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Abstract
Electromagnetic wave propagation is a well-known phenomenon in scientific world
and when the first telescope was built method of sensing objects excelled afterword’s.
Research in optical system and infrared is growing day by day but radar system still
dominates the world in object sensing. One of the benefit of using electromagnetic
waves in Radar system is that they can create images of areas which cannot be
observed with optical light. Radars work on the basic phenomena of extremely short
burst of radio energy which transmit energy that reflects from the object as an echo.
This principal also known as ECHO Principal [13].
This thesis presents a Coffee Can radar system which gives detection of stationary
and moving object. Objects detection is performed on the oscilloscope using a
triangular wave transmitted from an antenna, that get reflected from object and
received on second antenna. The prototype consists of two antennas one of which is
used for transmitting signal and other is used for receiving signal. Voltage control
oscillator is used to generate the RF frequency signal and power amplifiers are used
before transmitting and receiving the RF signal. The signals are down-converted
using a mixer the output of which is observed on an oscilloscope. Detection from the
reflected signal can be performed using Doppler shift which can be determined from
the velocity of electromagnetic radiation and angular displacement of the reflected
waves. The wavelength of the Doppler shift is then used to indicate the detection and
ranging of the object.
Coffee Can radar operates at 2.4GHz with the output power of 10mW. Triangular
wave signal is generated with the help of a wave generator. The radar prototype built
in this thesis is used for detection and ranging of two different types of materials. First,
is a metal sheet and secondly an aluminum foil. The detection process is completed
by noting the Vpp values reflected from these sheets. Vpp values are measured on
the oscilloscope when the signal reflected from aluminum sheet. With the help of a
commercial software aluminum foil presence is detected under the snow.
For the future work if the video amplifier is built then the aluminum foil presence can
be detected on MATLAB without the help of any commercial software. In future Coffee
Can Radar can also be used for surveillance purposes like smart homes, autonomous
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vehicles and as a jammer. This Radar system can also be used as a data logging
system.
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1. Introduction
1.1 Background
The main purpose of this project is to build a sensing system, which can help to detect
moving or stationary objects. This project uses the principle of electromagnetic wave
propagation [1] for developing a simplified, low cost and low power prototype. A
modulated signal is generated through a VCO by applying a certain amount of voltage
which is then amplified and transmitted through an antenna. The received signal
phase behavior and radiation pattern is observed on an oscilloscope. The output data
file can be generated and observed on MATLAB. Furthermore, with help of a
commercially available radar demonstration kit, its behavior can be observed on real
time due to the unavailability of video amplifier which is not added in the circuit.

The history of radars system which are used for the sensing purpose goes back to
the 1800s when scientist started working on the classical experiments of
electromagnetic radiation. The curiosity starts in electromagnetic field when an
English physicist, Michael Faraday, discovers magnetic field is produce because of
electric current and energy goes back to the circuit when current stops [13]. In 1864
electromagnetic field equations are discovered by James Maxwell, where he explains
that light and radio waves are electromagnetic waves which can be observed by the
same principal, but they have different frequencies.
He also proved mathematically that energy produced by the electrical disturbance can
create electromagnetic effect at a certain distance from the point of origin which
comes out of the source with the speed of light. Until 1886, Maxwell equation was not
tested which then authenticated by a German physicist Heinrich Hertz. He proved
experimentally that electromagnetic waves travel in a straight line and they can reflect
from the metal sheets as the light can be reflected from the mirror. In 1904 a German
engineer Christian Hulsmeyer, build a machine which can detect navy ships the idea
was rejected at that time because of small range sensing [13]. In 1917 Nikola Tesla
conducted research on MRI related to motion of electrical signals in free space and
inside the object he tried to obtain information about its surrounding environment [2].
Later this research was also used in spatial mapping of objects upon which
contemporary Radar detection principles are formulated. In 1922 DR. Albert Tylor
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detected disturbances created by large scale moving objects in maritime
communication systems. In 1930 NRL (Naval Research Laboratory) observed that
when a plane flies through a beam of signal between transmitter and receiver it
produces a fluctuated signal, so to investigate this problem scientist from different
counties started experiments to build a device which can detect aircrafts and naval
ships [13]. The 20th century radar technology fully grew into an industry, for example,
United states navy used radar for monitoring sea borders, they also used it in
commercial application such as air traffic control system and speed detection [3]. This
state of the art review describes the relevance of radar detection technology in the
field of electromagnetic prorogation.
The word RADAR means “Radio Detection and ranging” [5]. By this technique,
sensing and movement of arbitrary objects can be detected by finding the time delay
difference between their wave propagation patterns. Coffee can radar use
electromagnetic waves which reflect from the surface of any arbitrary object. The
behavior of these reflected waves can be studied in different ways. For example, with
the time delay of these reflected waves the position of the object can be determined
whereas with the directivity of the received antenna shape of the object can be
determined. The reason coffee can radar was preferred for this experiment was based
on its low cost and easy to build in lab environment at the same time it also provides
almost same results as any other low range sensing radar system which are
expensive and difficult to build in lab environment.
Radar can be used in different systems such as, metal detection, auto car parking,
weather sensing, missile guidance and traffic controls systems. They are also used
in automotive technology to prevent accidents, and recently radar also been deployed
in oil and gas exploration. RADAR technology can also be used for the underground
detection of mines and exploration of ores. However, the most important applications
of RADAR are connected to the military usage but regarding to this thesis work radar
is used to detect the different metals and aluminum strips.

