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Introduction

 Sensing systems are the most important enablers for adding intelligence in the automotive world

 With Advanced Driving Assistance Systems (ADAS) becoming common in high end cars, multiple cameras 
being used on cars is becoming standard. Most of the concerns regarding safety, such as blind spot 
warnings, forward collision warning, and avoidance, have been diminished because of the use of cameras 
and advancements in machine vision technologies

 With the aim of making cars safer to drive, new features are being added to the driving assist systems. 
Most of these systems are enabled by sensing technologies. To overcome the limitations of traditional 
cameras, new sensors such as Radar, LiDAR and ultra sonic are also being used to enhance the features for 
ADAS

 There is also considerable traction in the autonomous driving area as most car companies, along with 
companies such as Google, are spending time and resources on the automotive research. Here, sensing 
systems play the key enabler role, as creating an accurate perception of the surrounding environment is 
an important parameter for such systems

 Sensing systems are also used for in-car monitoring, driving analysis, and car security, adding additional 
safety features to automobiles. A brief overview of sensing systems and their applications is given in the 
following slides
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Annual Global Road Crash Statistics

 Nearly 1.3 million people die in road crashes each year, on average 3,287 deaths a day; an additional 20-

50 million are injured or disabled

 More than half of all road traffic deaths occur among adults ages 15-44

 Road traffic crashes rank as the 9th leading cause of death, and account for 2.2% of all deaths globally

 Road crashes are the leading cause of death among young people ages 15-29, and the second leading

cause of death worldwide among young people ages 5-14

 Each year nearly 400,000 people under 25 die on the world's roads, on average over 1,000 a day

 Over 90% of all road fatalities occur in low and middle-income countries, which have less than half of the

world's vehicles

 Road crashes cost USD $518 billion globally, costing individual countries approximately 1-2% of their

annual GDP

 Road crashes cost low and middle-income countries USD $65 billion annually, exceeding the total

amount received in developmental assistance

 Unless action is taken, road traffic injuries are predicted to become the fifth leading cause of death by

2030

Source: Association For Safe International Road Travel (ASIRT) 2016
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US DOT Guidelines For Autonomous Vehicles
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 How and where the car is supposed to operate

 How the car detects and responds to oncoming objects 

 How the system responds in case of a software failure 

 How it was tested and validated 

 How it protects user data 

 How it records and shares data 

 How it is programmed to address ethical dilemmas on the 

road

The US Department of Transportation released its Federal Automated Vehicle Policy in September 2016, comprised of 
four parts: vehicle performance guidance (a 15-point safety assessment); model state policy (delineating federal and 
state roles); current regulatory tools; and modern regulatory rules meant to address the following topics:



GENERAL ADAS OVERVIEW



Introduction to ADAS

 Advanced driver assistance systems (ADAS) are systems developed to automate/adapt/enhance vehicle 
systems for safety and better driving. Safety features are designed to avoid collisions and accidents by 
offering technologies that alert the driver to potential problems, or to avoid collisions by implementing 
safeguards and taking over control of the vehicle. Adaptive features may automate lighting, provide 
cruise control, automate braking, incorporate GPS/ traffic warnings, connect to smartphones, alert driver 
to other cars or dangers, keep the driver in the correct lane, or show what is in blind spots

 ADAS relies on inputs from multiple data sources, including automotive imaging, LiDAR, Radar, image 
processing, computer vision, and in-car networking. Additional inputs are possible from other sources 
separate from the primary vehicle platform, such as other vehicles, referred to as Vehicle-to-Vehicle 
(V2V), or Vehicle-to-Infrastructure (such as mobile telephony or wifi data network) systems

 ADAS is one of the fastest-growing segments in automotive electronics, with steadily increasing rates of 
adoption of industry-wide quality standards, functional safety in accordance with ISO 26262, and 
developing technology-specific standards, such as IEEE 2020 for Image Sensor quality and 
communications protocols and standardized computer systems such as the Vehicle Information API and 
on-board diagnostics (OBD) codes

 Among the anticipated benefits of autonomous cars is the potential reduction in traffic collisions (and 
resulting deaths, injuries, and costs) caused by human-driver errors, such as delayed reaction time, 
tailgating, rubbernecking, and other forms of distracted or aggressive driving
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ADAS Market

Global ADAS Market Global ADAS by System Type

Global ADAS by Sensor Type Global ADAS by Geography

 Global Advanced Driver Assistance Systems Market is expected to 
reach $60.14 Billion by 2020

 Growing at a CAGR of 22.8% (2014-2020)
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 The comprehensive view on the % penetration of ADAS Technology 
by geographical location. Europe leads the way with just over 60%



The Road to Autonomous Driving 

Safety Evolves Towards Automated and Autonomous Driving
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Source: Infineon, 2015



ADAS to Fully Autonomous: Steps Toward Automated Drive
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Automotive Sensing Systems - Market Map
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Cost of Various Elements in Autonomous Driving
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Source: Boston Consulting Group, 2015



Notes From The ADAS Semiconductor Market
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 Adoption of ADAS has been accelerated by the active development of Autonomous cars by Google, Apple and Uber
 The ADAS Semiconductor market is expected to grow $1.9B in 2015 to $5B in 2025 according to McKinsey
 Processors: ECU and MCU are key parts for ADAS applications. Low power, high frequency multi-core architectures 

are required. In addition to traditional automotive semiconductor suppliers, Intel,  Qualcomm, and  NVIDIA have 
joined the market

 ADAS will need to support many algorithms for different functions
‒ Software updates must be downloaded (refer to Tesla /Chrysler hacking event July, 2015)

 Sensors: very critical parts will include visual imaging devices, RF/Radar devices, and ultrasonic
‒ In Vision-based ADAS, Mobileye takes a lead  with a few companies providing Driver-monitoring systems based 

on software such as Seeing Machines
‒ Mobileye’s shipped an estimated 5M units in 2015
‒ Infineon shipped 10M units of 77GHz Radar chips in 6 years (Major customer: Bosch)
‒ Infineon also expects 10M new cars  to deploy 77GHz Radar in 2016
‒ Freescale partners with Continental to promote 77GHz
‒ Toyota started deployment of Safety Sense in model year 2015 
‒ Denso deploys 77GHz Radar + Camera

 It looks like Radar and Vision will co-exist
‒ Freescale acquired CogniVue
‒ Infineon partnered with PMD and Kostal
‒ ST partnered with Mobileye

 LiDAR systems use high-end laser scanning systems to generate complete 3D image of the environment. It is 
expensive at $8,000. Now, Solid State LiDAR systems have gone to the market from Quanergy and LedderTech. They 
use solid state Laser or near IR optical devices to reduce cost significantly

 Systems requirements will put semiconductor companies in much closer contact with OEMs
 Autonomous cars will require more connectivity (V2X and Cloud); Security is a very critical issue



Semiconductor Revenue by ADAS Application
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Source: McKinsey, Feb, 2016
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Sensing Systems for ADAS

 Sensing systems for perception of the environment are the major enablers of Advanced Driving Assistance Systems 
(ADAS) and autonomous driving

 ADAS provides features like forward collision avoidance, lane departure warnings, pedestrian detection, parking 
assistance and adaptive cruise control

 Many ADAS systems have a forward camera-based system offering most of the above features effectively, with a rear 
camera for parking assistance. Mobileye has emerged as a major player in this segment with its EyeQ series of System 
on Chips (SoC)

 However, camera-based systems have limitations in terms of range, and do not provide depth while operating only in 
visible light conditions. These systems become less reliable as visibility is challenged due to environmental factors 
such as fog, snow, and in the dark of night

 The depth, sensing problem is often solved using stereo camera systems instead of monocular systems. These 
systems are used to provide a 360 degree view

 For advanced ADAS, providing semi-autonomous driving capabilities using advanced cruise control, additional sensors 
are included LiDAR, Radar, ultrasound sensors, etc. This adds additional information like 3D depth-sensing, wider 
vision angles, and larger range, making it operational at much greater speeds and providing advanced calibrated 
control capabilities rather than just stopping or indicating danger

 Apart from these perceptive vision, sensing elements There is also a need for advanced sensor fusion algorithms and 
control systems to deliver on the adaptive cruise control features

 Major players providing such features include: Bosch, Continental, Magna, Autoliv, Delphi, Denso amongst Tier 1 
suppliers while most major automotive OEMs have developed their own systems in collaboration with the Tier 1s 
including General Motors, Ford, BMW, Daimler, Toyota, Volkswagen group, Volvo, Hyundai, Nissan and others
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Sensing Systems for Autonomous Driving

 Level 4 and level 5 autonomous driving require a complete real-time 3D view of surroundings with perceptive
information including distinguishing objects and accurate depth information

 Most of the vision sensors used are the same as in ADAS as seen in the figure on previous slide. But, a real
time 360 degree surround view is needed with distinguishable features between objects. The sensors need to
be more accurate, have larger range and cover the complete surround view

 LiDAR on top of self driving cars have become a common occurrence. LiDAR have much larger range than
cameras but lesser resolution. But, it can operate well in different environmental conditions than cameras. It
also has better resolution than Radar and is able to create an outline of objects which can be distinguished
from one another

 Other perceptive sensors such as Radar, cameras, and ultrasound systems are used to add redundancy to the
system and also to increase accuracy. The 3D real-time image is created using inputs from all of these sensors

 Other important research areas in autonomous driving. High-resolution 3D maps of the area in which the car
is to be operated, sensor fusion algorithms to make accurate real-time 3D images using inputs from different
sensors and artificial intelligence to take appropriate action

 After the launch of Google’s self-driving car project, most car manufacturers have started their own self-
driving car projects including General Motors, Ford, Volvo, Toyota, Daimler and others. Many Tier-1 suppliers
have also demonstrated their capability including Delphi, Bosch, Continental and others



Optical and Non-Optical Sensors for ADAS and Autonomous
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Source: McKinsey



Sensor Fusion Key to Autonomous
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Source: Expert Interviews



Sensing Systems for ADAS and Autonomous
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Source: Texas Instruments, WCP



AUTOMOTIVE LIDAR SYSTEMS



Automotive LiDAR systems
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 LiDAR came into limelight after the Google’s self-driving car, details were 
revealed. However, DARPA’s self-driving challenge vehicles also used the 
technology 

 Apart from autonomous driving, LiDAR is used to generate high resolution 3D 
maps by mapping companies such as HERE acquired from Nokia in December 
2015 by Audi, BMW and Daimler. These maps are essential enablers for 
autonomous driving itself

 LiDAR works on the principle of time-of-flight, where light pulses are emitted 
and reflected light pulses are sensed by the receiver. The time difference 
leads to the distance and obstacle detection calculation. When done at high 
speed and in all directions, a 3D image of the environment is generated

 There is still no consensus that LiDAR is necessary for self-driving cars. 
Mobileye claims that it can operate through camera systems only. Mercedes-
Benz F 015 autonomous concept car does not use LiDAR at all. Instead, it 
relies on Radar, camera, ultrasonic and other sensors. Tesla uses camera-
based systems for its Autopilot with technology from Mobileye until July 
2016. There are others, such as BMW’s i3 electric concept car, which uses 
only LiDAR for its autonomous driving

