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ABSTRACT With the development of the Internet of Things, FMCW (Frequency Modulated Continuous

Wave) radars are widely used in medical treatment, human behavior detection, Internet of Vehicles and UAV

(Unmanned Aerial Vehicle) detection. However, the existing systems have some shortcomings, such as high

requirements for synchronization signal, lack of flexibility and high design cost. In this paper, to address

these problems, a software-synchronization based, flexible, low-cost FMCW radar is proposed. Firstly, the

radar uses periodic intermittent slope signal as modulation signal, and analyze echo signal to detect a target

with a software synchronization algorithm.Most interestingly, hardware synchronization signal is not needed

in the proposed radar as in conventional designs, which greatly facilitate implementation. Secondly, the radar

system has a high flexibility due to the use of a software waveform generator and a software data processor.

The system is built without expensive integrated chips and equipment, which greatly reduces the design cost.

Finally, two groups of experiments under different environments are designed. Through the analysis of the

results, it can be seen that the radar system designed in this paper achieves a good accuracy while greatly

reduces the design cost and complexity.

INDEX TERMS Frequency modulated continuous wave (FMCW) radars, software synchronization algo-

rithm, flexible, low-cost.

I. INTRODUCTION

A. BACKGROUND

With the rapid development of the Internet of Things, more

and more devices based on wireless signals are developed

for environmental awareness. Among them are FMCW radars

which feature simple structure and wide coverage. Therefore,

they have broad application prospects in machine ranging,

Internet of Vehicles, human behavior detection and medical

treatment [1]–[4]. However, most FMCW radars use continu-

ous ramp signals as modulated signals. Therefore, it is neces-

sary to collect both the beat signal and the synchronous signal

at the receiving end, which greatly limits the simplification

and low-cost of the equipment.

In this paper, we propose a design of a FMCW radar, which

is software synchronization based, flexible and low cost.

The associate editor coordinating the review of this manuscript and

approving it for publication was Muhammad Zakarya .

Firstly, the radar uses periodic intermittent slope signal as

modulation signal, and analyze echo signal to detect a target

with the software synchronization algorithm. Most interest-

ingly, hardware synchronization signal is not needed in the

proposed radar as in conventional designs, which greatly

facilitate implementation. Secondly, the radar system uses a

software waveform generator and a software data processor

to improve the flexibility of the system. The system is built

without expensive integrated chips and equipment, which

greatly reduces the design cost.

B. RELATED WORK

A survey of the FMCW radars reported recently is listed in

Table 1, and we will explain in details their features in the

following.

At present, most FMCW radars are designed based

on a common hardware signal synchronization mecha-

nism [2]–[10]. Specifically, synchronization signal from
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TABLE 1. Summary of recently reported works for FMCW radars.

waveform generator is needed when processing radar echo

signal. In [3], [11], this design uses a dual-channel Personal

Computer (PC) sound card as the receiving device to acquire

the echo signal and synchronization signal of FMCW radar

simultaneously. In [2] a mm-wave radar chip (AWR 1443) of

Texas Instrument (TI) is used and a 77 GHz FMCW radar is

designed based on the chip.

The characteristic of this FMCW radar is that the acqui-

sition of synchronous signal and the analysis of echo signal

are completed in the chip. Authors in [6] present a 4.4 GHz

FMCW radar design scheme based on a pair of NI-USRP

2932. One of theUSRPs acts as a transmitter and the other as a

receiver, and the two USRPs synchronize the signals through

an external connection.

It is highly desirable to design a FMCW radar with

high flexibility. In [5], [8], [12]–[15] FPGA is used as the

waveform generator of FMCW radar. The advantage of this

scheme is that it can generate arbitrary modulation waveform

simply and conveniently by programming. Authors in [4], [7]

use discrete originals to build waveform generator.

This design scheme is relatively simple, but loses the pos-

sibility of software reconfiguration. If different modulation

waveforms are to be produced, we need to replace the original

parts with different parameters, which greatly reduces the

flexibility of radar system. In [2]–[18], software estimations

are used in the analysis of radar echo signals. In [2], [3], [6]

PC is used for software estimation, while in [4], [16] MCU is

used for the software estimation.

It is also highly attractive to design a FMCW radar with

low cost. USRPs fromNational Instruments Corporation (NI)

are used in [6], [19], [20]. With LabVIEW [21], a radio sys-

tem for detecting underground targets has been successfully

built. However, such a FMCW radar system is expensive.

