55 46 B 2 W iE O OE E Vol. 46, No. 2
2025 4F 3 H Journal of Telemetry, Tracking and Command Mar. 2025

Website: ycyk.brit.com.cn

ET VP EBEIERFNEREETNREITHRER]

ErA, TR
(ALt zs iR R2% JE 5T 100191)

WE: BAELRBREARGLE, AMIMNREFBETHM, DAL, BEGHRGER, AIFARESHASEERE
BOMTERESH, SRE&SENFTRAAMBEREAMEEE, ERAIRPZBESE, EAFREYA, 25 L WmE
AL £, A iH PRI ) 08 B ARAL 2 ok R AR R e B, AR E AT IF@kERFOESRES K, AT T EKE
M AN LT RE SR LG E5EA, SdZETEAZIRENEWEMES, THEMESE R F4E1L
R, BIEFAELFREREZ T A EMNZ T ER, BEXIZMEN, KMEZREET REGWEEM ., ABIEER
B R E, P —AWETHERREERTTAEMNS, L PIRAAMTEEAL N 1B3EF RE 2 E, IR
AR Z O H£0.43 dB, AMELAEIR ZTLE A+4.6°, FILT SHEMEE,

KEIF: TRAEEINRE,; EREL X, TEkgRF

HEHES: V556.1; TNIS3 XEAPRERD: A XEHS: 2095-1000(2025)02-0124-05

DOI: 10.12347/j.ycyk.20241216001

SIAMN: Bude, TEM. AT F@gEETe 2Rk MS REEGBMETET]. EnlE4E, 2025, 46(2): 124-128.

Near-Field Calibration Algorithm for Millimeter-Wave Array Antennas Based

on Plane Wave Expansion
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Abstract: The development of wireless communication technology has imposed strict requirements on antennas, including
high-frequency operation, miniaturization, and strong directivity, to support higher data transmission rates in the future. Due to inher-
ent amplitude and phase differences among channels in millimeter-wave chips and multi-antenna arrays, as well as additional ampli-
tude and phase differences caused by factors such as temperature characteristics and aging during operation, beamforming accuracy
can be significantly degraded. To mitigate the impact of inter-channel amplitude and phase differences on beam control, this paper
proposes a near-field calibration algorithm based on plane wave spectrum expansion. The algorithm constructs a signal model be-
tween the antenna under test (AUT) and the probe using plane wave spectrum theory. Based on this model, a virtual signal for cali-
bration measurement is generated and compared with the measured signal. A genetic algorithm is used to optimize the difference be-
tween the virtual and measured signals, and the initial excitations of the millimeter-wave array antenna are determined when the dif-
ference reaches its minimum. To validate the effectiveness of the proposed calibration algorithm, a four-element millimeter-wave lin-
ear array was calibrated. The probe scanning range was approximately one-third of the array aperture. The obtained amplitude cali-
bration error range was +0.43 dB, and the phase calibration error range was +4.6°, achieving high-precision calibration.
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Fig. 1 Calibration system diagram
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Fig. 2 Calibration experiment photo
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Fig. 3 Calibration errors of millimeter-wave array antennas
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Table 1 The comparison of near-field calibration methods
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