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ABSTRACT: The time-varying amplitude error and phase error in the multi-channel will affect the system performance of Range Digital
Beam Forming-Synthetic Aperture Radar (RDBF-SAR), which will lead to the elevation of the side lobes amplitude of the echo signal,
thus affecting the quality of space-borne synthetic aperture radar (SAR) images. A multi-channel error compensation method for space-
borne RDBF-SAR is proposed in this paper. The echo signals of each channel are aligned in the frequency domain. For the amplitude
error, the amplitude error compensation factor is obtained by comparing the amplitude of each channel signal with the amplitude of the
reference channel signal. For the phase error, the phase error compensation factor is obtained by conjugate multiplication of the phase
of each channel signal and the phase of the reference channel signal. Reduce the amount of calculation by averaging. This method can
well compensate the amplitude error and phase error, suppress the elevation of the echo side lobe, and make the synthetic aperture radar
image more focused and accurate. Finally, the effectiveness of the method is verified by simulation experiments. Under the simulation
conditions in this paper, the amplitude compensation reduces the side lobes pulse compression amplitude by 2 ∼ 10 dB, and the phase
compensation reduces it by −1 ∼ 9 dB.

1. INTRODUCTION

Space-borne synthetic aperture radar (SAR) technology uses
microwave radiation for remote sensing imaging, which is

not affected by weather, light, and clouds. It can perform tar-
get reconnaissance, disaster monitoring, resource exploration,
and other tasks in various complex environments, and plays a
vital role in military and civilian fields. However, the tradi-
tional single-channel space-borne SAR is limited by the mini-
mum antenna area [1], which cannot meet the imaging require-
ments of wide swath while meeting the high-resolution imag-
ing. The space-borne SAR range multi-channel system divides
the receiving antenna panel into several sub-antennas along the
range direction, and the wide beam covering the entire mapping
area is transmitted by the transmitting channel. The receiving
end receives multiple echoes from the mapping band through
multiple sub-channels [1]. Digital beamforming (DBF) tech-
nology can suppress interference signals from other directions
at the same time and frequency, so as to form a high-gain pencil
beam in a specific direction and track the echo in real time [2].
Space-borne SAR range multi-channel system combined with
DBF technology [3–6] can achieve high resolution wide swath
imaging.
However, due to differences in manufacturing processes and

processing environments, channel errors inevitably exist be-
tween the channels of the range multi-channel system, which
will affect the identification and quantitative analysis of the tar-
get, resulting in SAR image blurring, thereby reducing the per-
formance of DBF [1]. Therefore, it is necessary to compensate
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or calibrate the amplitude and phase errors between the chan-
nels of the multi-channel system [7–10]. In view of the above
problems, scholars have carried out in-depth research on dis-
tance multi-channel and DBF technology [11–17]. In 2016, a
DBF method suitable for multi-channel signal registration and
merging was proposed [18]. In 2019, an algorithm that can ef-
fectively estimate the weight coefficient of DBF between chan-
nels was proposed, and the computational complexity was re-
duced [19]. In 2021, a novel weight generator and an improved
DBF real-time processing architecture were proposed. The pro-
posed generator can well correct the multi-channel amplitude
and phase errors [20]. In 2024, an innovative method combin-
ing SAR imaging with DBF and multiple-input multiple-output
(MIMO) technology was proposed. This method significantly
reduces the computational time required for SAR image forma-
tion and has better phase error suppression ability [21].
The existing error compensation methods mentioned above

generally do not consider the time-varying of amplitude and
phase errors in order to simplify the calculation, but the am-
plitude and phase errors in the actual space-borne SAR range
multi-channel system are more complicated. In the multi-
channel DBF processing, each channel performs analog to dig-
ital (A/D) conversion and other operations independently, re-
sulting in time-varying amplitude and phase errors. Based
on the analysis of time-varying amplitude and phase errors,
a multi-channel error compensation method for space-borne
RDBF-SAR is proposed in this paper. Firstly, the echo sig-
nals of each distance channel corresponding to the same target
point are aligned by translation. Then, the amplitude and phase
error compensation factors of the other channels are calculated
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by using the first channel as the reference channel. Through
block average and weighted average methods, the calculation
results are more accurate while reducing the amount of calcu-
lation, reducing the influence of local errors, and making the
final imaging results clearer and more reliable.
The main sections of this paper are as follows. Section 2

introduces the principle of RDBF-SAR processing. Section 3
analyzes the influence of amplitude and phase errors on RDBF-
SAR. Section 4 proposes a multi-channel error compensation
method for space-borne RDBF-SAR. Section 5 is simulation
verification. Finally, Section 6 summarizes the full text.

