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ABSTRACT
In this paper, we develop a new technique for information
embedding into the emission of multiple-input multiple-
output (MIMO) radar using dual-functionality platforms.
A set of orthogonal waveforms occupying the same band
is used to implement the primary MIMO radar operation.
The secondary communication function is implemented by
embedding one phase-shift keying (PSK) communication
symbol in each orthogonal waveform, i.e., the number of
embedded communication symbols during each radar pulse
equals the number of transmit antennas. We show that
the communication operation is transparent to the MIMO
radar operation. The communication receiver detects the
embedded PSK symbols using standard ratio testing. The
achievable data rate is proportional to the pulse repetition
frequency, the number of transmit elements, and the size
of the PSK constellation. The performance of the proposed
technique is investigated in terms of the symbol error
rate. Simulations examples demonstrate that data rates in
the range of several Mbps can be embedded and reliably
detected.

I. INTRODUCTION

Recently, the coexistence of radar and communications as a
solution to the radio frequency spectrum congestion problem
has been the focus of intensive research [1], [2]. Competition
over frequency spectrum between radar and communications
could be directly alleviated when both systems are allowed
to share the same resources and be deployed from a single
platform [3]–[17]. This requires the establishment of dual
system functionality where identical signals and a common
antenna array are used for both operations. Dual-function
radar-communication (DFRC) systems have been recently
introduced in a number of papers [18]–[27].

In this paper, we propose a novel signaling scheme
for information embedding in multiple-input multiple-output
(MIMO) radar. The basic idea behind this scheme is em-
bedding phase-shift keying (PSK) communication symbols
by phase-rotating the orthogonal transmit waveforms of the
MIMO radar. The phase-rotation is transparent to the radar

operation and does not alter or compromise the offerings of
the MIMO radar functionality. We derive the achievable data
rate under the proposed signaling scheme and show that the
number of symbols that can be embedded equals the product
of the number of transmit antennas and the pulse repetition
frequency (PRF). The symbol error rate (SER) performance
is investigated as a function of signal-to-noise ratio (SNR)
and the direction of the communication receiver for different
PSK constellation sizes.

The proposed signaling scheme preserves the MIMO
functionality of the radar system. It does not, however,
establish a dual MIMO radar MIMO communication system.
This is because, although, space and time dimensions are
both involved in communication signal transmissions, we
have not attempted to re-transmit the same symbol from
different antennas or code the signal at reduced rate to
combat the channel. Nevertheless, the paper paves the way
toward this objective and develops the relationships between
achievable communication data rate and existing MIMO
radar resources.

The paper is organized as follows. Sec. II presents the
MIMO radar signal model. In Sec. III, the proposed PSK
signaling scheme is developed. Simulation results are given
in Sec. IV and conclusions are drawn in Sec. V.

II. MIMO RADAR SIGNAL MODEL

Consider a dual-function system equipped with a joint
transmit array comprising 𝑀 omnidirectional transmit an-
tennas. Without loss of generality, we assumed that the
transmit antennas are co-located and arranged in an arbitrary
linear array. The radar receiver has an array of 𝑁 colocated
antennas. It is assumed that both the transmit and receive
arrays are closely spaced such that a target in the far-field
would be seen from the same direction by both arrays. Let
𝜙𝑚(𝑡), 𝑚 = 1 . . .𝑀 , be 𝑀 orthonormal waveforms, that
is,

∫
𝑇0

𝜙𝑚(𝑡)𝜙∗
𝑚′(𝑡)𝑑𝑡 = 𝛿(𝑚 − 𝑚′), where 𝑡 is the fast

time index, 𝑇0 is the waveform duration, (⋅)∗ denotes the
conjugate, and 𝛿(⋅) is the Kronecker delta function.