9

1.2 Thesis Objective
The thesis focuses on building a working prototype of a low-cost coffee can radar
system that can detect different materials in snow.
The implementation of this base model; a hardware model is build using antennas,
voltage control oscillator, attenuator, amplifiers, and mixer for the detection of moving
and stationary objects.
First, a detailed description of the hardware deployed in building the radar prototype
is provided. Then from this hardware model, different measurements for aluminum
sheet and metal sheet are performed. In the end, with the help of a radar
demonstration kit commercial software aluminum sheet are detected under the snow.
The radar built in this thesis has a directional radiation pattern. Therefore, the
refracted signal amplitude and phase varies with the direction of arrival.

1.3 Thesis Aim
The aim of this thesis is to investigate a mean by which a base model can be built for
aluminum strip detection under snow using a cheap and low-cost radar system.
Frequency signal used for this radar system should be between 2 to 3 GHz.

1.4 Thesis outline
The thesis report is outlined as follows,
In chapter, a detailed description of the working principle of a coffee can radar system
as well as its design parameters. Chapter 3 explains about the general detail of
components in a radar system design and their functionality and purpose. Chapter 4
presents the experimental test cases as well as the analysis parameters that are
investigated. Chapter 5 details the problems that can be encountered by fellow
researchers with regards to the development of a working prototype of a radar system
and presents their solutions as well. Furthermore, it is also described as to how a
commercially available software kit for the radar system can be used for detection
under snow. Chapter 6 provides conclusion and proposed future work based on the
method and testing. Finally, additional test results that enhance the understanding of
the proposed method are presented in the appendix.
10

2. Theory
2.1 Theoretical Background
2.1.1 Working Principle
Radar systems work on the principle of reflected electromagnetic waves. The ability
of this radar to scan a large or small area in a short period of time make it suitable for
detecting different metals and warning from dangerous targets. Because of its own
illumination source which is VCO in this case it can accurately measure the range and
distance from the metal sheets and dangerous objects. Coffee can radar waves can
penetrate all weather conditions under any circumstances and it uses strong ambient
illumination in the frequency band of interest rendering it more sensitive for long range
detection.

2.1.2 Received Power
Radars have three basic inherent functions radio detection, ranging and target angle
measurement. A small portion of RF pulse energy is transmitted towards the target of
interest and some of the energy is reflected towards the radar. The received reflected
power ‘PR’ depends on the transmit power ‘PT’, the transmit and receive antenna gain
‘GT’ and ‘GR’ respectively, distance travelled by the electromagnetic waves ’d’, the
radar cross section area ‘σ’ and the effective receiver area ‘ρ’. Thus, P R can be
described as,

𝑃𝑅 =

𝑃𝑇 𝐺𝑇 𝐺𝑅 𝜌𝜎
𝑑4

Thus, PT, GT, GR, ρ and σ are related linearly to the received power P R, however the
distance ’d’ is related inversely to the exponent of 4.
2.1.2 Distance Traveled by Electromagnetic Waves
The exponent is 4 because the electromagnetic wave travels to the target following
the inverse square law with d-2, it gets reflected and is received at the receiver antenna
following the inverse square law again, hence (d-2)-2 = d-4.
2.1.3 Antenna Gains
Furthermore, if the transmit and receive antenna have the same gain, then
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𝐺𝑇 = 𝐺𝑇 = 𝐺
𝐺𝑇 𝐺𝑅 = 𝐺 2
2.1.4 Effective Receiver Area
The effective receiver area can be described as the product of the antenna area ‘A’
and antenna efficiency ‘η’. The antenna area and efficiency can then be described in
terms of the antenna gain ‘G’ and wavelength ‘λ’. Therefore,

𝜌 = η𝐴 = 𝐺λ2
2.1.5 Radar Cross Section
The radar cross section area can be described as the area of the target upon which
the electromagnet radiation is incident and form which the reflected waves are
generated. Thus, for example, if radar detection is used for airplane detection, the
effective radar area is not the entire plain itself, instead only the part of the plain upon
which the waves are reflected from, which can only be window, the head of the plain
or the wings, for example. Therefore, the effective radar cross section area can be
much smaller than the actual cross section area of the target object.
2.1.6 Distance Calculation
Using the equations listed in this section, the received power can thus be described
as,

