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In this paper, among the various types of LiDAR sensors, we use a scanning LiDAR sensor with a
pulsed laser, which is best suited for autonomous vehicles requiring a wide field of view.

This paper is organized as follows. Section 2 briefly discusses the related works. Then,
the problems of conventional LiDAR sensors and the method by which the proposed LiDAR sensors
reduce power consumption are described in Section 3. In Section 4, the LiDAR sensor with reduced
power consumption is verified through experiments. Finally, Section 5 contains the conclusion.

2. Related Works

As numerous high-tech devices are developed in various fields, miniaturization is pursued
for convenience and portability. In addition, low-power issues are being discussed to enable the
operation of small batteries for portability. To satisfy these requirements, the structure of the signal
processing hardware has been modified in the past to reduce power consumption [24,25]. Recently,
the trend is to reduce power consumption with a low-power operation algorithm and efficient data
processing [26–28].

Radio detection and ranging (RADAR) sensors, similar to LiDAR sensors, have been applied
in various fields for a long time, but have recently been introduced in vehicles [4]. As RADAR
sensors develop in sophistication, the research on low-power consumption of RADAR sensors
continues [29,30]. However, because the research period of multi-channel LiDAR sensors has not
been relatively long, judging by the technology trend, the research and development of an improved
sensing distance, a point-cloud signal-processing method, and accuracy and recognition are being
conducted [31–34]. Because the research of a multi-channel LiDAR sensor is focused on improving
performance, the research on low-power consumption for vehicles has been insufficient.

Currently, the conventional LiDAR sensors on the market have the disadvantage of inefficient
power consumption because of the constant operation of a vertical angular resolution (VAR) and
horizontal angular resolution (HAR) fixed. In particular, because the fatal disadvantage of the LiDAR
sensor causes vulnerabilities in autonomous vehicles equipped with multiple sensors and electric
vehicles using batteries as a power source, it is necessary to improve the operation method to
achieve efficient power consumption [1,2]. A solution to the power consumption should be prepared
according to the advanced performance of the LiDAR sensor. A simple method of reducing the power
consumption involves modifying the hardware of the LiDAR sensor by focusing on an algorithm that
changes the fixed accuracy of the conventional LiDAR sensor according to the condition.

The LiDAR sensor controls and changes the laser transmission period (TP), which is the
HAR, according to the vehicle’s speed and surrounding environment. Because the number of laser
transmissions (Nx) varies proportionally according to TP, we propose an algorithm that can efficiently
consume power according to the variable TP [35].

3. Characteristics of Multi-Channel Scanning LiDAR Sensors

3.1. Conventional Multi-Channel Scanning LiDAR Sensors

As mentioned in the introduction, a multi-channel scanning LiDAR sensor is configured with a
brushless direct current (BLDC) motor, which rotates the mirror, and an encoder within the structure
of the typical LiDAR sensor, as shown in Figure 3. In addition, the multi-channel scanning LiDAR
sensor uses a multi-channel APD, which determines a vertical field of view (VFoV). The encoder
extracts the angle information of the BLDC motor, which rotates the mirror, and transmits it to the
microprocessor (MP).
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Figure 3. Block diagram of multi-channel scanning LiDAR sensor.

The MP calculates the motor’s rotation angle using the angle data received from the encoder and
controls the duty cycle of a pulse width modulation (PWM) signal with the motor driver. When the
mirror’s angle is in the detection range, the MP triggers a START signal to the LD. The LD, which
receives the START signal from the MP, transmits a STOP1 signal to the TDC at the same time as the
laser transmission. The TDC that received the STOP1 signal from the LD counts using an internal
timer (TMR) until STOP2 signals from each channel of the APD come in. Each channel of the APD
receives the laser reflected by the object and sends the STOP2 signal to stop the TDC from counting.
The TDC transmits its count values from the STOP1 signal to the multi-channel STOP2 signal and
then to the MP. After receiving the count value from the TDC, the MP converts the distance value by
applying the speed of light: C = 3 ∗ 108 m/s. The LiDAR sensor repeats these operations by the value
of a horizontal field of view (HFoV) at different mirror angles.

3.1.1. Time-Domain of TDC Operations

Figure 4 shows the TDC operations process of each input signal to the TDC during the operation
time and the data transmitted to the MP after signal processing [36–38].
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Figure 4. Time domain of time-to-digital converter (TDC).

When the MP sends the START signal to the LD and TDC, the TDC that receives the START signal
waits for the STOP1 signal from the LD. The LD that received the START signal from the MP transmits
the laser and sends a STOP1 signal to the TDC at the same time. When the laser reflected from the
object reaches each channel of the APD, the STOP2 signals are transmitted to the TDC. The TDC’s TMR
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in order to confirm the effect of the proposed LiDAR sensor’s algorithm, the variable HAR and the
sleep mode are applied, and the LiDAR sensor’s power consumption was measured to verify that the
power consumption varied according to the HAR.

