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Introduction
The “Internet on Wheels” – otherwise known as the Connected Car – is fueling phenomenal growth 
and challenges for automotive innovation. Not only must developers manage the inevitable transition 
from LTE to 5G connectivity, they also need to navigate many different protocols and standards. 
Meeting and overcoming these challenges will ensure safety and performance as the industry works 
to enable more safety and convenience applications with advanced driver assistance systems (ADAS) 
and eventually, completely self-driving cars.

Wireless connectivity is key to enabling autonomous vehicles. To get there, developers must grapple 
with a steep rise in the complexity of wireless connectivity, as seen in Figure 1.

Figure 1. Test complexity rises as the connectivity mix expands

In Part One of The Power of Emulation, we explore how automotive manufacturers are 
using emulation for various Connected Car applications. These range from helping to 
reduce the design cycle time of chips, to emulating components and subsystems to 
ensure design and functional integrity.
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Automakers can no longer rely on road-driving tests at a later stage of their development cycle to 
ensure that myriad connectivity applications work seamlessly. Designing for optimal functionality of 
the Connected Car is now a prerogative at the early-stage of chip development. The goal is to ensure 
the car performs flawlessly when it hits the road, especially when it comes to mission-critical tasks 
such as collision-avoidance, or the ultimate ‘no steering wheel’ autonomous driving experience.

To help engineers cope with design validation, performance verification, and debug, automotive 
manufacturers are increasingly turning to emulation to solve their design and test challenges. 

Emulator Versus Simulator
Emulators imitate the behavior of one or more pieces of equipment, whether an integrated circuit 
or even an entire piece of equipment. Before we look at applying emulation technologies, let’s 
review the differences between emulators and simulators. These two terms are sometimes used 
interchangeably in the engineering world, but their definitions are quite distinct. As an example of a 
device-under-test (DUT), consider a chip.

Simulation

Simulation, as the name suggests, describes how the chip will perform once it is manufactured at 
the foundry. The goal is to ensure the chip can perform under all states.

Emulation  

Emulation means using a piece of hardware to simulate how a chip will function at near real-time 
speeds. The hardware allows the designer to speed up a simulation process above and beyond 
the capabilities of traditional simulation software capabilities. For very high-performance chips, 
especially those in mission-critical ADAS applications, this is very important. 
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Emulator Simulator

A system that mimics the exact behavior of 
another system

A system able to mimic another system to a 
certain degree

Strictly abides by the parameters and rules of 
the emulated system

May not follow all inherent rules of the system 
being simulated

Copies the behavior of systems Models applications and events

Example: Game consoles Example: Flight simulator

Other proponents of emulators include fans of the classic Macintosh, who can emulate this popular 
PC in Mac OS X, Windows and Linux.   

Historically, emulation technology was viewed as costly and cumbersome, with large form factors 
to contend with and customization required prior to testing that often took hours or days. Emulation 
technology has come a long way since its early days, with hardware and software capabilities that 
now allow engineers to adjust test parameters quickly to emulate different equipment and test 
scenarios. 

Today engineers use emulators to design and test 5G and over-the-air (OTA) applications for ADAS 
and autonomous driving features that enable the Connected Car concept.

The classic Apple Macintosh Plus PC at the 
Design Museum in Göteborg, Sweden. 

Photo credit: Tmarki

Gamers created some of the earliest 
emulators because they needed equipment 
to run their retro game cartridges when 
outdated consoles were damaged 
or unavailable.
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Faster, More Flexible Automotive Chip 
Design and Development
According to the research firm IHS, the automotive semiconductor industry reached $41.8 billion in 
2018 and will hit $65.5 billion in 2025 (Figure 2). 

Automotive Semiconductor Industry

Figure 2. IHS projects semiconductor content per car will double from $312 in 2013, to $652 in 2025

Chipmakers like Intel, Nvidia, Qualcomm, and Renesas have all started to design automotive sensor, 
wireless, and power management chips for Connected Car applications.