𝑃𝑇 𝐺 3 λ2 𝜎
𝑃𝑅 =
𝑑4
Thus, the received power is directly related to the square of the wavelength. Then, for
RF signals as used in this thesis, the received power level is extremely low and hence
amplifiers are required to improve the sensitivity of the measurements. Furthermore,
the received power can be used to determine the distance of the target object such
that,

𝑃𝑇 𝐺 3 λ2 𝜎
𝑑=√
𝑃𝑅
4
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Hence, a closer target corresponds to a stronger received power whereas a target
further away can be indicated in terms of a low level of received power.
2.1.7 Frequency Dependence
Travelling time can be calculated with the pulse delay of transmitter and receiver.
Value of the velocity can be determined with the relative motion between two objects.
If these two-object come close to each other wavelength became smaller if they go
away it become longer. Thus, the radar Doppler shift frequency ‘f d’ can be shown by
below equation.

𝑓𝑑 =

2𝑣𝑐𝑜𝑠𝜃
𝑐−𝑣

Where, ‘v’ is the velocity of the moving target, ‘θ’ is the angle of arrival of the received
waves and ‘c’ is the speed of light.
2.1.8 Target Size Calculation
The calculated Doppler frequency can be used on any moving object with stationary
antenna as it is used in coffee can radar system. Amount of returned or reflected
signal determines the volume of that target object. If the reflected signal is high that
means target object is big if it is small, then the target object is small. In Coffee Can
radar one antenna is used to send the signal and reelected signal is detected on the
other antenna.
2.1.9 Functional Analysis
The radar equations can then be used for a variety of detection and ranging. The
functional analysis conducted in thesis is listed below:
▪

The radar principle cab used primarily for target distance & location based on
the time delay calculations described in detail in this section. This function is
investigated experimentally in this section.

▪

Target direction can also be determined from the radar principle. The direction
of the reflected power can be detected from the directivity of the received
antenna. Therefore, the received radiation pattern can be used to determine
the target direction. This function has also been investigated experimentally in
this thesis.
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▪

Velocity of a moving target can be determined using Doppler shift. The Doppler
phase shift can also be used as a means to determine the time delay if the
down-converted signals occupy the same frequency band. This is the method
presented in this thesis.

However, the radar principle may also be used for other detection purposes as well,
some of which are listed below but not investigated in this thesis:
▪

The size of the target is directly related to the amount of energy reflected from
its surface; hence, the reflected received power can be an indicator of the
target size based on its radar cross section area.

▪

The shape of the target can also be determined using the radar principle. To
determine the target shape, the received power is measured as a function of
direction in azimuth and elevation. This directional dependency can then be
used to determine target shape.

▪

Radars can also be used for range resolution by analyzing the pulse width of
received signals.

▪

Radars can further be used for angular resolution as well by analyzing the 3dB
antenna bandwidth.

▪

Sensitivity analysis of the porotype can be analyzed in terms of threshold
detection usually set at -110 dBm.

▪

The maximum unambiguous range of a radar determines its location resolution
which depends on the time between transmitted pulses

▪

The minimum unambiguous range can also be determined as a function of the
width of transmitted pulses.

2.1.10 RF Parameters
Generally, radar parameters are transmitter, duplexer, modulator, receiver, and GUI
(Graphical user Interface) same as in Coffee Can radar system in this thesis work.
For radar applications normally, a specific waveform pulse of high power
electromagnetic wave is transmitted into free space, the range of this frequency ca
vary between 3 MHz to 100+GHz [11] but for the Coffee Can radar 2.4Ghz frequency
signal is used. In single antenna application duplexers are used to switch between
transmitter and receiver antenna but for the coffee Can radar two separate antennas
are used which protects low power components when a high-power signal generated
14

from the transmitter antenna. Receiver detects reflected signal and transfer it to RF
energy.
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3. Method
3.1 Measurement setup

Pre- built mini circuit RF components are used for implementing Coffee Can Radar
system. Each component has different functionality, an ideal transmitter and receiver
should provide sufficient energy to detect any target. It can simply modulate to get a
desired wave pattern, and give a steady, noise free signal for better clutter rejection.
In addition, its bandwidth should be tunable, have good efficiency and dependability,
and we can easily maintain it. At the receiver, the amplification stage should not
introduce any noise or distortion. Also, the receiver should have high dynamic range
and better rejection for interference signals.

