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INTRODUCTION

Firstly, thank you for your interest in mmRadar sensing and downloading this 
free eBook “Ultimate Starter Guide to mmRadar”. mmRadar is an emerging 
technology which is set to propel sensing into the next generation.

In the book you will learn:

• A brief history of radar technology
• Where radar technology is used today
• How mmRadar works
• Why mmRadar is ideal for sensor fusion
• Why radar is an ideal sensor for measuring
• How to see through walls

This free eBook is brought to you by RadarIQ. RadarIQ is helping propel the 
next generation of radar sensing.  
 
Our mission is simple:

Bringing mmRadar technology into the
reach of everyday makers and engineers

We do this by:

• Making radar technology easy-to-use by abstracting all the complex signal 
processing.

• Providing tools to enable Radar to be used on almost any platform - from 
high-end systems right down to a simple Arduino.

• Providing ready-to-use example software for getting results in minutes!

Ready? Let’s get started!
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 A BRIEF HISTORY 
OF RADAR TECHNOLOGY

Radar stands for Radio Detection And Ranging. The basic ideas of radar have 
been around since the late 1880’s, when Heinrich Hertz set about verifying 
some of the theoretical work of James Maxwell - who was one of the first 
scientists to understand electromagnetic fields. Maxwell’s work concluded that 
radio waves can be reflected off metallic objects just as light is reflected. The 
first “radar” patent (based on Hertz work) was granted in 1904 for “an obstacle 
detector and ship navigation device”. There was initially little interest or wide-
spread practical use or radar until World War II - when its use for detecting 
aircraft became extremely important.

The development of systems able to produce short pulses of radio energy was 
the key advance that allowed modern radar systems to come into existence. 
Research showed that by careful timing of pulses, the distance/range of a 
target could be determined, and the direction of the antenna revealed the 
angular location of the targets. These two properties allowed the position of 
objects to be determined. 

Development was rapid in for the 1930’s, with eight nations independently 
developing the technology for use in the war effort to detect aeroplanes and 
ships. The term RADAR was coined in 1939 by the United States Signal Corps as 
it worked on these systems for the Navy.

Progress during the war was rapid and of great importance, probably one of 
the decisive factors for the victory of the Allies. A key milestone development 
was the magnetron, which allowed the creation of relatively small radar 
systems with sub-meter resolution. 

After the war, radar use was widened to numerous fields including civil 
aviation, marine navigation, radar guns for police, meteorology and even 
medicine. Radar technology, in all its forms, is widely used everywhere today.

BEGINNINGS
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Bistatic Radar
Transmitter and receiver are separated by some distance. Commonly 
used in long-range missile systems.
 
Continuous-wave Radar (CW)
A single frequency is transmitted and received back by a receiver. 
Objects are detected by the Doppler effect which filters out slow or 
static objects quite well. This technology is often used in sports to 
calculate (for example) ball or vehicle speeds.

Doppler Radar
Doppler radar uses the doppler effect to determine highly accurate 
measurement about an object’s movement. A common use for 
Doppler radar is in radar guns which are used by police to determine a 
vehicle’s speed.

Frequency Modulated Continuous Wave Radar (FMCW)
This technology uses a “sweep” of frequencies in a chirp pattern to 
detect the speed and distance of objects. This technology is ideal for 
detecting multiple objects in 2D or 3D. NB: RadarIQ technology is based 
on FMCW radar.

Monopulse Radar
Monopulse radar uses additional encoding to provide accurate 
directional information from a single signal pulse. Monopulse radar  
is used in a wide range of applications from aircraft detection to  
radio astronomy.

Passive Radar
Unlike conventional radar systems, passive radar does not have 
a dedicated transmitter, instead other environmental sources of 
electromagnetic waves (such as from a TV transmitter) and timing 
delays between reflected waves are used to position objects. This 
technology is not widely used.

TYPES OF RADAR

Radar technology is now deployed in many ‘types’, each type resulting from differences in 
the receiver, antenna, frequency, and scan strategy configurations. There are a huge number 
of radar types, and within each type, a range of variants, each with significantly different 
applications. In this getting started guide we outline some of the different types of radar.
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Pulse-doppler
Pulse doppler radar systems use a pulse timing technique to detect an 
object’s velocity. It combines features of pulse radar and continuous 
wave radar. Pulse doppler radar is mostly used for meteorological 
purposes (rain radar) but also in radar astronomy. It has also found 
uses in healthcare.

Synthetic Aperture Radar (SAR)
SAR is used to construct 2D or 3D images of large objects such 
geographical features. SAR uses the motion of the radar antenna to 
provide finer resolution than conventional beam-scanning radar.