 LiDAR has some natural advantages for autonomous driving. It works well in 
different environmental conditions, has larger range up from 10cm to 100m 
and records 30 times faster than normal camera video. It also gives a much 
granular image, as shown in the figure, with only edges but enough to 
distinguish different objects. Its major disadvantage is the current cost

Velodyne HDL-64E

3D image created by Velodyne
HDL-64E



LiDAR Evolution
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 Issues Today
‒ Cost, form factor, robustness, manufacturability

 Solutions on the way
‒ Scanning technology MEMS-based mirrors, other solid state

technology
• On January 6, 2016, Quanergy announced its S3

product, a solid state LiDAR system for cars and
robots

• On September 7 2016, LeddarTech announced its Vu8
product, a solid state LiDAR sensor system that can
detect targets at a range of up to 215 meters

‒ Non-scanning approach ToF Cameras, Flash LiDAR
‒ Processing Element of pulse drivers for laser source, FPGA vs 

MPU’s

 LiDAR is a tool for autonomous drive on a sophisticated level
‒ 360° 3D mapping
‒ Works both in rain and snow
‒ Google uses Velodyne
‒ Audi, BMW, Ford, Mercedes, Nissan use external mounting 

technology, working with multi-plane LiDAR module of 
Velodyne, Quanergy, Ibeo, Valeo to reduce cost and shrink 
the module

 Could IR replace?
‒ Watch out LeddarTech

Source: IHS Electronics, 2015



Automotive LiDAR systems
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 Velodyne’s rooftop 64-beam Velodyne HDL-64E used on Google’s 
autonomous car and for mapping streets by HERE and Microsoft Bing is the 
most recognizable LiDAR. Its $80,000 cost is a major deterrent. Google, Ford 
and Volvo are Velodyne’s major clients in the autonomous driving space

 This has led to efforts to make solid state LiDAR with a much smaller form 
factor cost. Startups such as Quanergy have come up with a promise of $250 
completely solid state LiDAR. Quanergy claims that the price could go down 
to $100 if volumes rise substantially. It lists Mercedes-Benz, Hyundai and 
Renault-Nissan as its partners. The company has also received funding from 
Delphi

 Velodyne has also released a Puck series of solid state LiDAR with a much 
smaller form factor and a price tag starting at $8,000. However, there are 
differences in the quality of image generated. Velodyne HDL-64E uses 64 
beams generating more lines and millimeter level accurate mapping for a 
range of 10cm to 120m recording 1.2 million points per second

 As the number of beams are reduced, the number of lines in the 3D image 
obtained goes down. Quanergy’s S3 uses 8 beam technology while Velodyne’s
Puck Lite use 16 beams and can record 300,000 points per second for a range 
of 100m. The accuracy at 100m becomes in a few centimeters. Velodyne also 
launched an Ultra Puck VLP32 targeting automotive applications which has a 
minimum level of accuracy while maintaining a lower cost

 As small form factor and cheaper LiDAR come in the market, it could become 
a major enabler for autonomous driving. High cost, high accuracy LiDAR could 
be used for accurate 3D mapping while the lower cost products could be used 
to generate real-time 3D images

Quanergy S3 LiDAR

3D image created by 
Quanergy’s 8 beam LiDAR



Automotive LiDAR systems (Cont.)
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 September, 2016 LeddarTech announced its modular Vu8 LiDAR sensor. The Vu8 is one 
of the first solid-state LiDAR sensors available for purchase, listing at a price of $475

 There is also experimentation which uses multiple LiDAR mounted around the vehicle 
hidden in bumpers to create a 3D map instead of have one LiDAR mounted at top. IBEO 
Automotive demonstrated such a concept using its LiDAR

 February, 2016, ZF acquired 40% of Ibeo. Together with ZF, Ibeo will make the next 
technological leap and a significant step for vehicle applications: The LiDAR generation 
developed in cooperation with ZF will reproduce a 3D image of the environment without 
the rotating mirrors contained in current LiDAR systems. Thanks to solid state 
technology, LiDAR technology will become more compact and easier to integrate into 
the vehicle

 Most automotive OEMs or tier-1 suppliers rely on these major players for LiDAR while 
focusing on the control systems and algorithms part. They have made investments in 
new LiDAR companies like Quanergy but have not entered the market on their own

 Continental made a notable acquisition of Advanced Scientific Concepts, a LiDAR 
manufacturing company signaling its entry into the LiDAR market. Japan’s Pioneer has 
also announced that it would develop a low cost laser scanner for ADAS and 
autonomous driving applications by 2018. But, most other major players have preferred 
to stay clear or go through indirect route of investing in startups. Valeo announced that it 
is working with LeddarTech for low cost LIDAR in 2014

 Various new startups are coming up with new technologies to provide low cost, small 
form factor, solid state LiDAR which helps Unmanned Aerial Vehicles (UAVs) and 
autonomous driving. A list of startups providing LiDAR targeting automotive sector is 
given on the following slides



Private Companies: Automotive LiDAR
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Company Business Description Investors Amount Funded $MM
Advanced Scientific Concepts [Santa Barbara, 1987]: Advanced Scientific Concepts focusses on 3D Flash LIDAR 
technologies and cameras. ASC’s Flash LIDAR carries its own eye-safe illumination (laser) source and has the 
ability to image through dust, fog, smoke or other obscurant conditions. The time-of-flight laser flash system 
operates in the eye-safe wavelength (1.5 um) operating in any lighting conditions, day or night with ranges from 
5cm to 5km. The LIDARs could be used in automotive and aviation applications as well as for object capture, 
identification and mapping applications. It has spun out a new company ASCar to focus on the automotive 
market and will plans to begin marketing soon.

iRobot Corporation NA

Ibeo Automotive Systems [Hamburg, 2009]: Researched and refined laser based scanning systems and holds 
around 80 patents in the field. The advancement has led to better drive assist systems and highly automated 
drive systems. The products and evaluation software suite provide a benchmark for third party ADAS 
manufacturers. 2/8,2016, ZF acquired 40% of lbeo.

Acquired by ZF Friedrichshafen AG NA

InVisage operates as a fabless semiconductor company  that develops Quantum Film based infrared image 
sensors.  Its products are designed for applications in personal computers, drones, mobile phones, and 
automotive.

Horizon Technology Finance 
Corporation; Horizon Technology 
Finance Management, LLC; Square 1 
Bank; Arsenal Venture Partners, inc.; 
China Oceanwide USA Holdings Co. 
Ltd.; GGV Capital; Intel Capital; 
InterWest Partners LLC; Nokia 
Growth Partners; RockPort Capital 
Partners 

$98.0 

LeddarTech [Quebec City, 2007]: LeddarTech develops and markets sensing solutions based on light emitting 
diode (LED) lighting systems.Leddar is a Lidar detection and ranging technology that can detect, locate and 
measure objects (including liquids and people) in a given field of view. It uses the direct optical time-of-flight 
technology. It LeddarCore ICs use patented signal processing algorithms used to detect to build sensors.  Its 
products are used for traffic management, ADAS features like parking assistance, automatic parking, blind-spot 
detection, lane-change assistance, and pre-crash detection.

iSource, Business Development Bank 
of Canada, Innovatech Quebec, 
Acces Capital Quebec

$16.0



Private Companies: Automotive LiDAR (Cont.)
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Company Business Description Investors Amount Funded $MM
Princeton Lightwave [Cranbury, 2000]: Princeton Lightwave designs and manufactures high performance Single-
Photon Avalanche Photodiodes (SPADs) for detection in the short-wave infrared wavelength range from 0.9 to 
1.6 µm. The technology is at the core of our Geiger-mode cameras which are used in LIDARs enabling high speed 
and resolution 3D imaging. The company provides various OEM modules, Geiger-mode cameras along with 
components like SPADs.

Morgenthaler, First Analysis 
Group 

NA

Phantom Intelligence [Quebec City, 2011]: Phantom Intelligence is developing a compact, low cost Lidar which 
can be used for collision mitigation and obstacle detection solutions to increase the safety of vehicles. The 
product would be considerable cheaper than existing Lidar solutions but can work at low speeds. It partners with 
Osram Opto Semiconductors for infrared pulsed laser diodes and photodiodes to develop its Lidar system which 
is compact enough to be mounted behind windshield or rearview mirrors.

NA NA

RIEGL Laser Measurement Systems GmbH engages in the research, design, development, and production of laser 
sensors and scanners. It products include terrestrial laser scanners for topography, mining, as-built surveying, 
architecture, archaeology, monitoring, civil ngineering, and city modeling; airbome laser scanners for agricultural 
or forestry sites, urban areas, industrial plants, etc.

NA NA

SensL offers a range of Silicon Photomultipliers, SPAD Arrays and Measurement Instruments. The SiPM 
technology offers industry-leading uniformity in operating voltage and optical response, enabling world class 
system performance and compelling cost advantage. SensL has over 500 customers who have implemented its 
low-light sensors in a wide range of applications including medical imaging, biophotonics, hazard & threat 
detection and LIDAR.

NA NA



Private Companies: Automotive LiDAR (Cont.)
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Company Business Description Investors Amount Funded $MM
TriLumina [Albuquerque, 2010]: TriLumina Corp., is a semiconductor laser technology company which develops, 
manufactures and integrate powerful laser solutions. TriLumina infrared emittors are capable of high power 
illumination of laser radar (LiDAR) depth sensing. The two major applications are LiDAR (light distance and 
ranging) for ADAS solutions and NUI (Natural user interface) like 3D sensing, gesture recognition, eye tracking. 
The 'light engine' behind this technology is said to improves performance, accuracy and reduce power 
requirement for such application. It also has compact size making it possible to integrate in many mobile 
devices.

Sun Mountain Capital, Stage 1 
Ventures, DENSO, Cottonwood 
Technology Fund, Caterpillar 
Ventures

$27.4

Quanergy [Sunnyvale, 2012]: Quanergy's LiDAR (light detection and ranging) sensor and software technology is 
an advanced imaging system for vehicles. Features include a range of 300 meters, centimeter accuracy, 360° 
field of view, all-weather capability, compact size, light weight, low power consumption, and low price point. 
Benefits include awareness of all objects and people surrounding a vehicle as well as support for leading-edge 
advanced driver assistance systems (ADAS). This technology is used to realize semi-autonomous and 
autonomous driving. Demonstrated a self driven car in conjunction with Mercedes during CES 2015.

TEEC Angel Fund, Rising Tide Fund, 
Transportation Technology Ventures, 
Motus Ventures, samsung ventures, 
Daimler, Delphi, Sensata, Alrai 
Capital, GPC Capital

$135.3

Velodyne LiDAR [Morgan Hill, 2005]: Velodyne LiDAR manufactures sensor products for light detection and 
ranging scanner. Offers HDL-64E LiDAR sensor for obstacle detection and navigation of autonomous ground 
vehicles and marine vessels;  HDL-32E LiDAR sensor is small, lightweight, ruggedly built and features up to 32 
lasers across a 40° vertical field of view; and VLP-16 sensor is small, & cost-effective and provides Real-time, 
360°, 3D distance & calibrated reflectivity measurements. These LiDAR sensors are used in Google Car and Ford 
self driving car project.