Fig .1 Coffee can radar circuit diagram
On a transmission line, radar antenna transduces a signal voltage to transmit the
electromagnetic wave. An electromagnetic radiation is generated when current
induced is induced in coffee Can radar antenna. The energy transmitted from antenna
is reflected from the object and then received on the Coffee Can receiver antenna.
This electromagnetic energy on the receiver antenna produces a current which yields
a signal on the cable. Different kind of antennas can be used for example isotropic,
16

directional or phase array. In isotropic antenna power density is dependent on the
range and gain of the antenna whereas in directional antenna, peak gain and power
density is higher than the isotropic antenna. For the coffee Can radar directional
Antennas are used.
Power amplifiers are used on both transmitter and receiver antennas of the coffee
Can radar system. Low power RF signal on the transmitter of coffee Can radar system
is linearly amplified into a high-power RF signal that can reach large distances. Low
noise amplifier at the receiver end improve the SNR by amplifying the received RF
signal without adding any additional noise. Noise can be added by two possible ways
in the Coffee Can radar system, either internally or externally. During amplification,
the same amount of thermal noise is present in all amplifiers however, the quality of
the received signal is very low as compare to the transmitted signal.
Voltage control oscillator is used to produce a sine wave. The main component of this
VCO is a varactor diode which is operated in reverse bias mode where different
voltages produce shifting thickness of the depletion regions. Capacitance and
depletion region are inversely proportional to each other. Thus, the VCO generates
different frequencies on different voltage. To attenuate the resultant signal, an
attenuator is added in the circuit after the VCO.
The next part in the circuit is a mixer which convert the signal in one spectrum range
to another range. The output of the mixer is either the sum or the difference of the two
input signals. At the input of the mixer, the RF and wave generator signals are
transformed to an intermediate frequency(IF) signal through up or down conversion.
In Coffee Can radar system at the mixer output more interesting case was difference
in the frequencies.
In our case, wavelength of a circular wave guide is 1.705 times the diameter of the
waveguide [1]. At the corresponding frequency, the waveguide ensures that the
propagated signal does not get below the required level.
In coffee can radar system, the microwave phase is shifted near the metal wall result
from the attenuation and phase shift of EM wave. The attenuation level and
propagation distance are inversely related to each other. If the EM wave travel one
quarter wavelength, a phase shift of 90 degree will be introduced whereas the EM
signal undergoes a phase shift of 180 degree when it bounces back from the wall.
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Thus, for a parallel polarized antenna placed at one quarter wavelength from a wall,
a phase shift of 360 degree is introduced.
90̊ + 180̊+ 90̊ = 360̊

Fig. 2 Antenna Phase Behavior [2]

3.1.1 Working Principle
Radar systems work on the principle of reflected electromagnetic waves. The ability
of this radar to scan a large or small area in a short period of time make it suitable for
detecting different metals and warning from dangerous targets. Because of its own
illumination source which is VCO in this case it can accurately measure the range and
distance from the metal sheets and dangerous objects. Coffee can radar waves can
penetrate all weather conditions under any circumstances and it uses strong ambient
illumination in the frequency band of interest rendering it more sensitive for long range
detection.

3.1.2 Received Power
Radars have three basic inherent functions radio detection, ranging and target angle
measurement. A small portion of RF pulse energy is transmitted towards the target of
interest and some of the energy is reflected towards the radar. The received reflected
power ‘PR’ depends on the transmit power ‘PT’, the transmit and receive antenna gain
‘GT’ and ‘GR’ respectively, distance travelled by the electromagnetic waves ’d’, the
radar cross section area ‘σ’ and the effective receiver area ‘ρ’. Thus, PR can be
described as,

𝑃𝑇 𝐺𝑇 𝐺𝑅 𝜌𝜎
𝑃𝑅 =
𝑑4
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Thus, PT, GT, GR, ρ and σ are related linearly to the received power P R, however the
distance ’d’ is related inversely to the exponent of 4.
3.1.2 Distance Traveled by Electromagnetic Waves
The exponent is 4 because the electromagnetic wave travels to the target following
the inverse square law with d-2, it gets reflected and is received at the receiver antenna
following the inverse square law again, hence (d-2)-2 = d-4.
3.1.3 Antenna Gains
Furthermore, if the transmit and receive antenna have the same gain, then

𝐺𝑇 = 𝐺𝑇 = 𝐺
𝐺𝑇 𝐺𝑅 = 𝐺 2
3.1.4 Effective Receiver Area
The effective receiver area can be described as the product of the antenna area ‘A’
and antenna efficiency ‘η’. The antenna area and efficiency can then be described in
terms of the antenna gain ‘G’ and wavelength ‘λ’. Therefore,

𝜌 = η𝐴 = 𝐺λ2
3.1.5 Radar Cross Section
The radar cross section area can be described as the area of the target upon which
the electromagnet radiation is incident and form which the reflected waves are
generated. Thus, for example, if radar detection is used for airplane detection, the
effective radar area is not the entire plain itself, instead only the part of the plain upon
which the waves are reflected from, which can only be window, the head of the plain
or the wings, for example. Therefore, the effective radar cross section area can be
much smaller than the actual cross section area of the target object.
3.1.6 Frequency Dependence
Using the equations listed in this section, the received power can thus be described
as,

