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Abstract 

This study proposes a method to reduce the phase error of the received signal to detect the object bearing. 

The phase shift of the received signal occurs due to the multipath of the signal by natural structure or artificial 

structures. When detecting the direction of the object using radio waves, the phase of the received signal 

cannot be accurately detected because of the phase bearing error in the object detection direction. The object 

detection direction estimation depends on the phase difference, antenna installation distance, signal source 

wavelength, frequency band and bearing angle. This study reduces the error of the phase bearing by using the 

phase delay of the relative phase difference for the signals incident on the two antennas. Through simulation, 

we analyzed the object direction detection performance of the proposed method and the existing method. Three 

targets are detected from the [−15°, 0°, 15°]  direction. The existing method detects the target at 

[−13°, 3°, 17°], and the proposed method detects the at [−15°, 0°, 15°]. As a result of the simulation, the target 

detection direction of the proposed method is improved by 2 degrees compared to the existing method. 
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1. Introduction 

Radar transmits radio waves to obtain information using the signals reflected from the targets. The radar 

antenna receives a mixed multiples signal, which is a transmission signal, an interference signal, a noise signal 

and a clutter signal. The transmitted signal is converted into a multipath signal by the artificial structure and 

the natural environment [1]. The radar receiver obtains an information signal by removing the interference, the 

noise and the clutter signals through digital signal processing to extract to the information signal. Extracting 

the information signal from the received signal requires a number of technical processing methods for the 

signal processing algorithm to remove the noise, the interference, and the clutter signals. The target estimation 

enhancement detection methods include adaptive array antenna, antenna aperture size, adaptive array 

algorithm, beamforming method, angle of arrival estimation, digital multiple receiving beam technology, and 

position error reduction technology [2-3]. The target detection signal improves the direction detection accuracy 

by removing the interference, the noise, and the clutter signals by applying signal processing technology. The 

target signal processing technologies include rotation detection method, amplitude comparison detection 

method, and phase delay processing detection method [4]. The rotation detection method acquires information 
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from the received signals by mechanically rotating the small beam width antenna to radiate radio waves in 

spatial. The amplitude comparison detection method estimates an information signal by comparing the 

amplitudes of received signals incident on the array antenna. In the phase comparison method, the information 

signal is estimated by using a phase difference of the array antenna received signal. This method has higher 

target detection accuracy than other methods. In the phase comparison detection method, the performance of 

the detection system is determined by the array antenna spacing, the frequency band, the signal wavelength, 

and relative signal phase difference [5-6]. In particular, the relative signal phase difference of the receive signal 

is a very important variable and causes the important error in the target direction detection. Therefore, if the 

error occurs in the relative signal phase difference of the received signal, the target direction detection cannot 

be accurately estimated. K. Chang [7] developed a computer program using a statistical model of error 

information to reduce bearing angle errors in a phased array antenna system. This method uses fractal theory 

to obtain the dynamic system azimuth error of the phase array by turret and electromechanical scan of the array. 

Lv.Yakun [8] studied a phase compensation algorithm based on CS-FMEA (Circular Shifting Fast Minimum 

Entropy Algorithm). This method reduces the phase error compensation performance by using the index for 

image entropy and operation efficiency by analyzing the phase error effect on the signal and the phase 

compensation effect of the minimum entropy algorithm based on the image geometry model of the synthetic 

aperture LiDAR. Tingzhu.Fang [9] studied a deramping-based method that extends the basic method to 

complement the existing channel phase error estimation algorithm in azimuth multi-channel composite 

aperture radar system. This method reduces the existing channel phase error by multiplying each channel signal 

with the corresponding deramp phase to change the Doppler center. This paper studies a method to reduce the 

phase error for detecting the object direction by using the phase difference of the incident signal of the array 

antenna. The composition of this paper describes phase difference signal analysis in chapter2 and the phase 

bearing error signal enhancement method in Section 3. Section 4 compares and analyzes the performance of 

the proposed method and the existing method, and finally, Section 5 concludes. 

2. Phase difference signal analysis 

The method for phase delay is a method of detecting the direction of an object by measuring the difference 

in propagation delay time in space with the electrical phase component of the signal in an environment where 

the distance between the antenna installations cannot be distanced. The antenna receives a signal in space and 

converts it into an electrical high-frequency signal, and the high-frequency signal is input to the RF of a mixer. 