Baidu, Ford Motors $150.0



AUTOMOTIVE RADAR SYSTEMS



Automotive Radar
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 Radar is much more common in automotive as it is used in most advanced ADAS systems. The cost has come down 
substantially, and the supply chain is much more mature, with regulations and standards already in place

 Automotive Radar systems can be divided into three sub-categories: short-range, mid-range and long-range 
automotive Radar. Each has different applications with long range (range over 100m) usually used for forward 
collision avoidance, while short and mid-range Rader (range in 10s of meters) is used for blind-spot detection, 
parking assist systems, pre-crash alerts, lane departure warnings, or stop-and-go types of emergency systems

 Currently, the 24-29 GHz range is used for most short range Radar. However, there are lots of regulations regarding 
power output at lower frequencies, and this range may be phased out completely in the future

 The 76GHz-77GHz band is used for long range Radar in adaptive cruise control applications. Organizations like 
Europe’s CEPT, ETSI, USA’s FCC, Japan’s MPT and ITU, support use of vehicular Radar in this frequency range. Various 
other organizations are also in the process of approving this range for vehicular communication

 There is also a European Union project to approve usage of 77Ghz-81GHz range (identified as 79GHz band) for 
automotive Radar applications. This wide band of 4GHz could allow short range Radar to use it, as it would have 
higher resolution. The higher frequencies also mean much smaller devices (by a factor of 3) as antennas would be 
much smaller, and a single chip solution becomes possible. It is also possible to have a single technology Radar 
solution for both short and long ranges

 However, higher frequencies present problems for implementation in silicon. Costly GaAs chips are usually used for 
these frequency ranges. Infineon came up with a single Silicon Germanium based SoC for Radar systems making it 
easier and cheaper for implementation. It collaborated with Bosch to provide 77GHz Radar systems for the 
automotive market. Infineon claims to have sold 20 million chips by June 2016 and aims to sell 30 million chips in the 
next year alone. The chip sales have doubled every year for the last 5 years, indicating strong adoption of Radar by 
automotive companies for their ADAS solutions



Automotive Radar (Cont.)
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 In the Silicon Radar IC space, Infineon, Freescale/NXP and ST have been in the market of 24GHz ~ 79GHz 
with SiGe technology for some time. Omini Radar and Silicon Radar are new-comers in the SiGe Short Range Radar IC 
space. NXP announced a CMOS-based 77GHz Short Range Radar IC at CES 2016

 The IMEC research institute in Belgium collaborated with Vrije Universiteit Brussels and rolled out the world's first 
79GHz Radar transmitter implemented in a 28nm CMOS process in 2014. IMC and Panasonic jointly announced a 
CMOS Radar IC with a 28nm CMOS process at ISSC in 2015. In May 2016, IMEC and Infineon announced that they 
would jointly development a highly integrated 79GHz CMOS Radar chip

 Radar uses the pulsed wave principle and measures the time of flight of the pulse or the frequency modulated 
continuous wave (FMCW), which measures the change in frequency of the reflected signal. Radar has a large range 
and may operate in different environmental conditions reliably. The chips currently available make it easy to 
implement with features like CAN and Flexray interfaces for the automotive environment. The regulations are also 
well defined. Compact size and reduced cost makes for easy adoption even in mid-range automotive vehicles 

 Currently, top end models of all automotive manufacturers with cruise control systems have Radar integrated. Toyota 
was the first to use it in 1997 and currently JLR, Daimler, Volvo, Porsche, Audi, BMW, etc. use it in their ADAS systems. 
Usually, 1 to 6 Radar sensors are used in a single car depending on the range of applications provided by ADAS

 Bosch is a clear leader in this segment with its collaboration with Infineon. The other major players are Continental, 
Autoliv, Delphi, Elesys, Hella, Fujistu Ten, Mitsubushi Electric, ZF-TRW, SmartMicro, Denso, Valeo, Hitachi Automotive 
and Clarion

 In further advancement of the technology, IMEC research institute in Belgium has collaborated with Bosch for 79GHz 
Radar in 28nm CMOS technology. The group is also working on a 140GHz chip which could allow a much larger range 
and, better angular resolution in a much smaller form factor chip

 It is expected that Radar systems also play a major role in autonomous driving. A list of startups working in this field 
is given on the following slides
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Company Business Description Investors Amount Funded $MM
ARTsys360 [Holon, 2013]: ARTsys360 develops innovative, compact Radars which can cover 360 degree in 
azimuth and up to 45 above and below the horizon without mechanically steering the system by creating an 
effect similar to a radar signal circling the system. As it has no moving parts it has much lesser energy 
consumption apart from being smaller and lighter.  It can be used in surveillance, drones or intelligent 
transportation and autonomous vehicle applications.

NA $6.9 

Comma.ai develops and markets a self-driving kit that allows the car to run semi-automatically. Andreessen Horowitz $3.1 

Cruise Automation, Inc. develops and manufactures Cruise RP-1, a highway autopilot system for cars. Its 
products features include precision steering, car and lane tracking, adaptive speed control, and collision 
avoidance.  Acquired by General Motors on  5/13/16.

Felicis Ventures; Spark Capital 
Partners,  LLC, Qualcomm Venture
 


$18.8

InnoSenT GmbH develops, manufactures, and markets radar sensors and systems for industrial and 
automotive customers in Germany and internationally. The company provides rear and front driver assistance 
systems. Its products are used in various applications, such as distance measurement, automation technology, 
automotive, rail applications, motion detectors, filling level technology, low power applications, security 
technology/perimeter surveillance, sanitary equipment, sports applications, door openers, and traffic. 50% 
Acquired by Hella on 3/29/12.

NA NA
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Company Business Description Investors Amount Funded $MM
Oculii Corp. develops radar sensors for intelligent transportation, automotive, aerial, and  consumer 
applications. The company offers RFS-4DHD, a high definition integrated K-band 4D tracking radar for 
automotive, traffic, airborne, medical, and security applications; RFS-V, a high performance integrated K-Band 
tracking radar, which overlays in real-time high resolution 4D information (3D position plus speed) radar track 
information on top of real-time streaming video; and RFS-M that provides real-time 4D tracking on a mobile 
platform. 

Qihoo 360, Decent Capital, F50, 
LeBox Capital

$3.4 

OxTS designs and manufactures world leading products combining the best of Inertial Navigation and 
GPS/GNSS. They focus on low-cost INS using MEMS gyros and precision accelerometers. The company's 
Kalman filter extracts the maximum information from GNSS to deliver high accuracy measurements and low 
drift rates.

NA NA

Peloton Technology Inc. develops active safety systems and uses radar and DSRC vehicle-to- vehicle 
communications to link between pairs of trucks, reducing collision-related expenses, and fuel costs. 

Nokia Growth Partners, Birchmere 
Ventures; UPS Strategic Enterprise 
Fund; Castrol InnoVentures; DENSO 
International America, Inc.; Volvo 
Group Venture Capital; Magna 
International Inc. (TSX:MG); Intel 
Capital

$19.0 

Safe Drive Systems [New York City, 2008]: Safe Drive Systems provides RADAR based products like collision 
avoidance system warns of collisions and lane departures in all weather for supreme safety, lane departure 
warnings, etc. It does not automatically control the car but only provides warning signals to the driver. It is 
currently targeted for the automobile aftermarket.

NA NA
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Company Business Description Investors Amount Funded $MM
Smartmicro [Braunschweig, 1997]: Smartmicro provides RADAR sensors for automotive industry used in ADAS 
and autonomous driving applications. It has now created RADARs for traffic and airborne monitoring as well. 
The company was spun-off from the Institute for Communications Engineering at the Technical University of 
Braunschweig and continues to have close research collaborations with University of Braunschweig and 
Hamburg-Harburg, Germany

NA NA

Toposens [Munich, 2014]: Toposens is using ultrasound and radar to build 3D sensors for localizing 3D 
positions to precisely detect objects in real time. Company's technology provides non optical vision to robots, 
autonomous vehicles, navigation systems etc for gesture recognition, 3D scanning, process automation etc.

Techfounders $25.0K
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 Camera-based systems are the most intuitive to understand as they are similar to human vision. As the 
current driving environment is designed for human vision without any consideration for automation, it is 
believed that camera-based systems will always be important part of ADAS or autonomous driving

 Automotive-grade cameras have very different requirements than smart phone cameras:  

⁻ Cars have a far tougher working life than your average phone: cars must be able to operate reliably in 
extreme cold, heat and humidity for 10 years or more, while being exposed to the elements for long 
periods and suffering far bigger knocks than smartphones

⁻ Smartphone cameras are designed for optimal capture of pictures, while automotive cameras are 
designed for optimal real time capture of data. Design requirements for automotive lenses and 
imaging sensors are much more stringent than for consumer electronics

⁻ Real time transfer and processing of data is much more critical in automotive applications than for 
smartphone photography

 Camera systems with image sensors capture the highest resolution data with minute details and spatial 
information unlike LiDAR or Radar based systems. They are a much evolved technology and are relatively 
cheap as compared to LiDAR or Radar systems as well.  Data from cameras can be used for sophisticated 
computer vision analysis to identify objects within a field of view.  Data from LIDAR or Radar cannot currently 
be used in this way
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 There are a number of ways to build camera-based systems:  

‒ Single Camera (Monocular Vision) Systems

• Many automotive camera systems shipping today use a single camera system that operates with 
visible light.  This is the least expensive approach but it has limitations in both measuring distance 
of objects and low light/night time conditions

‒ Dual Camera (Stereo Vision) Systems: 

• Mimic the human visual system with two cameras which can detect depth much more easily by 
considering displacement between the two images

‒ Specialized Camera Systems:

• There are multiple other approaches to building depth cameras (see prior WCP industry report 
“Embedded Camera Status – At The Edge of Depth”)

• Over the next few years we expect to see new and improved image sensors for InfraRed and wide 
dynamic range applications
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 An important drawback of camera-based systems is their range, which is usually less than 20m. This limits the speed at which it 
is useful for collision avoidance

 Another drawback of camera-based systems is that they only work in visible light. The system becomes unreliable if the 
visibility conditions are poor due to (e.g.) fog or nighttime driving

 Stereo-based camera systems need accurate calibration between the two cameras and are much more costly than monocular 
systems.  Many companies are promoting stereo-based cameras for forward collision warnings while monocular vision systems 
are promoted for lane departure warnings. Such warnings are usually displayed on the Heads-up Display or the dashboard, 
through audio–visual signals

 The primary applications for camera-based systems in ADAS are :

- Forward Collision Warning – Provides warning based on distance from the forward vehicle or any other obstacle. 
Advanced systems also control the speed and avoid the forward collision

- Pedestrian detection – Able to identify pedestrians and provide a visual warning about their presence ahead

- Traffic signal detection – This includes traffic lights as well as traffic signs on the road giving warnings regarding speed 
limits, conditions to stop or go, etc. In autonomous driving, they could act as a input to control the driving appropriately

- Lane departure warning – The system is able to identify the lanes on the roads and warn if the vehicle is moving out of 
lane

- Headway monitoring – Tracks the vehicle ahead and provides accurate data on distance with warnings if there is a risk 
of collision based on the relative speeds of your vehicle and the vehicle ahead

- Intelligent headlight control – The headlight beam is adjusted depending on the turn and is lowered in case of vehicles 
approaching from the opposite direction