Assume that 𝑄 targets are located in the far-field. Then,
the 𝑁 × 1 complex vector of the received observations can
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be expressed as [28]–[30]

x (𝑡, 𝜏) =

𝑄∑
𝑞=1

𝛼𝑞 (𝜏)
[
a𝑇 (𝜃𝑞)Φ(𝑡)

]
b (𝜃𝑞) + n (𝑡, 𝜏) , (1)

where 𝜏 is the pulse number, 𝛼𝑞 (𝜏) is the reflection coeffi-
cient of the 𝑞-th target, 𝜃𝑞 is the spatial angle associated with
the 𝑞-th target, a (𝜃) and b (𝜃) are the steering vectors of the
transmit and receive arrays, respectively, (⋅)𝑇 stands for the
transpose, Φ(𝑡) ≜ [𝜙1(𝑡), . . . , 𝜙𝑀 (𝑡)]𝑇 is the 𝑀 × 1 vector
of orthogonal waveforms, and n (𝑡, 𝜏) is the 𝑁 × 1 vector
of zero-mean white Gaussian noise. In (1), the reflection
coefficients 𝛼𝑞 (𝜏) , 𝑞 = 1, . . . , 𝑄, are assumed to obey
the Swerling II target model [31], i.e., they remain constant
during the entire pulse duration, but vary independently from
pulse to pulse.

Matched filtering is employed at the radar receiver to
extract the received signal components associated with the
individual transmitted waveforms. The 𝑀 transmit wave-
forms are pre-designed according to the requirements of
the radar operation such that the orthogonality condition
is satisfied at all time delays and Doppler shifts within
the range and velocity specifications of the radar. Matched
filtering the signals at the output of the radar receiver to the
waveforms yields the 𝑀𝑁 × 1 extended virtual data vector

y (𝜏) = vec

(∫
𝑇0

x (𝑡, 𝜏)Φ𝐻 (𝑡) 𝑑𝑡

)

=

𝑄∑
𝑞=1

𝛼𝑞 (𝜏) [a (𝜃𝑞)⊗ b (𝜃𝑞)] + ñ (𝜏) , (2)

where vec (⋅) is the operator that stacks the columns of a
matrix into one column vector, ⊗ denotes the Kronecker
product, (⋅)𝐻 stands for the Hermitian transpose, and

ñ(𝜏) = vec

(∫
𝑇0

n(𝑡, 𝜏)Φ𝐻(𝑡)𝑑𝑡

)
(3)

is the 𝑀𝑁×1 additive zero-mean noise term with covariance
𝜎2
𝑧I𝑀𝑁 , and I𝑀𝑁 is the identity matrix of size 𝑀𝑁×𝑀𝑁 .

It is worth noting that, in practice, perfectly orthogonal wave-
forms occupying the same bandwidth cannot be achieved;
however, those with low cross-correlations can be used. The
problem of waveform design with low cross-correlations has
been extensively studied in the literature (see [32]–[37] and
references therein).

III. PROPOSED FORMULATIONS AND
INFORMATION EMBEDDING SCHEME

In this section, we show that MIMO radar with PSK-
embedded symbols yields the same extended virtual data
model at the radar receiver. The section also presents the
proposed PSK information embedding scheme and the cor-
responding data rate.

III-A. MIMO Radar With Waveform Phase Rotation

Let Ω = [𝑒𝑗Ω1 , . . . , 𝑒𝑗Ω𝑀 ]𝑇 be the 𝑀 ×1 vector of phase
rotations, where Ω𝑚 ∈ [0, 2𝜋], 𝑚 = 1, . . . ,𝑀 are arbitrary
phases. Define the 𝑀×1 vector of phase rotated waveforms
Ψ(𝑡) as

Ψ(𝑡) = ΠΦ(𝑡), (4)

where Π = diag{Ω} is an 𝑀 × 𝑀 diagonal matrix
and diag{⋅} stands for the operator that builds a diagonal
matrix using the elements of a vector. Note that it can be
easily verified that phase rotated waveforms Ψ(𝑡) are also
orthogonal, that is Ψ(𝑡)Ψ𝐻(𝑡) = I𝑀 .

