e]
xKsunil8: [209x51 doubl e]
xKsunB16: [209x51 doubl e]



% xKsuml4: [209x51 doubl €]
% snuout: outputs of SMJSIC cal culation (N x 6), where Nis the length of the

% search angle, and 6 columms of the output. The first colum is the

% searchi ng angl e vector. The second is the SMJSI C output for 0 deg.

% phase shift. The third is the SMJUSIC output for 45 deg. phase shift.

% The fourth is the SMJSIC out put for 90 deg. phase shift. The fifth

% is the SMJSI C output for 135 deg. phase shift. The sixth is the SMJSIC
% output for 180 deg. phase shift.

%

% Exanpl e:

%

% [ant,ds, snuout ] =nsnm85GHzd( 30, 600, 2E9, 51, 4, 10,0, 2,2,3,0); % wo rand. conp. sca. sets
%

%

format conpact
% Reset all frequencies according to nunber of frequency steps

| abel str = [];
hndpopup. Styl e = ‘ popupnenu’ ;
hndpopup. Units = ‘nornal ’;
if nsteps ==
| abel str=[*Plot data @freq. 1|’'];
el seif nsteps>=2
tenp = [*Plot data @freq. 1|'];
for i = 2:nsteps
tenpadd = [*Plot data @freq. * nunRstr(i) ‘|'];
| abel str = [tenp tenpadd];
temp = | abel str;

end
end
| abel str=[1 abel str ‘Pl ot the average'];
pl otdata = uicontrol (gcf, hndpopup, ‘position’, [.74 .11 .19 .08],...
‘string’, |abelstr,’ backgroundcolor’,’ blue',’ enable ,’on’,...
‘Interruptible ,’”on’,
‘foregroundcolor’,’ yellow);
colum = get(gco,’'value');
set (plotdata,’ callback’, ‘plotdatainter’);

% oad sumAmat 35. mat % gen_sumAnat 35. m gener at es sumAmat 35. mat wi th sunpat vari abl e
Y%seaangl e=[-3.0:0.5:-1.2 -1.1:0.005:1.1 1.2:0.5:3.0];

% oad sumAmat 35b. mat % gen_sumAmat 35. m gener at es sumAnmat 35. nat wi th sunpat vari abl e
%eaangl e=[-3.0:0.1:-1.2 -1.1:0.05:1.1 1.2:0.1:3.0];

% Using array mani fold vector within a program wi thout |oadi ng sumAmat 35c. mat
| oad sumAmat 35c. mat

seaangle=[-3.0:0.1:-1.2 -1.1:0.02: 1.1 1.2:0.1:3.0];

% oad sumAmat 35d. mat

%eaangl e=[-3.0:0.1:-1.2 -1.1:0.01: 1.1 1.2:0.1:3.0]

tic
[ ant, ds] =gdat ad( SNR, bw, nst eps, range, sep, npts,tgtori,tgtset,tgtanpl,tgtoffset);
if conp_nmag==1

[ Rxhat 0] =est r xhat f s(ds. xKsunD, sva) ;

el seif conp_mag==2
[ Rxhat 0] =est r xhat f s(abs(ds. xKsunmD) , sva) ;
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end

% Conput e ei genval ues and ei genvectors
[ ei gval 0, ei gvecO] =ei gvv( Rxhat 0) ;

ntgts = 2;

% Conput e signal and noi se subspaces

[ si gnal 0, noi se0] =snspaces(ei gval 0, ei gvecO, ntgts);
[ nrownoi sesum ncol snoi sesunj =si ze(noi se0) ;

% Fast est net hod, nethod #1, 1/30/01
esunD=noi se0;
ncol A=si ze(sunpat, 2);
sunsuba_sune0. 0O;
for i=1:sva
sunmsuba_sum = sunsuba_sumtsunpat (i : nrownoi sesumti -1, :);
end
suba_sum = (1/sva) *sunmsuba_sum
% suba_sumrsunpat (1: nr ownoi sesum : ) ;
num = di ag(suba_sumi *suba_sun);
dem = di ag(suba_suni *(esunD*esun®' ) *suba_sum ;
prusi csO=r eal (10*I1 0g10( num / dem));
% End of the fastest method bl ock

% Better nethod, nethod #2, 1/30/01

%esunD=noi se0;

% col A=si ze(sunpat, 2);

% or i=1:ncol A

% Nor mal i zed peak spectral MJUSIC in matrix conputation

% suba_sum = sunpat (1: nr ownoi sesum i) ;

% pnusi csO(i)=real (10*]1 0g10( (suba_sum *suba_sun)/ (suba_sum *(esunD*esun®' ) *suba_sun)));
% i;

%end

% End of the better nethod bl ock

% S|l ow net hod, nethod #3, 1/30/01
Y%esunD=noi seo;

%sum=0. 0;
% or i=1:1ength(seaangl e)
9888088880 DO NOT DELETE THI S BLOCK %B8880880880880

% Nor mal i zed peak spectral MJSIC in vector conputation
% for k=1:ncol snoi sesum

% [ scant het a, V] =nobno_anv35(seaangl e(i))
% subv = V(1: nrownoi sesum ;

% sum = sumtabs((esunD(:,k).")*subv)”"2;
% nunsum = subv’ *subv;

