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Abstract. An orbital angular momentum directional modu-
lation (OAM-DM) signal is proposed for communication
and guidance integration. This signal is transmitted by
a uniform circular antenna array (UCA). We divide the
array into odd and even antenna groups. Each group is
excited by differential coded digital modulation waveform

to send different signal constellations in different directions.

In order to improve the performance of angle estimation,
we have designed specific phase shift sequences to obtain
the different OAM modes. Mode detection can eliminate
multiple value ambiguity of elevation and azimuth angles.
The single antenna receiver can demodulate the OAM-DM
signal to communicate, detect OAM modes and estimate
angles in different directions. Finally, we assess the
effectiveness of the proposed approach via numerical
simulation.

Keywords

Directional modulation, signal design, orbital angular
momentum

1. Introduction

Electromagnetic radiation can carry orbital angular
momentum (OAM) [1], [2], and OAM beams of different
OAM modes have orthogonality with each other [3]. Due
to direction information of OAM beam [4-7], it has poten-
tial application in directional modulation (DM) technology.
At present, there are some methods to generate OAM beam
[8-12]. In the field of radio frequency, UCA has been
extensively studied for its flexibility in generating various
OAM modes. Researchers have already realized the detec-
tion of OAM mode [13-16]. However, there are still fewer
detection methods for OAM mode in communication and
guidance integration. More recently, application of OAM
beam has attracted a lot of interest in radar detection or
communication [17-21]. In the face of the increasing threat
of a weapon platform and complex electromagnetic envi-
ronment, the single electronic equipment is not enough to
meet the needs of diversified battlefield guidance. Radar
communication integration can realize the information and
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data transmission among wireless devices at the same time
of target detection and tracking [22]. At present, there are
researches on radar communication integration in which
the signal waveform design is an important part of radar
communication integration [23]. The paper focuses on the
waveform design of dual-function multiple-input-multiple-
output (MIMO) radar communication system and intro-
duces low-complexity algorithms [24]. Considering the
similarity of radar and communication in both software and
hardware, a co-design integrated waveform of radar and
communication based on the multi antenna system is pre-
sented in [25]. The optimal combination of the two sub
beams and the quantization of the beam form vector that
generates the combined beam are investigated in [26]. In
[27], a novel multi beam framework using steerable analog
antenna arrays, which allows seamless integration of com-
munication and sensing, is studied.

DM can realize the directionality of the signal, ensure
the safe transmission of the desired direction signal, and
interfere with the constellation of the signal in the unex-
pected direction [28]. In [28], the DM technology based on
phased array needs to take place in the radio frequency
stage instead of the conventional baseband modulation,
which mainly considers the constellation diagram of the
baseband digital modulation signal synthesized in the de-
sired direction. The double beam signal based on DM in
[29] is a kind of spatial spread spectrum signal which mod-
ulates the spread spectrum sequence and spatial orientation
information together. In [30], the baseband terminal syn-
thetic DM signal adopts the artificial noise, which is
orthogonal to the desired direction, and the constellation of
the signal keeps dynamic change, so that the eavesdropper
cannot track the change rule of the constellation of the
signal, so it is difficult to track and decode the useful infor-
mation. The research in [31] is extended to multi beam DM
system on the basis of [30]. Therefore, DM technology
combined with OAM beam has a special application pro-
spect in radar communication integration.

In this study, we combine directional characteristics
of OAM beam radiation pattern with DM technology to
produce a new type OAM signal, which can transmit differ-
ent modulation signal constellation in different directions,
for communication and guidance. The single antenna can

SIGNALS



564 CHANGJU ZHU, MAOZHONG SONG, XIAOYU DANG, DESIGN OF OAM BEAM DIRECTIONAL MODULATION SIGNAL ...

estimate the angle and transmit digital information in radar
communication integration.

The remainder of this paper is organized as follows.
In Sec. 2, the design idea of combining DM technology
with OAM beam is given. Methods of OAM-DM signal
design and the demodulation are proposed in Sec. 3. Sec-
tion 4 introduces the angle estimation method using dual
OAM beams. Then, Section5 evaluates the proposed
scheme and analyzes the angle estimation accuracy of dif-
ferent OAM beams. Finally, conclusions are drawn in
Sec. 6.

2. Design of OAM-DM

The study of OAM beam radiation pattern shows that
the direction of OAM beam main lobe will change with the
change of OAM mode. Different OAM beams have differ-
ent directional information. Thus, we combine the DM
technology to modulate the OAM mode information into
the designed signal. The signal constellation of different
OAM modes will be different. Finally, different DM sig-
nals are transmitted to different directions.