Over-the-horizon Radar with Chirp Transmitter
This technology allows a radar system to see many hundreds of 
kilometres and is useful in early warning systems and tracking vessels 
between countries. 

Source: Wikipedia

WHAT TYPES OF RADAR DOES RadarIQ USE?

RadarIQ technology uses the Frequency-Modulated-Continuous-Wave (FMCW) variant of 
radar technology. FMCW radar measures relatively short ranges (up to 300m) but with great 
accuracy. FMCW radar also allows the distance, speed, and orientation to be determined, for 
multiple objects at once.

The RadarIQ module is range-limited to 10m in order to provide the greatest accuracy for 
close-up tasks.

Radar technology in general can use a wide range of frequencies - from less than 300 MHz 
right up to 300GHz. RadarIQ technology uses so called “mmWave” Radar which arises from 
the frequency range (60GHz) which has a corresponding wavelength of several millimetres.
The 60GHz Radar is designed for industrial applications and other general purposes. 
The other frequency which is common for FMCW radar is 70GHz. However, EU and FCC 
regulations only permit radar at 70GHz be used for automotive purposes.
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HOW mmRADAR WORKS

STAGE 1: CHIRPING
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STAGE 4: ANGLE MEASUREMENT

STAGE 5: DATA COMBINING

STAGE 6: PROCESSING
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used by an application
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WHAT IS SENSOR FUSION?

SENSOR FUSION

Sensor fusion is the concept of combining sensor data from several sources, such that the 
resulting information has more certainty than would be possible when these sources were 
used individually.

Every type of sensor has its own strengths and weaknesses, but the collective information 
from a sensor combination is more powerful than either sensor alone. 

Camera and Lidar sensors are the most common to combine mmRadar with. 

Comparison of Stereo Camera abilities with mmRadar

VS.

Comparison of Lidar abilities with mmRadar

VS.

Combining mmRadar with Camera and Lidar

Cameras coupled with Artificial Intelligence processing techniques are great at identifying people from 
within images, but cameras alone cannot provide much information about movement or any validation 
that the person is real and not just a hologram or cardboard cut-out. However, coupling the camera 
with a Radar sensor enables the missing gaps, by providing movement and 3D information.
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Example: Scanning Lidar with Radar

Scanning Lidar can be used to map out an environment using a tool like 

(for example) octomap or gmapping - as is used by the Robot Operating 

System (ROS). Scanning Lidar is great for creating a high resolution 2D 

map. However in a real-world situation, a mapping solution also needs 

to take into account dynamic obstacles such as people moving around. 

For that, a technology, such as mmRadar, is better suited to detecting 

movement.

Example: Fog & Smoke

One of the downsides of camera technology, is that it requires the right 

light to work well. While often this is not an issue, there are certain 

environmental conditions in which cameras don’t work so well, such as 

in fog or smoke. In these situations a good option is to have a fall-back 

technology such as mmRadar which is not affected by the conditions and 

continues to work unimpeded. 

Example: Sun Strike

On the flip side, cameras and some lidars can be blinded by too much light, 

which can result in a real problem. In these situations, having a backup 

technology such as mmRadar which is not affected by the conditions is 

required.

Example: The Transparent Object Problem

Transparent objects can be a challenge, and are an area where sensor 

fusion is often needed. Camera and Lidar sensors can’t easily detect 

transparent objects – they simply see right through them. While on the 

other hand, Ultrasound detects transparent objects as if it were a solid. 

mmRadar is the best of both worlds, with the ability to detect both 

transparent objects, as well as whatever is on the other side.

Example: Extra Certainty

Some applications require a high degree of certainty when it comes to 

detecting objects. Relying on one sensor, or one type of sensor, alone can 

provide a single point of failure. mmRadar is a good choice because of its 

robustness to a range of environmental conditions.
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 DYNAMIC
OBSTACLE DETECTION

Dynamic obstacle detection is the concept of predicting obstacles which 
are moving within an environment. Sounds simple right? Wrong!

Detecting moving objects is a very difficult task.

Design a tracking 
model 

e.g. a Kaman filter

Make predictions 
about the object’s 

movement

Read and filter
data from

sensors

Make decisions 
about the tracked 

objects

Update the model 
with the new 
information

Extract useful 
information from 

the data

To complicate matters further:

• Objects can, and frequently do, change direction.

• Objects can appear to merge or split if they get very close.

• Not all sensors work equally well in all situations.

• Often the system which is detecting objects is moving itself and this needs to be compensated for.

• Sensor data is not perfect, and uncertainty and noise needs to be accounted for.