% end

% prrusi cO(i ) =10*1 og10( nunsuni sun ;
% sum = 0. 0;

% i

%end

% End of the slowest nethod bl ock

toc

snmuout . seaangl e = seaangle.’;
smuout . pnusi ¢cs0 = pnusi csO0;
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% i gure(2)
pl ot (snuout . seaangl e, snuout . pnusi ¢s0, "k’ ,’linewi dth, 1.5)
axi s([-3 3 0 max(snuout. pmnusi cs0) +7. 5])

if bw< 1E9

bwstr = [*BW= "' nun2str(bw 1E6) ‘' Mz, '];
el seif bw >= 1E9

bwstr = [*BW= ‘' nun2str(bw 1E9) ‘' GHz, '];

end
if tgtset==1
titlestr=['Two fixed scatterer point targets’];
el se
titlestr=[*SMUSIC, 2 randomdata sets’,” f = 35 GHz, ‘,bwstr, ...\
* SNR = ‘', nun2str(SNR),’ dB'];
end

title(titlestr, fontsize' ,8, fontweight’,’bold )

x|l abel (* Azimuth angle (\circ)’)

yl abel (* dB’)

hol d on

% Plot the ‘actual’ rcs centroid of multiple scatterers
xl'inel=[ds.rcsctgtlrot(3) ds.rcsctgtlrot(3)];

yl i nel=[ max(smuout . prusi cs0) +2. 5 max(snuout . prrusi ¢s0) +7. 5] ;
xline2=[ds.rcsctgt2rot(3) ds.rcsctgt2rot(3)];

yl i ne2=[ max(smuout . prusi ¢s0) +2. 5 nax(snuout . pnusi ¢s0) +7. 5] ;

plot(xlinel,ylinel,'g-',"linenwidth , 1.5)
plot(xline2,yline2,'g-","linewidth , 1.5);

% Shade t he antenna beamw dth

xantfill=[-ant.beamni dth/2 -ant.beamn dth/2 ant.beamui dth/2 ant. beamn dth/2];
yantfill=[0 max(smuout. prusi cs0)+7.5 max(snuout . prusi ¢s0) +7.5 0] ;

tcolor=[0.7 0.7 0.7];p = fill(xantfill,yantfill,tcolor);
set (p,’ FaceCol or’,tcol or,’ EdgeCol or’,’ None’,’ FaceAl pha’, 0. 4);

hol d of f
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functi onJ ant, ds] =gdat ad( SNR, bw, nst eps, r ange, sep, npts,tgtori,tgtset,tgtanpl,tgtoffset)
% Fi | enane: gdatac. m (CGenerate i nput data using 35 GHz antenna pattern)

% Aut hor : Canh Ly

% Dat e : 20 Novenber 2000

%

% Pur pose: Cenerates conplex scatterer type targets with different

% di stances of the data set #2 without snapshot K input paraneter.
%

% Synt ax:

% [ant, ds] =gdat ad( SNR, bw, nst eps, r ange, sep, npts,tgtori,tgtset,tgtanpl,tgtoffset);
%

% wher e:

% bw. bandw dth of a system

% nsteps: nunber of steps frequency fromlower freq to upper freq

% range: the radial range fromradar to a centroid of conplex target
% sep: target separation with respect to the ‘reference’ centroid
% [2] for 1/2 beamni dth apart

% [4] for 1/4 beamni dth apart

% npts: nunber of scatterer point targets

% tgtori: target orientation [deg]

% tgtset: [1] for two point targets

% [2] for two set of point scatterers

% tgtanpl: [1] for equal nagnitudes 1

% [2] for targets within 5 dBsmto 15 dBsm

%

% Exanpl e:

% [ant, ds]=gdat ad(30, 2E9, 51, 600, 2, 10, 45,2,5); % For 35 GHz radar
%

[ ant, ds] =t gt set upd( bw, nst eps, range, sep, npts,tgtori,tgtset,tgtanpl,tgtoffset);

si gmasqg=si gnmacon( SNR) ;
si gman=1/ (sqrt(signmasq)); si gmas=1;

i=1;
for indexdata=7:size(ds.dslrot, 2)

tgtphaO = dtor([ds.dslrot(:,indexdata)’ ds.ds2rot(:,indexdata)’']); % nove or +0m

signal 0 = ds.tgtnag. *exp(j *t gt pha0) ;

noi se = sqrt(1/2)*si gman*

(randn(si ze(ds. Asunrot, 1), 1) +j *randn(si ze(ds. Asunrot, 1),1)); % or one snap-

shot

xKsunD(:,i)=ds. Asunrot *si gnal 0.” + noi se;

i =i +1;
end

ds. SNR =SNR;
ds. xKsunmD=xKsunD; % Target response of superposition of two target data sets
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functi on Rxhatfss=estrxhatfs(x, subband)

% Fi | enane: estrxhatf.bs. m (Generate estimated correlation matrix with forward)
% Aut hor : Canh Ly

% Dat e ;21 March 1999

%

% Cenerate estimated correlation matrix with

% forward spatial snoothing for scanning antenna.

%

% Synt ax: Rxhat f ss=estrxhat f s(x, subband);

%

% wher e

% X: input data matrix

% Rxhatfss: estinmated correlation matrix with forward
% spati al snoot hi ng.

