
What is a conformal antenna?

Answer: A conformal antenna is known as a flat 
antenna. This means that no element of the antenna 
appears outside of the car body structure. Unlike shark fin 
antennas, where the fin protrudes outside of the vehicle 
roof, a conformal antenna is “invisible.” The outline of a 
conformal antenna follows the design and curve lines 
of the vehicle. All antenna elements are arranged and 
mounted below this surface.
 
This antenna technology is well known and was first 
introduced in aircraft communications, where antenna 
elements need to be hidden from the surface because 
of aerodynamic impacts. As the cost for manufacturing 
and production comes down, and requirements on 
supported radio technologies grow, this conformal 
antenna technology is considered more and more in the 
automotive environment.

What is a conformal smart antenna?

Answer: The principle is the same - a conformal flat 
system that follows the outline of the car. But a conformal 
smart antenna goes one step further. It includes not 

only the receive and transmit antenna elements, but 
also all the electronics of a conventional TCU - like 
application processor, memory, wired interfaces to the 
E&E-Architecture of the car. This is what makes this kind of 
antenna smart and intelligent.

What are the real advantages compared to 
traditional antennas?

Answer: Conformal antennas convert the height of 
traditional antennas into a flat surface. This surface 
structure enables the integration of more radio 
technologies as conventional antennas can support. The 
main reason of this is because distances between antenna 
elements can be optimized for a better coexistence of 
different radio technologies at a small footprint. And this 
coexistence is very important. Passengers in a car expect 
that all radio services shall be available everywhere and 
simultaneously.
 
A conformal smart antenna brings the electronics very 
close to the antenna elements, reducing the connection 
length between antennas and the radio chipsets to a 
minimum. Knowing that every meter of cable cause signal 
loss and distortions, a conformal smart antenna offers an 
optimized performance - more transmit power as well as 
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better receiver sensitivity. Especially on higher frequencies 
as used in WiFi, 5G or V2X, this gives a huge benefit.

Where is a conformal antenna mounted? 

Answer: A smart antenna can be mounted on 
any location that has good visibility to the sky and 
surrounding. Best practices show that the ideal place 
is where current conventional antennas are placed. 
This makes the manufacturing process easier, it’s just to 
replace a traditional antenna by a conformal concept. 
Depending on the required radio technologies that are to 
be supported by a specific program, there are also other 
places possible, as it was proved by POCs. They include:
 

 • Integrated into a heck spoiler
 • Under the front wind screen, below the dashboard
 • Under the hood or deck lid

 
HARMAN conformal antenna technologies can be 
mounted on metal bottom structures, as well as other 
materials. The only need is that, if there is a cover above 
the antenna, this needs to be non-metal. However, as 
simulations and measurements have shown, a metallic 
painting is absolutely acceptable for our conformal 
antennas.

Which technologies can be incorporated?

Answer: Due to its flat design, conformal antennas 
and conformal smart antennas can support more 
technologies than conventional systems. Here is a list 
of wireless radio technologies that have been already 
demonstrated, or even realized:
 

 • 2G, 3G, 4G and 5G cellular networks, up to 4x4 MIMO
 • Bluetooth and Bluetooth Low Energy
 • WiFi (both 2.4 and 5 GHz), up to 2x2 MIMO
 • V2X (C-V2X and DSRC)
 • GNSS single and dual band
 • SDARS
 • RKE
 • TPMS
 • UWB

What are the biggest challenges for smart 
conformal antennas?

Answer: The compact and highly integrated design of 
a conformal smart antenna generates challenges that 
need to be addressed during system design, antenna 
placement, mechanical concept and thermal 
(cooling) concept.

The first challenge, and maybe it’s the biggest to be 
solved, is to support all requirements from different 
domains, and find the best fit for customers. There 
are requirements and restrictions from the OEMs 
car line (dimensions, materials, connector positions, 
manufacturing process etc.) as well as temperatures that 
apply on the roof of a car, and safety regulations that 
must be followed (rollover, eCall etc.).  And of course, all 
radio technologies need to coexist and work on their best 
possible performance.
 
To address all these topics in the best way, we combine 
best practices from all required departments, including 
expertise in antenna simulation and measurement 
facilities.

What performance can a smart antenna 
achieve?

Answer: When looking to a conformal antenna, many 
people first think that such an antenna may not have 
similar performance like traditional antennas. This is 
because of its flat design, and no antenna elements 
protrude above the (metal) roof of a car. The expectation 
might be that the surrounding metal influences the 
performance.
 