Authors in [9] implement a FMCW radar system for indoor

positioning and life perception by using National Instruments

PXIe 1075 combined with radio frequency module. The

design cost is quite high. Furthermore, authors in [5], [8], [11]

present the use of FPGA as the signal generationmodule. This

scheme improves the flexibility and reduces the design cost

of the system to a certain extent.

C. OUR CONTRIBUTIONS

From the above analysis of related works, it can be seen

that a highly flexible and low-cost FMCW radar is highly

desirable. Motivated by this consideration, a FMCW radar

system is proposed in this paper. In short, the system features

the following characteristics:

1) The FMCW radar does not need hardware synchro-

nization signal by designing a special modulation waveform

and a software-based synchronization algorithm. Compared
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with the previous work to use a dual-channel PC sound card,

the radar system designed in this paper only needs to use

a single-channel PC sound card to meet the design require-

ments. It reduces the synchronization requirement of receiv-

ing equipment and further reduces the cost and complexity of

system design.

2) Furthermore, this paper uses a popular Arduino micro-

processor as the software programmable waveform genera-

tor, which improves flexibility and reduces cost. One of the

advantages of software programmable waveform generator is

that it can design modulation signals with different parame-

ters according to actual needs, so as to facilitate comparative

experiments of different modulation waveforms.

3) Moreover, the radar system in this paper uses a single-

channel PC sound card for data acquisition. The specific

parameters such as sampling rate and sampling time of sound

card can be set conveniently by using MATLAB directly.

The beat signal collected by PC sound card can be used to

analyze and calculate the distance and speed information of

the current target directly inMATLAB, and can also be stored

for later analysis.

Compared with previous works, the proposed radar has

low implementation cost since it does not need expensive

integrated chips and equipment as in conventional designs.

The rest of this paper is structured as follows. In the next

section, the hardware design of the FMCW radar system is

introduced. In Section III, the modulation waveform and sig-

nal processing algorithm adopted in this paper is introduced

in detail. In Section IV, two groups of experiments and results

analysis are given. Finally, conclusions are given.

II. HARDWARE DESIGN OF THE RADAR SYSTEM

The hardware design of the proposed FMCW radars mainly

includes two parts: a signal generation and transmission part

and a signal reception and processing part, as described in

Figure. 1.

A. HARDWARE DESIGN OF SIGNAL GENERATION AND

TRANSMITTING PART

The signal generation and transmission part is mainly com-

posed of an Arduino nano, a DA (digital to analog) mod-

ule, a VCO (Voltage Controlled Oscillator) module, a power

amplifier module, a power distribution module and a trans-

mitting antenna. In order to realize the programmability of

the transmitting signal, Arduino nano is selected as the signal

generator in this paper, which improves the flexibility of the

radar system. Digital slope signals (such as sawtooth wave,

triangular wave, etc.) are generated by using Arduino nano.

The digital signals are converted into analog signals through

our self-designed DA module, and the VCO is controlled

to generate FMCW signal needed by the radar system. The

FMCW signal produced by the VCO is divided into two

equal-power signals by the power divider, one is sent to the

transmitting antenna to radiate outward, the other is sent to

the frequency mixer of receiving and processing part as local

oscillator signal.

FIGURE 1. Hardware design of FMCW radar. (a) System block diagram.
(b) Radar prototype.

B. HARDWARE DESIGN OF SIGNAL RECEIVING AND

PROCESSING

The signal receiving and processing part is mainly composed

of a receiving antenna, a low noise power amplifier module,

a frequency mixer module, a LNA (Low Noise Amplifier)

module and a PC. The echo signal received by the radar

receiving antenna is amplified and mixed with the local oscil-

lator signal in the frequency mixer module to get the desired

beat signal.

Because the beat signal output by direct mixing contains

a lot of high frequency interference, it needs to be filtered.

In this paper, a self-designed LNA module is adopted. The

LNA module is mainly composed of a fourth-order Butter-

worth low-pass filter and an amplifier, which can filter out

the high-frequency interference in the beat signal very well.

The beat signal processed by the LNA module is collected

by the PC sound card. Previous radar system designs need

to use a dual-channel PC sound card to collect a beat signal

and a synchronization signal at the same time, as in [11].

The dual-channel sound card is rarely used in recent PCs,

which directly leads to the lack of universal applicability of

this radar system. This paper uses a unique design scheme

to solve this problem, and realizes the radar system design

based on a single channel PC sound card acquisition, which

will be introduced in the next chapter. Most interestingly, the

sampling time and sampling rate of the PC sound card are

flexible and programmable. The data collected by the PC
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sound card can be processed in real time in PC and stored

for later analysis.