- These are the basic applications of forward facing cameras and most have become common in ADAS systems in high 
end vehicles. They typically use a single stereo camera system. Mobileye has a different approach, using a single 
monocular camera system. This along with its EyeQ ADAS SoC makes the system much cheaper, with comparable 
performance
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 In a few research papers published by Mobileye’s CTO, Amnon Shashua, he elaborates on the methods used for 
accurately calculating distance using monocular images and provides all the above described features using only a 
single monocular camera

 Other applications of outward-facing camera based systems include blind-spot warnings, surround view systems for 
pedestrian monitoring and parking assist systems

 For blind spot detection, cameras are mounted near the side view mirror to provide extended view on both sides 
keeping track of vehicles in adjoining lanes. Blind spot detection cameras are usually used in collaboration with 
ultrasound sensors or short range Radar

 For surround view, usually 6 cameras are mounted - 2 at each side and one in front and back - to provide a complete 
360 degree view of surroundings. It can be used for slow maneuvering of the vehicle in traffic or for parking. Bosch 
also provides a system for remote parking using a smartphone where a driver can maneuver the vehicle from outside 
the car for parking

 Mobileye also uses the features for automated parking or calling the vehicle from garage using only cameras as in 
Tesla’s Auto Pilot feature. Mobileye also believes that its camera-based systems could be one of the important 
features in autonomous systems with other sensors like Radar and ultrasonic adding redundancy. It unveiled its plan 
for autonomous driving using just six cameras and low resolution maps, and focusing on artificial intelligence and 
computer vision algorithms for accurate inferences and action

 Mobileye’s system is used by over 22 automotive OEMs and has the largest market share in camera-based ADAS 
systems. Most major tier-1 suppliers provide camera-based ADAS systems such as Bosch, Autoliv, Continental, 
Magna, ZF-TRW, Valeo, Delphi, Hyundai Mobis, Hitachi Automotive, Panasonic Automotive, Denso, Gentex, Clarion, 
Takata, Hella, Audiovox, Ficosa (Adasens), etc.

 Most advanced ADAS systems do use other sensors apart from cameras like Radar and ultrasound sensors. Even 
Mobileye provides Radar sensor fusion on its chips for Volvo’s ADAS system
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 There is considerable research on CMOS-based image sensors for automotive applications providing for better edges 
for recognition, higher resolution, and distinguishing parameters. Mobileye uses Aptina’s image sensor (now ON 
Semiconductor). Major players in this segment include ON Semiconductor, OmniVision, CMOSIS, Infineon, Sony, 
STMicroelectronics and others. A number of startups have come up in this space along with external-camera based 
systems for ADAS. A list of such companies, focusing on startups, is given on the following slides

 Camera-based systems require sophisticated computer vision techniques. If used in collaboration with other sensors 
such as, sensor fusion algorithms also become important. There are a few startups focused on computer vision 
software and algorithms for ADAS and autonomous driving.  Many of such startups come from University research 
spinouts. A list of such companies is also attached in the following slides

 Some automotive OEMs and tier-1s have their own teams developing proprietary computer vision algorithms

 According to RNR market research, global front-camera systems shipments reached 9.1 million in 2015, and is 
expected to rise to 33 million shipped by 2020. The rear and surround view camera shipments reached 37.4 million 
in 2015  and is expected to reach 97.9 million by 2020. In March 2014, the National Highway Traffic Safety 
Administration announced that it would require all new automobiles to have backup cameras by 2018

 In 2015, Magna, Hitachi, ZF-TRW and Continental seized the market share of 15%, 13%, 11% and 10% respectively in 
the front camera systems market. In the surround camera systems, Valeo and Clarion held 40% market share 
together. 20% of the rear-view market is captured by the OEMs themselves, while Magna and Panasonic grab the 
largest share among independent vendors

 Other important innovation is use of cameras in side-view mirrors. Gentex Corporation provides dimming mirrors 
which can be used as a video display to show the extended rear view for parking. It also gives visual signals for 
threats at the side and avoids blind spots. Companies such as Autoliv and Valeo have completely replaced side view 
mirrors with cameras with displays inside the car for better visibility range and avoiding blind spots
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 Driver Monitoring:
‒ Driver fatigue monitoring using image-based facial analysis. Seeing Machines, and Autoliv are the most 

prominent players in this segment, targeting fleet managers and automotive OEMs and tier-1s. A driver-
facing camera analysis the gaze direction and facial parameters to determine the fatigue and attention 
level of the driver, giving alarms in case of non-drivable conditions

‒ General Motors has announced that it will use Seeing Machines solutions for driver monitoring in its 
vehicles

‒ There are other providers like Lytx and SmartDrive Systems which provide camera-based video recording 
along with other sensor data to analyze driver behavior and provide real-time updates regarding speed 
limits, braking, etc. They also target the fleet owners

‒ There are other methods to analyze driver condition and driving behavior like bio-sensing solutions for 
alcohol detection, sensor-based solutions for driver behavior analysis using OBD data or even 
smartphone sensors and cameras

 Aftermarket solutions exist for blind spot warning, road safety warnings, parking assistance using camera and 
smartphone. Most of these solutions are cost-effective. There are also alternate methods such as using 
proximity sensing solutions in license plates

 There are few solutions which capture video during drive time and produce video evidence in case of 
accidents or provide emergency services

 Most of these solutions are currently provided in the aftermarket segment by new companies. Most OEMs 
and tier 1s (except Autoliv) currently have negligible presence in this segment; however, but OEM adoption 
of driver monitoring is expected to grow rapidly over the next few years 
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BrightWay Vision Ltd. [Haifa, 2010]: BrightWay Vision develops new vision technology for vehicles, which 
provides the driver with a safer and easier driving experience. This technology, combined with active safety 
systems, reduces the risk of car accidents and saves lives.

Acquired by Capita 1/5/16 NA

Nexvision [Marseille, 2002]: Nexvision is a hardware and software design house specialized in optronic 
systems & vision solutions in UV, night, SWIR, LWIR/Thermal and Terahertz bands. It provides its designs to 
various industries like extreme sports, aeronautics, automobile, security and surveillance, etc. Its 
automotive customer includes Renault Nissan.

NA NA

Photoneo [Bratislava, 2013]: The company has a mission is to bring a unique revolutionary 3D scanning 
technology to industry segment and present a new way of software development. This project is focused 
especially on a new 3D camera device development. Relevant software support will represent an integral 
part of this device.   

Credo Ventures, rsjinvestments.co.uk $2.30 

PLK Technologies [Seoul, 2003]: Started as an internal corporate venture at Hyundai to develop smart 
camera algorithm for smart car project. It provides camera vision based products including Advanced Drive 
Assist Systems (ADAS), lane departure warning, etc. It is the leading developer of technology in camera 
vision for Hyundai and Kia and sells its technology to other automotive players and after market players.

Korea Investment Partners NA

Company Business Description Investors Amount Funded $MM
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510 Systems [Berkeley, 2001]: 510 Systems is an engineering company developing the state-of-the-art in 
positioning, navigation, machine control, and robotics, especially in situations where GPS information is an 
issue. They provide complete product development including the computing platform sensors and 
software. The products may be used in 3D mapping, surveying and autonomous driving.

Acquired by Google 11/19/2014 NA

AdasWorks [Budapest, 2015]: Spin-off company of Kishonti informatics. The company aims to develop 
artificial intelligence for self driving cars to make automated driving safe and accessible. It provides 
computer vision based integrated image processing, sensor fusion and scalable platform for drive assist 
system including pedestrian detection, lane and car detection, trajectory control and others.

Draper Associates, Inventure, Robert 
Bosch Venture Capital, Day One 
Capital, PortfoLion, Draper 
Associates

$9.5 

Adasens [Oberhausen, 2006]: ADASENS Automotive GmbH is designated to develop and market machine 
vision, embedded software solutions for camera based automotive ADAS systems. It provides software 
services for automotive OEMs in camera based drive assist systems along with IP licensing. Currently, a JV 
between Fico mirrors Spain and Denso Japan since 2013. It started as a subsidiary of OMRON.

NA NA

Carnegie Robotics [Pittsburgh, 2010]: Carnegie Robotics builds robotics products and smart sensors to 
improve productivity, reliability and safety in a variety of commercial, industrial, and defense markets. 
Offers sensors that can sense 3D stereo and video sensors. Carnegie Robotics maintains a strategic 
relationship with Carnegie Mellon’s National Robotics Engineering Center (NREC) of which it is a spin-off. 
Won a US DOD contract of $23M to build landmine seeking robots.

NA $594K

Company Business Description Investors Amount Funded $MM
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CogniVue [Gatineau, 2009]: Cognivue has developed Image cognition processors(ICP) core APEX, tools and 
software to drive vision performance per area per power. These ICPs allow developers to create embedded 
vision products which understand their environment through visual means. 

Acquired by Freescale 9/9/15 NA

eVS embedded Vision Systems [Verona, 2005]: eVS embedded Vision Systems designs computer vision 
solutions on embedded architectures. It is a spin off of the University of Verona and is member of the 
Eurotech Group. It works on  applications in industrial automation, video surveillance, medical imaging and 
automotive. 

NA NA

GEO Semiconductor provides geometric processing, image signal processing, and video compression 
solutions to address camera and projection products. Its technology is used in automotive cameras, head-
up displays, security IP cameras, smartphone peripherals, projectors, and consumer cloud cameras. The 
company serves clients in automotive, consumer/IoT, surveillance, and projection markets.

NA $21.2

IEE [Contern, 1989]: IEE develops specialized sensing systems for automotive and transportation industry. 
It started by developing sensors for passenger detection on seats and now its product range includes driver 
presence detection, hands off detection, occupant classification sensors, seat belt reminders, night vision 
sensors, pedestrian detection, 3D MLI sensors based on optical time of flight principle for people counting, 
volumetric analysis, etc. 

Acquired by  Aerospace Hi-Tech 
Holding Group 1/9/16

NA

Company Business Description Investors Amount Funded $MM
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Itseez [California, 2005]: Itseez develops customized computer vision software for various pratical 
applications. Its product portfolio consists of an ADAS platform which is built on machine learning 
algorithms. The ADAS platform can perform Traffic Signal Recognition, Lane Departure Warning, Collision 
Detection, Pedestrian Detection. Facense is another product offering, it is a platform for facial recognition 
and facial expression analytics

Acquired by Intel 5/26/16 NA

Kalray is a fabless semiconductor and software company that develops, markets & sells a new generation 
of many core processors called MPPA for embedded purposes. Its products focus on making 
supercomputing on a chip easier. The company claims to have amassed 45 patents.

CEA Investissement, Innocap, Rhone 
Alpes, ACE Management

NA

Movidius is a Silicon valley based fabless semiconductor company developing vision processors that enable 
computational photography. These chips add features like depth maps, faster autofocus and integrated 
HDR processing to photographs.Movidius's Myriad 1 vision processor is a power efficient intelligent vision 
processor which was used by Google for its Project Tango to add vision capability.  Myriad 2 is an advanced 
version of its predecessor and has wide scale usage in computational photography, 3D scanning etc. These 
vision processors find application in smartphones, tablets, wearables, AR/VR, actions cameras etc.