Figure 1 shows that UCA is used to generate different
mode OAM beams. The number of UCA elements is 2M,
the radius of UCA is r, the wavelength is A and the fre-
quency is f. Parameters 0 and y represent the elevation and
azimuth angle of the receiver, respectively. The azimuth
angle of the m"™ element is y,. The phase difference ¢ be-
tween excitation signals of adjacent elements in UCA can
be written as [32]

7l
= 1

ay: (1)
where [ is the mode of the OAM beam, M is half the num-
ber of UCA elements. In theory, the mode of the OAM can
be an arbitrary real number. The relationship between the
generating mode and the number of antenna array elements
can be obtained by [33].

1] < M. 2)

The range of phase difference between adjacent ele-
ments satisfies ¢ € (—n, ). We design two sets of excita-
tion signals for the odd and even array elements in UCA.
Then, the two groups of signals are coded to modulate the
phase difference ¢ between odd and even array elements
into the signal. The modulation method can connect the
phase difference ¢ with the quaternary digital information
to complete the communication. The receiver can get the
mode value of OAM beam by demodulating the phase
difference ¢, and then get the OAM beam pattern infor-
mation to estimate the angle. In this process, the basic UCA
information, which the receiver needs, will be transmitted
by communication.

The design of DM signal can be used for both com-
munication and angle estimation. This modulation method
also provides a new thinking for OAM mode detection.

Odd group phase
si(m,t o
_> shifting network _I

shifting network

_,| Even group phase

Receiver

Fig. 1. Diagram of transmission OAM-DM signal.

3. Modulation and Demodulation of
Signal

3.1 Signal Modulation

In this paper, both elevation angle and azimuth angle
estimations of the target by dual OAM beams are closely
related to the OAM mode. The receiver can estimate the
elevation and azimuth as long as the mode of OAM beam
is detected. The designed OAM-DM signal contains OAM
mode information.

As shown in Fig. 1, antennas in UCA are divided into
odd and even group. Then, the odd array elements are ex-
cited by s,(n,7) =, (n)coswt + ¢, (n)sinwt and phase shift
{exp(32y,),exp(jlys)s-» eXp(jl¥ 30}
tively, while the even array elements are excited by
8,(n,t) =c, (n)coswt + ¢, (n)sinwt and phase shift se-
quence {exp(jly,),exp(jly,)s-..exp(jly, )}
Where, w is the carrier angular frequency of the transmit-
ting signal, ¢; €[-10,1] (i,j=1,2) is the element of the

sequence respec-

respectively.

encoding matrix, y,,_; and p,, are azimuth angles of the
antenna elements in UCA. The received signal r(n,t,m) can
be written by

r(n, t,m) =
g(1,2m —1)exp[ - jo(1,2m - 1)]} 3)
g(2,2m)exp[ — jo(2,2m)]

cos[awt —p(1,2m —1)]
sin [t —(1,2m —1)] |’

[sl(n, t) s,(n, Z)]{

=[a,(n) aQ<n)]{

g(L,2m—1) = exp[jkrsindcos(y —,, )],
g(2,2m) = exp[jkrsinocos(y —y,,,)], 4)
o(L,2m-1)=1y,, |,

P(2,2m)=1y,,

where m represents the m™ element, k&=27/J, J is the eleva-
tion angle, y is the azimuth angle, a,(n) and aq(n) are equiv-
alent baseband signals. The equivalent complex baseband
signal a(n) can be expressed as
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_g(l, 2m—1)+g(2,2m)cos(¢) i

a(n) = a,(n) + jag(n),
ay (n) = ¢, (m)g(1,2m =1) + ¢;,(n)g(2,2m)cos p
)

+¢y,(n)g(2,2m)sing,
o (n)=c,(n)g(1,2m —1) - ¢, (n)g(2,2m)sing

+ ¢y, (n)g(2,2m)cos e
where @ =@(2,2m)—@(1,2m—1). The matrix K can be
obtained from equivalent complex baseband signal a(n).