2. MULTI-CHANNEL RDBF-SAR PROCESSING
As shown in Figure 1, the multi-channel DBF working geo-
metric model of space-borne SAR in range direction at a cer-
tain azimuth time is shown. In this paper, a “one transmitter
and multiple receivers” system in the range direction is stud-
ied. Channel 1 is used as a reference channel to transmit a linear
frequency modulation signal. There are a total of K receiving
channels in the range direction to receive SAR echo. The dis-
tance between adjacent receiving channels is equal and is rep-
resented by d. H represents the satellite height. Any point P in
the imaging scene is used as the reference point target. Assum-
ing that the transmitting beam passes through the point target
P, the beam center of the DBF points to the point P exactly.
The distance from the point target P to the reference channel is
denoted by R0. α is the angle between the normal and vertical
directions of the antenna. β0 is the angle of view of point target
P, that is, the angle between the oblique distance of P point and
the vertical direction. P1 and P2 are two distance fuzzy points
around P point. β1 and β2 are the perspectives of P1 and P2,
respectively.

FIGURE 1. DBF schematic diagram of space-borne SAR range multi-
channel.

The baseband echo signal of the point target P received by the
kth (k = 1, 2, ...,K) channel can be expressed as follows [4]:

sk (τ) = rect
[
τ − 2R0/c+∆τk

Tr

]
× exp (−j2πf (2R0/c−∆τk))

× exp
(
jπkr (τ − 2R0/c+∆τk)

2
)

(1)

where ∆τk denotes the delay between the return echo from P
point arriving at the reference channel and that arriving at the
kth channel.

∆τk =
(k − 1) d · sin (β0 − α)

c
(2)

β0 = arccos

[
(H +Re)

2 −R2
e +R2

0

2 (H +Re) ·R0

]
(3)

where Re represents the radius of the earth.
Figure 2 is the DBF processing flowchart of the multi-

channel SAR in the range direction. Each channel first passes
through the low noise amplifier, and then performs down con-
version and analog-to-digital conversion. Due to the time dif-
ference of the echo signal received by each channel, it is neces-
sary to multiply the corresponding time-varying weighting co-
efficients for each channel and introduce time delay compensa-
tion, so that the echo signals of different channels have better
coherence.

FIGURE 2. The DBF flowchart of range multi-channel SAR.

When time-varying weighting is performed on each channel
in the distance direction, in order to make the center point of the
formed receiving beam point to the center position of the pulse
at all times, it is necessary to obtain the weighting coefficient of
each channel according to the position of the pulse center [3].
The weighting coefficient of the kth channel can be expressed
as:

ωk (τ) = exp
(
−j2π

(k − 1) · d
λ

· sin (βk (τ)− α)

)
(4)

where,

βk (τ) = arccos

[
(H +Re)

2 −R2
e +Rk (τ)

2

2 (H +Re) ·Rk (τ)

]
(5)

where βk(τ)−α represents the normal shift angle of the center
of the pulse, which varies with time. Rk(τ) represents the slant
distance of the pulse center.
After time-varying weighting, it is also necessary to perform

time delay processing on the time domain of the echo. The
signal delay corresponding to the kth channel is:

Dk =
k − 1

Kr
· d
λ
· ∂θ (τ)

∂τ

∣∣∣∣
τ=τc

(6)
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FIGURE 3. Comparison of echo signals before and after adding amplitude error: (a), (b), and (c) are the left side lobe, the main signal, and the right
side lobe echo signal without amplitude error, respectively; (d), (e), and (f) are the left side lobe, the main signal, and the right side lobe echo signal
with amplitude error, respectively.

where θ(τ) is a time-varying perspective, and ∂θ(τ)
∂τ

∣∣∣
τ=τc

in

formula (6) is the first-order partial derivative of the function
θ(τ) with respect to the distance time variable τ in the center
of the scene. τc is the distance time of the beam pointing to the
center of the mapping strip.
In the above DBF processing, the influence of channel er-

ror is not considered. However, due to the differences in the
receiver devices of each channel, the different working states,
independent A/D conversion, and other operations, the signal
of each channel inevitably has amplitude error and phase error.