Assume that during the 𝜏 -th radar pulse, the vector of
phase rotated waveforms Ψ(𝑡) is transmitted. Then, the 𝑁×1
complex vector of the radar received observations can be
rewritten as

x̃(𝑡, 𝜏) =

𝑄∑
𝑞=1

𝛼𝑞(𝜏)
[
a𝑇 (𝜃𝑞)Ψ(𝑡)

]
b (𝜃𝑞) + n (𝑡, 𝜏) . (5)

Matched-filtering the data (5) to the shuffled vector of
orthogonal waveform Ψ(𝑡) yields

ỹ(𝜏) = vec

(∫
𝑇0

x̃(𝑡, 𝜏)Φ𝐻(𝑡)Π𝐻𝑑𝑡

)

=

𝑄∑
𝑞=1

𝛼𝑞 (𝜏) [a (𝜃𝑞)⊗ b (𝜃𝑞)] + n̆(𝜏), (6)

where

n̆(𝜏) = vec

([∫
𝑇0

n(𝑡, 𝜏)Φ𝐻(𝑡)𝑑𝑡

]
Π𝐻

)
(7)

is the 𝑀𝑁 × 1 additive noise term with zero mean and
covariance 𝜎2

𝑛I𝑀𝑁 .
The comparison between the extended virtual signal mod-

els (2) and (6) reveals that applying phase rotation to the
transmit waveform yields the same data model at the radar
receiver except for a phase-rotated additive noise term.
In this respect, the phase rotated noise term (7) can be
expressed in terms of the noise term (3) using the following
relationship

n̆(𝜏) = [Π∗ ⊗ I𝑀 ]ñ(𝜏). (8)

It is worth noting that both sides in (8) have the same statis-
tics. Therefore, we conclude that applying phase rotation to
the orthogonal transmit waveforms as in (4) does not disturb
the radar receiver operation.

III-B. Proposed Information Embedding

In order to embed information into the MIMO radar
emission, the phases Ω𝑚 can be used as communications
symbol. Specifically, during each radar pulse, 𝑀 of such
symbols can be embedded. Assume that each communication
symbol represents 𝐵 bits of binary information. Therefore,
depending on the actual binary sequence of information
that need to be embedded, during the 𝜏 -th pulse, the phase
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symbols Ω𝑚(𝜏), 𝑚 = 1, . . . ,𝑀 , can be selected from a
predefined a dictionary of 𝐾 = 2𝐵 unique symbols. Without
loss of generality, we assume that the dictionary is uniformly
distributed within the interval [0, 2𝜋], that is,

𝔻PSK =

{
0,

2𝜋

𝐾
, . . . ,

(𝐾 − 1)2𝜋

𝐾

}
. (9)

During the 𝜏 -th pulse, the phase rotated set of orthogonal
waveforms is expressed as

Ψ(𝑡, 𝜏) = Π(𝜏)Φ(𝑡), (10)

where

Π(𝜏) = diag

{[
𝑒𝑗Ω1(𝜏), . . . , 𝑒𝑗Ω𝑀 (𝜏)

]𝑇}
(11)

Ω𝑚(𝜏) ∈ 𝔻PSK, 𝑚 = 1, . . . ,𝑀.

Assume that a single antenna communication receiver is
located at an arbitrary direction 𝜃𝑐. The direction 𝜃𝑐 is
assumed to be known to the communication receiver. Then,
the signal at the output of the communication receiver can
be modelled as

𝑟(𝑡, 𝜏) = 𝛼cha
𝑇 (𝜃𝑐)Ψ(𝑡, 𝜏) + 𝑤(𝑡, 𝜏)

= 𝛼cha
𝑇 (𝜃𝑐)Π(𝜏)Φ(𝑡) + 𝑤(𝑡, 𝜏), (12)

where 𝛼ch is the channel coefficient which summarizes the
propagation environment between the MIMO radar transmit
array and the communication receiver and 𝑤(𝑡, 𝜏) is inter-
ference plus noise additive term which is assumed to be
Gaussian with zero mean and variance 𝜎2

𝑤. In (12), 𝛼ch is
assumed to be constant during the entire coherent processing
interval. Moreover, an accurate estimate of the channel
coefficient is assumed to be known at he communication
receiver.

