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ABSTRACT Soft synchronization frequency modulated continuous wave (SS-FMCW) radars not only have
the diversity of transmit signals, but also have the flexibility of hardware structure. This article proposes
a power consumption model for further analyzing the power performance of the SS-FMCW radar, which
is a module-level model designed for intermittent ramp signals. First, based on the principle behind the
SS-FMCW radar, we build the power consumption model of the radar transmitter and receiver according
to the characteristics of intermittent ramp signals. Second, to analyze the power consumption performance
of the SS-FMCW radar, we propose a duty cycle factor. In addition, we compare the power consumption
performance of traditional frequency modulated continuous wave (FMCW) radar and the SS-FMCW radar
with different factor values through theoretical analysis. Finally, the rationality of the theoretical analysis
is verified by simulation experiments and actual test experiments. The experimental results show that the
SS-FMCW radar has obvious advantages in power consumption performance compared with the traditional
FMCW radar. Specifically, when D, = 0.5, compared with the traditional FMCW radar, the power
consumption of the SS-FMCW radar is reduced by 18.6% in the actual test experiments.

INDEX TERMS Power consumption model, soft synchronization frequency modulated continuous wave
(SS-FMCW) radar, intermittent ramp signals, duty cycle factor.

I. INTRODUCTION

A. BACKGROUND

The devices used for hand gesture recognition (HGR) and
human motion recognition (HMR) mainly include cameras,
radars and wearable sensors. Then, the research on HGR
and HMR based on frequency-modulated continuous wave
(FMCW) radar has gained more and more attention with the
emphasis on privacy protection [1], [2], [3], [4], [5], [6], [7],
[81, [9], [10], [11]. However, the traditional FMCW radar
hardware structure is relatively fixed and the slope signal
is relatively single, so it lacks diversity. Flexible adaptation
of the radar hardware architecture and ramp signals to dif-
ferent application scenarios is difficult. For this problem,
in the previous work [12], [13], we proposed a soft synchro-
nization frequency modulated continuous wave (SS-FMCW)
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radar, which is an improved FMCW radar with structural
flexibility and signal diversity. Specifically, the SS-FMCW
radar adopts a software synchronization method to get rid
of the hardware synchronization signal link. It saves the
system overhead caused by hardware synchronization signal
generation, transmission and acquisition, then improves the
flexibility of radar hardware structure design. Furthermore,
the basic types of intermittent ramp signals include intermit-
tent sawtooth signals and intermittent triangular wave signals.
The waveform of the transmit signal can be flexibly adjusted
to suit different application scenarios by setting different
time intervals, periods, and slopes. However, the research
on this radar is not deep enough to show its advantages in
power consumption performance. Therefore, in this work,
we will model the power consumption of the SS-FMCW
radar, and improve the power consumption performance of
the radar by setting the relevant parameters of the ramp
signals.
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B. RELATED WORK

Many scholars have made a significant contribution to the
research on radar power consumption [14], [15], [16], [17],
[18], [19], [20], [21], [22], [23]. For example, Shi et al. [16]
address the problem of designing the joint sub-carrier selec-
tion and power allocation scheme to minimize the power
consumption of a dual function radar communications sys-
tem. The key is to select the best possible sub-carriers for
radar and communications purposes in sequence and allocate
the optimal power resources on the corresponding sub-carrier
under the constraints of mutual information of target char-
acteristics and information transmission rate. Finally, the
effectiveness of the theoretical analysis and the proposed joint
optimization scheme are verified by numerical experiments.
Zhang et al. [18] propose an efficient power allocation strat-
egy for the multiple input multiple output (MIMO) radar
maneuvering target tracking. The mechanism of the strategy
is to achieve the optimal acquire based on the target maneuver
prior to information during the tracking period. Then, they
drive the predicted conditional Cramer-Rao lower bound as
an optimization criterion. Using the monotone decreasing
property of the objective function, they propose an efficient
solver based on sequence relaxation. Simulation results show
that this strategy has better tracking performance than a uni-
form distribution.