%

P=subband;

[N, K] =size(x);
MeEN- P+1; % Nunmber of el enments in each subarray
Rxt emp=zeros(M M ;
fl ag=0;
for p=1:P
Rxt enp=Rxt enp+x(p: M : ) *x(p: M :)";
MEMH1;
end
Rxhat f ss=Rxt enp/ ( P*K) ;

function [eigval, eigvec] =ei gvv(Rxhat)

% Fi | enane: eigvv.m

% Aut hor : Canh Ly

% Dat e : 6/15/95

%

% Pur pose : Conputes eigenval ues and ei genvectors
%

% Usage . [eigval, eigvec] =ei gvv(Rxhat);

%

[V,D =eig(Rxhat);
| anbdai =di ag(D) ;
[eigval , eigvec] = sorteig(lanbdai,V);
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function [x,y] = sorteig(xin,yin)
% Fi | enane: sorteig.m

% Nare : Canh Ly

% Dat e : 6/14/94

%

% Pur pose: Sort two-colum data. The sorting

% i s based on the order of first the colum.
%

% Usage : [x,y] = sorteig(xin,yin)

%

% Modi fication:

% 8/29/97: Myved function [x,y]=... to the begi nning
% of the file.

% 8/29/97: Initialized y(...)=[0.0];
[Xin, 1] = sort(xin);

=1

lenl = length(l);

y(1:size(yin,1),1:size(yin,2))=[0.0];

for j = 1l:lenl

index = 1(j);

y(:,j) =yin(:,index);
end

x = flipud(Xin);
y = fliplr(y);
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function [signal, noi se] =snspaces(ei gval , ei gvec, nsi gnal s)
% Fi | enane: snspaces. m

% Aut hor : Canh Ly

% Dat e : March 6, 1997

%

% Pur pose : Finds the nunmber of signal eigenval ues and

% theis indeces and splits noise and signa

% space.

%

% Usage . [signal, noi se] =snspaces(ei gval , ei gvec, nsi gnal s);
%

ei gval m = eigval (1:nsignals);

ei gval i ndex=1: nsi gnal s;

%

% Split signal and noi se space vectors
%
ncol ei gvec=si ze(ei gvec, 2);
noi sei ndex=1;
si gnal i ndex=1
| enei gval i ndex=l engt h(ei gval i ndex) ;
for j=1:ncol ei gvec
i f(j == eigvalindex(signalindex))
ol dsi gnal i ndex=si gnal i ndex;
signal (:, signalindex)=eigvec(:,j);
si gnal i ndex=si gnal i ndex+1
i f(signalindex>l eneigval i ndex)
si gnal i ndex=ol dsi gnal i ndex;
end
el se
noi se(:, noi sei ndex) =ei gvec(:,j);
noi sei ndex=noi sei ndex+1
end
end



functionJ ant, ds] =t gt set upd( bw, nst eps, range, sep, npts,tgtori,tgtset,tgtanpl,tgtoffset)
% Fi | enane: tgtsetupd. m

% Aut hor : Canh Ly

% Dat e : 17 Novenber 2000

%

% Pur pose: Cenerate random (Xx,y)s scatterer points at a range using 34 GHz antenna
% pattern from 35 GHz radar.

%

% 35 GHz —> lanbda = 8.571 mMm

% di a=12" or 0.3048 m

% spotsize theta @-3 dB= 1.22*| anbda/dia = 0.03430 rad = 34. 30 nrad.
% spotsize at 600 m = spotsize theta * 600 = 20.58 m

%
% Synt ax: [ant, ds] =t gt set upd(bw, nst eps, range, sep, npts,tgtori,tgtset,tgtanpl,tgtoffset);
% wher e:

% bw. bandw dth of a system

% nsteps: nunber of steps frequency fromlower freq to upper freq

% range: the radial range fromradar to a centroid of conplex target
% sep: target separation with respect to the ‘reference’ centroid
% [2] for 1/2 beamni dth apart

% [4] for 1/4 beamni dth apart

% npts: number of scatterer point targets

% tgtori: target orientation [deg]

% tgtset: [1] for two point targets

% [2] for two set of point scatterers

% tgtanpl: [1] for equal nagnitudes 1

% [2] for targets within 5 dBsmto 15 dBsm

%

% Exanpl e:

% [ant, ds]=tgtsetupd(2.0E9, 51, 600, 2, 10, 45, 2,1, 5);

%

% Not e:

% What would be the strength of the sinulated target since it was generated from
% 5 to 15 dBsn? 10*l oglO(sum((ds.tgtnmag).”2)) in dBsm “ds.tgtnmag” was in voltage.
%

format conpact

% Cal cul ate the frequency steps, |anbdas and | anbda at the center frequency
freq=35E9;

speed_of _|'ight = 299792458;

freqgstep=linspace(freq-(bw 2),freg+(bw 2), nsteps);

| anbda=speed_of |ight./freqgstep;

| anbdacent er =speed_of _|i ght/freq;

tgtori=tgtori+180;

