A21-161

CMOS EXTEH —iGRa S HIRIE
M T2 T NIERR

[EYiE=E 4]

B

BRI HIH

cMm filter @ wasersignal
B background signal

At

Laser width  time bin

St B 7 E&E LA




MERE FERARZ

il TR
sg'f," FZELEE

Eﬁﬁ%iﬁ%ﬁﬁ It EETE1¢

S BAKEASREFIRSA
TEABEFEL  HABASEARET TS

PRI RE

CMOS BBt F BRI —IBAS B EE ~
U |C 5551 ~ O ERUAIZS 2 $8L0R TR IC 8R5T ~

Abstract

With the technological development in recent years, various
manufacturers rush into the autonomous car market. For one
of the core technologies: sensors, various manufacturers focus
on photographic cameras, radars and LIDAR. Photographic
cameras currently lead in autonomous car sensors. With high
image resolution and powerful image processing technique,
they can obtain fairly accurate judgments in certain situations.
However, compared with mature camera, LiDAR can work in
various scenarios. It can provide a clear picture for the back-
end computer in the night, heavy rain and other situations,
and can directly provide distance information. It is an accurate
and trustworthy technology for autonomous car systems that
require high safety index. In the past, LiDAR used avalanche
photodiodes, the sensor could not be integrated with CMOS
circuits on chip. By using single-photon avalanche diodes
with the advantages of CMOS process integration, and a very
high timing resolution, they can reach the time resolution
of picoseconds to nanoseconds so it could enable the

development of low-cost LiDAR modules.

Our LiDAR is equipped with a self-developed CMOS SPAD
64x128 array chip as the receiver, and uses a self-designed
905-nm short-pulsed high-power laser as the transmitting
source. The LiDAR ranging method deploys an active scanning
array to produce images. Its can reach over 10 frames per
second with a total of 8192 pixels and a viewing angle of
9.6°x5.8°. Facing huge amount data generated by the array,
our team have developed the hardware embedding TDC and
statistical histogram calculations and thus achieved the goal of
fast data processing the for real-time demonstration, as shown
in Figure 1. For single-point ranging, under the integration

time of 100us and the background light of 40klux, the accuracy
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of the distance measurement at 50m is within 15cm error.

LiDAR uses the time-of-flight method (D-TOF) to achieve
distance measurement, as shown in Figure 2. DTOF emits
photons through a pulsed laser, which travel and are scattered
back by the objects and a very small amount of them can be
detected by the sensor. This time difference represents the
travel time taken by the photon. Accordingly, the distance can
be calculated. This method can be achieved through the TDC
circuit, and the true target signal can be found from multiple

data through statistical histograms to get the correct distance.

This work provides three key breakthrough technologies.
First, the two-photon time-correlative coincidence (TPTCC)
technology can largely suppress the amount of background
light counts, increase the signal-to-noise ratio, and reduce
the load on the back-end circuit. Second, stochastic pulse-
position modulation (SPPM) tackles the problem of inter-LiDAR
interference. Third, the use of cross-correlation algorithms
can overcome the physical limitations of D-TOF in ranging so
the laser can be operated at high frequencies (>1MHz) while

the distance measurement range is still up to 150 meters. as

shown in Figure 3.

<« Fig. 3 Our LiDAR
core technolgies