3. THE INFLUENCE OF CHANNEL ERROR ON RDBF
Taking 12 receiving channels as an example, the influence of
amplitude and phase errors on the range multi-channel DBF
process of space-borne SAR is studied. The simulation is car-
ried out by software MATLAB R2019b, and the built-in func-
tion of MATLAB is used to simulate the time-varying ampli-
tude and phase noise. The system simulation parameters are
shown in Table 1.

3.1. Amplitude Error
In the actual range multi-channel SAR system, a large part of
the amplitude error between channels is due to the heat gen-
erated by the work of each channel receiver, which generally
obeys the Gaussian distribution. We use the built-in function
randn( ) in MATLAB software to generate random numbers
with a mean of 0 and a variance of 1.5 that obey the Gaussian
distribution to simulate the amplitude error of each channel.

TABLE 1. System simulation parameters.

Parameter Symbol Value (Unit)
Carrier frequency f0 9.6GHz
Satellite altitude H 675 km
Signal bandwidth Br 500MHz

Pulse width Tr 30µs
Pulse-repetition frequency PRF 2500Hz

Number of channels K 12
Adjacent channel spacing d 0.3m

Firstly, it is assumed that there is no amplitude error between
channels. As shown in Figures 3(a), (b) and (c) show the echo
images of the left side lobe echo signal, main signal, and right
side lobe echo signal without amplitude error, respectively. The
main lobe signal is usually reflected directly from the target
back to the radar receiver, and the echo gain is high, as shown
in Figure 3(b). The side lobe signal comes from the reflection
of the target object in the side lobe region of the radar antenna,
and the gain of the side lobe echo signal is low, as shown in
Figures 3(a) and (c). Then, random numbers are added to each
channel to simulate the amplitude error. When there is an am-
plitude error, the main lobe gain of the antenna pattern is ba-
sically unchanged. Therefore, the existence of amplitude error
has little effect on themain echo signal, as shown in Figure 3(d).
The existence of amplitude error will raise the pattern of the side
lobe, so that the echo signal amplitude of the side lobe is raised
by about 1–2 dB, as shown in Figures 3(e) and (f).
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FIGURE 4. Comparison of echo signals before and after adding phase error: (a), (b), and (c) are the left side lobe, main signal, and right side lobe
echo signal without phase error, respectively; (d), (e), and (f) are the left side lobe, main signal, and right side lobe echo signal with phase error,
respectively.

3.2. Phase Error

The phase error between channels generally obeys uniform dis-
tribution. We use the built-in function unifrnd (−10, 10) in
MATLAB software to generate random numbers uniformly dis-
tributed from −10◦ to 10◦ to simulate the phase error of each
channel. Firstly, it is assumed that there is no phase error be-
tween channels. Figures 4(a), (b), and (c) are the echo patterns
of the left side lobe echo signal, point target main signal, and
right side lobe echo signal without phase error, respectively.
Then, random numbers are added to each channel to simulate
the phase error. Figures 4(d), (e), and (f) are the echo diagrams
of the left side lobe echo signal, main signal of the point target,
and right side lobe echo signal with phase error, respectively.
Similarly, the existence of phase noise has little effect on the

main echo signal, but it increases the amplitude of the side lobe
echo signal corresponding to the range ambiguity points on both
sides of the point target. The sensitivity of the side lobe echo
signal to the phase error is less than the amplitude error. The
existence of the phase error will increase the amplitude of the
side lobe echo signal by about 1 dB.
Due to the existence of amplitude and phase errors, the side

lobe gain of echo signal will be increased, which will affect
the range ambiguity suppression effect and further affect the
quality of SAR image. Therefore, it is necessary to study the
error compensation method for multi-channel DBF in the range
direction of space-borne SAR.