Based on deep reinforcement learning, Shi et al. [20] pro-
pose a data-driven multi-radar system target tracking resource
allocation method. The goal is to minimize the long-term
and short-term power consumption of the system through
radar selection and multi-target power allocation under the
premise of meeting the given tracking accuracy requirements.
To solve this problem, they propose a constraint of deep
reinforcement learning based on depth deterministic strategy
gradient. Considering the limited radar and power resources,
they redesign the three-layer output layer of the actuator
network to determine the actions of radar selection and power
allocation. The final simulation results show the effectiveness
of this method. Tian et al. [22] study the power distribution
for the orthogonal frequency division multiplexing (OFDM)
based dual-function radar and communication sensor. Specif-
ically, the signal-to-noise (SNR) ratio of the radar is taken as
the optimization objective, and the word error probability and
total transmission power are taken as the constraints. Then,
they propose an alternative direction sequential relaxation
programming algorithm, which can transform the original
non-convex problem into an approximate convex problem.
The final simulation results show that, compared with the
average power allocation, this scheme can improve the SNR
of radar.

In the previous work [12], we design an efficient, flexible
and low-cost FMCW radar platform based on the scheme of
analog components. This platform can quickly and flexibly
generate waveforms that meet the measurement requirements
and significantly improve the experimental efficiency. The
signal waveform of the platform is flexible, but its hardware
structure lacks flexibility. To this problem, we design the
SS-FMCW radar in the subsequent work [13], which not
only has the diversity of signal design, but also gets rid
of hardware synchronous signal link. Then, we verify the
scientific and effectiveness of the radar through theoretical
analysis and practical testing. Furthermore, in the subsequent
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work [24], we propose a four-threshold frequency band
variance synchronization algorithm, which further improves
the soft synchronization performance of the SS-FMCW radar.
The accurate detection of the starting points is the guarantee
of the range, speed and micro Doppler information acquisi-
tion. In addition, in the subsequent work [25], we explore
the power optimization strategy under the constraints of soft
synchronization performance and radar ranging performance,
i.e., the soft synchronization constrained energy efficiency
(SSC-EE) strategy.

However, the modeling and analysis of the SS-FMCW
radar power consumption are not deep enough, and there is
no detailed comparison with the traditional FMCW radar.
In the previous work, we have described the advantages of the
SS-FMCW radar in signal diversity and hardware structure
flexibility compared with the traditional FMCW radar, but
we have not made further analysis of the power consumption
performance of both. There is still a gap in this part of the
research.

C. OUR CONTRIBUTION

Through the above analysis, this paper proposes a module-
level radar power consumption model for intermittent ramp
signals and analyzes the power consumption performance of
the SS-FMCW radar based on the duty cycle factor, i.e., D),
which is the ratio of T} to T'. In short, we make contributions
as follows.

1) We analyze the power consumption of each component
of the transmitter and receiver of the SS-FMCW radar,
then propose a module-level power consumption model
for intermittent ramp signals.

2) To facilitate the power consumption performance anal-
ysis of the SS-FMCW radar, we propose the duty cycle
factor. As well as, we explore the relationship between
its different values and the power consumption perfor-
mance of the radar.

3) Experimental results show that the SS-FMCW radar has
advantages in power consumption performance com-
pared to the traditional FMCW radar.

The rest of this article is structured as follows. Section II
introduces the principle of the SS-FMCW radar based
on intermittent ramp signals. Section III introduces the
module-level power consumption model of the SS-FMCW
radar. Section IV introduces the duty cycle factor and makes
a theoretical analysis. Section V introduces the experimental
equipment and results. Section VI concludes this article.

Il. PRINCIPLE OF THE SS-FMCW RADAR

Compared with the traditional FMCW radar, the SS-FMCW
radar not only has the diversity of transmit signals, but also
has the flexibility of hardware structure. Specifically, the
traditional ramp signals are usually sawtooth wave signals
and triangle wave signals, which are relatively fixed and
single. Based on the traditional ramp signals, we draw on
the concept of sparsity and then construct intermittent ramp
signals, which include intermittent triangular wave signals
and intermittent sawtooth wave signals. In this paper, the
intermittent triangle wave signal is taken as an example for
analysis, and the waveform diagram is shown in Fig. 1. The
abscissa of the graph is time, and the ordinate is frequency.
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FIGURE 1. Schematic diagram of the mixing process of radar transmit signal and echo signal.