The communication receiver is assumed to have perfect
knowledge of the orthogonal waveforms 𝜙𝑚(𝑡), 𝑚 =
1, . . . ,𝑀 . Moreover, it is assumed that the phase synchro-
nization between the transmit array and the communication
receiver is adjusted. Matched-filtering the received data (12)
to 𝜙𝑚(𝑡) yields

𝑦𝑚(𝜏) =

∫
𝑇0

𝑟(𝑡)𝜙∗
𝑚(𝑡)𝑑𝑡

= 𝛼cha[𝑚]𝑒
Ω𝑚(𝜏) + 𝑤𝑚(𝜏), 𝑚 = 1, . . . ,𝑀,(13)

where a[𝑚] ≜ 𝑒−𝑗2𝜋𝑑𝑚 sin 𝜃𝑐 stands for the 𝑚-th entry of
a𝑇 (𝜃𝑐), 𝑑𝑚 is the displacement between the first and the 𝑚-
th elements of the transmit array measured in wavelength,
and 𝑤𝑚(𝜏) ≜

∫
𝑇0

𝑤(𝑡, 𝜏)𝜙∗(𝑡)𝑑𝑡 is the additive noise term
at the output of the 𝑚-th matched filter with zero mean and
variance 𝜎2

𝑤. Thus, the received communication signal at
the output of the 𝑚-th matched filter is a phase-shifted and
noisy version of the 𝑚-th entry of the steering vector a(𝜃𝑐),
meaning that the phase shift Ω𝑚(𝜏) can be recovered from
the received signal 𝑦𝑚(𝜏).

The following two remarks are in order:
Remark 1: The communication receiver knows its direction
with respect to the MIMO radar transmit array 𝜃𝑐. Moreover,
the communication receiver knows the physical arrangement
of the transmit array elements, i.e., it has perfect knowledge
of the displacement of the transmit array elements from
the reference element. Therefore, it is expected that the
communication receiver’s ability to cancel the phase term
𝑒−𝑗2𝜋𝑑𝑚 sin 𝜃𝑐 before it proceeds to detect the embedded
phase symbol Ω𝑚(𝜏).
Remark 2: During each radar pulse, the MIMO radar re-
ceiver has perfect knowledge of the vector of phase-rotated
waveforms Ψ(𝑡, 𝜏) and, consequently, it is able to apply the
correct matched filters to undo the phase shift from the signal
at the output of each matched filter, as explained earlier
in Sec. III-A. This, therefore, does not impact the radar’s
primary task of estimating the unknown directions of the
scatterers (targets) from the received signal.

III-C. Symbol Detection and Data Rate

Let us assume that the channel is estimated accurately. In
practice, training sequences can be periodically transmitted
to update the channel estimate and adjust phase synchro-
nization between the transmit array and the communication
receiver. The embedded phase symbols can be estimated as

Ω̂𝑚(𝜏) = angle
(
𝑦𝑚(𝜏)

)− 𝜑ch + 2𝜋𝑑𝑚 sin 𝜃𝑐, (14)

where angle(⋅) stands for the angle of a complex number
and 𝜑ch is the phase of the channel coefficient. Once the
embedded phase is estimated, the communication receiver
compares the estimates to the dictionary 𝔻PSK to find the
embedded communication symbols and convert them into
the corresponding binary sequence.

It is worth noting that the number of phase symbols which
can be embedded during a single pulse repetition interval
(PRI) equals the number of transmit antennas. Therefore, the
achievable data rate in bits per second (bps) can be expressed
as

𝑅 = 𝐵 ×𝑀 × PRF. (15)

In radar applications with a high PRF, such as in X-band
radar, a data rate in the range of Mbps can be easily achieved
as will be discussed in Sec. IV below.

IV. SIMULATION RESULTS

In the simulations, we consider a MIMO radar operating
in the X-band with carrier frequency 𝑓 = 8 GHz and
bandwidth 500 MHz. The sampling frequency is taken as
the Nyquist rate, i.e., 𝑓𝑠 = 5 × 108 sample/sec. The PRI
is taken as 𝑇𝑜 = 10 𝜇𝑠, i.e., the PRF is 100 KHz. The
transmit array is considered to be a uniform linear array
consisting of 𝑀 = 12 antennas spaced half a wavelength
apart. To implement the MIMO radar, we generate two types
of waveforms which are referred to, hereafter, as random
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Fig. 1. Real-part, imaginary-part, and magnitude of 𝜙1(𝑡);
random waveform.