But we need to consider that HARMAN conformal 
antennas use latest state-of-the-art technology. One 
antenna element is not just a simple piece of PCB, it’s 
much more. Our conformal antenna elements have 
complex design metrics, using optimal combination of 
material and form factor. They also leverage from the 
available space of its flat design and are optimized for 
omnidirectional radiation patterns.

  HARMAN has done a lot of work on optimization, 
through both simulations but also real world testing. The 
performance measurements performed under realistic 
conditions, show better performance than conventional 
antenna concepts. Better performance enables better 
user experience. That is why HARMAN places the highest 
demand on this.
.
Is a conformal smart antenna future proof?

Answer: Conformal antenna design in general is a 
common trend in the automotive market. Traditional 
antenna concepts are expected to disappear in the near 
future. Bringing the TCU electronics close to the antennas 
is another trend seen. That said, the short answer is: Yes. 
Smart conformal antennas are not a temporary trend, 

© 2020 HARMAN INTERNATIONAL INDUSTRIES, INCORPORATED. All rights reserved. Features, specifications and appearance are subject to
change without notice. All company and product names used herein may be trademarks of their respective owners.



a

© 2020 HARMAN INTERNATIONAL INDUSTRIES, INCORPORATED. All rights reserved. Features, specifications and appearance are subject to
change without notice. All company and product names used herein may be trademarks of their respective owners.

More than 50 million automobiles on the road today are equipped with HARMAN audio and connected car systems. Our software 
services power billions of mobile devices and systems that are connected, integrated and secure across all platforms, from work 
and home to car and mobile. HARMAN’s latest innovations leverage Samsung’s connected lifestyle and hardware expertise, allowing 
automakers to create an ecosystem of unique, smart, enhanced and rich in-vehicle experiences. Together HARMAN and Samsung are 
architects of experience, designing the most intuitive and immersive interactions with in-vehicle technology. HARMAN is a wholly-owned 
subsidiary of Samsung Electronics Co., Ltd.

car.harman.com

but more of a global trend that will continue to grow, 
starting now with premium brands and reaching the 
mass market soon.
Even today we can see already a number of vehicles on 
the road with invisible antennas. OEMs put a lot of effort 
into hiding antennas on many locations around the car. 
Both OEMs and their customers want to get rid of all the 
visible antennas. The smart conformal antenna concept 
solves these issues with a much more cost-efficient 
approach.

Is a conformal smart antenna cheaper than a 
traditional antenna? 

Answer: To answer this question correctly, we need to 
look on the overall system cost. These include the TCU 
and antenna, but also potentially other cost like cables, 
connectors, manufacturing and others. A traditional 
telematics system in a modern car has around 4 to 6 
antennas implemented at the roof, with the TCU mounted 
somewhere under the dashboard. The need for RF cables 
in such an environment might be between 24 and 40 
meters. This has a huge cost impact, and it is eliminated 
by using a conformal smart antenna. And of course, all 
these cables need connectors, generate weight, must be 
mounted in a harness and may cause warranty issues.
 
Beside the cost of components, there is also the cost of 
performance. The cables used in the above example 
cause signal attenuation. There are high performance 
cables available, but with the impact of much higher cost. 
Implementing RF cabling is always a compromise, ending 
up in degradation of user experience.

What will be the trends in the future? 

Answer: Beside the general trend towards conformal 
design of automotive antennas, there are global trends in 

communication technologies that must be incorporated 
into all coming telematics solutions. These technologies 
are facing two major requirements:

 • Coming communication technologies use higher 
  frequencies and bandwidth

 • More technologies need to be supported 
 simultaneously
All these trends can be well covered by conformal (smart) 
antenna concepts, as we design and implement at 
HARMAN. We are prepared to overcome the technical 
challenges and propose best fitting innovations.

How does V2X technology fit into a conformal 
antenna? 

Answer: V2X is a fully integrated part in HARMAN’s 
conformal smart antenna concept. Independent of the 
used technology (DSRC or C-V2X), the requirements 
regarding antenna design are identical. Direct vehicle-to-
vehicle communication requires a signal radiation at the 
full 360 degree surrounding of the vehicle - at a very flat 
opening angle in the vertical direction.
 
Antennas are typically mounted at the back end of the 
vehicle roof. This position is a very good place in general. 
But for V2X, it has an impact on poor coverage of the 
area in front of the vehicle. To overcome this, a common 
approach is to place one V2X antenna directly inside the 
conformal (smart) antenna module. This antenna radiates 
mainly to the back side.
 
A second V2X antenna is typically mounted behind 
the front wind screen, radiating to the front side. The 
combination of these two V2X antennas is a good 
approach for sending and receiving V2X direct link 
messages 360 degrees around the car.
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