K =[g(1,2m—1) g(2,2m)cosp g(2,2m)sing]". (6)
The transmit signal is divided into n frames, and the
n™ frame has two chirps which are expressed by
An)=[a,(Ln) ay(Ln) a,(2,n) a,2m]". ()

2(2,2m)sin(p)
—g(1,2m—1)+g(2,2m)cos(¢) | "
| g(2,2m)sin(p)

[—g(2,2m)sin( )
g(1,2m—1)+g(2,2m)cos(p) !
:Z,, =

—g(2,2m)sin( @)
| —g(1,2m~1)+g(2,2m)cos(y) | (10)

A(n)=-_ _
—g(1,2m—1)—g(2,2m)cos(p)

—2(2,2m)sin( @)
g(1,2m—1)—g(2,2m)cos(p) | "

| —g(2,2m)sin(@)

_g(2, 2m)sin( )
-g(1,2m—-1)—g(2,2m)cos(p) 3
,Z, = 3.

2(2,2m)sin(p)

Design the modulation matrix P(n) of differential
| g(1.2m 1)~ g(2.2m)cos(p) |

coding to obtain the differential iteration relation.
P(n)=(G™)"P(n-1) @®)

where z, is the data sequence to be transmitted, z,= 0,1,2,3.

Figure 2 shows the signal constellation and the modu-

lation relationship of the spatial parameters. The constella-
tion will be distorted with the change of OAM mode. The

P(1) is an initialization matrix.
1 1 0 0 1 0 O
0 0 1 -1 0 0 0 . . .
P(1)= ,G= relationship among two QPSK (Quadrature Phase Shift
-1 1 0 0 0 0 1 Keying) signals and the phase difference ¢ can be seen
0 0 1 0O 0 -1 0 from the constellation.
The iterative relation of the modulation matrix A(n) is The equations of spatial modulation are
obtained by a(l,n)—a(2,n)=2g(1,2m-1), (11)
A(n)=P(mK. ©) a(l,n) +a(2,n) = 22(2,2m)(cosp + jsing)  (12)
where a(i, n) = a|(i, n) + jag(i, n) is the equivalent complex
signal (i =1,2). From (11) and (12), it is obvious that the
@ equals to the angle between

difference

After coding and modulation, the signal when trans-
phase
a(1,n) — a(2,n) and a(1,n) + a(2,n).

mitting data z, in the n™ frame can be expressed as
A
Q Py

3.2 Signal Demodulation
Due to the distortion of the OAM-DM signal constel-
lation, the receiver is not suitable for the conventional
QPSK signal demodulation method to demodulate OAM-
DM signal, which can improve the communication security

performance for communication and guidance integration.
Therefore, we propose a differential modulation method of

a(l,n)

OAM-DM signal.
The differential equation of the received signal phase

can be expressed as
T =12 (13)

o@i,n)=¢(i,n—1)+ >

The microwave field from the transmitter to receiver
will be introduced a delayed phase ¢ and an amplitude

Fig. 2. The modulation relationship of the spatial parameters.
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attenuation p. Then the received signal V(in) in the
equivalent baseband form is written as

V(i) = pa(in)exp(—jf). (14)
The carrier phase ¢ in the receiver can be derived by

the following equation.
V(l,}’l) B V(Z,}’l)

exp(— i) = —.
\/{Re[V(l,n) Ve

+H{Im[V (Ln) -V (2,n)]}

The differential demodulation relation of the received
signal V(i,n) is given by

(16)

V(i,n) =V (i —1)exp(j Z"z”

where i = 1,2. The data sequence z, can be calculated based
on the theory of maximum likelihood estimation.

VA, (1n-1)

equ”;" . LV(Z,n)V*(Z,n—l)} |
2 [vn-0)r (-1

LV(Z,n—l)V*(Z,n—l)}

(17

The digital information demodulated by (17) indicates
that the receiver can receive the digital information of the
transmitter. Due to the existence of positive and negative
values of the OAM mode values, it is necessary to
distinguish positive and negative values for the
demodulation phase difference ¢. Therefore, the phase
difference can be demodulated by arcsine function. The
phase difference ¢ between odd and even group of UCA is
obtained by

Im[V (1,n)+V(2,n)]

. (18)
JIV L) +V Qm)V (1Ln)+V (2,m)]

@ =arcsin

The mode value of OAM beam can be calculated by
;Mo (19)
V4

The estimating phase difference ¢’ exists the multiple
values in (18). And the relationship between the number of
antennas in UCA and the OAM mode is / € [-M/2, M]. The
recognition range of ¢’ is [-7/2, z]. The phase difference ¢
should be [-7/2, m). So the range of demodulation helical
phase difference ¢’ is also [-#/2, 7). In this paper, we only
use eight specific modes of OAM beams. Therefore, the

demodulated phase can satisfy the needs of this study.