𝑃𝑇 𝐺 3 λ2 𝜎
𝑃𝑅 =
𝑑4
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Thus, the received power is directly related to the square of the wavelength. Then, for
RF signals as used in this thesis, the received power level is extremely low and hence
amplifiers are required to improve the sensitivity of the measurements. Furthermore,
the received power can be used to determine the distance of the target object such
that,

𝑃𝑇 𝐺 3 λ2 𝜎
𝑑=√
𝑃𝑅
4

Hence, a closer target corresponds to a stronger received power whereas a target
further away can be indicated in terms of a low level of received power.
3.1.7 Target Size Calculation
The calculated Doppler frequency can be used on any moving object with stationary
antenna as it is used in coffee can radar system. Amount of returned or reflected
signal determines the volume of that target object. If the reflected signal is high that
means target object is big if it is small, then the target object is small. In Coffee Can
radar one antenna is used to send the signal and reelected signal is detected on the
other antenna.
3.1.8 Functional Analysis
The radar equations can then be used for a variety of detection and ranging. The
functional analysis conducted in thesis is listed below:
▪

The radar principle cab used primarily for target distance & location based on
the time delay calculations described in detail in this section. This function is
investigated experimentally in this section.

▪

Target direction can also be determined from the radar principle. The direction
of the reflected power can be detected from the directivity of the received
antenna. Therefore, the received radiation pattern can be used to determine
the target direction. This function has also been investigated experimentally in
this thesis.

▪

Velocity of a moving target can be determined using Doppler shift. The Doppler
phase shift can also be used to determine the time delay if the down-converted
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signals occupy the same frequency band. This is the method presented in this
thesis.

However, the radar principle may also be used for other detection purposes as well,
some of which are listed below but not investigated in this thesis:
▪

The size of the target is directly related to the amount of energy reflected from
its surface; hence, the reflected received power can be an indicator of the
target size based on its radar cross section area.

▪

The shape of the target can also be determined using the radar principle. To
determine the target shape, the received power is measured as a function of
direction in azimuth and elevation. This directional dependency can then be
used to determine target shape.

▪

Radars can also be used for range resolution by analyzing the pulse width of
received signals.

▪

Radars can further be used for angular resolution as well by analyzing the 3dB
antenna bandwidth.

▪

Sensitivity analysis of the porotype can be analyzed in terms of threshold
detection usually set at -110 dBm.

▪

The maximum unambiguous range of a radar determines its location resolution
which depends on the time between transmitted pulses

▪

The minimum unambiguous range can also be determined as a function of the
width of transmitted pulses.

3.1.9 RF Parameters
Generally, radar parameters are transmitter, duplexer, modulator, receiver, and GUI
(Graphical user Interface) same as in Coffee Can radar system in this thesis work.
For radar applications normally, a specific waveform pulse of high power
electromagnetic wave is transmitted into free space, the range of this frequency ca
vary between 3 MHz to 100+GHz [11] but for the Coffee Can radar 2.4Ghz frequency
signal is used. In single antenna application duplexers are used to switch between
transmitter and receiver antenna but for the coffee Can radar two separate antennas
are used which protects low power components when a high-power signal generated
from the transmitter antenna. Receiver detects reflected signal and transfer it to RF
energy.
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3.2 Economic Feasibility
Different kind of radars are available in the market but the three most common are
bistatic, monostatic and quasi-monostatic [12]. In bistatic radar antennas are located
at separate locations, in monostatic radar a duplexer is used to separate the
transmitter and receiver antenna. In case of quasi-monostatic radar antennas are
located at the same location. Every situation required a different kind of radar with
certain characteristics.
In the designing of radar system every application has several trade-offs depending
on its required characteristic. Normally for the metal detection applications three
frequencies are used generally 24GHz, 77GHz and 79GHz. 24GHz which have a
limited bandwidth due to temporary band restrictions in Europe, this is because of
different uses of ISM band. Same as for other frequencies 77GHz and 79GHz have
higher bandwidth and better range and velocity resolution but when it’s come to
replicate them in lab each component cost more than 1000$. To keep it a low budget
project the experiment is carrier out at 2.4Ghz frequency and it is within in the range
of radar application. The total targeted cost of this project was about 400$.
For this experiment 2.4GHz frequency used to remain in the range of radar frequency.
Total cost of the experiment is around 440$. The radar in this experiment use
Frequency Modulated Continuous wave (FMCW) transmission. The reason behind is
that, range is continuous, even with the adjustment of pulse width resolution cannot
be determined where as in case of pulse waveform system it must wait for pulsed
reflection. Frequency Modulated Continuous wave continually transmit while
performing mathematical calculations. (FMCW) computing is simple but slower as
compare to classical pulse waveform.
In literature, other forms of continuous waveform are also present like linear frequency
modulated (LFM) and frequency shift keying(FSK). During the FSK modulation use
two discrete transmitting frequencies within a coherent processing signal (CPI) for
total length period of Interval (TCPI) in transmitting signal. Frequency steps depend
on maximum unambiguous target range. At the same Doppler frequency shift in
adjacent (CPI) a single target can be detected but with the different phase.
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4. Experiment