According to the upper part of Fig. 1, we know that
the period of the intermittent triangular wave signal is
T = T1+T,, where, T is the duration of a direct current (DC)
part and 77 is the duration of a triangular part. Furthermore,
the beat signal is shown in the lower part of Fig. 1. To explain
the principle of the SS-FMCW radar more clearly, the mixing
process of transmit signal and echo signal will be described
mathematically [26].

As an example, the transmit signal of the SS-FMCW radar
is shown in Formula (1), as shown at the bottom of the next
page, where, Ag, fo, B, k = 2B/T> and ¢ are amplitude,
initial frequency, bandwidth, frequency modulation slope and
initial phase of the transmit signal, respectively.

Assume that the initial position of the target is Ro from
the radar, and the target moves at a uniform speed v towards
the radar. Thus, the time delay can be expressed as 7(f) =
2(Rp — vt)/c, and the echo signal of the target is shown in
Formula (2), as shown at the bottom of the next page, where,
K, represents the reflection coefficient of the target, and ¢,
represents the phase change caused by reflection.

For the convenience of description, this paper will take the
mixing process of the upper sweep part of the first cycle as
an example, which can be expressed as

s (1) = ;7 (1) * 54 (1) .

= Agcos{2r[fo(t = T) + (1 = D] + ¢o}

X KyAgcos{2m [fo(t — T (t) — T1)
k

+ =) - T + @0 + ¢/}

= %KrA%{cos[Zn(Zfot —2foTh
—for(t) + %(2;2 + 2T 4 ()
— 4Tyt = 2t ()t + 27()T1)) + 290 + @]
+ cos[27 (for (¢) — g(z(tf
=2t()t + 2t ()T1)) — ¢rl} 3
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where, s;” () represents the upper sweep part of the first cycle
of the transmit signal, and s,” (¢) represents the upper sweep
part of the first cycle of the echo signal. Next, substituting
T(t) = 2(Ro — vt)/c into the part of frequency difference in
the above formula, we can get

1 %Ry 2vT
70 = 3K, A7 cos{zn[(TO 4 o

2 2k 2foR
— ﬂ)t — _Vtz + M
C C C
2kRo T
- — 11—} 4)

According to Formula (4), we know that the center fre-
quency and chirp rate of the beat signal can be expressed as

£ 2(kRo + kvT1 — fov)
. =

c
4kv
k' = — 5)
c
Similarly, the beat signal of the lower sweep part can be
obtained by mixing and filtering the corresponding transmit
signal and echo signal. The formula can be expressed as

I 2(2B
sy = L a2 cosom(2ZET0)Y
2 c

2kR 2kvT 2k
+ 0 L,

)
_ 22B+ fo)Ro n
&

C
2kRoT

I—e} (0

According to Formula (6), we know that the center fre-
quency and chirp rate of beat signal can be expressed as

fa'own — 2(23 +f0)v + 2kRO + 2kVT1
b c - p
k[cjiown — @ (7)
C
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After obtaining the beat signal corresponding to the upper
sweep part and the lower sweep part, we can get the distance
and speed information of the target, which can be expressed
as

up d
(f, +fb own

Ro = 4k (3)
_ C(fbdown _ fbup) N c bdown _ fbup) )
4(fo + B) 4fo

ill. POWER CONSUMPTION MODEL

Based on the previous section, to further analyze the power
consumption performance of the SS-FMCW radar, we derive
the power consumption model of traditional FMCW radar and
SS-FMCW radar, and conduct in-depth comparative analysis
from the theoretical dimension. In order to compare the dif-
ferences between the two radars in terms of structure, we plot
the differences between the two as shown in Fig. 2.