III. DSP DESIGN OF THE RADAR SYSTEM

The software design also includes two parts: the pro-

grammable signal generation part and the programmable sig-

nal processing part. Software programmability is a major

feature of the radar system designed in this paper, which

has a high degree of flexibility and reconfigurability. In the

past design of FMCW radar system, the beat signal and the

synchronization signal need to be collected at the same time,

which requires high cost of hardware. To solve this problem,

this paper proposes a method of combining the periodic

intermittent slope signal with the software synchronization

algorithm to design a FMCW radar system without hardware

synchronous signal.

A. SOFTWARE PROGRAMMABLE SIGNAL GENERATION

PART

The main function of the software programmable signal gen-

eration part is to generate the slope signal needed by the

FMCW radar system. In this paper, the popular Arduino

nano is chosen as the output signal controller, and different

modulation waveforms can be flexibly selected as the control

signal of the VCOmodule according to the needs of the actual

test environment.

In this paper, a special modulation waveform is designed,

which is composed of two parts: a periodic sawtooth wave

and a periodic direct current (DC) part. In this paper, it is

called periodic intermittent sawtooth wave signal, as shown

in Fig. 2-(a). The specific mathematical expressions are as

follows:

s (t) =















−
smax

t2
∗ (t − nT − t1) + smax

nT + t1 ≤ t ≤ (n+ 1)T , n = 0, 1, 2, . . .

0, other

(1)

Respectively, smax represents the maximum output ampli-

tude of the signal generator, t1 represents the duration of

direct current signal, t2 represents the duration of sawtooth

signal, T = t1+t2 is the period of the modulated signal, and n

and k are integers. Correspondingly, the sawtooth wave signal

can also be replaced by a triangular wave signal, which is

called periodic intermittent triangular wave signal, as shown

in Figure. 2-(b). The specific mathematical expressions are as

follows:

s (t) =















































smax

t2
/

2
∗ (t − nT − t1) ,

nT+t1≤ t<(n+ 1)T −
t2

2
, n = 0, 1, 2, . . .

−
smax

t2
/

2
∗ (t − nT − t1) + 2 ∗ smax ,

nT+t1+
t2

2
≤ t ≤ (n+ 1)T , n = 0, 1, 2, . . .

0, other

(2)

FIGURE 2. The Ramp signal for FMCW radar. (a) Periodic intermittent
sawtooth wave signal. (b) Periodic intermittent triangular wave signal.

FIGURE 3. The periodic intermittent sawtooth signal and the beat signal.

The reason for choosing this kind of signal as the mod-

ulation signal is to facilitate the software synchronization

algorithm at the signal processing part.

FMCW radar calculates the frequency difference between

the transmitting signal and the echo signal to obtain the

distance from the radar to the target. In this paper, a periodic

intermittent sawtooth signal is used as the transmitting signal,

and the operation principle and process are shown in Fig. 3.

As shown in Fig. 3, the instantaneous frequency of the

reflected signal (solid line) of FMCW radar can be expressed

as:

ft = f0 +
B

Tm
t (3)

Respectively, B represents the bandwidth of the radar, f0
represents the basic frequency of transmitting signal, Tm = t2
represents the duration of sawtooth signal and t is the time.

The echo signal (dotted line) is similar to the transmitting

signal with an additional delay and the frequency of the echo
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FIGURE 4. The periodic intermittent triangular signal and the beat signal.

signal is:

fr = f0 +
B

Tm

(

t −
2R

C

)

(4)

where, R represents the distance between the target and the

radar and C represents the speed of electromagnetic wave in

air. The frequency difference between the transmitted signal

and the echo signal is as follows:

fd = ft − fr =
2BR

TmC
(5)

where, fd represents the beat signal, the target range formula

of FMCW radar based on intermittent sawtooth wave is as

follows:

R =
TmCfd

2B
(6)

Correspondingly, when using periodic intermittent trian-

gular wave signal as modulation waveforms, the operation

principle and process are shown in Fig. 4, and the formula

is as follows:

R =
TmCfd

4B
(7)

B. SOFTWARE PROGRAMMABLE SIGNAL PROCESSING

PART

The main function of the software programmable signal pro-

cessing part is to collect and analyze the beat signal output by

the mixer, and extract the target distance or speed information

from it. The specific signal processing process is described

as Fig. 5. Unlike the previous design in [11], the radar system

designed in this paper does not need to collect synchronous

signals, but only collects beat signal. The common PC sound

card is used in the acquisition equipment. The sampling rate

and sampling time of the sound card can be programmed

according to the specific application scenario.