% Cal cul ate the 2D rotation matrix
if length(tgtori)==
rotate2dl=[cos(dtor(tgtori(1))) -sin(dtor(tgtori(1)));sin(dtor(tgtori(1)))
cos(dtor(tgtori(1)))];
rotate2d2=[cos(dtor(tgtori(2))) -sin(dtor(tgtori(2)));sin(dtor(tgtori(2)))
cos(dtor(tgtori(2)))];
elseif length(tgtori)==
rotate2dl=[cos(dtor(tgtori)) -sin(dtor(tgtori));sin(dtor(tgtori))
cos(dtor(tgtori))];
rot at e2d2=r ot at e2d1
end
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ds.rotate2dl
ds. rot at e2d2

r ot at e2d1;
r ot at e2d2;

% ant pat _35CGHz. mat generated from antpattern35GHz. m with ant struct

| oad ant pat _35GHz. mat

spot angl e=dt or (ant . beamwi dt h) ; % Convert to radian.

spot range=r ange*spot angl e; % Cal cul ate spotwi dth on the ground at the desired range.

ds. spot angl e = spot angl e;
ds. range = range;
ds. spotrange = spotrange;

% Setup the reference center for the reference box
xrefcenterl = range;

yrefcenterl = spotrange/ (sep*2);

xrefcenter2 = xrefcenterl+tgtoffset;

yrefcenter2 = -spotrange/ (sep*2);

ds. xrefcenterl = xrefcenterl,;
ds.yrefcenterl = yrefcenterl,;
ds. xrefcenter2 = xrefcenter?2;
ds.yrefcenter2 = yrefcenter?2;

% Scatterers are set to the dinension of a tank with front view toward radar
ylupper = yrefcenter1+2.0;

y1ll ower = yrefcenter1-2.0;

y2upper = yrefcenter2+2.0;

y2l ower = yrefcenter2-2.0;

xupper = 3.0; %in m

xlower = -3.0; %in m

ds. ylupper = ylupper;

ds. yll oner = yll ower;
ds. y2upper = y2upper;
ds. y2l oner = y2| ower;
ds. xupper = xupper; %in m
ds.xlower = xlower; %in m

if tgtset==1% Use the 2 fixed centroid points
di sp(‘ Two scatterer point targets regardl ess nunber of targets froman user input’);
x1 = 0; x2 = 0;
yl = yrefcenterl; y2=yrefcenter?2;
% x1 = xlower + (xupper-xlower) .* rand(1,1);
% x2 x|l ower + (xupper-xlower) .* rand(1,1);
% yl = yllower + (ylupper-yllower) .* rand(1,1);
% y2 = y2lower + (y2upper-y2lower) .* rand(1,1);
titlestr=[*'Two fixed scatterer point targets'];
el seif tgtset==
% Generate 2 random data sets within reference boxes
x1 = xl ower + (xupper-xlower) .* rand(npts,1);
X2 x|l ower + (xupper-xlower) .* rand(npts, 1);
yl yll ower + (ylupper-yllower) .* rand(npts,1);
y2 = y2l ower + (y2upper-y2lower) .* rand(npts,1);
titlestr=['Two random scatterer sets for 35 GHz radar’];
end

% Rotate the data set around the center of the reference point, SP. Set Point
SP1 = [x1' ; (yl-yrefcenterl)’]; SP2 = [x2' ;( y2-yrefcenter2)’];
SP1r = rotate2dl1*SP1; SP2r = rotate2d2*SP2;
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xX1r
yilr

(SP1r (1,
(SP1r (2,

", o x2r = (SP2r(1,:)+tgtoffset)’;

)
1)) +yrefcenterl; y2r = (SP2r(2,:))’ +yrefcenter2;

[thrilr,rlr]=cart2pol (x1lr,ylr-yrefcenterl);
[thr2r,r2r]=cart2pol (x2r,y2r-yrefcenter2);

% Rot ati onal data set

xradar 1r =r ange+x1r;

Xradar 2r =r ange+x2r ;

%«r adar 2r =xr adar 2r +( ( 4/ 16) *| anbdacent er); % Change phase for two points

% Use only azl and az2 for the target |locations of two scatterer data sets
[thetalr, Rlr] =cart 2pol (xradar 1r, y1lr);

azlr=rtod(thetalr);

[theta2r, R2r] =cart 2pol (xradar 2r, y2r);

az2r=rtod(theta2r);

% 2-way phase shift, Deltatheta=(4*pi/lanbda)*Delta_range
for i=1:1ength(l anbda)
phi 1r (:,i)=rtod(nmod((((4*pi)/lanbda(i))*RLlr), 2*pi));
phi 2r(:,i)=rtod(nmod((((4*pi)/lanbda(i))*R2r), 2*pi));
end

if tgtanpl ==
anpl 1=ones(l engt h(x1),1); %Al scatterers have the same strength.
anpl 2=ones(l ength(x1),1); %Al | scatterers have the sane strength.
el seif tgtanpl==

% Use this block if the statistics tool box is avail able.
% Generate uniformrandomfrom5 dBsmto 15 dBsm
% 5 = 10*1 0gl10(x"2) — x”72=107(5/10)=3. 16

% the power, Pi5dBsm of each scatterer
% is 3.16/# of scaterers

% Vi 5dBsm = sqrt (Pi 5dBsm); each scatterer
% in voltage, Vi

% 15 = 10*l 0g10(x"2) — x"2=107(15/10)=31.6

% the power, Pi15dBsm of each scatterer
% is 31.6/# of scaterers

% Vi 15dBsm = sqrt (Pi 15dBsm); each scatterer
% in voltage, Vi

% For exanple: for 10 point scatterers

% Vi 5dBsm = 0.5623; and Vi 15dBsm = 1. 7783.

