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InceptionV3 model, and its pre-training weights were obtained to build an InceptionV3
network model combined with migration learning, which improved the recognition
accuracy by 1.2 percentage points over InceptionV3 and took 5 s faster per round of
iteration on average. Then, the global average pooling layer is used to replace the
spreading layer after the convolutional layer in the InceptionV3 network, and the reduced
dimensional 1, 3, 5, 6, 7, 8, 9, 10 layers feature information is fused using concat, and the
relu activation function and Dropout layer are used to reduce the degree of network
overfitting. model. Separation experiments show that the recognition rate of individual
beef cattle with the improved InceptionV3 model is improved by 4.1 percentage points.

Summary and Prospect. Agriculture and animal husbandry are the basic guarantee
of China's people's livelihood and an important area of China's development. This paper
summarizes four research results of the Grassland Animal Husbandry Traceability Big
Data Inner Mongolia Autonomous Region Engineering Laboratory by means of modern
technologies such as artificial intelligence and Internet of Things.
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STUDIES ON VORTEX SAR IMAGING ALGORITHMS
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Vortex electromagnetic waves carrying orbital angular momentum (OAM) have a spiral
phase wave front and can be used to obtain more dimensional information in radar imaging. The
introduction of vortex electromagnetic waves into synthetic aperture radar (SAR) imaging can
break the traditional SAR imaging performance bottleneck problem and obtain higher resolution
SAR imaging imagesvedvortex SAR imaging.

Keywords: orbital angular momentum, vortex electromagnetic waves, SAR imaging, BP
algorithm, CS algorithm.
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Introduction. Synthetic aperture radar (SAR) imaging is an all-day, all-weather radar
imaging technology that can obtain good two-dimensional focused images in a variety of
scenarios [1]. However, with the increase of people's requirements for radar imaging
resolution, the resolution of traditional SAR imaging technology has been increasingly un-
able to meet the demand for high-resolution imaging images [2], so it is necessary to break
through the bottleneck of traditional SAR imaging technology and carry out ultra-high
resolution SAR imaging technology.

Orbital angular momentum (OAM) is an inherent property of electromagnetic waves,
and electromagnetic waves are called vortex electromagnetic waves because they carry
OAM and have a spiral phase wavefront [3]. The OAM has a theoretically infinite number
of mutually orthogonal modes, so that more information can be modulated on the OAM
[4]. The introduction of vortex electromagnetic waves into SAR imaging can obtain
azimuthal high resolution [5], which provides a new idea to break through the bottleneck
of traditional SAR imaging technology to achieve ultra-high resolution SAR imaging.

This paper analyzes the improved BP algorithm, which can adapt to vortex
electromagnetic waves and compare the simulation results of vortex SAR imaging based
on CS algorithm, and finds that the improved BP algorithm can solve the problem that
vortex SAR imaging gradually scatters in azimuth as the modal number increases.

CS algorithm and improved BP algorithm

CS based Vortex SAR Imaging. Figure 1 shows a vortex SAR imaging model using a
UCA transmitting an LFM signal with the radar mounted on the aircraft operating in side-
looking strip mode. Let the origin of the coordinates be the centre of the trajectory of the
carrier aircraft, and H be the altitude of the carrier aircraft, flying at a uniform velocity v
along the x-axis, with the z-axis perpendicular to the xoy plane downwards.

Fig. 1. Vortex imaging model

The echo signal received at point p can be expressed as:



94 Cexnus IV. PaguodniekTpoHUKa, aBTOMATH3ALMS, TEJIEKOMMYHHMKALMHU U CBSA3b

S, (r, t, l) ~ 6N’ exp(jlm)w, [t _2r_(r)j w, (T - TC);
c

exp[—ﬂnﬁr(r)}

c

(1)

2

exp[jnK, (-

I [ka sin 9(1)] exp (j2l(p(r)).

2r(r)j
¢

2

In equation (1) o is the scattering area of the radar; a is the radius of the UCA
antenna; ¢ is the distance time; t is the azimuthal time; K is the azimuthal tuning

frequency; r(t) is the distance slope; f is the antenna carrier frequency; / is the OAM
mode number; ¢ is the speed of light; w (¢) andw, () are the distance envelope and
azimuthal envelope respectively; J,(s) is the type I Bessel function; k=2n/A is the wave
number; T, =x/v.

Azimuth and pitch angles can be obtained from geometric relationships:

H
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The algorithm flow chart for CS is consistent with the traditional CS algorithm. The
simulation parameters and simulation results are shown in Table 1 and Fig. 2, respectively.

o(1)= arccos(

Table 1
Key simulation parameters of CS algorithm

Parameters Value
Radar operating frequency f., GHz 9.6
flight speed v, (ms ") 150
UCA Antenna radius a 30
slant-range 7, m 3400
Maximum number of modes in OAM 15
flight height H, m 2000
Chirp pulse band width, MHz 24
sampling frequency, MHz 98
Antenna center Angle, (°) 54
pulse repetition rate, HZ 300
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Fig. 2. CS algorithm azimuth profile

The simulation results show that as the number of modes increases, the azimuthal
resolution increases and so does the azimuthal bypass level, with scattered focus occurring
when the number of modes is large.

Improved BP algorithm. The flow chart of the improved BP algorithm is shown in
Fig. 3. The phase compensation of the conventional BP algorithm is followed by a new azimuth
matching filter H;(f;, /) to compensate for the effect of OAM on the azimuth phase, and an
azimuth amplitude filter Hx(f;) to compensate for the azimuth envelope to reduce the side
flaps.

H,(f.)= TJIZ[ka sinf(t)]exp(— jin)dt

+o0

[ ]
'
Echo data | Range-direction v | nagi ng area
mat ching filter '..>®....* meshing |

back Cal cul ate the
projectio round-trip
N BP '.------------------.: del ay

EHI (f:21) = exp(jaR/ A~ j2lp(~7))

\
g

phase
-e-oCQmpensation, _____ .

obj ective Coherent

function | super posi tion of <
signal s on a

cumul ati ve curve

Fig. 3. Improved multi-mode EMV-SARBP algorithm
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Table 2 shows the key simulation parameters used for the simulation.

Table 2

Key simulation parameters

Parameters Value
Radar operating frequency f., GHz 53
flight speed v, (ms ") 150
UCA Antenna radius a 30A
slant-range 7, m 3400
Range modulation frequency K, (Hzs ") 20 x 1012
The time width of the transmitted pulse 7,, us 2.5
Sampling frequency in the range direction F},, MHz 60
pulse repetition rate PRF, Hz 100
Beam squint Angle 6,.., (°) 3.5
angle of incidence B, (°) 67
UCA Number of antenna elements N 10
OAM Pattern number range A/ [4, 4]
The simulation results are shown in Fig.4:
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Fig. 4. A profile of the point target result

Analysis of the simulation results shows that as the number of modes increases, the
distance-to-envelope remains almost unchanged and the azimuthal resolution increases.
Because of the azimuthal amplitude filter, the azimuthal bypass level does not increase as
much as the CS algorithm because of the increase in the number of modes.

Conclusion. Compared with conventional SAR imaging, scroll SAR imaging can
achieve better azimuthal resolution, which can break through the bottleneck of
conventional SAR imaging and become one of the directions to achieve ultra-high
resolution, providing ideas for the development of new system radar in the future.
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