Because the radar system designed in this paper has no

hardware synchronization signal, the processing method to

capture beat signal is also different from previous works. The

first step is to detect the start-point of the signal so as to

extract the useful echo signal. In order to achieve better results

in signal start-point detection, this paper designs a software

synchronization algorithm. Next, the process of signal start-

point detection will be introduced in detail.

FIGURE 5. The program process of the receiver.

The proposed three-threshold synchronization algorithm

is a heuristic algorithm based on signal amplitude charac-

teristics. The input signal of the algorithm is a continuous

signal of 2T duration collected by sound card. Assuming the

sampling rate is R, the number of discrete sampling points

corresponding to this signal isN = 2RT , which are expressed

as {r(1), r(2), . . . , r(N )}.

Since the starting time of the acquisition signal is ran-

dom when the sound card is called, the waveform of

{r(1), r(2), . . . , r(N )} may be similar to that of Case (a) or

Case (b) as shown in Fig. 6. In any case, the sampled signal

contains two parts: the low-amplitude part, which is due to

the DC part of the modulation signal, the high-amplitude

part, which is due to the slope part of the modulation signal.

In Case (a), the sampled signal starts from the low-amplitude

part, while in Case (b), the sampled signal starts from the

high-amplitude part.

The goal of the synchronization algorithm is to extract a

complete useful signal from the sampled signal and provide

it to the subsequent parameter estimation algorithm. In Case
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(a), the algorithm extracts high-amplitude part signal sam-

pling from start-point 2. In Case (b), the algorithm extracts

high-amplitude part signal sampling from start-point 1.

In order to achieve the above objectives, the algorithm

adopts an iterative detection method based on three thresh-

olds. In the k-th iteration, it detects whether time k is the

starting point of the desired signal. Specifically, a frame

signal {r(k), r(k+1), . . . , r(k+L−1)}with length L starting

from time k is extracted, and then their average amplitudes are

calculated:

a(k) =
1

L

k+L−1
∑

n=k

|rk (n)| (8)

Then, update the statistics in turn: c1, c2, c3. Their roles

and renewal methods are as follows:

(1) The function of c1 is to record the cumulative number

of times that the average amplitude of the signal frame is less

than H from the first iteration up to now. The update method

of c1 is as follows:

c1 =











c1 + 1, a(k) < H

0, {c3 > h3} or {c1 > h1 and c2 > h2}

c1, other

(9)

(2) The function of c2 is to record the cumulative number

of times that the average amplitude of signal frame is higher

than that of H from c1 > h1 up to now. The update method

of c2 is as follows:

c2 =











c2 + 1, a(k) > H and c1 > h1

0, c1 > h1 and c2 > h2

c2, other

(10)

(3) The function of c3 is to record the cumulative number

of times that the average amplitude of signal frame is higher

than that of H from the beginning of c1 < h1 up to now. The

update method of c3 is as follows:

c3 =











c3 + 1, a(k) > H and c1 < h1

0, {c3 > h3} or {c1 > h1 and c2 > h2}

c3, other

(11)

The function of threshold H is to distinguish whether

the current frame belongs to a high-amplitude part or a

low-amplitude part, and its value is determined by the average

amplitude difference between the two parts. The function of

threshold h1 is to determine whether the low-amplitude part

of the signal is detected successfully until the current frame,

if c1 > h1 indicates success. Its value is determined by the

length n1 of the low-amplitude part. The function of threshold

h2 is to determine whether the high-amplitude part of the

signal is detected successfully until the current frame, if c2 >

h2 indicates success. Its value is determined by the length

n2 of the high-amplitude part. The function of threshold h3

is to judge whether the current frame is an abnormal frame

FIGURE 6. Signal diagrams collected by sound card. (a) The signal starts
at the low amplitude part. (b) The signal starts at the high amplitude part.

(abnormal frame means that when the oscillation frequency

of high-amplitude part decreases, the frame near the zero-

crossing point shows the characteristics of low-amplitude

part, that is, the average amplitude is lower than threshold

H ), if c3 > h3 means that the current frame is an abnormal

frame. Its value is determined by the characteristics of signal

noise. The presence of abnormal frames can lead to erroneous

detection results, as shown in Fig. 7-(b), where p points to a

point in the high-amplitude part.