%anpl 1=uni f rnd( Vi 5dBsm Vi 15dBsm | engt h(x1), 1) ;
% CGenerate uniformrandomfrom5 dBsmto 15 dBsm
% 5 = 10*1 0gl0(x”~2) — x”"2=10"(5/10)=3.16

% the power, Pi5dBsm of each scatterer is
% 3.16/# of scaterers

% Vi 5dBsm = sqrt (Pi 5dBsm); each scatterer
% in voltage, Vi

% 15 = 10*l 0ogl0(x"2) — x"2=10"(15/10)=31.6

% the power, Pi15dBsm of each scatterer
% is 31.6/# of scaterers

% Vi 15dBsm = sqrt ( Pi 15dBsnm); each scatterer
% in voltage, Vi

% Tar get power between 5 to 15 dBsm
Vi 5dBsm = sqrt ((107(5/10))/npts);
Vi 15dBsm = sqrt ((107(15/10))/ npts);
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anpl 1 = Vi 5dBsm + (Vi 15dBsm Vi 5dBsn) .* rand(l ength(x1), 1);
anpl 2 = Vi 5dBsm + (Vi 15dBsm Vi 5dBsn) .* rand(l ength(x2), 1);
end
dsir [Rlr x1r ylr rlr azlr anpl 1 philr];

ds2r [R2r x2r y2r r2r az2r anpl 2 phi2r];

ds. dslrot=dslr; % Scatterer setup for data set #1

ds. ds2rot =ds2r; % Scatterer setup for data set #2

ds. xradar 1rot = xradarl1lr; % Scatterer radar range (down range, 600 n) val ues of data set
#1

ds. xradar2rot = xradar2r; % Scatterer radar range (down range, 600 n) val ues of data set
#2

ds. xlrot = x1r; % Rotational scatterers

ds. x2rot = x2r;
ds.ylrot = ylr;
ds.y2rot = y2r;

% Cross-range (azl and az2) locations in polar coordinate (deg)
ds.tgtlocrot = [ds.dslrot(:,5)’ ds.ds2rot(:,5)'];
ds.tgtmag = [ds.dslrot(:,6)’ ds.ds2rot(:,6)']; % Magnitude of scatterers

[ scant het a, Asunr] =npbno_anv35(ds.tgtlocrot); % Step scan angl e and Response steering nma-
trix

ds. scantheta = scantheta; % Step scan angl e
ds. Asunrot = Asunt; % Response nmatrix coresponding to the ds.tgtloc

[xclr,yclr,thetalr]=rcscentroid(ds.dslrot(:,1),ds.dslrot(:,3),ds.dslrot(:,6));
rcsctgtir=[xclr yclr thetalr];
[xc2r,yc2r,theta2r]=rcscentroid(ds.ds2rot(:,1),ds.ds2rot(:,3),ds.ds2rot(:,6));
rcsctgt2r=[ xc2r yc2r theta2r];

ds.rcsctgtlrot=rcsctgtlr; % Adding to a structure with rcs centroid target 1
ds.rcsctgt2rot=rcsctgt2r; % Adding to a structure with rcs centroid target 2
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function [scantheta, sunpat] =nono_anv35(tgtloc)
% Fi | enane: nono_anmv35.m (Array Manifold Vector for nonopul se antenna)
% Aut hor : Canh Ly

% Dat e : 18 Sept enber 2000

%

% Generates array mani fold vectors for 35 GHz nonopul se ant enna.
%

% Synt ax: [scant het a, sunpat]=nono_anmv35(tgtloc);

%

% Exanpl e:

%
% [ scant heta, sunpat] =nono_anv35([-0.5 0.5]);
%

[ beamni dt h, out sum =nbnol12i n35GHz; % out sunF[ xants yants yantsvol ];

i ndex=find(outsun(:,1)>=-4 & outsun(:, 1)<=4);
scant het a=out sun{ i ndex, 1) ;
yant =out sun{ :, 3);

for tgtlocindex=1:1ength(tgtloc)
for scani ndex=1:1ength(scant heta)
of ftheta = scant heta(scani ndex)-tgtloc(tgtlocindex);
i ndex=l ocat e(out sum(:, 1), of ft heta);
sunpat (scani ndex, t gtl oci ndex) = yant (i ndex);
end
end

function [beamni dt h, out sun] =nonol2i n35GHz

% Fi | enane: nonol2i n35Ghz. m (Sum pattern of 35 GHz nopnopul se ant enna)
% Aut hor : Canh Ly

% Dat e . 15 Septenber 2000

%

% Generates the sumpattern of the 12" |ense of 35 GHz radar.
%

% Synt ax: [beamwi dt h, out sun] =nbnol2i n35GHz;

%

% Exanpl e:

%

% [ beamni dt h, out sunj =nonol2i n35GHz;

% plot(outsum(:,1),outsum(:,2));qgrid

%

| oad ant pat 35GHz. dat %ant pat 35GHz. dat data file was digitized fromMIlitech (2/19/96)
ant pat =ant pat 35GHz( 1: 3: si ze(ant pat 35GHz, 1), :);

[ xant s, yant s] =ant snoot h(antpat (:, 1), antpat(:, 2), 10);
yant s=yant s- max(yants);

yant svol =10. ~(yants. / 20);

i ndex=find((yants)>-3.1 & (yants)<-2.88);

out sun¥[ xants’ yants’' yantsvol’];

beamn dt h=(xant s(i ndex(2))-xants(index(1)));

function [xants, yant s] =ant snoot h( xant us, yant us, pts_snoot h)
% Fi | enane: antsnooth. m (Snooth Antenna Pattern)
% Narme : Canh Ly
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% Dat e . 14 Septenber 2000

%

% Thi s function snooths the antenna patterns.