This project develops a prototype for a coffee can radar which consists of the following
components,
1) Transmitter and Receiver
2) Voltage control oscillator (VCO)
3) Attenuator
4) Power amplifier
5) Splitter
6) Mixer

Fig .3 RF components of the radar [2]
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4.1 Transmitter and Receiver

Most RADAR system use the same antenna for transmission and receiver purposes
which is known as mono static radars. A duplexer simplifies the separation of
transmitted and received signals but does not prevent the interference between them.
For this purpose, in coffee Can radar a bi-static configuration is implement which uses
two separate antennas.
For signal processing purposes, the calculation of time shift for small distances is
practically infeasible. e.g.
The shift will be

2×10
3×10

= 66𝑛𝑠

For coffee Can radar, a different approach is deployed which utilizes the frequency
shift between the transmitted and receive signals for detection purposes. Such radars
are known as Doppler radars working on the principle of Doppler Effect.

4.2

Voltage control Oscillator (VCO)

The main purpose of VCO is to generate 2.4GHz signal. The ramp generator
generates a triangular waveform by which voltage controller frequency is modulated.
It is an important device in a radar system because it is responsible for altering the
amplitude of the frequency.

Fig. 4 VCO frequency range change from 100 KHz to 8.5 GHz with tuning
voltage
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4.3

Attenuator

A 3 dB attenuator is used to provide protection to the rest of the circuit from the high
power at the output of the amplifier. An attenuator act as a buffer between power
amplifier and Voltage control oscillator.

4.4

Power Amplifier

Power amplifiers are used to improve the efficiency of the low power signals which
fed to the transmit antenna.

Fig.5 Power amplifier response range change from 100 KHz to 8.5 GHz
Power amplifier linearly amplify the signal without adding any additional noise.
Amplifiers have different kind of noises it can be internal, external, or thermal noise.
Its effective range will be limited because of the receiver noise since high gain and
low noise figure are desired. The amount of additive noise contributed by the amplifier
during the signal chain is noise figure. Mathematically it can be represented by
dividing input SNR by output SNR.
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4.5

Splitter

Splitter divides the signals into two parts, one is fed to the transmit antenna while the
other is fed to the mixer.

Fig.6 Splitter response range change from 100 KHz to 8.5 GHz frequency

4.6

Mixer

Mixer transform signal from one spectrum to another. In Coffee Can Radar system
mixer generates intermediate frequency (IF)signals from waveform generator into
RF signals. At the receiver reverse happen. This procedure is known as up
conversion and down conversation. In conversion of the signal either of the RF
signal or the IF signal combined with a known frequency signal from a local
oscillator. The mixer output will be the sum or the difference if signal is fed to RF
signal.
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Fig.7 Mixer response range change from 100 KHz to 8.5 GHz frequency

Mixer adds or subtracts two different frequencies; here RF signal is treated as input
while the IF signal as output signal which is a difference of transmitted and received
signal.
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5. Experimental Results
After the successful implementation of hardware model of radar system now two types of test
are performed with aluminum and metal sheet.

5.1 Case Studies

5.1.1 Aluminum Sheet

The name aluminum is coming from bauxite mineral. With the help of the Bayer
process, bauxite is converted into aluminum oxide which is known as alumina which
then converted to aluminum metal with the help of electrolytic cells and Hall-Heroult
process. Aluminum is one of the most widely used metal in almost all the
applications it is lightest engineering metal and have a strength to weight ratio more
than steel. The thermal conductivity of aluminum is very high for example it is three
times more than the steel. The reflectivity of aluminum is excellent from UV to infrared. Its visibility light reflectivity is around 80% which makes it ideal for this
experiment.

5.1.2 Metal sheet

The metal sheet used in this experiment is a mixture of different metals. This metal
sheet was used as a comparison to the aluminum sheet so that in later stage the
results can be compared to differentiate the difference.