Finally, the three-threshold synchronization algorithm is

used to determine whether k is a start-point. Specifically,

if the following formula is satisfied:

p =

{

k, c1 > h1 and c2 > h2

0, other
(12)

Then determine that k is the start-point and end the iter-

ation. As Fig. 7- (a) shows, p points to the signal endpoint.

Otherwise, the k + 1 iteration is continued.

In order to understand the proposed three-threshold syn-

chronization algorithm, the pseudo-code of the algorithm is

given below, which is summarized as in Table 2.
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FIGURE 7. Scenario of start-point detection of beat signal. (a) Correctly
detection. (b) Error detection.

In order to verify the performance of the three-threshold

synchronization algorithm proposed in this paper, we com-

pare it with the variance based synchronization algorithm.

In addition, we consider the robustness of algorithms under

different SNR conditions. The experimental results are shown

in Fig. 8.

From Fig. 8, we found that both algorithms have poor

performance and their accuracy is around 5%, when SNR is

less than −5dB. When SNR is between −5dB and 0dB, the

performance of the algorithm improves significantly, reach-

ing about 80%. After SNR exceeds 20dB, the accuracy rate

remains very close to 100%. The performance of the variance

based synchronization algorithm is better than that of the

proposed algorithm when SNR is greater than 10dB and

less than 20dB. However, when SNR is less than 10dB, the

performance of this algorithm is not as good as the algorithm

proposed in this paper. In addition, we also analyzed the time

complexity of two algorithms. The experimental results are

shown in Fig. 9.

TABLE 2. Three threshold synchronization algorithm.

FIGURE 8. Performance comparison of two synchronization algorithms
under different SNRs.

FIGURE 9. Comparison of time complexity of two synchronization
algorithms.

As shown in the Fig. 9, we found that the synchronization

algorithm proposed in this paper has lower time complexity.

In conclusion, the heuristic synchronization algorithm pro-

posed in this paper can better solve the interception of useful

echo signal.

After the software synchronization algorithm processing,

we intercept a period of signal starting from the detected start-

point, which is the desired beat signal. There are many ways

to extract target distance information from the beat signal,

such as FFT, DTFT etc. Considering the actual situation, the
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FIGURE 10. Scene of the distance measurement experiment.
(a) Illustration of the experiment. (b) Set up of the experiment.

beat signal period of the FMCW radar system designed in

this paper is in the scale of milliseconds. If FFT is used to

process data in measuring range, there will be a very serious

fence effect, which directly leads to reduction of ranging

accuracy. Therefore, this paper chooses DTFT for subsequent

processing to improve the measurement accuracy of radar.

The mathematical expression of DTFT is as follows [11]:

X (ejω) =

∞
∑

n=−∞

x (n) ∗ e−jωn (13)

After DTFT processing, the frequency domain diagram of

the beat signal can be obtained. The frequency corresponding

to the maximum peak value is the target beat frequency.

Finally, the target distance can be calculated by the distance

formula.

IV. EXPERIMENTS AND PERFORMANCE RESULTS

In order to verify the feasibility of FMCW radar system

in this paper, two groups of experiments under different

TABLE 3. Experiments using related parameter tables.

FIGURE 11. The result of laboratory experiment. (a) The beat signal of 3m
distance by sawtooth wave. (b) The spectrum magnitude of 3m distance
by sawtooth wave. (c)The time-frequent diagram of 3m distance by
sawtooth wave. (d) The beat signal of 2.5m distance by triangle wave.
(e) The spectrum magnitude of 2.5m distance by triangle wave. (f)The
time-frequent diagram of 2.5m distance by triangle wave.

environments are designed: 1) Indoor corridor environment;

2) Outdoor parking environment.

A. INDOOR CORRIDOR ENVIRONMENT

The test environment of FMCW radar is in corridor environ-

ment. The test scenario of the corridor is shown in Fig. 10.

The target of this test is a 1 × 1.5m metal plate. During the

test, themetal plate is moved from near to far, and the distance

is measured by the FMCW radar and the data is recorded. The

parameters selected for this test are shown in Table 3.

By using the following formula (6) and (7), the required

distance information can be calculated from the beat signal.

The signal waveform received by FMCW radar is recorded

in the experiment as shown in Fig. 11. Fig. 11(a) shows

the real-time beat signal returned by the FMCW radar when
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FIGURE 12. Outdoor experimental scene.