and unimodular waveforms. The former enables realizing
orthogonal waveforms with ultra low cross-correlations but
practically unattractive because of their high peak to average
ratio which means poor transmit power efficiency. The
latter enables the transmit array to use the highest transmit
power rating but may exhibit high cross-correlation levels.
Random realizations of 12 Gaussian noise signals are used to
obtain random signals. Unimodular signals are generated as
random realization of phase noise waveforms with uniform
amplitude. Although the used types of waveforms are not
necessarily optimal, we use them as it is straightforward
to generate multiple but dissimilar signals. Fig. 1 shows
the real-part, imaginary-part, and the magnitude of 𝜙1(𝑡)
for the used random signal. The random waveforms are
used without considering transmit power amplifier distortion
effects. We investigate the SER performance of the proposed
information embedding technique using BPSK, QPSK, 16-
PSK, and 256-PSK constellations. This corresponds to data
rate of 𝑅 = 1.2, 2.4, 4.8, and 9.6 Mbps, respectively. To
test the SER performance, a total number of 12×107 random
symbols are used. Fig. 2 shows the SER versus signal-
to-noise ratio (SNR) for all constellation sizes considered.
The figure shows that the smaller the constellation size is,
the better the SER performance will be. The figure also
depicts that for BPSK, QPSK, and 16-PSK constellations,
the SER associated with unimodular waveforms is almost
the same as that of the random waveforms. However, for
the 256-PSK constellation, the performance of unimodular
waveforms is worse than random waveforms due to the high
cross-correlation levels between the unimodular waveforms.
Fig. 3 shows the SER versus angle for all constellation sizes
considered while the SNR is fixed to 10 dB. The figure shows
that the SER performance is flat for all constellation, i.e., the
detection performance is not sensitive to the direction of the
communication receiver. This can be attributed to the omni-

0 5 10 15 20 25 30 35 40 45 50
10

−10

10
−8

10
−6

10
−4

10
−2

10
0

SNR (dB)

S
ym

bo
l e

rr
or

 ra
te

 

 

BPSK (unimodular waveforms)
BPSK (random waveforms)
QPSK (unimodular waveforms)
QPSK (random waveforms)
16−PSK (unimodular waveforms)
16−PSK (random waveforms)
256−PSK (unimodular waveforms)
256−PSK (random waveforms)

Fig. 2. SER versus SNR.

−80 −60 −40 −20 0 20 40 60 80
10

−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

Angle (Degree)

S
ym

bo
l e

rr
or

 ra
te

 

 

BPSK (unimodular waveforms)
BPSK (random waveforms)
QPSK (unimodular waveforms)
QPSK (random waveforms)
16−PSK (unimodular waveforms)
16−PSK (random waveforms)
256−PSK (unimodular waveforms)
256−PSK (random waveforms)
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directional transmission of MIMO radar and, as a result, the
communication user receives the same power regardless of
its direction.

V. CONCLUSION

A new technique for information embedding into the
emission of MIMO radar using dual-functionality platforms
was developed. The secondary communication function is
achieved by embedding one PSK communication symbol in
each orthogonal waveform. The number of communication
symbols that can be embedded during each radar pulse
equals the number of transmit antennas. It was shown that
the secondary communication operation is transparent to
the primary MIMO radar operation of the dual-functionality
system. The achievable data rate is proportional to the PRF,
the number of transmit elements, and the size of the PSK
constellation bits, leading to a rate in the range of several
Mbps. The performance of the proposed technique was
investigated in terms of the symbol error rate.

2016 24th European Signal Processing Conference (EUSIPCO)

1616



REFERENCES

[1] H. Griffiths, S. Blunt, L. Chen, and L. Savy, “Challenge problems in
spectrum engineering and waveform diversity,” in Proc. IEEE Radar
Conf. (RadarCon 2013), Ottawa, Canada, Apr.–May 2013, pp. 1–5.

[2] C. Baylis, M. Fellows, L. Cohen, and R. J. Marks, “Solving the
spectrum crisis: Intelligent, reconfigurable microwave transmitter am-
plifiers for cognitive radar,” IEEE Microwave Mag., vol. 15, no. 5,
pp. 94–107, July-Aug. 2014.

[3] H. Griffiths, L. Cohen, S. Watts, E. Mokole, C. Baker, M. Wicks, and
S. Blunt, “Radar spectrum engineering and management: Technical
and regulatory issues,” Proc. IEEE, vol. 103, no. 1, pp. 85–102,
Jan. 2015.