Sensor fusion
Sensor fusion is important for proper dynamic obstacle 
detection. Every sensor has its own weaknesses and 
strengths and the combining of data from multiple 
sensors is needed to achieve a higher degree of certainty.

Radar is a great companion to vision-based sensors.

How mmRadar tracks objects
mmRadar is a unique technology which is ideally suited to tracking multiple objects.  
Unlike camera or lidar based solutions, radar does not need multiple scans of data to 
estimate movement or velocity. Accurate positional and speed measurements are inherent  
to how radar works. 



RadarIQ solves the fundamental challenges of achieving reliability 
• Radar is designed for object tracking - No guesswork from interpolating between frames.

• An all-in-one solution - All the processing is done on the module. 

• Robust - Radar works in nearly all conditions.

• Speed information - Speed information is natively produced by radar data.
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RadarIQ takes object tracking one step further
Measurements produced by mmRadar alone only serve as the basis for tracking objects. In 
truth, unprocessed radar measurements are not enough for a real-world use. Unprocessed 
mmRadar data consists of hundreds of individual measurements, which need further 
interpretation to really understand and become useful, and this processing is not trivial…

RadarIQ’s Radar sensor takes this object tracking to a whole new level by doing the data 
processing and outputting a simple representation of objects.

The automotive industry loves radar
Automotive radar applications include adaptive cruise 

control, emergency braking & collision avoidance 

systems, blind spot detection, lane change assist, 

vehicle exit assist, and pre-crash warning systems.

Radar sensors are also incredibly robust and can also 

be hidden from sight behind bodywork.

Other benefits of mmRadar

mmRadar has the ability 
to detect transparent 

objects as well as 
simultaneously seeing 

right through them.

mmRadar is robust 
to environmental 
conditions. Radar 
continues to work 

reliably in fog, 
smoke, bright lights, 

darkness, or changes in 
temperature.

mmRadar waves can 
penetrate through walls, 

allowing the sensor to 
see what is on the  

other side.
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 MEASURING
SPEED & DISTANCE

Radar is one of the few technologies that is ideally suited to measuring speed.

Speed measurement is inherent to how Radar works. Radar uses the doppler effect to 
measure speed very accurately. From measuring things like cars right through to small 
movements such as breathing or vibrations.

Radar also accurately measures distance and angle, giving it very unique properties amongst 
other measurement sensors.

Example: Water Tank
Use radar to measure the volume of a water tank. As 
Radar waves can penetrate right through the lining of the 
tank, there is no need to cut a hole in the tank to install.

Example: Speed Sign
Radar is common technology on the roadside with the 

technology routinely used on speed signs. 

Example: Traffic Cameras
Radar technology is routinely used by law enforcement  

to measure the speed of vehicles.

Example: Sport
Ever wondered how the sports commentators can  

know the speed of balls during a game? Chances are 
there is radar technology behind the scenes doing the 
speed measurements.
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SEEING
THROUGH WALLS

One of the really nice features of radar is its ability to penetrate through materials such as 
walls. This enables radar to simultaneously detect the wall and what is on the other side. 
Something that no other sensor can do!

Additionally, the radar module can be configured to hide static objects – whereby the  
‘non-moving’ wall will essentially disappear from the sensing data, while the ‘moving’ person 
(behind the wall) will remain visible. 

Materials
Not all materials are created equal and Radar can see through 

some materials much easier than others.

Glass ✓
Acrylic ✓

Plaster Board ✓
Plastic Sheet ✓

Thin Fibre Board ✓
Metal X

Solid Wood X

Additional Benefits
 
Hidden Installation
Install the radar module behind walls to completely hide it.

Privacy
Nothing which can personally identify an individual is captured,  
only reflections.

Filtering
Turn on distance or the ‘moving only’ filter to ignore the 
background, or the distance filter to focus on certain areas only.

Robust Installation
Conceal the sensor inside to protect it from the elements or to 
preserve aesthetics.
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The RadarIQ sensor is designed to be plug-and-play for platforms ranging from  
high-powered Robots running ROS right through to the low-powered Arduino.

Simple and Intuitive Software

The RadarIQ module comes with a range of simple and intuitive software and sample 
programs for getting started immediately!
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MEET THE TEAM

Matthew
Founder - Electronics & Firmware Specialist

10+ Years of experience running a 

successful electronics design consultancy.

Aaron
Founder - Business & Software Specialist

Significant experience in product 

development and commercialization.

RadarIQ - Bringing mmRadar technology into 
the reach of everyday makers and engineers.
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Join us on our mission.
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