TABLE 4. Summary of laboratory corridor test results.

measuring static targets 3 m away using periodic intermittent

sawtooth waves as modulation waveforms. By analyzing the

time-domain waveform of the beat signal, it can be concluded

that the signal has obvious periodicity, which is determined

by the modulation waveform. The periodic intermittent saw-

tooth wave signal used in this paper includes the DC part and

the sawtooth wave part, which correspond to the steady state

part and the oscillation part of beat signal respectively.

In order to extract desired distance information from beat

signal, DTFT transform is needed to convert beat signal from

time domain to frequency domain, as shown in Fig. 11-(b).

From the figure, we can see that there are several peaks in the

frequency domain of beat signal.We only need to get themax-

imum amplitude signal. The frequency value corresponding

to the maximum amplitude is the required beat signal value.

Other peak signals may be caused by FMCW radar spectrum

leakage and other reflections.

In order to illustrate the result clearly, this paper draws the

corresponding time-frequency chart in Fig. 11-(c). In addi-

tion, the y-axis, x-axis, color represent frequency, time, and

amplitude of DTFT. The Fig. 11-(d, e, f) are the time domain

diagrams, frequency domain diagrams and time-frequency

diagrams of beat signal when FMCW radar uses periodic

intermittent triangular waves as modulation waveforms to

measure 2.5m far-static targets.

In indoor corridor environment, five groups of test exper-

iments with different distances were designed. The target

FIGURE 13. The result of laboratory experiment. (a) The beat signal of 2m
distance by sawtooth wave. (b) The spectrum magnitude of 2m distance
by sawtooth wave. (c)The time-frequent diagram of 2m distance by
sawtooth wave.

distances were 1.75m, 2.5m, 3m, 4.5m and 5m, respectively.

The periodic intermittent sawtooth wave and the periodic

intermittent triangular wave are used as modulation wave-

forms for each group of experiments at different distances.

There are 10 groups of experiments. The test results of

FMCW radar at different distances are shown in Table 4.

B. OUTDOOR PARKING ENVIRONMENT

The test environment of FMCW radar is chosen in the an

outdoor parking lot. FMCW is often used as vehicle-borne

radar to measure the distance between vehicles. For the

convenience of experiment, the parking lot is chosen as the
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TABLE 5. Summary of outdoor parking test results.

experimental environment. The specific experimental sce-

nario is shown in Fig. 12. The experimental parameters are

in agreement with those of the above experiments.

The signal waveform received by FMCW radar is recorded

in the experiment as shown in Fig. 13. In the outdoor parking

environment, this paper designs five groups of test experi-

ments with different distances. The target distances are 1m,

2m, 2.5m, 3M and 4m, respectively. Using periodic intermit-

tent sawtooth wave as modulation waveform, five groups of

test experiments were carried out. The test results of FMCW

radar at different distances are shown in Table 4.

From the experimental results of two groups, the single-

channel signal acquisition FMCW radar designed in this

paper has a high ranging accuracy. Even if there is no syn-

chronous signal, the experimental results have comparable

accuracy as in the literature [11], which shows that it can

achieve high accuracy while reducing the complexity of

the equipment. Of course, the advantage of software pro-

grammable FMCW radar is that users can design specific

modulation signal to receive and process algorithm according

to the realistic test requirements.

V. CONCLUSIONS

This paper presents a FMCW radar system with software

synchronization, high flexibility and low cost. More impor-

tantly, this radar is free from the shackles of hardware syn-

chronization signal by means of intermittent ramp signal and

synchronization algorithm. Firstly, the radar system uses the

periodic intermittent slope signal as a modulation signal,

and achieves the data processing method with the software

synchronization algorithm. Hardware synchronous signal is

not needed for the proposed radar. Then, the radar system

uses a programmable signal generator and a software data

processor to improve the flexibility of the system. Moreover,

the system is built without expensive integrated chips and

equipment, which greatly reduces the design cost. Finally,

two groups of experiments under different environments are

designed. Through the analysis of the results, it can be seen

that the radar system designed in this paper attains a good

accuracy while greatly reduces the design cost and complex-

ity. Simplified hardware circuit design and flexible software

algorithm design guarantees the FMCW radar can meet the

needs of various applications.

In future research, wewill continue to optimize the existing

FMCW radar design scheme for further simplification, and

consider to build an integrated ranging and communication

system.
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