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https://www.youtube.com/watch?v=StypxiiSs7Q

https://www.youtube.com/watch?v=PTVV-VzPneE

mmWave sensor from TI

mmWave sensor use case
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What will you learn ?
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You will learn …

• State-of-the-art sensors for collision-avoidance

• Strength and weakness of different sensors

• Build quick demo
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Ultra-sound
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• >20000Hz

• Sound wave, 2m – 5m distance effective

• 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑠𝑜𝑢𝑛𝑑× 𝑡𝑖𝑚𝑒
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• Speed：1500m/s@water, 344m/s@15℃ air

• Impact factors

• temperature and humidity of the air

• too small to reflect enough sound wave back

• object absorb the sound wave, i.e., cloth, carpet, etc.

source: http://newcar.xcar.com.cn
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blind zone



Dual-camera

• Triangulation algorithms

•
𝑇−(𝑥𝑙−𝑥𝑟)

𝑍−𝑓
=

𝑇

𝑍
𝑍 =

𝑓𝑇

𝑥𝑙−𝑥𝑟

• Cheap

• Light interference, e.g. poor under strong sunlight

• Computation resource cost, better with GPU/FPGA
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Source: <<Learning OpenCV>> page 416
By Adrian Kaehler · Gary Bradski

Source: www.intel.com



mmWave Radar

8Source: http://www.fujitsu-ten.com

• mm-Wave: 1-10 mm wavelength, 30-300GHz frequeny

• 1980s, the world’s highest frequency microwave radar at 225GHz 

• Telecom: IEEE 802.11ad@60GHz , 7Gbps

• Weapon: fire control in tanks, aircraft, carriers

• Screening: organic materials like clothing are transparent to mmWave

• Detection: is there radar wave (reflected) back?

• Ranging: Time-of-Flight, FMCW

Source: http://www.nxp.com
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LiDAR

• Getting cheaper, 2018, $70，000 to $100

• Time-of-flight (ToF) v.s. Frequency Modulation (FM)

9

WWW.ZHENHUIYUAN.COM

An Uber driverless Ford Fusion drives in Pittsburgh
Source: https://arstechnica.com
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A sample point cloud taken by Blackmore's lidar in May 2016. 
Image copyright Blackmore Sensors & Analytics



Comparison

Sensors Range Accuracy Detectable info Bad weather Price

Ultra sound 2-5m 0.1m range poor low

mmWave 150m 0.05m speed, range, 
angle

good high

LiDAR 100m 0.02m speed, range, 
angle

poor high

Camera 10m 0.5m range poor medium

10

WWW.ZHENHUIYUAN.COM



Examples

• Object detection using LiDAR for robotic car

• Code on Github: //github.com/zhenhuiyuan

• LiDAR from Benewake Ltd (http://benewake.com)
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