Acquired by Intel 9/6/2016 $86.50 

Myakiatto is a company based in Clermont-Ferrand (France). It offers a range of products using computer 
vision technologies. The products are used to measure physical parameters like distances, angles or 
velocities in an industrial environment, for example in the vehicle testing or defence industries.

NA NA

Company Business Description Investors Amount Funded $MM
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Ocular Robotics [Sydney, 2009]: Ocular Robotics has developed a sensor platform which delivers machine 
vision with high precision and accuracy. Their RobotEye platform is capable of handling very high levels of 
acceleration and aperture speeds and with a pointing precision of upto 0.02 degrees. 

NA NA

PMDTechnologies GmbH manufactures and supplies fabless integrated circuits. Its products include 3D time-
of-flight (ToF) imaging technology that includes ToF pixels, pixel architecture for high modulation 
bandwidths, programmable region-of-interest definition, and suppression of background illumination 
features for various applications, such as robotics, manufacturing, consumer electronics, gaming, and 
medical technology; 3D ToF imagers for use in manufacturing applications; and chips for deployment in the 
automotive industry. Acquired by ifm electronic gmbh on 1/31/13

NA NA

SarmoTek provides the efficient & robust methodology for embedded computer vision systems and is 
currently focusing on ADAS applications, LDWS and FCWS.

NA NA

Senso Optics technological capabilities are implemented under several product lines. The company’s main 
product line include: Thermal Cores, Thermal Binoculars and Monocular Driving, Thermal Cameras, IR 
Lenses, Day Sights and FCS Fire Control System.

NA NA

Company Business Description Investors Amount Funded $MM
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Videantis [Hannover, 2004]: Provides advanced image and video processor IPs. This enables computer 
vision and multi-format video coding. These technologies are important frontiers of advancement in ADAS 
and autonomous cars. They could also help in advancement of augmented reality, natural user interface, 
face recognition, etc. Deloitte recognized it as one of the 50 fast growing technology company in Germany.

Enjoy Venture NA

VisLab [Parma, 2010]: Spinoff company of University of Parma. Developing machine vision algorithms and 
intelligent systems. Many results are considered worldwide milestones as claimed by the company. The 
applications include ADAS, active/passive safety systems, automated driving, etc. The company was 
acquired by Ambarella in July 2015.

Acquired by Ambarella, Inc. 7/15/15 NA

Company Business Description Investors Amount Funded $MM
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CarVi [Sunnyvale, 2014]: Carvi has developed a device which uses inbuilt camera to monitor road and  
provide real time hazard warnings and collecting key data on users driving skills. It uses only the Carvi 
camera and the user's smartphone. The Carvi camera directs transmits raw video to smartphone via wifi. It 
records the entire trip and gives valuable insights on driving behaviour on the route. In March 2015 Carvi 
raised over $100K on Indiegogo.

Plug and Play, KT Corporation, POSCO, Samsung 
Venture Investment

$5 

CortexLabs [North Melbourne, 2011]: Cortex is an Australian company founded by  Atcomm Enterprises 
that develops human computer interaction software primarily focusing on the areas of fatigue detection 
and accessibility. They have developed a software called NeuroSAFE software that detects fatigue in 
workers by analyzing their brain wave activity and provides alerts accordingly. 

NA NA

Cretif [Gandhinagar, 2015]: Offers a vehicle monitoring solution which records accelerometer data and GPS 
data and give analytics on driver's performance. Uses algorithms to analyze data and derive relevant 
results. Also offers a mobile app for parents to monitor schoolbus movement, get notifications and 
monitor driver performance. Founding team from IIT Gandhinagar.

NA NA

Deep Learning-based emotion recognition software that reads facial micro-expressions. NA NA

Company Business Description Investors Amount Funded $MM
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Great Changes, Inc. [Greenville, 2007]: Develops software for detection of drowsy driving and fatigue. 
Snooze control contains ADAS features using conversational artificial intelligence. The company owns some 
patents in this field and would be willing to lease them to other technology providers.

NA NA

Guardian Optical Technologies [Tel Aviv, 2014]: Guardian Optical Technologies' is developin advanced 3D 
optical sensor which can replace a number of sensors in the car. By identifying typical motions the sensor 
detects the presence of humans within a given scene. 

NA NA

Guardvant Inc [Tucson, 2010]: GuardVant offers safety and security systems to improve productivity, safety 
and security at mine, plant and port operations. GuardVant OpGuard is a non-intrusive fatigue monitoring 
system. GuardVant ProxGuard is a radar, video, and GPS system for proximity awareness and collision 
avoidance to reduce blind spots. 

NA NA

HealthyRoad [Porto, 2013]: Development of biometric analysis systems designed for driver sleepiness or 
fatigue detection. The HealthyRoad Technology plans to be first applied to the road transportation market 
in order to contribute for the reduction of the number of road accidents, through the sleepiness and fatigue 
detection and warning system. 

Start-Up Chile, Visium SGPS $338.3K

Company Business Description Investors Amount Funded $MM
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IntelloTranspo [Bangalore, 2015]: IntelloTranspo aims to introduce a pioneering business framework to 
commercially incentivise safer transportation and a safety mind-set among commercial urban drivers. It 
provides a camera and sensor based system to track driving behavior and provide video results helping the 
driver to improve driving performance. 

NA NA

Lightmetrics [Bangalore, 2015]: LightMetrics uses computer vision and machine learning to collect and 
analyze data on driving quality, using a smartphone mounted on the dash. Computer vision is used to sense 
risky behaviors like overspeeding, traffic light jumping and tailgating. 

NA NA

Lytx [San Diego, 1998]: Lytx designs and manufactures video driver safety programs used by commercial 
fleets. The company focuses on identifying and addressing the root causes of poor driving behavior by 
combining sight and sound with real-time driver feedback and coaching resulting in reductions in collision-
related costs and fuel consumption. 

Insight Venture Partners, JMI Equity, Integral 
Capital Partners, Menlo Ventures, Triangle Peak 
Partners, Tech Coast Angels, Delta-v Capital, Welsh, 
Leader Ventures, Bregal Sagemount

$153.40

Optalert [Melbourne, 2004]: Optalert delivers fatigue management solutions using wearable glasses 
connected to smartphones for individual use. It could also be used for fleet management or workforce 
management to detect the drowsiness levels of workers. The patented technology is being leased by 
various industries like mining, construction, etc.

Exto Partners NA

Company Business Description Investors Amount Funded $MM
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Roadsense [Manchester, 2012]: RoadSense is a fleet tracking solution. It has also launched combined 
telematics and 3G camera device which gives a better way to track driver behaviour to the fleet owners. It 
has significant number of clients across 20 countries. It earlier provided the application as high-end 'Rolls 
Royce' product and has launched it to the general market in 2012.

NA NA

Seeing Machines [Braddon, 2001]: Seeing Machines is an Australian company manufacturing vision based 
driver monitoring system. Whenever device detects drowsiness and fatigue it sounds alarm to avoid 
accident. Device has wide scale usage in industries involving humans operating heavy machinery and 
assessing trainees in simulators.

vs-i.com NA

SmartDrive [San Diego, 2004]: SmartDrive is an innovator in fuel management and driver safety.Driver risk 
management. Uses a video recording system to coach the driver for better driving, safe manouevers and 
also acts as evidence in case of accidents.

Stanford University, NEA, Founders Fund, XSeed 
Capital, Revolution Ventures, Western Technology 
Investment, Oak Investment Partners, Edelson 
Technology Partners, Oak Investment Partners, 
Wabco India

$180.20

Smart Eye [Gothenburg, 1999]: Smart Eye develop eye tracking solutions - both eye tracking systems and 
assisting software. They have developed eye tracking system especially designed for automotive and single-
screen environments measuring real-time measurements of driver head pose, gaze direction and eyelid 
closure. 

Fouriertransform $3.90 

Company Business Description Investors Amount Funded $MM
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Zendrive [San Francisco, 2013]: Zendrive is a data-driven insights (using machine learning) and tool platform 
for fleets, drivers and insurers. Using data from the user's driving behavior, speed, acceleration and braking, 
as well as tracking common routes and frequent destinations all measured via smartphone. 

First Round Capital, BMW, AME Cloud Ventures, 
Expansion Venture Capital, Collaborative Fund, 
Thomvest Ventures, Fontinalis Partners, Nyca 
Partners, Sherpa Capital

$15
Company Business Description Investors Amount Funded $MM
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Caruma technologies [San Francisco, 2015]: Caruma is a clever all-in-one connected car device that 
connects your car to the cloud. Caruma delivers intelligent notifications, helpful insights, and dual HD video 
that live-streams wirelessly to smartphone. It also acts as wi-fi hotspot, alert notification system and easy 
video upload to social networking sites.

NA $3.5M

C-tower [Rehovot, 2015]: C-Tower is a full 360 online camera controlled by a mobile App that provides 
security for the car while parked and complete footage of a scene in the event of an accident.

NA NA

Fenderhawk [San Francisco, 2015]: Plans to build a camera based device mounted near the front vehicle 
number plate which would help in car security ( intrusion detection ) and parking assistance. It also plans to 
provide possible collision detection warnings on smartphone. The functional prototype is built and the 
project is seeking funds on kickstarter as on 21st December 2015.

NA NA

IPROC [Vina Del Mar, 2015]: It uses sensors and computer vision to study the road condition and vehicle to 
give predictive warnings and recommendations about driving. It also monitor vehicle health, warns about 
collisions and intrusion. It aims to provide vehicle security and safe driving to all cars.

NA NA

Company Business Description Investors Amount Funded $MM
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LyfeLens [Austin, 2014]: Lyfelens is developing a dash cam that connects the car and smartphone to 
provide users with insight of actions happening in and around the vehicle via realtime data, live video feeds 
and push notifications. Motion and sound detection sensors also monitor a user’s vehicle for unsafe or 
suspicious activity, automatically capturing video and alerting the user. LyfeLens also gives option of 4G LTE 
WiFi hotspot.

NA $75K

NAUTO is a smart car network and technology company that offers a device, network, and app to upgrade 
cars to get network and safety features. Its system includes an in-vehicle device that collects and processes 
visual data in a cloud, which then produces insights to help drivers operate vehicles more efficiently, 
effectively, and safely.

Draper Nexus Ventures, Index Ventures, Playground 
Global

$14.9 

Nexar [Tel Aviv, 2015]: Nexar provides an AI dashcam app for smartphone. It records the road ahead and 
the dangerous events during driving. It sends such events automatically to cloud. It acts as a proof in case 
of accidents. It also gathers data from all sensors on the smartphone and other nexar apps to warn about 
the dangerous situations on road in advance.

True Ventures, Maniv Mobility, Aleph Venture 
Capital, Slow Ventures, Mosaic Ventures

$14.5 

RoadAngel [Silverstone, 2002]: UK leader in smart camera for continuous video recording for accident 
detection and reporting, car protection in parking, blackspot detection, etc. It also provides GPS based 
solutions like asset tracking and alerts regarding speed bumps and speed limits. The company was started 
by Dave Clark and Joe Eagle but has gone through management change a few times.

NA NA

Company Business Description Investors Amount Funded $MM
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RoadEyes [Neuilly-sur-Seine, 2011]: Road eyes provides automatic video cameras once a person enters the 
car and related software to analyze your drive after its over. It is targeted both at individual car owners and 
fleet owners for safer drive and as proof during accidents.The company is supported by OSEO - a company 
which finances French SMEs.