A local oscillator (LO) inputs the tuned LO signal to the mixer's LO terminal using frequency information. 

The mixer generates an intermediate frequency (IF) signal corresponding to the frequency difference between 

the received signal and the tuned signal, which is input to a phase discriminator through a limiting amplifier. 

Figure 1 shows a receiving system for detecting the object. The signal received from the antenna is processed 

using a weight algorithm. The signal received by each antenna has the phase difference in the received signal 

according to the position of the array antenna. When the first array antenna is referenced, the signal incident 

on the second array antenna has the phase difference from the first antenna. The phase discriminator outputs 

two signals having a sine component and a cosine component according to the relative phase difference of the 

input time signal. Both the signals always have a signal strength corresponding to this phase difference by 90 

degrees. The phase difference is calculated by calculating the magnitude and ratio of the two measured signals. 

This phase difference is transmitted to the direction finder and processed with frequency information to 

indicate object orientation detection. When the distance between the signal source and the measuring antenna 

satisfies the far-field condition, the signal received from the signal source forms a plane wave. The phase 

discriminator outputs two signals having a sine component and a cosine component according to the relative 
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phase difference of the input time signal. Both the signals always have a signal strength corresponding to this 

phase difference by 90 degrees. The phase difference is calculated by calculating the magnitude and ratio of 

the two measured signals. This phase difference is transmitted to the direction finder and processed with 

frequency information to indicate object orientation detection. When the distance between the signal source 

and the measuring antenna satisfies the far-field condition, the signal received from the signal source forms a 

plane wave. The received signal of the first array antenna is represented as follows [10]. 

V1 = A exp (𝑗𝜔𝑡 −  
2 𝜋 𝑑

𝜆
)                                                                              (1)  

A is the signal amplitude, 𝑑 is the propagation distance, and 𝜆 is the signal wavelength. The received 

signal of the second array antenna is a signal as long as Dsinθ based on the first array antenna, and the 

received signal can be expressed as follows 

V2 = A exp (𝑗𝜔𝑡 −  
2 𝜋 (𝑑+𝐷𝑠𝑖𝑛𝜃)

𝜆
)                                                                (2)  

Here, D is the distance between the array antennas, and θ is the object direction measured with respect to 

the array antenna. The received voltage of the two antennas is composed of the voltage strength and phase 

component determined by the strength of the signal source and the antenna gain. In the phase discriminator, 

he relative phase difference between the two signals is expressed as follows. 

ϕ =
2 𝜋

𝜆
 𝐷 𝑠𝑖𝑛𝜃                                                                                               (3) 

The phase discriminator outputs the relative phase difference as sin and co-sin components, so the measured 

phase difference is calculated as the ratio of the two components as follows: 

φ = arctan (
𝑠𝑖𝑛𝜃 

𝑐𝑜𝑠𝜃 
)                                                                                        (4) 

The direction detection processor uses the measured phase difference and the frequency information to 

display the bearing angle as follows. 

θ = arcsin (
𝜑 

2 𝜋 
𝐷

𝜆
 
)                                                                                      (5) 
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Figure 1. Receive signal processing system 
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3. Phase bearing error signal enhancement method 

The phase difference measured by the phase difference is within 360 degrees, so if the signal source 

frequency is greater than the array antenna installation distance and the array antenna installation distance is 

longer than the operating frequency band, the signal source changes and the phase difference repeats 360 

degrees. The ambiguity of the phase difference in the azimuth measurement range is determined by the ratio 

of the distance between the array antennas and the wavelength of the signal source. The variable that affects 

the phase center is the frequency of the signal source, and because the phase center of the array antenna changes 

with frequency, the physical antenna center is fixed during installation, so the phase difference measurement 

according to frequency is different from each other. In order to reduce the error due to the phase center change 

according to the frequency, it is necessary to correct the phase center for each frequency or to make the phase 

center constant within the frequency band used when manufacturing the antenna. The phase discriminator, 

which measures the phase difference of the received signal between two antennas, plays an important role in 

the performance of the phase comparison direction finder. The phase discriminator consists of a phase changer 

and a signal detector. Since the characteristics change according to the frequency, input signal strength, and 

phase difference, the measured amount of these variables must be corrected when measuring the phase. The 

factor used for the receiving channel between the antenna and the phase discriminator must not affect the phase, 

especially the phase transfer characteristics between the two receiving channels must be the same. The phase 

difference received signal of the second antenna and the first antenna is expressed as follows. 