The parameters g(1,2m—1) and g(2,2m) can be
calculated by
V{,n)=V(2,n) ’ (20)
2
V(,n)+V(2,n)

2

g(,2m—1)=

g(2.2m) = exp(—jp). (2D

In fact, when UCA generates OAM beam, g(1,2m—1)
= g(2,2m). Thus, the radiation pattern g; of OAM beam can
be obtained by

-1

o | £ @2m—Dexp(—jr 221 1y
gl:Z

"1 4 g (2,2m)exp(— jl‘%";;) (22)

Zg(l 2m— 1)+g(2 2m)

exp(~jl 7).
m=1

The transmitter sends the necessary parameters of
UCA to the receiver, which demodulates the pattern infor-
mation of OAM beam. In summary, we can use the single
receiver to detect the OAM mode, the radiation pattern and
the propagation phase. Thus, the estimation of elevation
angle and azimuth angle can be completed. The receiver
only needs to receive the information of the transmitter,
and does not need to return the information to the transmitter.

4. Angle Estimation of Single
Receiving Antenna

4.1 Elevation Angle Estimation

The radiation pattern is independent of azimuth and
symmetric around the beam axis. According to the property
of Bessel function, the intensity is null along the beam axis
when /# 0. The angle of maximum gain is determined by
wavenumber, array radius, and OAM mode. When the
array parameters are fixed, the angle of maximum gain will
change with OAM modes.

Figure 3 plots the elevation profile of the radiation
pattern of eight OAM beams with M =25, »=0.05 m and
f=9 GHz. For each mode, the lobe near beam axis pos-
sesses maximum gain, called main lobe. The radiation
intensity of a single mode OAM beam corresponds to mul-
tiple elevation angles. Thus, it is not easy to locate the
target in the entire main-lobe region no matter what the
elevation angle is. However, elevation angle ranges of
different OAM beams exist intersection region. OAM
beams of two adjacent mode values can eliminate elevation
multiple values.

Elevation angle-measuring ranges of eight OAM
beams are as follows (Sampling interval is 0.05°). |/| = 1:

[5.50°, 17.00°]; |/ =2: [11.75°, 25.20°]; || =3: [17.9°,
33.35°]; |/] = 4: [24.1°, 41.8°]; |I| = 5: [30.35°, 50.8°]; |/| = 6
[36.55°, 60.2°]; |I] =7: [42.5°, 68.6°]; || =8: [47.75°,

74.05°]. We use the radiation intensity of dual-OAM beam
to map the elevation angle. OAM mode detection can lock
the mapping in a certain range to eliminate the influence of
other OAM beams on elevation angle measurement.

Elevation angle estimation ranges of each two
adjacent OAM modes are as follows. || =1, 2: [11.75°,
17.00°], |/|=2,3:[17.9° 25.2°], || =3, 4: [24.1°, 33.35°],
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0 30 60 90
Elevation angle ¢ (°)

Fig. 3. Elevation profile of OAM radiation pattern: the angle
of maximum gain increases with OAM mode| / |.

| = [30.35°,41.8°], || =5, 6: [36.55°, 50.8°]
[42. 5° 60 2°, || =7, 8: [47.75°, 68.6°]. We use the
radiation intensity ratio of OAM beams to map the
elevation angle.

According to radiation patterns of OAM beams in
Fig. 3 and [19], OAM beam width increases with the in-
crease of the mode, which makes the range of angle meas-
urement larger. However, the radiation intensity will de-
crease, which will affect the accuracy of angle measure-
ment. The application of large mode OAM beam is a diffi-
culty in the future research. Therefore, eight kinds of OAM
beams are properly selected for the study of communica-
tion guidance integration, instead of more OAM modes.

4.2 Azimuth Angle Estimation

The phase front of the OAM beam is related to the
OAM mode value. The phase varies by 2z/ rad in a wave-
length. The phase of the OAM beam can be correlated with
the azimuth of the receiver by the wavelength A and propa-
gation distance D. The intensity patterns have a singularity
in the center of the main beam [34]. We derive the phase
propagating characteristics of OAM beam with distance D
which can be written as

2o )

Without losing generality, take /=1 as an example.
The phase of the detected OAM beam at the receiver is the
azimuth of the receiver when / = 1 and d =al (00=0, 1,
2,...). Therefore, when « is not an integer, the azimuth
angle of the receiver needs an angle compensation value. It
can avoid measuring the propagation distance D that the
phase difference between dual OAM beams at the receiver
is mapped to the phase of dual OAM beams. When /=1,
the propagation phase of the OAM beam received by the
receiver is the azimuth angle of the receiver. When /=1,
2,..., [|max, the phase changes 27/ rad in a wavelength. In
Fig. 4, dotted lines represent the phase propagation charac-
teristics of different modes. In a wavelength, the relation-