NA NA

Smartautolabs [New York City, 2015]: A hardware system that adaptively adjusts a vehicle’s side view/rear 
view mirrors using computer assistance. Adjustments are made to correspond to the position of the driver’s 
eye and sitting position. 

NA NA

Company Business Description Investors Amount Funded $MM
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3D Laser Mapping is a world-leading provider of mobile mapping and monitoring solutions. Designed to 
capture the world in 3D and deliver information for making decisions.

NA NA

Chronocam develops machine vision sensor technology inspired by biological eye. It claims to significantly 
outperform current vision systems. It aims to radically change the machine vision technology in various 
sectors. The technology could have major application in vision systems for drive assist systems and 
autonomous vehicles.

Robert Bosch Venture Capital, Ibionext, CEA 
Investissement

$846.8K

GeoCue Corporation, a software development and consulting company, offers geospatial production 
management solutions and creating tools for geospatially organized processes in the United States and 
internationally. The company offers LIDAR production tools, workflows, training, and consulting services 
for airborne and mobile LIDAR applications. It also offers geospatial workflow management tools, OEM 
products, and systems integration services; and plug-in LIDAR exploitation solutions for ESRI ArcGIS desktop 
products.

NA NA

GeoDigital International Inc. provides big spatial data and analytical services that help industries manage 
critical assets in the United States, Canada, and Australia. Its solutions combine 3D maps built on remote 
sensing and imaging technologies with analytics and location-based work management software enabling 
customers to digitize, analyze, explore, and work with digital precision to solve geospatial challenges. 

EnerTech Capital; NGP Energy Technology 
Partners; North Sky Capital; Emerald Technology 
Ventures AG; General Motors Ventures, LLC

$17.9 

Company Business Description Investors Amount Funded $MM
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GeoSLAM was founded in 2012 as a joint venture between CSIRO (Australia’s National Science Agency and 
the inventors of WiFi) and 3D Laser Mapping (a leading global provider of 3D LIDAR solutions). Initially 
starting out as a manufacturer and retailer of the ZEB1 handheld laser scanner, the company has grown 
rapidly in both range and scope, now incorporating a global network of distributors serving 32 countries 
across 6 continents

NA NA

High Mobility GmbH develops Digital Skin, a software solution that connects smart devices and cars. Its 
Digital Skin is a certificate based car interface for direct and versatile communication from car to 
environment. The company also provides a toolkit that includes back-end components, which enable OEMs 
to certify their applications and software libraries for various platforms that enable connection to the car. 
Its components provide messaging between devices and Crypto Cloud Tool for certificate management.

 IBB Beteiligungsgesellschaft mbH; VC Fonds 
Technologie Berlin

$1.1

Nebula, Inc. develops a hardware appliance that allows businesses to deploy large private cloud computing 
infrastructures from racks of industry-standard servers. The company offers Nebula One, a cloud 
computer/an integrated hardware and software appliance that provides distributed compute, storage, and 
network services in a unified system. It also provides problem resolution support services via Web and 
phone.

Kleiner Perkins Caufield & Byers; NBCUniversal 
Media, LLC; Highland Capital Partners; Webb 
Investment Network; Comcast Ventures; 
Innovation Endeavors 

$35.0 

NIT offers a complete range of standard, customized and full custom CMOS imaging sensors for a variety of 
applications where performance, cost, quality and reliability are of premium choice.

BlueBird Ventures, ACE, Alto Invest, Emertec $5.0 

Company Business Description Investors Amount Funded $MM
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Perrone Robotics has been developing mobile autonomous robotics solutions since 2003. The software PRI 
provides is known as MAX, a general purpose robotics and autonomous vehicle operating syste.

NA NA

Seegrid Corporation manufactures and sells vision guided vehicles (VGVs) for the materials handling industry 
in North America and Europe. Its products include automated pallet trucks and tow tractors. The 
company’s VGVs are used in applications, such as parts-to-line, put away, long hauls, end-of-line, 
staging/sortation, replenishment, kitting/picking, trash removal, and cross docking/virtual locations.

Giant Eagle, Inc. $53.1 

UURMI is a world leader in computer vision and communication based embedded system designs with 
proven Intellectual Property (IP), in multi-dimensional signal processing, image and video exploitation based 
algorithms.

NA NA

Vicomtech-IK4 specializes in applied research in computer graphics, visual computing, and multimedia 
technologies. The company focuses its research on various fields of visualization and virtual reality, 
augmented reality, image processing, multimedia flow management, service provision technologies, 
multimedia digital libraries, natural language processing, speech processing, and knowledge discovery and 
data mining.

Acquired by Grupo Empresarial Alcor S.L. on 4/6/16 NA

Company Business Description Investors Amount Funded $MM
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Videantis GmbH provides silicon Internet protocol, chip, and software solutions for mobile, home, and 
custom multimedia applications. It offers Internet protocol cores for home and mobile multimedia 
applications; Internet protocol core integrated solutions for mobile multimedia applications; and Internet 
protocol cores for multimedia applications. The company licenses video Internet protocol solutions for the 
video coding standards. 

Hannoverimpuls GmbH  NA

QNX Software Systems Limited provides middleware, development tools, operating system (OS) software, 
and services for embedded systems. It offers QNX Neutrino RTOS, an OS that scales down to meet the 
constrained resource requirements of real-time embedded systems; QNX OS for Safety, which provides a 
reliable foundation for safety-critical systems; and QNX OS for Medical that is designed to help reduce the 
effort of building safety-critical medical devices. 

Acquired by Research In Motion Limited on 4/9/10 NA

Company Business Description Investors Amount Funded $MM



M&A TRANSACTIONS



09/09/2016 Denso Fujitsu Ten - - - FUJITSU TEN manufactures and sells automotive electronic products. It offers car audio and navigation products, 
home audio systems, mobile communication equipment, and car electronic devices

08/31/2016 Uniquest PLK Technologies $11.0 1.4x - PLK Technologies designs, develops, manufactures, and distributes artificial intelligence cameras and modules for 
automobiles in South Korea and internationally

08/18/2016 UBER Otto - - - Ottto develops self driving truck solutions

08/16/2016 Ford SAIPS - - - SAIPS designs, develops, and implements computer vision and machine learning technologies based on deep 
learning methodologies

08/02/2016 ZF Friedrichshafen 
AG

Ibeo Automotive 
Systems GmbH

- - - Ibeo Automotive Systems GmbH manufactures laser scanners for the automotive sector

08/01/2016 Verizon Fleetmatics 2,377.7 7.0 32.9x Fleetmatics Group PLC provides software-as-a-service mobile workforce solutions for small and medium-sized 
businesses (SMBs) worldwide

05/26/2016 Intel Itseez - - - Itseez provides computer vision software solutions and consulting services

03/11/2016 General Motors 
Company

Cruise Automation 1,000.0 - - Cruise Automation develops and manufactures Cruise RP-1, a highway autopilot system for cars

03/03/2016 Continental Adv.Scientifics Hi-
Res LIDAR Business

- - - Advanced Scientifics designs, manufactures, and delivers single-use systems and equipment for the preparation, 
processing, storage, and transportation of biopharmaceuticals

02/18/2016 GTCR Lytx 500.0 - - Lytx provides fleet safety management solutions. The company offers Lytx DriveCam Enterprise, a safety program 
to reduce unsafe driving behaviors and improve fleet performance with video-based coaching

02/02/2016 Ningbo Joyson
Electronic 

Key Safety Systems 920.0 - - Key Safety Systems designs, develops, manufactures, and supplies advanced engineered safety products for global 
automotive and non-automotive markets 

01/22/2016 Harman Symphony Teleca 780.0 2.1 13.0 HARMAN Connected Services Corporation provides software services for the connected world

01/05/2016 Harman Becker 
Automotive

TowerSec 75.8 - - TowerSec operates as an automotive cyber security vendor which develops and provides on-board cyber security 
software to oOEMs, suppliers, and aftermarket telematics manufacturers

12/21/2015 Valeo SA Peiker - - - Peiker acustic GmbH KG engages in the manufacture and sale of components in the area of communications 
technology for auto manufacturers, industrial firms, government agencies, and mobile phone manufacturers 

11/03/2015 ZYNP Shenzhen Vastfly 
Technology 

- - - Shenzhen Vastfly Technology develops and manufactures video and audio embedded systems and products based 
on DSP/X86/ARM platform primarily in the field of vehicle active safety driving

10/08/2015 Sony SoftKinetic - - - SoftKinetic SA/NV provides gesture-based platforms for consumer electronics and professional markets in Belgium, 
the United States, and Asia

07/30/2015 Delphi Automotive Ottomatika - - - Ottomatika is a developer of autonomous driving technology. The company is developing advanced driver-assist 
and automated driving systems for vehicles
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07/21/2015 Audi, BMW, Daimler HERE $3,000.0 - - HERE provides intelligent mapping system supply software to control self driving cars

07/01/2015 Ambarella VisLab 30.0 - - VisLab srl develops machine vision algorithms and intelligent systems for the automotive field

05/19/2015 Continental Elektrobit 668.2 3.5x 26.8x Elektrobit Automotive GmbH provides embedded solutions, cloud computing, and services for the automotive 
industry

03/27/2015 ESI Group SA Civitec SARL - - - Civitec SARL provides Pro-SiVIC, a software platform for the modeling and simulation of sensors and their 
environment

10/08/2014 Vector Informatik 
GmbH

BASELABS GmbH - - - BASELABS GmbH develops software and services for advanced driver assistance systems (ADAS) professionals

09/30/2014 Panasonic Ficosa International, 
S.A.

317.0 0.5 - Ficosa S.A. engages in the research, development, production, and commercialization of systems and parts for 
automobile, commercial, and industrial vehicles in the automotive industry worldwide

09/29/2013 Humax Daewoo (nka: 
Humax Automotive)

15.8 0.4 13.1 Humax Automotive manufactures and supplies in-vehicle infotainment systems for car manufacturers worldwide

09/26/2013 Ford Livio - - - Livio is a Detroit Michigan based software development company recognized for their aftermarket connected car 
devices

04/10/2013 Harman iOnRoad 0.8 - - iOnRoad offers mobile phone applications that provide a range of personal driving assistance functions, including 
augmented driving, collision warning, and “black-box” video recording solutions

05/29/2012 Hella KGaA Hueck InnoSenT GmbH - - - InnoSenT GmbH develops, manufactures, and markets radar sensors and systems for industrial and automotive 
customers in Germany and internationally

03/29/2012 Telogis Maptuit - - - Maptuit Corporation provides truck-specific connected navigation for the trucking industry in the United States

03/04/2010 Autoliv Visteon, Radar 
System Business

- - - Radar system business of Visteon Corp. includes radar systems such as Adaptive Cruise Control (ACC) and Driver 
Awareness System

75th Percentile $920.0 3.2x 28.3x
Mean 745.9 2.5 21.5
Median 500.0 1.8 20.0
25th Percentile 30.0 0.7 13.1

62

Date Buyers Target
Transaction 
Value ($M)

EV/Revenue 
Multiple (x)

EV/EBITDA 
Multiple (x) Business Description

Selected M&A Transactions (Cont.)