%

% Synt ax:

% [ xants, yant s] =ant snoot h( xant us, yant us, pts_snoot h) ;
%

n=l engt h( xant us);

i ndex=1;

for k=1:n-(pts_snooth-1)
xant s(i ndex) =snoot h(xant us(k: k+pts_snoot h-1));
yant s(i ndex) =snoot h(yant us(k: k+pts_snoot h-1));
i ndex=i ndex+1;

end

function [xs]=snoot h(x)

% Fi | enane: snoot h. m ( Snoot hi ng conput ati on)
% Nare . Canh Ly

% Dat e : Jan. 8, 1998

%

% This function snmooths a data vector.
%

% Synt ax: [xs] =snoot h(x);

%

n=l engt h(x);

coef =di ag(fliplr(pascal(n)));

xs=sun( x. *coef )/ (sun{coef));



function [xc,yc,theta] =rcscentroid(x,y,anpl)

% Fi | ename: centroid. m

% Aut hor : Canh Ly

% Dat e : 17 Cctober 2000

%

% Pur pose: Computes the centroid of the collection of scatterers with

% their anplitudes.

%

% Reference: R Ellis and D. Qulick,”Calculus with Analytic Geonetry,”

% Second Edition, Harcourt Brace Jovanovich (HBJ), pp. 444-445, 1982
%

% Test case fromR Ellis et. al., pp. 445

% x=[1 -3 -10];y=[2 1 -2 3];

% anpl =[2 4 5 7]; % needed to edit this file to change this mass vector, m
% [ xc,yc,theta] =rcscentroid(x,y, anpl);

% Answer: xc = -5/6 = -0.8333; yc=19/18=1. 0556
%
% Synt ax: [xc,yc,theta]=rcscentroid(x,y,anpl);

% Xx: X coordi nates of the object
% y: y coordinates of the object
% m anplitude values of the object at locations (x,y), min linear not in dB

%

%

% Assume all anplitude of scatterers are the same strength.
%npl = ones(size(x,1),1);

Yamp=[2 4 5 7];

% Cal cul ate the nonents of given scatterers.

Mk = sun{anpl . *x);

M = sun(anpl.*y);

% Cal cul ate centroid point
m = sun{anpl);

Xc = Mk/I'm

yc = W/m

% Now convert it to angle in cross range direction
if xc>=0
t het a=rtod(atan(yc/ xc));
el seif xc<0
t het a=rt od(pi +at an(yc/ xc));
end
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% Fi | enane: plottgtsetupinter.m

% Aut hor : Canh Ly

% Dat e : 9 January 2001

%

% Pur pose: Plot target setup for the SMJSIC sinul ation.
%

pltindex = 1;
for i = 1l:length(ds.tgtnmag)/2
if ds.tgtmag(i)*100 >= 50 & ds.tgtmag(i)*100 <= 76
msi zel = 2;
elseif ds.tgtnmag(i)*100 > 76 & ds.tgtmag(i)*100 <= 101
msi zel = 3;
el seif ds.tgtmag(i)*100 > 101 & ds.tgtmag(i)*100 <= 127
msi zel = 4;
el seif ds.tgtnmag(i)*100 > 127 & ds.tgtnmag(i)*100 <= 152
msi zel = 5;
elseif ds.tgtnmag(i)*100 > 152 & ds.tgtnmag(i)*100 <= 178
msi zel = 6;
el seif ds.tgtmag(i)*100 > 178
msi zel = 7;
end
pl ot (ds. xradar 1rot (i), ds.ylrot (i), ' r>",’ Marker EdgeColor’,’'r’
‘ Mar ker FaceColor’,’'r’, ...\
‘ Mar ker Si ze' , nsi zel)
if pltindex==1;
hol d on
pltindex = 0;
end
if ds.tgtmag(i+(length(ds.tgtmag)/2))*100 >= 50 &
ds.tgtmag(i +(l ength(ds.tgtmag)/2))*100 <= 76
nmsi ze2 = 2;
el seif ds.tgtmag(i+(length(ds.tgtnmag)/2))*100 > 76 &
ds.tgtmag(i +(l ength(ds.tgtnmag)/2))*100 <= 101
msi ze2 = 3;
el seif ds.tgtnmag(i+(length(ds.tgtmag)/2))*100 > 101 &
ds.tgtmag(i +(l ength(ds.tgtmag)/2))*100 <= 127
nmsi ze2 = 4;
el seif ds.tgtnmag(i+(length(ds.tgtmag)/2))*100 > 127 &
ds.tgtmag(i +(l ength(ds.tgtnmag)/2))*100 <= 152
msi ze2 = 5;
el seif ds.tgtmag(i+(length(ds.tgtmag)/2))*100 > 152 &
ds.tgtmag(i +(l ength(ds.tgtnmag)/2))*100 <= 178
nmsi ze2 = 6;
el seif ds.tgtnmag(i+(length(ds.tgtmag)/2))*100 > 178
msi ze2 = 7;
end