(23)

,{1=6,7:

ship between phase propagation and distance can be ex-
pressed as a piecewise function, which can be written as

v, =2Z2h@-520, [de.a)
R L .
_ 4Tt M
=— L sk, =1,2,..00)

where k is the &A™ period in a wavelength. Without losing
generality, we set the OAM mode of each group as /,> [},
then =1+ 1. As shown in Fig. 4, the phase propagation
of OAM beam varies periodically with the propagation
distance in a wavelength, and the number of periods is
equal to the mode value. Write (24) as
Ay =y, -y, (25)
In Fig. 4, the solid line is obtained by the propagation
phase difference between two OAM beams in a wavelength,
and the dotted line indicates that the propagation phase of
OAM beam is periodically changing, with the range of
[0,27] and the number of periods of phase change is |/| in
a wavelength. From these changes, it is deduced that there
is no multi-value of the propagation phase difference be-
tween two OAM beams with modes /; and /; in a wave-
length. According to the phase difference subsection curve
in Fig. 4(a)—(f), in a wavelength, there is always a one-to-
one correspondence between the propagation phase differ-
ence and the propagation distance of two OAM beams with
modes /; and /,, and the propagation phase difference func-
tion can be divided into 2/; segments. Thus, the interval of
the phase difference Ay in a wavelength is divided into 2/,
i=12,...2xmin{/,b}, i is the i™ interval. The relationship
between the propagation distance d; and Ay in a wave-
length is

__ Ay
2i-1 T 4 7 7N . .
272'(12 _ll) dl- c [ (21 - 2)/1 ’ (21 - 1)1 ]i' (26)
_ Ay -2z I A
2, 1)

Therefore, the receiver detects the propagation phase
of OAM beam to map the distance d in a wavelength,
which can avoid directly measuring the propagation dis-
tance D. The value range of distance d is [(a — 1), al], a
represents the a™ wavelength. In this way, we can obtain
the azimuth compensation value. The compensation value
of azimuth angle can be obtained by

a2y d el(a-Di.al],
2 la=1,2,3,.

27)

The number of azimuth multiple values is equal to the
mode value. Multiple azimuth angles can be expressed as

y o+ 2x(Jl|-h)
Y T —
[
where % denotes the A" multi-value. We still use dual
beams to eliminate multiple values.

-y, hellL]l|] (28)
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Fig. 4. The mapping relationship between propagation phase
difference and azimuth compensation in a wavelength
(A=1/30 m).

5. Simulation Results and Discussion

In this section, we simulate the communication bit
error rate (BER), OAM mode detection and angles estima-
tion of the scheme on MATLAB platform. In the simula-
tion, 1000 OAM-DM signals are randomly generated under
different SNRs.

SNR = (Ey/Ny) x (Ry/W), where Ey, denotes the energy
per unit bit, Ny denotes the noise power spectral density, R,
is the bit transmission rate, W is the equivalent noise band-
width of the receiver. W changes with the modulation mode.
When QPSK is adopted, W is 1 xR, When BPSK
modulation is adopted, W is 2 x Ry, then SNR = E;/(Ny/2).
In this paper, QPSK modulation is adopted. Therefore,
SNR = Eb/N 0-

Figure 5 shows the BER performance in Additive
White Gaussian Noise (AWGN) channel. The BER de-
creases with the increase of SNR. We choose the higher
SNR for the best guidance performance test of OAM-DM
signal. In following simulations, 1000 OAM-DM signals
are generated under SNR of 15 dB. The phase difference ¢
and OAM mode, which receiver demodulates, are given in
Tab. 1 and Tab. 2. Detecting the mode of OAM beam at
receiver is the key factor in elevation and azimuth angle
estimation.
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Fig. 5. Performance of the bit error rate in AWGN channel.
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Tab. 1. Modulation phase ¢ and demodulation phase ¢".
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Tab. 2. Emission mode / and detection mode /".
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Fig. 6. Elevation angle mapped by ratio of radiation intensity.

As shown in Fig. 6, in a monotonic interval, the ratio
and elevation angle always correspond one to one. The
higher the slope of the elevation angle estimation curve, the
higher the sensitivity. However, the monotone interval of
the curve is intersected, which makes the angle estimation
appear multiple values. We can use OAM mode detection
to distinguish multiple values.