Source: CapitalIQ



PRIVATE PLACEMENTS



08/16/2016 Ford Motor; Baidu Velodyne Lidar $150.0 Velodyne Lidar was developed to create a full 360 degree environmental view for use in autonomous vehicles, industrial 
equipment/machinery, 3D mapping and surveillance

07/04/2016 Beijing Hanbang 
Technology 

Shenzhen Youjia 
Innovation 

1.5 Shenzhen Youjia Innovation Technology develops visual perception systems.

05/23/2016 Aid Partners Capital 
Holdings

Zoox 200.0 Zoox provides autonomous self driving taxi service

05/19/2016 EDB investments,  
Highland Capital

nuTonomy 20.1 nuTonomy develops software for autonomous/self-driving passenger vehicles

05/06/2016 Private Investor Sense Technologies 0.5 Sense Technologies develops and markets automotive safety devices that enhance driver awareness of people or obstacles 
located in vehicle blind spots in the United States

04/04/2016 Toyota Motor; 
Sumitomo Electric 

Advics 93.0 Advics engineers, manufactures, and sells brake systems and components for the automobile industry in Japan and 
internationally

04/03/2016 Andreesen Horowitz Comma.ai 3.1 Comma.ai develops and markets a self-driving kit that allows the car to run automatically

03/31/2016 YL Ventures, 
GlenRock Israel

Karamba Security 2.5 Karamba Security develops security systems for connected cars. The company focuses on securing the internals of car control 
systems

03/28/2016 Draper Nexus, Index 
Ventures

Nauto 12.0 NAUTO is a smart car network and technology company that offers a device, network, and app to upgrade cars to get network 
and safety features

03/28/2016 Denso International Tri-Lumina 9.2 TriLumina manufactures semiconductor lasers

03/16/2016 IBB, Prototron, 
Startupbootcamp 

High Mobility 1.1 High Mobility GmbH develops Digital Skin, a software solution that connects smart devices and cars. Its Digital Skin is a certificate 
based car interface for direct and versatile communication from car to environment

03/04/2016 Delphi Automotive, 
Samsung, GP Capital

Quanergy 90.0 Quanergy Systems develops and markets sensing solutions for real-time 3D mapping and object detection, tracking, and 
classification

02/29/2016 Vertex Ventures 
Israel; Magma 

Innoviz Technologies 9.0 Innoviz Technologies develops technologies of autonomous driving

02/11/2016 Orange Digital 
Ventures, Cisco 

Veniam 25.0 Veniam offers vehicular networking technology solutions

02/06/2016 First Round, Sherpa 
Capital

Zendrive 13.5 Inner Circle Technologies, aka Zendrive, develops traffic data tracking application for mobile phones. It offers Zendrive, an 
application that tracks speed, location, direction, and acceleration of traffic using smartphone sensors

01/28/2016 SAIC Capital, Delta 
Electronics 

Savari 8.0 Savari provides V2X software and hardware technologies for automotive, semiconductor, and telecommunications industries
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09/10/2015 Magna 
International, 

  

Argus Cyber Security $26.0 Argus Cyber Security provides a ready-to-embed cyber security solution suite for automobiles and aftermarket connectivity 
platforms

07/06/2015 Khosla Ventures, 
BMW i Ventures

RideCell 27.6 RideCell develops fleet automation software. "Demand Response" is the software solution that automates requests, dispatch, 
scheduling, routing, and notification

06/15/2015 Spark Capital 
Partners

Cruise Automation 12.5 Cruise Automation develops and manufactures Cruise RP-1, a highway autopilot system for cars

04/27/2015 Volvo Peloton 17.0 Peloton develops active safety systems and uses radarand DSRC vehicle to vehicle communications

12/11/2014 QUALCOMM 
Ventures

Beijing 7Invensun 
Technology 

- Beijing 7Invensun Technology researches and develops eye-tracking technology solutions in China

11/21/2014 Leta Capital Remoto 1.5 Remoto offers a connected car platform toolkit for OEM and dealerships, car owners, and insurance companies

11/18/2014 BDC Venture Capital, 
Go Capital

LeddarTech 7.0 LeddarTech develops and supplies advanced detection and ranging systems based on the sensing technology that performs time-
of-flight measurement using pulses from infrared LEDs processed through algorithms

07/07/2013 Enterprise Rent-A-
Car; Fidelity 

Mobileye N.V. 400.0 Mobileye N.V. develops computer vision and machine learning, data analysis, and localization and mapping for advanced driver 
assistance systems and autonomous driving technologies primarily in Israel

03/14/2013 QUALCOMM 
Ventures

iOnRoad 0.2 iOnRoad offers mobile phone applications that provide a range of personal driving assistance functions, including augmented 
driving, collision warning, and “black-box” video recording solutions

02/21/2013 Fouriertransform AB Smart Eye AB 3.9 Smart Eye AB provides a real-time and completely non-invasive eye, eyelid, and head tracking technology solutions

06/28/2012 CFH; S-Beteiligungen 
Leipzig

BASELABS GmbH - BASELABS GmbH develops software and services for advanced driver assistance systems (ADAS) professionals

05/21/2012 QUALCOMM 
Ventures

iOnRoad 0.1 iOnRoad offers mobile phone applications that provide a range of personal driving assistance functions, including augmented 
driving, collision warning, and “black-box” video recording solutions

01/23/2012 Private Investor Island Radar 
Company

0.3 Island Radar Company develops vehicle detection radars

Date Investor Company
 Capital Raised 

($M) Business Description
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PUBLIC COMPANY COMPARABLES



LTM LTM
Market Enterprise CY16E CY17E CY16E CY17E P/E Gross Operating

Company Cap Value Cash Debt Rev. Rev. EBITDA EBITDA CY15A CY16E CY17E Margin Margin 14A-15A 15A-16E 16E-17E LTGR
OEM's

Audi $30,215 $11,028 $21,996 $2,163 NM NM NM NM 6.4x NM NM 18.6% 9.5% 8.6% NM NM 0.0%

BMW $53,930 $145,682 $14,578 $106,073 1.4x 1.3x 9.0x 8.6x 7.6x 7.5x 7.5x 18.6% 10.1% 14.4% 37.7% 2.4% 2.5%

Daimler 74,620 177,367 22,956 124,653 1.0 1.0 8.5 8.0 7.9 7.6 7.3 19.6% 7.7% 14.6% 17.5% 2.7% 4.2%

Ferrari 9,510 11,617 666 2,799 3.4 3.2 12.5 11.7 29.3 23.2 21.6 48.2% 18.1% 2.8% 9.3% 5.2% 13.9%

Fiat (Chrysler) 8,064 15,385 21,500 28,602 0.1 0.1 1.2 1.1 167.7 3.8 3.3 12.6% 3.3% 18.2% 2.3% 2.6% 0.0%

Ford 48,592 161,404 27,210 139,914 1.1 1.1 14.3 14.2 6.5 6.5 6.7 12.8% 5.9% 3.5% 0.9% 1.1% 15.0%

General Motors 49,768 105,391 20,070 75,320 0.7 0.7 6.0 6.3 5.4 5.5 5.5 13.1% 5.8% -3.4% 2.5% -0.5% 14.8%

Honda 52,850 98,673 17,606 61,137 0.7 0.7 8.7 7.1 12.8 16.9 9.3 22.6% 3.7% 12.7% 0.7% 1.4% 19.8%

Hyundai 26,310 69,409 22,872 61,197 0.8 0.8 8.0 7.7 5.9 5.8 5.7 19.5% 6.4% 2.3% 14.7% 2.2% 4.0%

Isuzu 9,558 10,680 2,950 2,631 0.6 0.6 4.8 4.8 8.9 8.9 8.2 17.9% 8.4% 7.1% -5.1% 0.5% 8.8%

KIA 15,455 14,332 7,642 6,518 0.3 0.3 3.7 3.5 6.7 5.9 5.6 20.0% 4.9% 5.1% 8.1% 2.7% 7.4%

Nissan 40,308 101,667 9,605 66,959 0.9 0.8 8.8 6.5 7.5 9.3 6.6 19.7% 6.5% 15.3% -6.1% 6.0% 9.4%

Peugeot 11,898 8,097 13,630 7,943 0.1 0.1 1.3 1.3 12.7 7.5 6.8 18.8% 5.8% 6.1% 0.2% 3.0% 33.9%

Porsche 15,462 13,973 1,827 338 NM NM NM NM NM 5.7 4.5 0.0% 0.0% NA NM NM 0.0%

Renault 23,377 56,859 14,570 47,529 1.0 0.9 8.8 8.0 6.9 5.9 5.3 20.7% 5.7% 10.9% 16.2% 6.2% 18.8%

Tata Motors 25,805 29,076 7,815 10,954 0.7 0.6 4.6 3.9 NA 12.0 7.5 46.6% 6.9% 1.4% 10.3% 12.7% 23.4%

Tesla 31,075 31,494 3,246 3,665 3.9 2.8 52.2 25.5 NM NM 121.0 21.4% -20.4% 26.5% 101.8% 37.5% 30.0%

Toyota 174,085 293,335 59,764 170,759 1.1 1.1 9.0 10.1 8.0 10.2 10.3 20.3% 9.8% 6.3% 0.5% 1.2% 7.0%

Volvo 22,872 37,308 2,507 16,729 1.1 1.0 9.3 8.8 13.0 14.3 13.3 22.2% 7.0% 10.4% -0.5% 2.0% 9.2%

VW 69,203 199,620 41,391 171,566 0.8 0.8 6.6 5.9 NM 5.9 5.4 15.3% 2.9% 3.6% 14.8% 2.5% -5.1%

75th Percentile 1.1x 1.1x 9.0x 8.7x 12.7x 9.9x 8.8x 20.9% 7.9% 13.6% 14.8% 4.7% 15.9%
Mean 1.1 1.0 9.8 7.9 19.6 9.0 13.8 20.4% 5.4% 8.8% 12.5% 5.1% 10.8%
Median 0.9 0.8 8.6 7.4 7.7 7.5 6.8 19.5% 6.2% 7.1% 5.3% 2.5% 9.0%
25th Percentile 0.7 0.6 5.1 5.0 6.6 5.9 5.6 17.2% 4.6% 3.6% 0.5% 1.5% 3.6%

Enterprise Value as a Multiple of:
CY Revenue Growth

Selected “OEM” Public Comparables
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LTM LTM
Market Enterprise CY16E CY17E CY16E CY17E P/E Gross Operating

Company Cap Value Cash Debt Rev. Rev. EBITDA EBITDA CY15A CY16E CY17E Margin Margin 14A-15A 15A-16E 16E-17E LTGR
Tier 1's
Aisin Seiki $13,424 $18,004 $2,933 $3,713 NM 0.5x NM 4.4x 14.3x NM 12.5x 13.9% 6.1% 9.1% NM NM 7.0%

AutoLiv $9,365 $10,084 $1,113 $1,556 1.0x 0.9x 8.1x 7.4x 20.5x 15.9x 14.7x 20.5% 9.4% -0.8% 11.1% 6.9% 6.2%

Bosch 10,763 10,497 275 9 6.3 5.4 35.3 26.5 62.0 48.7 37.3 46.5% 14.7% 5.8% 10.1% 16.8% 0.0%