4. ERROR COMPENSATION METHOD FOR SPACE-
BORNE RDBF-SAR
In order to effectively suppress the range ambiguity and reduce
the echo amplitude of the side lobes on both sides of the target
point, we propose a multi-channel error compensation method
for space-borne RDBF-SAR. Figure 5 shows the flowchart of
error compensation method, which is divided into three parts.
The first part is to shift and align the echo signals of each chan-
nel, the second part to compensate the amplitude error, and the
third part to compensate the phase error.
The specific method flow is as follows.

4.1. Shift Alignment
1) Select the echo estimation region
As shown in Figure 6, the point with the largest signal-to-

noise ratio (SNR) in the echo signal is selected as the P point.
A section of echo signal near the P point is selected for the fol-
lowing operation. The region size is generally larger than a
pulse width. ∆τ is the time delay from the center edge of the
transmitting pulse to the echo signal of P point.
2) Calculate the time delay of the region center
There is a certain delay τk in the P-point echo of each channel

in the range direction. The delay of the kth channel is expressed
as:

τk = ∆τk +N · PRI (7)
where,

N =

[
2R0

c · PRF

]
(8)
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FIGURE 5. Flowchart of amplitude and phase noise compensation
method.

FIGURE 6. SAR echo signal schematic diagram.

where [·] denotes the downward rounding. PRI represents the
pulse repetition interval.
3) The echo signal in the selected echo region is transformed

to the frequency domain by fast Fourier Transform (FFT). The
echo frequency domain signal of the kth channel is expressed
as:

Sk (fr) = FFT [sk (τ)] (9)
where FFT[·] represents the Fourier transform.
4) The frequency domain echo signal of each channel is mul-

tiplied by the delay factor to realize the alignment of the echo
pulses of each channel near the midpoint of the region. The
expression of the frequency domain echoes of the kth channel
multiplied by the delay factor is:

Sk (fr)′ = Sk (fr) exp (−j2πfτk) (10)

4.2. Amplitude Error Compensation
1) The amplitude of the echo signal of the kth channel after
the shift alignment is compared with the amplitude of the echo
signal of the reference channel, and the ratio is recorded as Ak.

Ak[Nr×Na] =
abs

(
S1 (fr)′

)
abs

(
Sk (fr)′

)

=


A1,1 · · · A1,Na

...
. . .

...
ANr,1 · · · ANr,Na

 (11)

where abs(·) represents the amplitude calculation of the signal.
Ak[Nr×Na] represents that Ak is a [Nr ×Na] matrix. Nr is the
number of frequency points in the range direction, and Na is
the number of sampling points in the azimuth direction.
2) In the azimuth direction, for any fixed distance frequency

point, the amplitude error corresponding to each azimuth sam-
pling point is different and fluctuates up and down. In order to
compensate the amplitude error more accurately, we calculate
the mean value for each n azimuth sampling points.

∧
Ak (l) =


E {Ak [1, (l − 1)n+ 1 : ln]}
E {Ak [2, (l − 1)n+ 1 : ln]}

...
E {Ak [Nr, (l − 1)n+ 1 : ln]}


[Nr,1]

(12)

where E {·} represents the mean value operation,
l = 1, 2, ..., Na − ω + 1. ω is the remainder of the divi-
sion of Na and n. (l − 1)n + 1 : ln represents the column
(l − 1)n+ 1 to column ln of Ak.

3) Average
∧

Ak (l) to get
∧

ak (l).

∧
ak (l) = E

[
∧

Ak (l)

]
(13)

4) Amplitude error compensation is performed by multiply-

ing each channel signal by
∧

ak (l).

∧
Sk (l) =

∧
ak (l) ·Sk (l)′ (14)

where,
Sk (l)′ = Sk [:, (l − 1)n+ 1 : ln]′ (15)

where
∧

Sk (l) represents the partial echo signal of the kth channel
after amplitude error compensation.

