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Abstract

In this paper, a high-speed calibration method for phased array antennas in the far-field is presented A max
calibration, which is a simplification of the rotating-element electric-field vector (REV) method that calibrates
each antenna element only through received power, and a method of grouping calibrations by sub-array unit
rather than each antenna element were proposed. Using the Proximal Policy Optimization (PPO) algorithm, we
found a partitioning optimized for the distribution of phased array antennas and calibrated it on a subarray basis.
An adaptive max calibration method that allows faster calibration than the conventional method was proposed and
verified through simulation. Not only is the gain of the phased array antenna higher while calibration is being
made to the target, but the beam pattern is closer to the ideal beam pattern than the conventional method.
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Fig. 1. Schematic measurement configuration for far—field
calibration using only received power.
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Fig. 2. Configuration of phased array antenna calibration
using only received power (a) under far-field
condition, and (b) using built-in calibration.
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Fig. 3. REV method concept diagram showing each
antenna element as a vector in the farfield.
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Fig. 4. Conceptual diagram of the max calibration method
in the far field (a) is the initial state, (b) is the
direction of the first element is varied.
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Table 1. The pseudocode of adaptive Max calibration

I
I

method using PPO algorithm.
. PPO ¥€12|E3 018t M3y z|igt HF YWY

oL 10O o
oAIFE

Pseu-
do
code

PPO_AdaptiveMaxCalibration Algorithm

Initialize:

- Load partitions from PARTITION_PATH

- Define AdaptiveMaxCalibration environment with
ARRAY_SIZE and NUM_PARTITIONS

- Initialize policy 78 for PPO

For each epoch:
- Reset environment and retrieve initial state
- For each timestep:
Select action based on current policy 76
Apply action, observe reward and next state
Store transition (state, action, reward, next state)
- Update policy #6 using PPO:
0_new = argmax_@ Elmin(r()A_t, clip((d), 1-¢,
1+e)A_t)]
where r(0) = n6(a_tls_t) / n6_old(a_tls_t)

Repeat for specified number of epochs
Plot and analyze training performance metrics

Vari-
able

¢ (epsilon): PPO clipping parameter (learning rate)
clip : Clipping function in PPO, r(#)A_t is limited to
between 1-¢ and 1+e.

0_new, 6_old: Indicate the parameters of the updated
and old policies, respectively.

70 : Represents the agent's current policy.

(0) : Represents the ratio of the new policy to the old
policy.

r_t : Represents the reward received by the agent at
time t.

s_t : Represents the state of the environment at time t.
a_t : Represents the action taken by the agent at time t.
A_t : Represents the advantage at time t.
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Table 2. Comparison of gain, side-lobe level, and
beamwidth with adaptive max calibration and
max calibration.
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Adaptive MaxCal. MaxCal.
Normalized Gain(dB) -6.6 -8.1
Mean of SLI(dB) 12.4 12.1
Mean of BeamWidth( ") 6.0 10.9
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