A. POWER CONSUMPTION MODEL OF THE TRADITIONAL
FMCW RADAR

According to literature [12], [25], we know that the hard-
ware composition of the traditional FMCW radar mainly
includes a programmable frequency modulation signal trans-
mission part and a programmable echo signal processing part.
Correspondingly, the total power consumption of the radar
is also composed of these two parts: transmitter power con-
sumption and receiver power consumption. It should be noted
that the power consumption involved in this section is average
power consumption. Therefore, the total power consumption
of the traditional FMCW radar can be expressed as

Py = Py + Py (10)

Specifically, the energy-consuming components of the tra-
ditional FMCW radar transmitter mainly include a micro-
computer unit (MCU), a digital-to-analog converter (DAC), a
voltage-controlled oscillator (VCO), a transmitting low noise

power amplifier (T-PA). It should be noted that the power
divider chosen in this paper is a passive component and does
not consume energy. Then the power consumption of the
transmitter can be expressed as

Py = Pucu,1y + Pipac,1)
+ Pivco,1y + Pir—pa, 1 (11)

where, Pucu,1y, Pipac,1y, Pivco,1y and Pir—_pa 1y repre-
sent the average power consumption of the MCU, the
DAC, the VCO and the T-PA, respectively. Accordingly,
the energy-consuming components of the receiver of the
traditional FMCW radar mainly include a receiving low noise
power amplifier (R-PA), a low-pass filter (LPF), an analog-
to-digital converter (ADC), and a digital signal processing
(DSP). It should be noted that the mixer selected in this paper
is a passive component and does not consume energy. Then,
the power consumption of the radar receiver can be expressed
as

Py = Pir—ra,1y + PiLer 1y
+ Plapc.1y + Pipsp. 1) (12)
where, P(r_pa, 1}, PiLpr,1}, Piapc,1y and Pipsp 1) represent
the average power consumption of the R-PA, the LPF, the
ADC and the DSP, respectively. Therefore, the total power

consumption of the traditional FMCW radar can be expressed
as

P,y = Py1y + Py 1y
= Pimcu .1y + Pipac,1y + Pivco, 1y
+ Pir—pa1y + Pir—pa,1y
+ Pipr1y + Puapc,1y + Pose,y - (13)

B. POWER CONSUMPTION MODEL OF THE SS-FMCW
RADAR

Similar to the previous section, the total power consumption
of the SS-FMCW radar includes transmitter power consump-
tion and receiver power consumption. Then, the total power

r k
Ag cos(2m [fo(t —nT — T1) + E(t —nT —T1)*1+ 9o},

Ao cos{2[(2B +fo)t — nT — Ty) — go —nT — T + o), M

K:Ao cos{2n[fo(t — ©(t) —nT — T1) + %(f — (1) = nT = T1)*1+ 90 + ¢/},

T
nT + Ty §t<(n+1)T—72,n=0,1,2,...
s(1) =
b
nT+T1+?§t<(n+1)T,n=O,1,2,...
{Ag cos(2rtfot + o), other
b
nT + T §t<(n+1)T—7,n=O,1,2,...
sp(t) =
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K, Ao cos{2r[(2B + fo)(t — T(t) — nT — Ty) — ga —2(t) = nT =TT+ 9o + 1}, 2)

T
nT—l—Tl—i—?z <t<@+DT,n=0,1,2,...
KyAp cos(2rfo(t — (1)) + @o + @), other
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FIGURE 2. Structure diagram of the SS-FMCW radar.

consumption can be expressed as

Py = Py oy + P2y (14)

The power consumption of the transmitter can be expressed
as

P2y = Puycu 2y + Ppac,2)

+ Pivco,2y + Pir—pa2) (15)

where, Piycu 2y, Pipac,2y> Pivco,2) and Pir_pa 2 represent
the average power consumption of the MCU, the DAC, the
VCO and the T-PA, respectively.