Calsonic Kansei 2,539 2,371 394 100 NA NA NA NA 12.4 NA NA 8.6% 3.7% 8.3% NA NA NA

Continental 42,136 46,008 2,508 5,896 1.0 1.0 6.3 5.9 13.7 11.9 11.2 26.5% 11.0% 13.7% 3.7% 4.6% 8.5%

Delphi 18,755 22,773 437 4,066 1.4 1.3 8.0 7.4 16.8 11.5 10.3 20.4% 12.9% -2.2% 8.5% 6.2% 14.9%

Denso 32,531 30,714 6,049 3,053 0.7 0.7 5.8 5.5 12.9 15.6 13.7 16.9% 6.6% 6.6% -0.9% -1.1% 7.0%

Hyundai 26,310 69,409 22,872 61,197 0.8 0.8 8.0 7.7 5.9 5.8 5.7 19.5% 6.4% 2.3% 14.7% 2.2% 4.0%

Magna 16,050 19,183 597 3,318 0.5 0.5 5.1 4.8 8.8 7.9 7.1 14.4% 7.2% -6.6% 12.7% 5.1% 0.0%

Panasonic 23,836 25,558 6,857 7,230 0.3 0.3 4.3 3.8 12.0 16.9 12.5 29.4% 5.5% -1.4% -3.2% -0.4% 6.7%

Valeo 13,021 14,016 2,100 2,839 0.8 0.7 6.0 5.4 16.1 13.5 11.9 18.1% 7.5% 14.3% 11.0% 9.0% 12.3%

Visteon 2,428 2,102 846 372 0.7 0.6 6.5 5.9 NM 16.0 15.2 14.1% 6.8% 25.5% -2.5% 4.8% 15.0%

75th Percentile 1.0x 0.9x 8.0x 7.4x 16.4x 16.0x 14.2x 22.0% 9.8% 10.2% 11.1% 6.7% 10.4%
Mean 1.3 1.2 9.3 7.7 17.8 16.4 13.8 20.7% 8.2% 6.2% 6.5% 5.4% 7.4%
Median 0.8 0.7 6.4 5.9 13.7 14.6 12.5 18.8% 7.0% 6.2% 9.3% 5.0% 7.0%
25th Percentile 0.7 0.6 5.9 5.1 12.2 11.6 10.8 14.3% 6.3% -0.9% 0.2% 2.8% 5.1%

Enterprise Value as a Multiple of:
CY Revenue Growth

Selected “Tier 1” Public Comparables
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Selected “Tier 2 and Other” Public Comparables
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LTM LTM
Market Enterprise CY16E CY17E CY16E CY17E P/E Gross Operating

Company Cap Value Cash Debt Rev. Rev. EBITDA EBITDA CY15A CY16E CY17E Margin Margin 14A-15A 15A-16E 16E-17E LTGR
Tier 2's & Other

Alps Electric $4,641 $5,122 $1,019 $542 0.7x 0.6x 6.2x 5.5x 10.8x 18.0x 12.6x 19.0% 5.8% 6.9% -4.2% 8.6% 3.0%

Ambarella $2,179 $1,852 $327 $0 5.9x 5.0x 18.0x 17.3x 29.2x 25.2x 21.6x 64.8% 17.3% 44.9% -1.6% 20.1% 14.7%

American Axle 1,267 2,286 388 1,407 0.6 0.6 3.8 3.8 5.5 5.3 5.3 17.4% 9.9% 5.6% 1.8% 4.1% 8.1%

Borg Warner 7,441 9,656 495 2,635 1.1 1.0 6.4 6.2 12.9 10.7 9.7 21.0% 12.7% -3.4% 13.9% 4.2% 10.7%

Clarion 851 1,063 145 356 NA NA NA NA 9.1 NA NA 17.6% 5.4% 10.5% NA NA NA

Dorman Products 2,248 2,160 88 0 2.5 2.3 11.9 11.1 25.1 21.6 19.9 38.6% 18.7% 6.9% 6.8% 8.4% 13.0%

Gentex 5,002 4,568 645 211 2.7 2.5 7.5 7.0 16.1 14.6 13.3 39.4% 30.3% 12.2% 10.2% 7.7% 12.0%

Harman 5,752 6,544 611 1,403 0.9 0.9 7.6 6.8 17.3 13.1 11.5 30.4% 8.7% 11.7% 9.0% 5.9% 15.3%

Infineon 19,466 19,129 2,348 2,011 2.6 2.4 10.2 9.0 26.8 19.6 16.6 36.7% 12.1% 39.4% 5.4% 8.4% 14.2%

Lear 8,527 9,200 1,421 1,951 0.5 0.5 4.9 4.8 12.4 9.0 8.5 11.5% 8.1% 2.7% 2.5% 3.4% 10.8%

Methode 1,292 1,096 249 54 1.4 1.3 8.2 7.3 15.5 15.5 13.0 26.5% 13.4% -6.3% -1.5% 6.8% 15.0%

Mobileye 9,197 8,906 290 0 25.6 17.9 47.9 32.3 144.7 59.2 40.3 75.2% 33.9% 67.7% 44.2% 43.6% 45.8%

NGK Spark Plug 3,988 3,956 931 878 1.1 1.1 5.6 5.6 12.3 14.5 11.8 35.6% 16.9% 10.4% -2.0% 1.3% 6.6%

NVIDIA 34,422 30,991 4,879 1,448 5.1 4.8 18.0 17.5 59.6 27.5 27.6 57.2% 21.8% 7.0% 21.8% 6.8% 11.1%

NXP 27,995 35,742 1,335 8,894 3.8 3.6 10.3 9.0 13.5 14.4 11.3 47.7% 7.4% 8.0% 55.3% 4.0% 22.3%

Renesas Electronics 10,566 8,995 3,962 2,370 1.9 1.4 9.7 7.6 12.5 29.5 17.1 43.7% 13.5% -12.6% -34.0% 37.4% 15.0%

Seeing Machines 78 72 8 0 2.3 1.7 NM 4,911.7 19.0 NM NM 63.1% 3.0% 187.4% -6.5% 31.5% 0.0%

Standard Motor Products 1,051 1,139 12 100 1.1 1.0 9.4 9.2 22.2 16.3 14.5 30.4% 11.1% -0.9% 7.9% 5.4% 15.0%

Stanley Electric Co. 4,492 4,138 829 220 1.1 1.0 5.8 5.3 18.9 16.7 14.6 19.6% 9.1% 16.0% -6.8% 7.8% 10.8%

Stoneridge 520 600 55 121 0.8 0.8 8.5 7.7 22.8 13.7 12.6 27.9% 6.3% -2.4% 10.4% 5.7% 0.0%

Sumitomo Electric 11,169 16,059 2,041 5,066 0.6 0.5 5.6 5.2 12.9 11.6 10.6 18.4% 5.0% 8.0% -3.8% 5.1% 15.8%

TE Connectivity 22,574 25,916 694 4,036 2.1 2.0 10.1 9.4 22.8 15.3 14.2 32.9% 15.8% -1.2% 3.7% 4.4% 13.0%

75th Percentile 2.6x 2.4x 10.2x 9.4x 22.8x 20.1x 16.7x 42.6% 16.6% 12.1% 10.2% 8.4% 15.0%
Mean 3.1 2.5 10.8 242.8 24.6 18.6 15.3 35.2% 13.0% 19.0% 6.3% 11.0% 13.0%
Median 1.4 1.3 8.3 7.6 16.7 15.4 13.2 31.7% 11.6% 7.5% 3.7% 6.8% 13.0%
25th Percentile 0.9 0.9 6.1 5.6 12.6 13.5 11.5 19.9% 7.6% 0.0% -2.0% 4.4% 10.7%

Enterprise Value as a Multiple of:
CY Revenue Growth

Source: CapitalIQ



1. Images courtesy – BCG Research, Mando Corporation, McKinsey, Quantenna, Texas Instruments, Velodyne
2. Websites of various related companies including their press releases and news.
3. IEEEXplore
4. EETimes
5. Various media articles, video interviews and conferences available publicly
6. RNR market research
7. Research papers publicly available on open scientific platforms
8. All information publicly available at various sources 
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About Woodside Capital Partners

Woodside Capital Partners (WCP) is a global independent investment bank delivering world-class strategic and financial advice to
emerging growth companies in the technology sector. We focus on transactions ranging from $15 million to $300 million and
know how to “close the deal” whether it’s through M&A, capital raising, private placement or strategic partnering.
With a strong track record in M&A, strategic partnerships and private placements, Woodside Capital Partners has been providing
worldwide investment banking services since 2001. Woodside Capital Partners has offices in Silicon Valley and London, and
leading domain experience in technology, media, and telecommunications. WCP Research offers institutional technology
research services to buy-side institutional investors and technology industry executives. The team of Woodside Capital Partners
has completed transactions totaling more than $10 billion. For more information, please visit www.woodsidecap.com
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Disclaimer:
The Information and opinions in this report have been prepared by Woodside Capital Partners International, LLC, and its affiliate, 
Woodside Capital Securities, LLC. All information supplied or obtained from this report is for informational purposes only and should 
not be considered investment advice or guidance, an offer of or a solicitation of an offer to buy or sell a security, or a 
recommendation or an endorsement by Woodside Capital Securities, LLC, Woodside Capital Partners International, LLC and 
Woodside Capital Partners UK, LLP of any security. Further information on any of the securities mentioned in this report may be 
obtained from our offices. Other than disclosures relating to Woodside Capital Securities, LLC the information herein is based on 
sources we believe to be reliable but is not guaranteed by us and does not purport to be a complete statement or summary of the 
available data. Any opinions expressed herein are statements of our judgment on this date and are subject to change without 
notice. Periodic updates may be provided on companies/industries based on company specific developments or announcements, 
market conditions or any other publicly available information.

Important Disclosures:
Woodside Capital Securities, LLC is not a market maker in any securities mentioned in this report.
Woodside Capital Securities, LLC and their officers and employees may from time to time acquire, hold, or sell a position in the
securities mentioned in this report. Woodside Capital Securities, LLC compensates individuals for activities and services intended to 
benefit the firm's investor clients. Compensation determinations for individuals, including the author(s) of this report, are based on a 
variety of factors, and may include the overall profitability of the firm and the revenues derived from all sources, including revenues 
from investment banking.
Woodside Capital Securities, LLC is a registered broker-dealer and member of FINRA (www.finra.org) and SIPC (www.sipc.org).
Woodside Capital Securities, LLC is an affiliate of Woodside Capital Partners International, LLC and Woodside Capital Partners UK, 
LLP.
One or more of the companies mentioned in this report may be clients of Woodside Capital Securities, LLC, Woodside Capital 
Partners International, LLC or Woodside Capital Partners UK, LLP

Third Party Disclosures:
Any analyst opinions, ratings, and public company reports included in this report  are provided by third-parties unaffiliated with 
Woodside Capital Securities, LLC, Woodside Capital Partners International, LLC and Woodside Capital Partners UK, LLP. Woodside 
Capital Securities, LLC, Woodside Capital Partners International, LLC and Woodside Capital Partners UK, LLP makes no guarantees 
that information supplied is accurate, complete, updated or timely, and does not provide any warranties regarding results obtained 
from its use. 
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