Under ISO 26262 standards for functional safety, automotive semiconductor suppliers must ensure 
their chips comply with functional safety verification for the following:

1. Systematic failures, which are repeatable and predictable  

2. Random failures, which can result from vibrations, heat, and a variety of other factors

Automotive system and subsystem developers must assess whether their designs can meet safety 
goals, such as the classification of safety integrity levels (SIL) 1 to 4, as described in IEC 61508, or 
automotive safety integrity level (ASIL), A to D in ISO 262626. 
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It is only within the past decade that design engineers started to significantly adopt emulation for 
chip design verification as part of their electronic design automation process. Emulation expert 
Dr Lauro Rizzatti cited two main reasons for this shift: 

1. The overwhelming presence of embedded software in the majority of modern system-on-
chip (SoC) designs

2. Improved usability and expanded usage modes of the hardware emulators themselves

Chip emulators have greater capacity, offering anything from a few hundred million gates per single 
box, to a couple of billion gates in multi-box configurations. This means chip designers can use 
emulation tools to verify functionality at near real-time levels. Plus, emulators are now much more 
affordable, making them a viable part of the design verification strategy.

Emulating C-V2X for the Connected Car 
One of the fastest evolving markets revolves around cellular vehicle-to-everything (C-V2X) 
technologies that enable the Connected Car.

Testing C-V2X is complex business. It is expensive, impractical, and often impossible to carry out 
the depth and breadth of needed mission-critical tests in the real world. For instance, it is almost 
impossible to put early-stage test vehicles on the road to see how they respond to other vehicles, 
GPS, pedestrians, and a host of other parameters. 

This is where design verification and functional test tools come in. These tools are capable of 
simulating various test scenarios and emulating the operations of actual elements in the complex 
C-V2X formula. Engineers can test communication scenarios using emulated on-board units (OBUs), 
roadside units (RSUs), and global navigation satellite systems (GNSS).

Today’s emulators offer great versatility in terms of both ease of software usage and hardware 
configurability. This versatility allows original equipment manufacturers (OEMs) and suppliers to use 
the same emulation solution and adapt it to test products for different markets, each of which might 
have their own C-V2X communications protocols and standards (Table 1).
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Table 1. Regional V2X policies

Regional V2X Policies

United States Europe China

 

• 5.9 GHz band in 1999
• IEEE 802.11p-based system
• After 2017 notice of 

proposed rulemaking, 
no follow-up from U.S. 
authorities

• OmniAir certification for 
OBUs and RSUs, based 
upon IEEE & SAE standards

• 5GAA and other 
standards- developing 
organizations are lobbying 
the U.S. Department of 
Transportation on behalf of 
the cellular community

• 5.9 GHz band in 2008
• ETSI standards & 

conformance regime
• The European Union 

formally rejected the 
Delegated Act, which would 
have standardized V2X on 
the Wi-Fi-based ITS-G5. A 
new Delegated Act is in 
draft process 

• 5GAA lobbying EC for C-V2X 
emphasizing roadmap to 5G

• 5.9 GHz band approved
• In favor of LTE-based C-V2X
• Government-driven (9 pilot 

areas, 6 directions)
• Major driving force for 3GPP 

V2X
• Large field trials under way
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Another good example of emulators at work is the verification of the design and performance of 
vehicular emergency call systems, such as the pan-European eCall or Russian ERA-GLONASS system. 
To test if their eCall systems fulfill various conformance standards, engineers can use benchtop 
equipment to emulate the real-world environment comprising satellite systems, the car, cellular 
networks, and public safety answering points in the laboratory, regardless of the regional standards 
(Figure 3).

Figure 3. Emulating an emergency call test environment 

As automakers gear up to make autonomous driving a broader reality, they also must confront new 
conformance requirements in the ongoing transition from LTE to 5G communication platforms. To 
manage myriad test protocols and standards, Keysight’s engineers built a 5G network emulation 
solution using their UXM 5G signaling test platform. The equipment’s powerful RF resources allow 
engineers to create and test 5G communications and establish quick fault analysis and debug for 
different automotive DUTs in the complex C-V2X environment. 