4.3. Phase Error Compensation
1) The phase of the echo signal of the kth channel is conju-
gate multiplied by the phase of the echo signal of the reference
channel to obtain Pk[Nr×Na].

Pk[Nr×Na] = angle
(
Sk (fr)′

)
· angle

(
S1 (fr)′

)∗
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=


P1,1 · · · P1,Na

...
. . .

...
PNr,1 · · · PNr,Na

 (16)

where angle (·) represents the phase calculation of the signal.
(·)∗ denotes taking conjugate. Pk[Nr×Na] represents that Pk is
a matrix of [Nr ×Na]; Nr is the number of frequency points
in the range direction; andNa is the number of sampling points
in the azimuth direction.
2) Similarly, in the process of phase noise compensation, we

still use block average in the azimuth direction and take the
mean value once per n azimuth sampling points.

∧
Pk (l) =


E{Pk[

∧
1, (l − 1)n+ 1 : ln]}

E {Pk [2, (l − 1)n+ 1 : ln]}
...

E {Pk [Nr, (l − 1)n+ 1 : ln]}


[Nr,1]

(17)

3) The influence of the phase error near the center frequency
point on the echo is generally greater than that of the frequency
points on both sides. In order to filter out the influence of in-
dividual outliers on the overall phase error estimation, we first

weight
∧

Pk (l) through the window function and then average it.
Here, the Kaiser window is selected, and the window function
formula is:

Wk(f, F ) =

I0

(
β

√
1−

(
2f
F

)2)
I0(β)

, −F

2
≤ f <

F

2
(18)

where β is an adjustable attenuation coefficient, I0 the zero-
order Bessel function, and F the length of the window.

4) The average of
∧

Pk (l) after the window function is:

∧
pk (l) = E

[
∧

Pk (l)

]
(19)

5) Phase error compensation is performed by multiplying

each channel signal by
∧

pk (l).

∧∧
Sk (l) =

∧
pk (l) ·

∧
Sk (l) (20)

where
∧∧
Sk (l) represents the partial echo signal of the kth channel

after amplitude error and phase error compensation.

5. SIMULATION VERIFICATION

5.1. Amplitude Compensation
The error compensation method proposed in this paper is used
to compensate the amplitude error of each channel in the dis-
tance direction. Figure 7(a) shows the signal echo correspond-
ing to the distance ambiguity point on the left side of the point
target after the amplitude error compensation. Compared with
the range ambiguity echo signal without amplitude error, the
amplitude difference is only about 0.5 dB, and the compensa-
tion effect is good. Figure 7(b) is the comparison of pulse com-
pression amplitudes before and after amplitude error compen-
sation. It can be clearly seen from the intermediate pulse am-
plification that the error compensation method in this paper re-
duces the pulse compression amplitude of distance ambiguity
by about 7 dB. Similarly, as shown in Figure 7(c), the signal
echo corresponding to the range ambiguity point on the right
side of the point target is also well compensated. It can be seen
from Figure 7(d) that the pulse compression amplitude of the
right distance ambiguity point decreases by about 4.5 dB after
amplitude compensation by the proposed method.
The existing traditional range multi-channel amplitude and

phase error compensation method compensates the amplitude
error and phase error in each channel as fixed values. The
following compares the effect of error compensation using the
traditional method and the method proposed in this paper. As
shown in Figure 8(a), the blue curve is the range-blurred pulse
compression amplitude in the presence of amplitude error. The
yellow curve is the pulse compression amplitude after error
compensation by the traditional method. The red curve is the
pulse compression amplitude after error compensation using
the method proposed in this paper. Due to different posi-
tions of the range ambiguity in the side lobe, the amplitude of
pulse compression fluctuates greatly. Compared with the tradi-
tional method, it can be clearly seen that the error compensation
method proposed in this paper can reduce the pulse compres-
sion amplitude of the side lobe more effectively. Figure 8(b)
shows the difference of pulse compression amplitudes before
and after amplitude compensation by the traditional method and
the proposed method. Using the traditional method, the pulse
compression amplitude of the side lobe can be reduced by 2 dB
to 7 dB, and basically below 5 dB. By using the proposed error
compensation method, the pulse compression amplitude of the
side lobe is reduced by 2 dB to 10 dB, and it is basically above
5 dB.