It shouldbe noted that according to the previous section,
the intermittent ramp signal includes two parts in a cycle, the
DC part and the ramp part (triangle wave part). The duration
of these two parts is 7| and T3, respectively. Therefore,
Pucu 2y, Pipac,2y, Pivco,2) and Pir_pa 2y can be expressed
as

P2y = [Pmcu 2y, Ppac.2ys

_ T
Py—ac  Pm—ram ?1
Pp_ Pp_
Pucosy Prr-mal” = | 5o oo || ]
2
| Pr—P—dc PT—P—ram ?

m Py—acTt + Py—ramT2

T
Pp_a4cTy + Pp—ramT2

T
- PV—dch + PV—ramTZ

T
Pr_p_4cT\ + Pr—p—ramT2
= T

(16)

where, P2 is a column vector, Py/_4c, Pp—dc, Pv—_4c and
Pr_p_g4c respectively represent the average power consump-
tion of the MCU, the DAC, the VCO and the T-PA when
processing the DC part, and Pps—ram> Pp—ram> PV —ram and
Pr_p_ram respectively represent the average power con-
sumption of the MCU, the DAC, the VCO and the T-PA
when processing the ramp part. Correspondingly, the power
consumption of the receiver can be expressed as
Pyr2y = P(r—pa 2} + Plrpr 2
+ Piapc 2y + Pipsp,2) )
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where, P(r_pa2), PiLpr,2}, Plapc,2y and Pipsp 2} represent
the average power consumption of the R-PA, the LPF, the
ADC and the DSP, respectively. Similar to the transmitter
part, the power consumption corresponding to the DC part
and the power consumption corresponding to the ramp part
need to be modeled separately.

Pir2) = [Pir—pa 2}, PiLpF 2},

-~ T
PR—p—dc PR—P—ram ?]

Pr_ P _
Piapc.2y Ppsp.yl” = Pi_zz Pfx—:ZZ * T
2
| Pps—dc Pps—ram T

~Pr—p—acT1 + PR—p—ramT2

T
Pr_acTy + Pr—yamT>

T
B Pa_qcTy + Pa—ramT2

T
Pps_acT1 + Pps—ramT2
L T .

(18)

Where,p{rl} is a column vector, Pr_p_g4c, Pr.—dc, Pa—4c and
Pps—_a. respectively represent the average power consump-
tion of the R-PA, the LPF, the ADC and the DSP when
processing the DC part, and Pr_p—am> Pr—ram» PA—ram and
Pps—ram respectively represent the average power consump-
tion of the R-PA, the LPF, the ADC and the DSP when
processing the ramp part. In short, the total power consump-
tion of the SS-FMCW radar can be expressed as

Piain 2y = Py oy + P2y
= Piucu .2y + Pipac,2) + Pivco,2
+ Pir—pa2} + P{r—Pa2y + Plpr 2y
+ Piapc.2y + Pipsp,2)

3 3
= Zp{t,z,i} + Zp{r,z,i}
=0 i=0

_ PaT1+P/3T2
h T

where, p(; 2 OF py, o5 is the i-th element in the vector,
P, represents the total power consumption of each

19)
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component of the SS-FMCW radar in processing DC part,
Pg represents the total power consumption of each compo-
nent of the SS-FMCW radar in processing ramp part.

IV. THEORETICAL ANALYSIS OF POWER CONSUMPTION
PERFORMANCE

To facilitate the analysis of the difference in power consump-
tion performance between the traditional FMCW radar and
the SS-FMCW radar, the ratio of total power consumption
between them is defined as O, and the specific formula is as
follows

Py PanT
Punpy  PoTi + PgTh

In order to more intuitively reflect the power consumption
performance advantages of the SS-FMCW radar and its rela-
tionship with Tjand T3, the ratio of T to T is defined as the
duty cycle factor Dy, and formula (20) can be expressed as

(20)

_ Prai 1y
(Py — Pﬁ)Dp + Pg

Op 21
According to practical physical principles, Qp, Pai, 1}, Pa»
Pg, T, Ty, T; and D), are positive numbers, and 0 < D, < 1.
Therefore, we can get
1) When P, = Pg, Qp is not related to D,.
2) When P, > Pg, if D, = % and 0 <
D, < 1, the power consumption performance of the
SS-FMCW radar is consistent with that of the traditional