[4] J. R. Guerci, Cognitive Radar: The Knowledge-Aided Fully Adaptive
Approach. Norwood: Artech House, 2010.

[5] S. Haykin, Cognitive Dynamic Systems: Perception-Action Cycle,
Radar and Radio. Cambridge University Press, 2012.

[6] A. J. Goldsmith and L. J. Greenstein, Principles of Cognitive Radio.
Cambridge University Press, 2012.

[7] F. Paisana, N. Marchetti, and L. A. DaSilva, “Radar, TV and cellular
bands: Which spectrum access techniques for which bands?” IEEE
Commun. Surveys & Tutorials, vol. 16, no. 3, pp. 1193–1220, Third
Quarter 2014.

[8] H. Deng and B. Himed, “Interference mitigation processing for
spectrum-sharing between radar and wireless communications sys-
tems,” IEEE Trans. Aerospace Electron. Syst., vol. 49, no. 3, pp. 1911–
1919, July 2013.

[9] D. W. Bliss, “Cooperative radar and communications signaling: The
estimation and information theory odd couple,” in Proc. IEEE Radar
Conf. (RadarCon 2014), Cincinnati, OH, May 2014, pp. 50–55.

[10] Z. Geng, H. Deng, and B. Himed, “Adaptive radar beamforming
for interference mitigation in radar-wireless spectrum sharing,” IEEE
Signal Process. Lett., vol. 22, no. 4, pp. 484–488, Apr. 2015.

[11] H. T. Hayvaci and B. Tavli, “Spectrum sharing in radar and wireless
communication systems: A review,” in Proc. Int. Conf. Electromag-
netics in Advanced Applications (ICEAA 2014), Palm Beach, Aruba,
Aug. 2014, pp. 810–813.

[12] J. R. Guerci, R. M. Guerci, A. Lackpour, and D. Moskowitz,
“Joint design and operation of shared spectrum access for radar and
communications,” in Proc. IEEE Int. Radar Conf. (RadarCon 2015),
Arlington, VA, May 2015.

[13] A. Khawar, A. Abdelhadi, and C. Clancy, “Target detection perfor-
mance of spectrum sharing MIMO radars,” IEEE Sensors Journal,
vol. 15, no. 9, pp. 4928–4940, Sept. 2015.

[14] L. Wang, J. McGeehan, C. Williams, and A. Doufexi, “Application
of cooperative sensing in radar-communications coexistence,” IET
Communications, vol. 2, no. 6, pp. 856–868, July 2008.

[15] K.-W. Huang, M. Bica, U. Mitra, and V. Koivunen, “Radar waveform
design in spectrum sharing environment: Coexistence and cogni-
tion,” in Proc. IEEE Radar Conf. (RadarCon 2015), Arlington, VA,
May 2015, pp. 1698–1703.

[16] S. C. Surender, R. M. Narayanan, C. R. Das, “Performance analysis of
communications & radar coexistence in a covert UWB OSA system,”
in Proc. IEEE Global Commun. Conf. (GLOBECOM 2010), Miami,
FL, Dec. 2010, pp. 1–5.

[17] Y. L. Sit, C. Sturm, L. Reichardt, T. Zwick, and W. Wiesbeck, “The
OFDM joint radar-communication system: An overview,” in Proc. Int.
Conf. Advances in Satellite and Space Commun. (SPACOMM 2011),
Budapest, Hungary, Apr. 2011, pp. 69–74.

[18] S. D. Blunt, M. R. Cook, and J. Stiles, “Embedding information into
radar emissions via waveform implementation,” in Proc. Int. Wave-
form Diversity & Design Conf., Niagara Falls, Canada, Aug. 2010,
pp. 8–13.

[19] J. Euziere, R. Guinvarc’h, M. Lesturgie, B. Uguen, and R. Gillard,
“Dual function radar communication time-modulated array,” in Proc.
Int. Radar Conf., Lille, France, Oct. 2014.

[20] A. Hassanien, M. G. Amin, Y. D. Zhang, and F. Ahmad, “A dual
function radar-communications system using sidelobe control and
waveform diversity,” in Proc. IEEE Int. Radar Conf., Arlington, VA,
May 2015, pp. 1260–1263.