pl ot (ds. xradar2rot (i), ds.y2rot (i), ' r>"," Marker EdgeColor’,’'r’
‘ Mar ker FaceColor’,'r’, ...\
‘ Mar ker Si ze' , nsi ze2)
end
xor g=0; yor g=0
scant he=dtor ([-4:0.05:4]);
for i=1:1ength(scanthe)
xscan(i)=(ds. range+50)*cos(scanthe(i));
yscan(i)=(ds. range+50) *si n(scanthe(i));
x|l i ne=[ xorg xscan(i)];
yline=[yorg yscan(i)];



end

I'i neangl ex1=[ 0 (ds.range+50)];!ineangl ex2=[0 (ds.range+50)];
spot range650=(ds. range+50) *ds. spot angl e;
I i neangl ey1l=[ 0 spotrange650/ 2] ;

I i neangl ey2=[ 0 - spotrange650/ 2] ;

% he spotrange at 650 mw th 94.44 Gz

%l ot (1 i neangl ex1, | ineangl eyl,’b’,lineangl ex2,|ineangley2,’b ,’linew dth’, 1.5)
xfill=[0 (ds.range+50) (ds.range+50) O0];

yfill=[0 spotrange650/2 -spotrange650/2 0];

tcolor=[0.7 0.7 0.7];p = fill(xfill,yfill,tcolor);
set (p,’ FaceCol or’,tcol or,’ EdgeCol or’,’ None’,’ FaceAl pha’, 0. 4);

%shadi ng interp;

% Pl ot true rcs centroid points

plot(ds.rcsctgtlrot(1),ds.rcsctgtlrot(2),’go’,’ MarkerEdgeColor’, g, ...\
‘ Mar ker FaceColor’,’ g, ...\
‘ Mar ker Si ze’ , 5)
plot(ds.rcsctgt2rot(1),ds.rcsctgt2rot(2),’ go’,’ MarkerEdgeColor’, g, ...\
‘ Mar ker FaceColor’, g, ...\

‘ Mar ker Si ze’ , 5)

% Rot at e boundary box

xylbl
xy2bl
xy3bl
xy4bl
xylblr
xy2blr
xy3blr
xy4blr

xy1lb2
xy2h2
xy3b2
xy4b2
xylb2r
xy2b2r
xy3b2r
xy4b2r

pl ot (xylblr(1,:)+ds. xrefcenterl, xylblr(2,:)+ds
pl ot (xy2blr(1,:)+ds. xrefcenterl, xy2blr(2,:)+ds
pl ot (xy3blr(1,:)+ds. xrefcenterl, xy3blr(2,:)+ds
pl ot (xy4blr (1, :)+ds. xrefcenterl, xydblr(2,:)+ds
pl ot (xylb2r(1,:)+(ds.xrefcenter2), xylb2r(2
pl ot (xy2b2r (1, :)+(ds.xrefcenter2), xy2b2r (2
pl ot (xy3b2r(1,:)+(ds.xrefcenter2), xy3b2r(2
pl ot (xy4b2r (1, :)+(ds. xrefcenter2), xydb2r (2

hol d of

[ds.
[ds.
[ds.
[ds.
ds.
ds.

ds

[ds.
[ds.
[ds.
[ds.

ds

ds

f

x| ower ds. x| ower; ds. y1l ower-ds.
x| ower ds. xupper ; ds. ylupper-ds.
xupper ds. xupper; ds. ylupper-ds.
xupper ds. xl ower; ds. y1l ower - ds.

rotate2dl*xylbl
rotat e2d1*xy2bi;

.rotate2dl*xy3bl
ds.

rot at e2d1*xy4b1;

x| ower ds. x| ower; ds. y2l ower - ds.
x| ower ds. xupper; ds. y2upper-ds
xupper ds. xupper ; ds. y2upper-ds.
xupper ds. x| ower; ds. y2l ower - ds.
.rotate2d2*xy1b2

ds.
ds.

r ot at e2d2*xy2b2
rot at e2d2*xy3b2

. rot ate2d2*xy4b2

if ds.range==600.0

axi s([ds.range-20 ds.range+20 -20 20])
el sei f ds.range==1000.0

axi s([ds.range-30 ds.range+30 -30 30])
el sei f ds.range==1500.0

axi s([ds.range-40 ds.range+40 -40 40])
el sei f ds.range==2000.0

axi s([ds.range-50 ds.range+50 -50 50])
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yrefcenterl
yrefcenterl
yrefcenterl
yrefcenterl

yrefcenter?2
yrefcenter?2
yrefcenter?2
yrefcenter?2

ds.
ds.

ds

ds

ylupper-ds. yrefcenter1];
ylupper-ds. yrefcenter1l];

.y1ll ower-ds. yrefcenterl];
ds.

y1ll ower-ds. yrefcenter1];

.y2upper-ds. yrefcenter2];
ds.
ds.
ds.

y2upper - ds. yref center2];
y2l ower - ds. yref center2];
y2l ower - ds. yref center2];