FMCW radar; if D, > % and 0 < D, < 1,
the power consumption performance of the traditional
FMCW radar is better than that of the SS-FMCW radar,

and the performance advantage is more obvious with

the increase of D, value; if D, < W and 0 <
Dp < 1, the power consumption performance of the
SS-FMCW radar is better than that of the traditional
FMCW radar, and the performance advantage is more
obvious with the decrease of D), value.
3) When P, < Pg, if D, = }%’;jﬂ and 0 <
D, < 1, the power consumption performance of the
SS-FMCW radar is consis},ent w_i}ch that of the traditional
FMCW radar; if D, < %’Pﬂﬂ and 0 < D, < 1,
the power consumption performance of the traditional
FMCW radar is better than that of the SS-FMCW radar,
and the performance advantage is more obvious with

. Py —P
the decrease of D, value; if D, > —5+—f and 0 <
o

Dp < 1, the power consumption performance of the
SS-FMCW radar is better than that of the traditional
FMCW radar, and the performance advantage is more
obvious with the increase of D), value.

V. EXPERIMENTAL RESULTS AND ANALYSIS

In order to validate the theoretical analysis of radar power
performance in the previous section, this section analyzes
the differences in power performance between the traditional
FMCW radar and the SS-FMCW radar through simulations
and measurements. In the experiment, the two radars use the
same components and are built according to the structure of
Fig. 2 (a) and (b), respectively. In addition, the modulation
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(b)

FIGURE 3. (a) Triangle wave signal; (b) Intermittent triangle wave signal.

TABLE 1. Typical power consumption of each component.

Name  Typical power consumption

MCU 0.792mW
X DAC 18mW
Transmitter
VCO 225mW
T-PA 275mW
R-PA 275mW
LPF 20mW

Receiver ADC 15mW
Work mode: 627mW

Sleep mode: 23mW

DSP

signal of the traditional FMCW radar is a triangle wave
signal, as shown in Fig. 3 (a), and the modulation signal of
the SS-FMCW radar is an intermittent triangle wave signal,
as shown in Fig. 3 (b).

A. SIMULATION EXPERIMENT RESULTS AND ANALYSIS
In order to verify the theoretical analysis in the previous
section, the simulation experiment in this section mainly
includes: (1) The total power consumption of the traditional
FMCW radar; (2) The total power consumption of the SS-
FMCW radar; (3) The relationship between the ratio of total
power consumption Q,, duty cycle factor D), and modulation
signal cycle T. In addition, the typical power consumption
of radar components during the experiment can refer to
data sheets [27], [28], [29] (Mini-Circuits, TEXAS INSTRU-
MENTS and ANALOG DEVICES), as shown in Table 1.
During the experiment, the typical power consumption of
each radar component is shown in Table 1. The SS-FMCW
radar used in this paper operates in the 2.4 GHz band, so
the power consumption values of the various components of
the radar are typical for this band. It should be noted that the
DSP of the SS-FMCW radar can enter a sleep mode when
processing the DC part to reduce its power consumption.
In addition, the value of D), is set as 0 < D, < 1, and the
value of T is set as 0 < T < 100ms. The final experimental
results are shown in Fig. 4.
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According to the experimental results, we know that
Py < Pg and Pyyy,1y = Pg, which belongs to the last case in
the theoretical analysis. The total power consumption of the
SS-FMCW radar will decrease with increasing D), value for
a given T value, but will not vary with T" value for a given D),
value. The total power consumption ratio Q,, of the traditional
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FIGURE 5. Block diagram of power consumption measurement platform.

FMCW radar and the SS-FMCW radar will increase with the
value of D, and will always be not less than one. In other
words, when D), > 0, the power consumption performance
of the SS-FMCW radar is always better than that of the tra-
ditional FMCW radar, and with the increase of D, value, the
power consumption performance advantage is more obvious.
Specifically, when D, = 0.5, the power consumption of
the former is 20.7% lower than that of the latter. Therefore,
the simulation results in this section are consistent with the
theoretical analysis in the previous section.