R1(𝑡) = 𝐴1 𝑐𝑜𝑠(𝜔1𝑡)                                                                                      (6) 

R2(𝑡) = 𝐴2 𝑐𝑜𝑠(𝜔2𝑡 +  𝜙)                                                                            (7) 

Here,𝜔 represents each frequency, and 𝜙 represents the phase difference. The local oscillator signal 

having an initial phase value is represented as follow. 

𝐿𝑜(𝑡) = A𝐿  𝑐𝑜𝑠(𝜔𝐿𝑡 +  𝜙𝐿)                                                                          (8) 

The two output signals of the mixer are show as follows. 

M1 = 𝑅1(𝑡) ∙ 𝐿𝑜(𝑡)                                                                                         (9) 

M2 = 𝑅2(𝑡) ∙ 𝐿𝑜(𝑡)                                                                                       (10) 

The output of the mixer shows the phase difference between the two frequency components. Since the 

phase discriminator only needs the (𝜔𝑁 − 𝜔𝐿) frequency component to operate at a low frequency, it is 

possible to measure the phase difference in the desired IF signal by using a filter with a small bandwidth at 

this frequency. The phase difference of the received signal between the two antennas is shown in Equation (3). 

The rate of change of phase difference for the phase bearing change is expressed as follows by differentiating 

Equation (3). 

dϕ

𝑑𝜃
=

2 𝜋

𝜆
 𝐷 𝑐𝑜𝑠𝜃                                                                                     (11) 

The phase bearing rate is expressed as follows by substituting the differential increase/decrease ∆ in 

Equation (11). 

∆θ =
∆ϕ

2 𝜋

𝜆
 𝐷 𝑐𝑜𝑠𝜃

                                                                                        (12) 

The variance for the phase bearing error in the target direction detection performance is expressed as follows. 

σ = √
∆ϕ2

(
2 𝜋

𝜆
 𝐷 𝑐𝑜𝑠𝜃)

2                                                                                 (13) 
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Here, ∆ϕ = c/f, cis the propagation constant, and f is the detection frequency. The phase bearing error is 

determined by the phase difference ratio, the antenna installation interval, the signal source frequency, and the 

incident phase bearing angle of the single source.  

4. Simulation 

This section simulates the proposed method and the existing method to detect the direction of three objects 

by equation (12). The proposed method detects an object by reducing the phase orientation error using the 

delay time of the relative phase difference. The existing method does not apply the delay time of the relative 

phase difference. 

The simulation conditions are as follows. 

-. 3 targets are located in the phase direction of [-15°, 0°, 15°]. 

-. The interval between antennas is set to half-wavelength, and the signal-to-noise ratio is set to 20dB. 

Fig. 1 shows a graph that detects the directions of three objects in a method without applying the delay time of 

the relative phase difference. Fig. 2 detects the direction of three objects at [-13°, 3°, 17°] and an error occurs 

by about [2°]. Fig. 3 shows that no phase direction error occurs by detecting all three object directions at [-15°, 

0°, 15°] with the method proposed in this study. 

 

Figure 2. Target direction estimation using existing method 

 

Figure 3. Target direction estimation using proposed method 
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5. Conclusion 

In this study, the method of estimating target detection was studied by reducing the error of detecting the 

phase bearing direction. In phase direction detection, detection errors are caused by the frequency of the signal 

source, the distance between the antennas, the thermal noise, the signal-to-noise ratio, and the phase imbalance 

of the receiving channel. Methods for reducing the phase direction detection error include extending the 

antenna installation interval and increasing the number of array elements, but these methods are not physically 

and economically effective. In addition, the method of improving the accuracy of the object direction detection 

must resolve signal ambiguity. In this study, the phase error was reduced by applying the delay time of the 

relative phase error to improve the detection accuracy of the phase direction. Through simulation, the 

performance of the proposed method and the existing method was analyzed. It can be seen that the error of the 

proposed method is reduced compared to the existing method in the target direction estimation. 
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