5.2 Data Collection parameters

To setup all these tests some of the parameters should kept constant for the working of coffee
can radar system. Below table explain all those parameters

Parameters

Values

Frequency

2.4GHz

VCO voltage

1.9v

Biased voltage

5v
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Elevation angle

0

Azimuthal angle

0-180◦

Distance

5-10m

Sheet types

Aluminum, Metal

Waveform shape

Triangular waveform

Table 1. Values of different parameters in coffee Can Radar parameters

5.3 Data Analysis

To setup all these tests some of the parameters should kept constant for the working
of coffee can radar system. Below table explain all those parameters
When a voltage of 1.9v applied to VCO it generates a frequency of 2.4GHz. A
constant 5v bias voltage is applied to amplifiers working. Elevation angle is set to
zero and Azimuthal angle is set between 0 to 180 degrees. For the output signal
generation, a triangular input signal is acquired from the wave generator for a
continuous signal output. The range of frequency is set between 1 to 50 Hz,
amplitude level is set to 1VPP and offset voltage is set to about 2 VDC. The output
from the coffee can radar is shown in Fig.8, when no object is present between the
antennas. The Vpp of the output signal which indicates the level of phase shift in the
results. Form the results it is evident that radar is not a omni directional radar its
values are changes with the change of the angle and its voltage behavior is also
changing at all angles. First, we determine the directivity for an aluminum sheet,
then we test the detection ability of the RADAR for objects placed at different
angles. The purpose is to find the directions where the RADAR gives maximum
detection that is the directivity of the RADAR in the presence of different metal
sheets.
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Fig.8 Coffee can radar output response without any object
In the above Fig.8, output of RF signal is in yellow waveform is same as the input in
blue waveform, there is no phase change in the RF signal at the output and VPP value
is 29.60mv.
5.3.1 Detection with aluminum

When an aluminum foil is placed at a certain distance from the antennas and a
transmitting RF signal is generated from one antenna and received on another
antenna and its output response is recoded on the oscilloscope. The figure of the
setup will look like this,
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Fig. 9 when aluminum foil is placed at a certain distance from antenna
The output of the above setup is observed on oscilloscope with the change in angle
output response of aluminum sheet wave also changes.

Fig. 10 Coffee Can radar response when an aluminum foil is present
31

It can be observed from Fig.10 that in the presence of an aluminum foil, a significant
deflection in the phase of the RF signal in the yellow waveform can be observed while
the input waveform in blue line remain same and the VPP value changes to 52mv.
The result shows the detection ability of the RADAR.
In the Fig. 11, phase behave of the RF signal changes when the aluminum foil is
placed at the 30 degrees of the antenna and its VPP value changes to 40mv. Figure
of this behavior is shown in the appendix. In the Fig. 12, phase behave of the RF
signal changes when the aluminum foil is placed at the 45 degrees of the antenna
and its VPP value changes to 34.44mv. Figure of this behavior is also shown in the
appendix. It can be observed from Fig.13 that in the presence of an aluminum foil, a
significant deflection in the phase of the RF signal can be observed and the VPP value
changes to 47.20mv. Figure of this behavior is shown in the appendix too.
From Fig.14 it is evident that in the presence of an aluminum foil, a significant
deflection in the phase of the RF signal can be observed and the VPP value changes
to 49.60mv. In Fig.15 in the presence of an aluminum foil, a significant deflection in
the phase of the RF signal can be observed and the VPP value changes to 32.80mv.
From Fig.16 in the presence of an aluminum foil, a significant deflection in the phase
of the RF signal can be observed and the VPP value changes to 49.60mv.
Now the line graph of Vpp value for the aluminum foil at different angles will look like
the figure 17.
Angles

Vpp Values

40

30

34.40

45

47.20

90

49.60

120

32.8

150

49.6

180

Table 2 Vpp values for Aluminum at different angles
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Fig. 17 The value of Vpp for Aluminum at different angles. [8]
Fig.17 describes that signal detection is maximum between 90 degrees to 135
degrees with the changing value of Vpp.
5.3.2 Detection with metal sheet

When a metal foil is placed at a certain distance from the antennas and a transmitting RF
signal is generated from one antenna and received on another antenna after reflecting from
the metal sheet its output response is recoded on the oscilloscope. The figure of the setup
will look like this,
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Fig. 18 when metal sheet is placed at a certain distance from antenna

Fig. 19 Coffee Can radar response when metal sheet is present
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In the Fig. 19, phase behavior of the RF signal in the yellow waveform changes when
a metal sheet is placed between the antennas and the output value of the VPP
changes to 35mv while the input waveform remains same. The RADAR can detect
different materials because it gives different Vpp values for different types of materials.
Now we can see the phase behavior of the RF signal and there VPP values when
instead of aluminum foil we put a metal sheet in between the antennas at different
angles. In the Fig. 20, the output is same as the input, there is no phase change in
the RF signal at the output and VPP value is 37.60mv. we determine directivity of the
RADAR for a metal sheet. In the Fig. 21, in the presence of a metal sheet a significant
deflection in the phase of the RF signal can be observed and the VPP value changes
to 43.20mv.
In the Fig. 22, due to the metal sheet a significant deflection in between the antennas
the change in the phase of RF signal can be observed and the VPP value changes to
52mv. In the Fig. 23, the phase of the RF signal again changes and the VPP value
changes to 43.20mv. In the Fig. 24, VPP value changes to 71.22mv.