B. ACTUAL EXPERIMENT RESULTS AND ANALYSIS

To further verify the theoretical analysis in the previous
section, this section will take the components selected in
this paper as an example of actual testing. Furthermore,
we analyze the difference in power consumption performance
between the traditional FMCW radar and the SS-FMCW
radar. The block diagram of the power consumption mea-
surement platform (take the VCO as an example) is shown
in Fig. 5.

The platform includes SIGLENT SDS3104 (an oscil-
loscope), Keithley DMM7510 (a high-precision graphic
sampling multimeter), Keithley 2280S (a high-precision mea-
suring DC power), PC1 and PC2. As an example, during
the VCO power consumption test, the VCO, the Keithley
DMMY7510 and the Keithley 2280S form a series circuit,
as shown in Fig. 5. The Keithley 2280S is used to supply
power to the VCO, and the output voltage is 5V. The Keithley
DMMY7510 is used to measure and collect the instantaneous
current in the circuit, and transmit the collected current values
to PC1. The SIGLENT SDS3104 is used to monitor the signal
waveform. Based on this, we test the instantaneous working
voltage and current of each radar component when processing
the DC signals and ramp signals.

According to the acquisition results, we know that the
instantaneous current of each component of the radar when
processing DC signals is slightly less than that when
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TABLE 2. Average power consumption of each component.

Average power consumption  Average power consumption

Components
(Triangle signal) (DC signal)

I(mA) P(mW) I(mA) P(mW)
MCU 17.17 85.85 16.42 82.10
DAC 3.29 16.45 2.81 14.05
VvCO 36.17 180.85 35.31 176.55
T-PA 52.56 262.80 52.51 262.55
R-PA 76.76 383.80 71.76 388.80
LPF 12.28 61.40 12.13 60.65
ADC 32.45 162.25 32.50 162.50
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FIGURE 6. (a) The change of Qp with Dp; (b) Comparison diagram of total
power consumption of radars.

processing slope signals. In order to study the average power
consumption of each component more intuitively, we calcu-
late the average power consumption of each component of
the radar, as shown in Table 2. Considering that the DSP
in this paper is a PC, its instantaneous working current and
voltage are difficult to measure accurately. Therefore, the
typical power consumption value is selected in the subsequent
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analysis. In addition, B is set to 226.6MHz and fj is set to
2.4GHz, and the experimental results are shown in Fig. 6.

According to the experimental results, we know that
Py < Pg and Py 1y = Ppg, which belongs to the last
case in the theoretical analysis. The actual test results are
similar to the simulation results in the previous section. The
total power consumption ratio Q), will increase with the value
of D, and will never be less than one. In other words, the
power performance of the SS-FMCW radar is much better
than that of the traditional FMCW radar when D), > 0, and
the power performance advantage becomes more obvious as
the value of D), increases. Specifically, when D, = 0.5, the
power consumption of the former is 18.6% lower than that
of the latter. The deviation of the actual test results from the
simulation results is due to the deviation of the average values
of the power consumption of the components selected in this
paper from the typical values in the data sheets. Therefore, the
actual results in this section are consistent with the theoretical
analysis in the previous section.

VI. CONCLUSION

This article fills the blank of power consumption performance
analysis of the SS-FMCW radar. Specifically, we analyze
the principle behind the SS-FMCW radar based on inter-
mittent ramp signals. Based on this, we propose a module
level power consumption model for the SS-FMCW radar.
Furthermore, we propose a duty cycle factor, and compare
the power consumption performance difference between the
traditional FMCW radar and the SS-FMCW radar under
different factor values. Finally, the experimental results show
that the SS-FMCW radar is superior to the conventional
FMCW radar in terms of power consumption performance.
Especially, when D, = 0.5, the former is 18.6% lower than
the latter in the actual test experiment. In future work, we will
further explore the power consumption performance of the
SS-FMCW radar in specific application scenarios, such as
the automotive sector.
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