Essentially, the positive and negative values of OAM
beam modes have no effect on the elevation angle estima-
tion. The root mean square error (RMSE) of elevation an-
gle is shown in Tab. 3. However, the larger the mode value
| /| of OAM beam is, the larger the width of the main lobe
will be, which will reduce the sensitivity of elevation angle
estimation and lead to the increase of elevation angle esti-
mation error. Therefore, the OAM beam with large mode
can be used for rough estimation and the OAM beam with
small mode can be used for precise estimation.

Figure 7 plots multivalued curves of different modes.
Multiple azimuth angles can always map an azimuth angle
y. For the estimation of azimuth angle, mode values of
OAM beams are equal sign or negative sign. For the con-
venience of azimuth angle estimation, the mode values of
dual-OAM beam should be taken as a positive sign or
a negative sign at the same time. The azimuth angle corre-
sponding to each curve can be also distinguished by mode
detection. As shown in Fig. 7(a)—(f), when the receiver
only receives the propagation phase of one OAM beam, no

/ 1,2 12,3]3,4]4,5]5,6]6,7]7,8
RMSE (°) 1 0.07 ] 0.08 ] 0.15 ] 0.18 | 0.30 | 0.52 | 1.02

Tab. 3. RMSE of elevation angle.
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Fig.7. The mapping relationship between azimuth angle
multi-value and azimuth angle

/ 1 2,3 13,4145]15,6]6,7]7,8
RMSE (°) ] 0.02 | 0.03 { 0.03 | 0.03 | 0.04 | 0.06 | 0.09

Tab. 4. RMSE of azimuth angle.

matter whether the mode value is detected or not, the
mapped azimuth angle has multiple values and the larger
the mode, the more the number of multiple values. When
the receiver detects propagation phases of different dual-
OAM beams at an azimuth angle, it will also map multiple
azimuth angles, but the number of multiple values is rela-
tively reduced. For example, when the receiver detects that

propagation phases of dual OAM beams are 120° and 180°,
the azimuth angle mapped by OAM beams, which mode
values are 2 and 3 in Fig. 7(a), is 60°, while the azimuth
angle mapped by OAM beam mode values of 3 and 4 in
Fig. 7(b) is 300°. However, the receiver is only located in
one of 60° and 300° directions. From Fig. 7(a) to (f), there
are many cases similar to this kind of azimuth ambiguity.
When the receiver detects modes of dual-OAM beams, it
can determine the azimuth angle in a set of mapping curve
to get the unique azimuth angle.

Table 4 shows that the larger the mode of OAM beam
is, the larger is the estimation error of azimuth angle, which
is affected by the phase singularity point. Azimuth estima-
tion accuracy of OAM beams with smaller modes is better.
This is because the larger the OAM beam mode is, the
larger the singular region of the phase center is. Thus, the
estimation of OAM propagation phase y; will be affected.
Moreover, the OAM beam with a larger mode will have
larger error in azimuth angle estimation.

Several researchers stressed the fact that the particular
spatial profile of OAM beams could be used to perform
radar and satellite localization operations [35]. In this paper
OAM-DM signals generated by UCA are studied, which
provides a reference scheme for the application of OAM
beam in the future radar guidance and 6G integration in the
RF (Radio Frequency) field, and the scheme is simulated in
AWGN channel. Distortion characteristics of OAM beams
in different channels are still in the research stage [35].
Therefore, the optimization of OAM-DM signal in other
channels needs to be further studied in the future work. At
present, there are more researches on the application of
OAM beam, and more OAM modes are also being studied.
However, related work mainly studies the communication
[10, 14, 20, 21] and detection [17-19] of OAM beam inde-
pendently. OAM-DM signal in this study integrates com-
munication and guidance together, which provides a feasi-
ble method for a single device to realize multi-function.

6. Conclusion

In this paper, the design scheme of DM signal com-
bined with OAM beam is proposed. The phase difference
between adjacent elements of UCA which can generate
OAM beams is modulated into the signal. Depending on
the directivity of the OAM beam main lobe, modulation
signals can send different constellations in different direc-
tions. Distortion degree of the constellation transmitted by
the modulation signal in different directions is different.
Due to the distortion of the constellation, it is sometimes
difficult to demodulate QPSK signal by conventional meth-
ods. Thus, we design a method using a single antenna to
demodulate DM signal, which can improve the security of
information transmission to a certain extent. The scheme is
suitable for using micro receiver to achieve communication
and angle estimation in radar communication integration.
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