5.2. Phase Compensation
Figures 9(a) and (c) are the signal echoes corresponding to the
range ambiguity points on the left and right sides of the point
target after phase error compensation, respectively. Compared
with the range ambiguity echo signal without phase error, the
amplitude difference is only about 0.5 dB, and the compensa-
tion effect is good. Figures 9(b) and (d) are the comparison of
the pulse compression amplitudes before and after the compen-
sation of the distance ambiguity point amplitude error on the
left and right sides of the point target. The error compensation
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(a) (b)

(c) (d)

FIGURE 7. Range-ambiguous echo signal and pulse compression after amplitude error compensation: (a) and (c) are the echo signals of the left and
right range ambiguity points respectively; (b) and (d) are the pulse compression before and after the amplitude error compensation of the left and
right distance ambiguity points, respectively.

(a) (b)

FIGURE 8. Comparison of pulse compression amplitude before and after amplitude error compensation: (a) pulse compression amplitude curve; (b)
the amplitude difference curve of pulse compression before and after compensation.

method proposed in this paper improves the distance ambiguity
and reduces the pulse compression amplitude.
As shown in Figure 10(a), the blue curve is the range-blurred

pulse compression amplitude in the presence of phase error.
The yellow curve is the pulse compression amplitude after er-
ror compensation by the traditional method. The red curve is
the pulse compression amplitude after error compensation us-
ing themethod proposed in this paper. Comparedwith the tradi-
tional method, it can be clearly seen that the error compensation

method proposed in this paper can reduce the pulse compres-
sion amplitude of the side lobe more effectively. Figure 10(b)
shows the difference of pulse compression amplitudes before
and after amplitude compensation by the traditional method and
the proposedmethod. Compared with the traditional error com-
pensation method, the error compensation method proposed in
this paper is more effective, and the pulse compression ampli-
tude of the side lobe is reduced by −1 dB ∼ 9 dB.
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(a) (b)

(c) (d)

FIGURE 9. Range-ambiguous echo signal and pulse compression after phase error compensation: (a) and (c) are the echo signals of the left and right
range ambiguity points respectively; (b) and (d) are the pulse compression before and after the phase error compensation of the left and right distance
ambiguity points, respectively.

(a) (b)

FIGURE 10. Comparison of pulse compression amplitude before and after phase error compensation: (a) pulse compression amplitude curve; (b) the
amplitude difference curve of pulse compression before and after compensation.

5.3. Real Data Validation

In order to further verify the error compensation ability of the
proposed algorithm in processing actual SAR data, this paper
uses the X-band SAR real data collected by a domestic air-
borne radar to conduct experiments. The radar system has a
signal bandwidth of 600MHz, an antenna size of 0.32m, and 8
channels in the range direction. Figure 11(a) shows the original
SAR image of the main lobe in the range direction after DBF
processing. Figure 11(b) shows the image compensated by the
traditional distance error compensation method. Because the

traditional error compensation method cannot compensate the
amplitude and phase errors well, the amplitude of the side lobe
echo is raised, and the SAR image is aliasing. Figure 11(c) is
the SAR image compensated by the range error compensation
method proposed in this paper. It can be seen that the channel
error is compensated, the SAR image well focused, and the real
scene basically restored.
Table 2 gives the amplitude and phase error data correspond-

ing to different frequency points in the two channels of chan-
nel 2 and channel 4. The amplitude and phase errors corre-
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TABLE 2. Error data of different frequency points.

−300MHz −225MHz −150MHz −75MHz 75MHz 150MHz 225MHz 300MHz

Amplitude
Ch2 4.54 dB 5.13 dB 4.80 dB 3.67 dB 4.32 dB 3.14 dB 4.97 dB 2.74 dB
Ch4 −3.20 dB −3.22 dB −1.05 dB −2.08 dB −0.67 dB −0.78 dB −1.99 dB −3.68 dB

Phase
Ch2 −21.46◦ −23.74◦ −22.55◦ −25.23◦ −20.82◦ −23.07◦ −24.11◦ −25.20◦

Ch4 14.62◦ 16.78◦ 13.47◦ 12.20◦ 12.16◦ 15.98◦ 14.65◦ 14.61◦

TABLE 3. Eight-channels error data.

Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7 Ch8
Mean of actual amplitude error 0 dB 4.16 dB 2.43 dB −2.08 dB 3.59 dB −2.24 dB −4.92 dB 3.62 dB
Amplitude error estimation 0 dB 3.68 dB 2.95 dB −1.89 dB 2.63 dB −2.58 dB −4.17 dB 2.57B
Mean of actual phase error 0◦ −23.27◦ −9.35◦ 14.31◦ −18.39◦ 4.62◦ 21.72◦ 19.64◦

Phase error estimation 0◦ −21.65◦ −8.48◦ 12.71◦ −19.83◦ 4.13◦ 20.34◦ 19.95◦

(a)

(b)

(c)

FIGURE 11. Comparison of imaging results of distributed targets: (a)
original SAR image for simulation; (b) image after error compensa-
tion by traditional method; (c) image after error compensation by the
proposed method.

sponding to each frequency point are different, so the method
proposed in this paper compensates the amplitude and phase
errors of each channel by calculating the mean value. Through
calculation, the mean amplitude error in channel 2 is 4.16 dB,
and the variance is 0.78. The mean amplitude error in channel
4 is −2.08 dB, and the variance is 1.40. The mean phase error

in channel 2 is −23.27◦, and the variance is 2.62. The mean
phase error in channel 4 is 14.31◦, and the variance is 2.71.
Since the amplitude and phase errors in each channel are

time-varying, in order to facilitate comparison, we take the
mean value of the actual amplitude and phase error data in each
channel. Table 3 shows the data mean values of amplitude and
phase errors in each channel and compares them with the error
estimation results obtained by the proposed method. It can be
seen that the amplitude estimation difference is less than 1 dB,
and the phase estimation difference is less than 1.5◦. The pro-
posed method can effectively compensate the amplitude and
phase errors.

6. CONCLUSION
In a space-borne SAR range multi-channel system, there are
time-varying amplitude errors and phase errors between chan-
nels. The existence of these channel errors will affect the per-
formance ofmulti-channel DBF in the range direction, resulting
in the elevation of the side lobes amplitude of the echo signal
and the generation of range ambiguity, thus affecting the qual-
ity of space-borne SAR images. In view of the above prob-
lems, this paper proposes an error compensation method for
space-borne SAR rangemulti-channel DBF processing. Firstly,
the echo estimation region is determined according to the point
with the largest signal-to-noise ratio in the echo, and the time
delay of the center of the region is calculated. The delay be-
tween the channels corresponding to the midpoint of the region
is compensated by shift alignment. Then, the amplitude of the
echo signal of each channel after the shift alignment is com-
pared with the amplitude of the echo signal of the reference
channel, and the ratio is averaged as the amplitude noise com-
pensation factor. The phase compensation factor is obtained by
conjugate multiplication of the phase of each channel echo sig-
nal and the phase of the reference channel, and the average is
used to compensate the phase error. Due to the difference in
the amplitude and phase errors corresponding to each sampling
point in the azimuth direction, we use a block averagingmethod
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Bai et al.

for averaging azimuth sampling points. Finally, the simulation
results show that the range ambiguity can be suppressed, and
the side lobes amplitude can be reduced by using the amplitude
and phase error compensation method proposed in this paper,
so that the SAR image is clearer.
The amplitude and phase error compensation method pro-

posed in this paper greatly suppresses the influence of channel
error on distance ambiguity, but there are still some shortcom-
ings. In particular, because the error of each n azimuth sam-
pling point needs to be averaged once, the real-time perfor-
mance of error compensation is limited. In order to overcome
this problem, subsequent research such as adaptive algorithms
can be added to improve computational efficiency without re-
ducing computational accuracy, thereby achieving real-time er-
ror compensation.
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