[21] Hassanien, A., Amin, M., Zhang, Y., Ahmad, F., “Dual-Function
Radar-Communications Using Phase-Rotational Invariance,” in Proc.
European Signal Processing Conf. (EUSIPCO’2015), Nice, France,
Aug.-Sept. 2015.

[22] A. Hassanien, M. G. Amin, Y. D. Zhang, and F. Ahmad, “Dual-
function radar-communications: Information embedding using side-
lobe control and waveform diversity,” IEEE Trans. Signal Processing
vol. 64, no. 8, pp. 2168–2181, Apr. 2016.

[23] A. Hassanien, M. G. Amin, Y. D. Zhang, F. Ahmad, and B. Himed,
“Non-coherent PSK-based dual-function radar-communication sys-
tems,” in Proc. IEEE Radar Conf., Philadelphia, PA, May 2016.

[24] E. BouDaher, A. Hassanien, E. Aboutanios, and M. G. Amin,
“Towards a dual-function MIMO radar-communication system,” in
Proc. IEEE Radar Conf., Philadelphia, PA, May 2016.

[25] A. Hassanien and M. G. Amin, “Radar system design for dual-
functionality platforms,” Sensor Array and Multichannel Signal Pro-
cessing Workshop, Rio de Janeiro, Brazil, July 2016.

[26] A. Hassanien, M. G. Amin, Y. D. Zhang, and F. Ahmad, “Signal-
ing strategies for dual-function radar-communications: An overview,”
IEEE Aerospace and Electronic Systems Magazine, 2016.

[27] A. Hassanien, M. G. Amin, Y. D. Zhang, and F. Ahmad, “Phase-
modulation based dual-function radar-communications,” IET Radar,
Sonar & Navigations, 2016.

[28] J. Li and P. Stoica, MIMO Radar Signal Processing. Wiley, 2009.

[29] Hassanien, A., Vorobyov, S., “Why the phased-MIMO radar outper-
forms the phased-array and MIMO radars?” in Proc. 18th European
Signal Processing Conf., Aalborg, Denmark, Aug. 2010, pp. 1234–
1238.

[30] A. Hassanien and S. A. Vorobyov, “Transmit energy focusing for
DOA estimation in MIMO radar with colocated antennas,” IEEE
Trans. Signal Processing, vol. 59, no. 6, pp. 2669–2682, June 2011.

[31] M. I. Skolnik, Introduction to radar systems, 3rd ed. New York, NY:
McGraw-Hill, 2001.

[32] X. Song, S. Zhou, and P. Willett, “Reducing the waveform cross
correlation of MIMO radar with spacetime coding,” IEEE Trans.
Signal Process., vol. 58, no. 8, pp. 4213–4224, Aug. 2010.

[33] L. Patton, C. Bryant, and B. Himed, “Radar-centric design of wave-
forms with disjoint spectral support” in Proc. IEEE Radar Conference
(RadarCon), May 2012, pp. 1106–1110.

[34] A. Aubry, A. De Maio, M. Piezzo, and A. Farina, “Radar waveform
design in a spectrally crowded environment via nonconvex quadratic
optimization,” IEEE Trans. Aerospace and Electronic Systems,
vol. 50, no. 2, pp. 1138–1152, Apr. 2014.

[35] A. Aubry, A. De Maio, Y. Huang, M. Piezzo, and A. Farina,“A
new radar waveform design algorithm with improved feasibility for
spectral coexistence,” IEEE Trans. Aerospace and Electronic Systems,
vol. 51, no. 2, pp. 1029–1038, Apr. 2015.

[36] L. Lo Monte, B. Himed, T. Corigliano, and C. J. Baker, “Performance
analysis of time division and code division waveforms in co-located
MIMO,” in Proc. 2015 IEEE Int. Radar Conf. (RadarCon 2015),
Arlington, VA, May 2015, pp. 794–798.

[37] J. Jakabosky, S. D. Blunt, and B. Himed, “Waveform design and
receive processing for nonrecurrent nonlinear FMCW radar,” in
Proc. 2015 IEEE Int. Radar Conf. (RadarCon 2015), Arlington, VA,
May 2015, pp. 1376–1381.

2016 24th European Signal Processing Conference (EUSIPCO)

1617



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


