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The fusion of this sensor data provides the driver 
with additional eyes that constantly scan the vehicle’s 
surroundings looking for potential problems (like drifting 
out of lane without first indicating) and dangerous 
situations (like the vehicle in front suddenly decelerating).

External camera systems are now well established. 
It’s not unusual to find cars with two or more forward 
facing cameras, four cameras on the sides, and one or 
more on the rear. Now, attention is increasingly turning 
to in-cabin camera systems; that is, cameras deployed 
inside the vehicle.

When most people hear the phrase “automotive camera vision systems,” they think of the sensors used 
to power advanced driver assistance systems (ADAS). These systems employ sophisticated detection 
capabilities using combinations of sensors, including video streams from cameras, lidar, radar, ultrasonic, 
and far infrared (FIR) devices (Figure 1).
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A TYPICAL COMBINATION OF 
AUTOMOTIVE SENSORS USED FOR ADAS APPLICATIONS

The rate of development and adoption 
of automotive camera vision systems -- 
coupled with artificial intelligence (AI) 
and machine learning (ML) -- is growing 
exponentially.



In-Cabin Camera Systems 
The concept of having cameras inside the vehicle -- mounted in the dashboard, on the steering column, or integrated 
into the rear-view mirror -- is not new. Early generations of these camera modules were predominantly employed in the 
form of driver monitoring systems (DMS), also known as driver attention monitors, to observe the driver’s face looking 
for drowsiness (the closing of the eyes) or inattention (the driver looking at something other than the road or instrument 
console for more than a fraction of a second). If such a situation were to arise, the system could alert the driver by 
means of flashing lights, warning sounds, or haptic feedback technologies. Since these early systems were interested 
only in the driver, their resolution and field of view (FOV) could be limited.

TIMES HAVE CHANGED.

Today’s automotive industry is increasingly focusing on delivering safer and more 
personalized transportation experiences for both drivers and passengers.

In turn, this demands the use of advanced camera 
modules that are physically small and unobtrusive while 
providing the high-fidelity and high-resolution imagery 
demanded by today’s state-of-the-art AI/ML applications. 
In order to achieve these features, such camera modules 
must feature high-precision wide-angle lenses that can 
cover the entire cabin, and these lenses must be supported 
by high-resolution sensors with a large dynamic range 
that -- in conjunction with appropriate image processing 
algorithms -- are capable of handling the wide variety 
of natural and artificial lighting conditions that may be 
found in automobiles throughout the day and night.

In the same way that multiple cameras are now common 
outside the vehicle, there is a current trend for multiple 
cameras to make their way into the cabin. In addition to 
one or more cameras mounted in the dashboard, on the 
steering column, or integrated into the rear-view mirror, 
it may not be long before a camera is also mounted near 
the light in the center of the ceiling, thereby providing a 
bird’s eye view of the cabin’s interior.



A Treasure Trove of Applications
When cameras that provide sufficient 
fidelity and resolution are coupled 
with AI/ML applications, the result is a 
treasure trove of applications that are 
capable of delivering safer and more 
personalized transportation experiences 
for both drivers and passengers.

For example, the AI/ML application could perform facial 
recognition when the driver’s side door is opened and 
automatically configure the vehicle accordingly, including 
things like side and rear mirror positions, driver’s seat 
settings, even the default radio channel selection. Also, 
in addition to monitoring the driver for drowsiness and 
inattention, it will also be possible to watch for signs 
indicating health problems such as a heart attack, stroke, 
or epileptic fit, in which case the vehicle’s hazard warning 
lights could be triggered and it could automatically 
bring itself to a safe stop while also initiating a call to 
emergency services.

Auto manufacturers are also starting to augment and 
driver monitoring systems (DMS) with occupant monitoring 
systems (OMS). With a sufficiently advanced inferencing 
engine, it is possible to determine the number, age, 
gender, posture, and emotional states (happy, sad, angry, 
frustrated, etc.) of all of the occupants. 

No longer will the news be filled with tragic cases such 
as a parent leaving a forgotten infant or pet in the back 
seat of the car on a baking hot day, because the vehicle 
will prevent itself from being locked and otherwise alert 
the driver until the child or pet is safely removed (of 

course, the car won’t trigger the same response in the 
case of a stuffed toy like a child-sized teddy bear). The 
vehicle could also alert the driver if a young passenger 
in a rear seat starts playing with a door handle or 
window control or unbuckles his or her seatbelt while 
the machine is in motion.

In the case of a third-party transportation scenario 
involving a Taxi or Uber or Lyft, for example, the vehicle 
could alert the driver if one of the passengers mistakenly 
leaves an object in the car (briefcase, package, 
smartphone, computer...). 

There are also security applications, such as alerting 
the driver to a hidden stowaway who entered the car 
while he or she was popping into a shop or service station, 
for example. Also, the car may be equipped with a “sentry 
mode” in which anyone approaching the car is detected 
by ultrasonic sensors, which instruct the exterior and 
in-cabin camera systems to wake up and start recording 
events. If an intruder breaks a window or otherwise 
gains ingress, the vehicle’s AI could once again send out 
a call to emergency services alerting them as to what 
is taking place.

Earlier, it was noted that there is a current trend for 
multiple cameras to make their way into the cabin. The 
counterpoint to this is a future trend that is already 
being researched by OEMs and Tier 1 suppliers for the 
number of cameras in the cabin to be reduced -- ideally 
to a single unit -- that will support both DMS and OMS 
functionality, along with additional capabilities such 
as video conferencing when the vehicle is idle (the 
combination of DMS and OMS is sometimes referred 
to as an in-cabin monitoring system, or ICMS).



IN-CABIN CAMERAS 
ARE READY

Cameras intended for use in automobile cabins must be small and unobtrusive, capable of handling a wide 
range of lighting conditions, all while providing the high-fidelity and high-resolution images and video 

streams demanded by AI/ML applications.

Immervision is engaging with OEMs and Tier 1 suppliers in the automotive industry to help them bring state-of-the-
art machine vision to cars and other vehicles. Starting with the application requirements, the multidisciplinary 

team of scientists, optical designers, and image processing engineers in Immervision’s Innovation Lab collaborate 
with the customer to design a complete camera system -- lens assembly, sensor, silicon, and image processing 

algorithms -- that provides the greatest number of the highest quality pixels that precisely address the 
requirements of the specified application.

In the case of in-cabin camera systems, Immervision’s camera modules can be used in conjunction with the 
automotive manufacturer’s AI/ML systems to provide a wide range of safety capabilities and to offer more 

personalized transportation experiences for both drivers and passengers.

and Waiting for  their AI/ML 
Counterparts

THE FUTURE IS NOW. USING IMMERVISION’S IN-CABIN 
CAMERA SYSTEMS, AUTOMOTIVE MANUFACTURERS ARE 

LIMITED ONLY BY THEIR IMAGINATIONS.
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LET’S START 
COLLABORATING 
TOGETHER

We really are very good at what we do. We’ve successfully 
designed thousands of vision systems of our own and on behalf 
of our clients. Our signature results-oriented approach is 
rooted in tight collaboration between your team and our 
multidisciplinary scientists, optical designers, and image 
processing engineers, thereby enhancing your ideas, 
accelerating your project, and ensuring a successful outcome 
that exceeds your expectations. 

Wherever you are in your development, from initial planning 
to early prototyping to pre-production to full production, we 
would love to work with you on your unique in-cabin automotive 
camera vision system.

immervision.com

GIVE US A CALL TODAY AND
LET’S START COLLABORATING TOGETHER!