.yrefcenterl,’b:’,’linewidth', 1.5)
.yrefcenterl,’ b:’,’linewidth', 1.5)
.yrefcenterl,’b:’,’linewidth', 1.5)

.yrefcenterl,’b:’,’linewidth', 1.5)
:)+ds.yrefcenter2,’b:’, linewidth', 1.5)
:)+ds.yrefcenter2,’b:’,’ linewi dth’', 1.5)
:)+ds.yrefcenter2,’b:’,’ linewi dth’', 1.5)
:)+ds.yrefcenter2,’b:’,’ linewi dth', 1.5)



end

x| abel (* Down range (m’)

yl abel (* Cross range (m’)

%itle(* Target setup’,’ fontsize',12,’ fontweight’, bold’)
axi s square
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% Fi | enane: plotsnmuresult. m

% Aut hor : Canh Ly

% Dat e ;12 January 2001

%

% Pur pose: Plot the SMJUSIC sinulation result.

%

pl ot (snuout . seaangl e, snmuout . pnusi ¢s0, ' I'i newi dth’, 2. 0)
axi s([-3 3 0 nmax(snuout. pmnusi cs0) +7. 5])

if bw< 1E9

bwstr = [*BW= "' nun2str(bw 1E6) ‘' Mz, '];
el seif bw >= 1E9

bwstr = [*BW= ‘' nun2str(bw 1E9) ‘' GHz, '];
end

title(titlestr, fontsize' ,8, fontweight’,’bold )

x|l abel (* Azimuth angle (\circ)’)

yl abel (* dB’)

hol d on

% Pl ot the “actual’ rcs centroid of multiple scatterers
xl'inel=[ds.rcsctgtlrot(3) ds.rcsctgtlrot(3)];

yl i nel=[ max(smuout . prrusi cs0) +2. 5 max(snuout . prrusi ¢s0) +7. 5] ;
xl'ine2=[ds.rcsctgt2rot(3) ds.rcsctgt2rot(3)];

yl i ne2=[ max(smuout . prrusi ¢s0) +2. 5 max(snuout . prrusi ¢s0) +7. 5] ;

plot(xlinel,ylinel,'g-',"linenwidth ,1.5)

plot(xline2,yline2,'g-",'linewidth ,1.5);

% Shade the antenna beamn dth

xantfill=[-ant.beamni dth/2 -ant.beamn dth/2 ant.beamai dth/2 ant. beamn dt h/ 2];
yantfill=[0 max(snuout. pnusi cs0)+7.5 max(smnuout . pmusi cs0)+7.5 0] ;

tcolor=[0.7 0.7 0.7];p = fill(xantfill,yantfill,6tcolor);
set (p,’ FaceCol or’,tcol or,’ EdgeCol or’,’ None',’ FaceAl pha’,0.4);
hol d of f
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% Filenane: infofile.m
% Aut hor: Canh Ly
% Date: 17 January 2001

set (gcf, pointer’,’ arrow )

ttl Str = get(gcf,’ name’);

hipStrl =1...
‘ This graphical user interface tool lets you run and anal yze the
‘ SMUSIC algorithm It allows you to enter a conbination of
parameters necessary for the sinulation to analyze the
performance of the algorithm There are three different sections:

‘ 1. Radar Characteristics:

“ In this sections you can set Signal-to-noise ratio (SNR) in dB,

‘ the range (RANGE) a di stance between the center of the

target and the radar in neter, the total sytem bandwi dth (BW in
‘ Hertz, and the nunber of step frequencies (NFSTEPS) within

the bandwi dth by using the controls on the right of the figure.

‘ 2. Target Characteristics:

‘“ In this sections you can set the target separation (TGISEP) in
term of the antenna beamn dth, the nunber of point scatterers for
‘ each target (NPTS) the vector of target orientations (TGIORI) in
degrees, the target is whether selected froma random

‘* (Random) scatterer set or a fixed (Fixed) point target set

‘* (TGISET), the target in which the scatterers of each target have
‘ the sane anplitudes (Fixed) or random (Randon) anplitudes

‘* (TGTAMPL), and the down range offset

‘ (TGIOFFSET) in neter fromthe reference center of one target

to the reference center of the other target by using the

‘ controls on the right of the figure.

hlpStr2 =1...
3. Processing:
In this sections you can sel ect whether the process using the
conpl ex or magni tude process (COVWP/ MAG in the
‘* SMUSIC cal cul ation. Note that in the conplex process,
‘ the array manifold vector is using the magnitude antenna
‘ pattern and conplex data. In the nagnitude process, both the
array manifold vector and the data are using nagnitude. You
al so can set the nunber of subvector averages (SVA) in the
estimated correlation matrix cal cul ation.

‘ Filenane: snusicintera.m
nyFig = gcf;

hel psrmusi c(ttl Str, hl pStr1, hl pStr2);
return
\end{verbatint

\ pagebr eak

\ noi

\ basel i neski p=0Opc
\I i neski p=0Opc

\l'i neskiplimt=0pc
\ f oot not esi ze

\ begi n{verbatin}
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% Fi | enane:

snusicinit.m

% Aut hor: Canh Ly
% Date: 17 January 2001

clc;

clf;

clear all;
snusi ci nter;
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