4.1. Power-Consumption Measurement of LiDAR Sensor

The following experiment results confirm the variation of TP according to the variable HAR of
the LiDAR sensor. Based on Table 2 as shown in Section 3.1.2, when the HAR of Nx.max (580 times) is
0.25°, we confirmed that the LD transmits the laser every 11.57 μs through an oscilloscope. In the same
way, data were extracted for TP from 0.3° to 0.5° in sleep mode, as shown in Figure 15. The results
confirmed that TP increased as the HAR decreased.

(a) 580 point (b) 483 point

(c) 414 point (d) 362 point

(e) 322 point (f) 290 point (sleep)

Figure 15. Comparison of TP. (a) 580 laser transmissions at 11.57 μs intervals. (b) 483 laser transmissions
at 13.89 μs intervals. (c) 414 laser transmissions at 16.21 μs intervals. (d) 362 laser transmissions at
18.54 μs intervals. (e) 322 laser transmissions at 20.84 μs intervals. (f) 290 laser transmissions at
23.14 μs intervals.

Additionally, the LiDAR sensor’s HAR was varied by transmitting the laser every rotation, but in
sleep mode, the laser was transmitted only once every five rotations to further reduce the power
consumption in the environment sensing-based accuracy control mode. TP was confirmed using an
oscilloscope, as shown in Figure 16.
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data using one 16-channel TDC. In addition, data can be received via parallel transmission from the
CMOS image sensor. The Ethernet port was designed with the SPI. An I2C slave controller was used
to control a hardware register, and two modes were applied: a mode for accessing registers directly
and one for access by communicating directly with the CPU. In addition, a timing control block for
controlling the PWM was configured for the LD’s TP and to rotate the BLDC motor. Different timings
could be controlled so that each block could operate independently. The PWM signal can generate
desired waveforms by controlling the start latency, pulse width, pulse period, number of generated
signals, and pulse hold. As described above, a dedicated chip was designed and manufactured for the
LiDAR sensor, and the proposed algorithm will be applied to the manufactured chip for testing.

5. Conclusions

This paper proposes an algorithm to improve the inefficient constant operation method of
conventional LiDAR sensors. Conventional LiDAR sensors inefficiently consume the operating power
because they do not consider the vehicle’s speed or the surrounding conditions. The proposed LiDAR
sensor is implemented with software and hardware using the proposed algorithm to reduce the power
consumption by varying the accuracy of a LiDAR sensor to be applied to electric and autonomous
vehicles with limited power consumption. The proposed power-control algorithm operates according
to two viewpoints: the vehicle’s speed and the surrounding environment. First, the LiDAR sensor
controls the laser’s HAR based on the vehicle’s speed to reduce the dynamic power consumption.
Second, when the surrounding environment does not change for a certain time period, the proposed
LiDAR sensor reduces the static power consumption by minimizing unnecessary detection through
sleep mode. When the HAR was operated at 55.52% of Nx.max at low speed using the proposed
LiDAR sensor, the LD’s APC was reduced by 32.43%, and when driving only one cycle per five cycles,
the APC of the LD was reduced by 61.09%, and the HAR in sleep mode was reduced to 50% of Nx.max.
The proposed LIDAR sensor applied the algorithm to control the HAR, which is TP, according to
the vehicle’s speed, and successfully tested the LiDAR sensor using a verification system, which
efficiently reduced the power consumption. Therefore, the proposed LiDAR sensor can flexibly cope
with various vehicle environments and improve the efficiency of the operations with the applied
algorithm. In addition, the manufactured chip for the LiDAR sensor uses the Global Foundries 55 nm
CMOS process, and the designed processor area is 1,383,647 μm2 and is about 540,000 gates. The chip
has an ARM Cortex-M3 processor, and the designed processor will be tested using the proposed
algorithm based on embedded software. The chip is expected to be completely redesigned with an
on-chip MP and embedded software to optimize the power consumption as the environmental changes.
In this paper, only the LD’s power consumption of the LiDAR sensor was controlled by applying an
algorithm that changes the HAR according to the vehicle’s speed and detects the environment. Future
research will be conducted to reduce the power consumption more efficiently by controlling parts
other than the LD. It was determined that the proposed LiDAR sensor can be applied not only to the
automotive industry but also to various fields, including the robot and drone industries, and that the
power consumption algorithm can be applied in suitable ways for the field.
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Abbreviations

The following abbreviations are used in this manuscript:
LiDAR light detection and ranging
HAR horizontal angular resolution
LD laser diode
NIR near-infrared ray
ToF time-of-flight
APD avalanche photo diode
TDC time-to-digital converter
MP microprocessor
AMCW amplitude-modulated continuous-wave
FMCW frequency-modulated continuous-wave
MEMS microelectromechanical systems
OPA optical phased array
RADAR radio detection and ranging
VAR vertical angular resolution
BLDC brushless direct current
VFoV vertical field of view
PWM pulse width modulation
TMR internal timer
HFoV horizontal field of view
SPI serial peripheral interface
OSC oscillator
BRR BroadR-Reach ethernet
CAN controller area network
ECU engine control unit
PCL point cloud library
AC average current
APC average power consumption
DAC difference in average current
DAPC difference in average power consumption
PRR power reduction rate
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