The Power of Emulation - Part 1    |    8

https://www.keysight.com/en/pd-2983712-pn-C8732114A/c-v2x-test-solution?nid=-536900143.1264062.00&cc=SG&lc=eng
https://www.keysight.com/en/pd-2983712-pn-C8732114A/c-v2x-test-solution?nid=-536900143.1264062.00&cc=SG&lc=eng
https://www.keysight.com/en/pd-2668534/uxm-5g-wireless-test-platform?nid=-33762.1256480&cc=SG&lc=eng
http://www.keysight.com


Emulating Drive Tests to Cut Costs
The automotive industry is rather conservative when it comes to new test methodologies, mainly 
because of the overriding need to circumvent potential life-threatening design or manufacturing 
defects.  

However, in recent years, the rapid pace of innovation in the industry is challenging automakers to 
find new design and test solutions that not only offer thorough coverage, but are also cost efficient. 
The emergence of emulators gives automotive manufacturers the option to reduce their design 
verification and debug cycle times. In the prototype and functional test phases, they can also use 
emulators to replace costly overhead, such as building and maintaining physical prototypes, fixtures, 
and test stands. 

Increasingly, automotive manufacturers are exploring the use of emulators for drive testing. 
Solutions such as Keysight’s Virtual Drive Testing Toolset, allow automotive manufacturers to capture 
and record parameters like:

• network settings,

• signaling to the car module,

• responses from the car module, 

• the RF environment in and around the car based on things like traffic and reflections from other 
cars, buildings, and trees, and 

• satellite signals such as, GPS, GLONASS, Galileo, and BeiDou.

Engineers use data captured in the field to build tests that replay drive routes in a virtual environment 
by emulating real-world RF network conditions in the laboratory. This leads to reliable and cost-
effective device benchmarking and resolution of issues found in the field during the early stages of 
product development (Figure 4).
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Figure 4. Virtual Drive Testing Toolset 
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Automotive OTA Performance Testing
Automotive engineers use OTA performance testing to assess the user’s experience when accessing 
vehicle onboard data services. The testing replicates real-world conditions that the vehicle antenna 
cluster experiences. When a radio wave interacts with an object, the wave is scattered, diffracted, 
reflected, or absorbed. 

Radio channel emulation is used to accurately replicate this behavior. Recreated RF network 
conditions include: multipath propagation, Doppler effect, angles of departure (AOD), angles of 
arrival (AOA), and noise/interference, as well as all the typical channel conditions between the base 
station or access point, and the vehicle antenna cluster.

As the world prepares for 5G, automotive manufacturers and wireless device suppliers need to 
ensure their products are compliant with standards such as CTIA OTA Test Plan v3.8.1 and CTIA MIMO 
OTA Test Plan v1.2. Compliance testing for these standards is achieved using channel emulators in 
an anechoic chamber (non-reflective), to accurately emulate different radio environments such as 
urban, suburban, rural, and indoor areas.

As cars of the future become more connected and intelligent, it is increasingly likely that the 
connected, self-driving car will have already emulated millions of sub-processes long before it ever 
hits the road. By doing so, automakers can pre-empt and circumvent that erratic human behaviors 
that cause accidents.

In Part 2 of The Power of Emulation, we will explore how automotive manufacturers use emulation to 
enhance power and performance for electric vehicles. For more information go to www.keyight.com/
find/automotive.
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Related Information
Download more resources:  
www.keysight.com/find/auto-tips 

Ensure reliability and security for the connected car:  
www.keysight.com/find/connected-car 

Bring safety and innovation to advanced driver assistance systems (ADAS):  
www.keysight.com/find/autonomous-driving 

Bring breakthrough electric powertrain innovations to market faster:  
www.keysight.com/find/e-mobility  

Assess actual performance and interoperability of networks and devices in the laboratory:  
www.keysight.com/find/anitevirtualdrivetesting 

The Power of Emulation - Part 2:  
Ensuring Electric Cars Perform Flawlessly with Emulation

Keysight enables innovators to push the boundaries of engineering by quickly solving 
design, emulation, and test challenges to create the best product experiences. Start your 
innovation journey at www.keysight.com.
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