Angles

Vpp Values

30

37.60

45

43.20

90

52

120

43.20

150

32.8

Table 3 Vpp values for Metal sheet at different angles
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Fig. 25 The value of Vpp at different angles
From the above graph, signal strength is maximum between 60 to 120 degrees. The
output response of the radar varies in between these angles which is a proof that
the radar is not voltage dependent.
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6. Discussion
Some of the implementation issues related to the project are given below:

6.1

Propagation Antenna

For the proper working of antennas, the transmitter should radiate enough RF
energy in the form of directional beam that any kind of echoes or reflections can
be received on the receiver. The impedance of transmission line should have
matched with the impedance of antenna. VSWR (Voltage standing ratio) is the
measure of the antenna which tells how well the systems are matched with each
other. VSWR measure the reflected power of the antennas, it is also known as
return loss (RL). If the value of the VSWR is smaller than antennas matched better
to the transmission line and more power is delivered to the antennas. In the ideal
cases the minimum value of VSWR is 1.0 which means no power is reelected back
from antennas. In industry VSWR is use as screening purpose for the antennas.
It is the fastest way to see if an antenna is tuned properly or not. For the
measurement of VSWR network analyzer are used and VSWR is used as a
function to record the frequency. In other words, we can say that VSWR measures
the potential of antenna to radiate energy and reflected energy also depends on
the amount of signal returned from the object if the object is bigger and a
conducting material then the echo or the returned signal will be bigger but if it is a
nonconducting material then its echo or returned signal will be smaller.
The coffee can RADAR requires higher values of SWR because we need to avoid
loss of signal energy resulting from reflections. which can be achieved by changing
the geometry of the antennas.

RL = 0.04
VSWR = 1.05
RL =
RL =

VSWR−1
𝑉𝑆𝑊𝑅+1
0.05
2.05

= 0.024
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With the slight change of the antenna geometry the response of antennas also
changed specially there affect wave response.

Fig.26 Without adjusting the geometry of the coffee cans

Fig. 27 After adjusting the coffee cans geometry

6.2 Triangular wave Generation:

The VCO requires sufficient bias voltage such that triangular waves with sufficient
Vpp can be generated.
Solution:
For this purpose, Vpp is set to 1V and the frequency to 1 Hz and VDC to 2 Volts.as
shown in Fig. 27.
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Fig.28 Wave generation method in Wave generator [7]
Its value can be calculated as shown in the below equation.

∆v =

5+3.2
2

= 4.1

6.3 Video Amplifier

The purpose of using video amplifier is to improve the sensitivity of output signal of
the mixer so that the data can be recorded over MATLAB.
Solution:
The MAX4491AUA_ can be used as a video amplifier but however, the equipment
required for soldering its SMD connectors which was not available. So as an
alternative, operation amplifiers were tested but they were not useful for this design.

Fig. 29 MAX4491AUA_ diagram [6]
Hence, for illustration purposes, commercial software of radar demonstration kit was
used to detect the presence of aluminum in snow.
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Fig. 30 Range Vs time graph of aluminum
The y-axis describes the distance up to which the radar is scanning and the color
represents the detection and power level. The main idea is that an aluminum strip
places a few meters under snow is depicted by the red line as indicated by the red
region in Fig. 30. The radar range is small because the power can only be detected
for a few meters but with the high power and better antenna quality it can be improved.
The process of capturing performed continuously to observe the patron of the signal
which is quite clear from the above figure that it does not change for small range but
as we go for the higher range its detection starts fading out.

40

Fig. 31 Aluminum foil presence under the snow
Here, y-axis describes the time travel by the wave from transmitter to receivers while
scanning the aluminum strip under the snow. The red line represents the detection of
aluminum under the snow as shown by the red region in Fig.31. While measuring with
case when signal is captured several times continuously it was more prominent on
the measuring window. The blue line in the above figure 31 shows the prominent
detection of the amplitude.
.
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7. Conclusion and Future Work
This thesis explains the variations in the wave response of an aluminum foil placed at
different distance and angles indicating its detection capabilities. It also explains the
wave response for dissimilar materials at different angles and distance. For the
detection of aluminum strip under the snow a radar demonstration kit commercial
software is used to find out the range of radar system and wave pattern. The design
and implementation and proof of concept is shown in this project which can be
extended in different kind of future works. The most significant use would be designing
a jammer which can allow less signal attenuation and more predictable RF behavior.
A transmitter with high transmitting power could be viable option which will give more
better results in different user applications. Another application of this project can be
representing the idea of analog phase cancellation in time domain. The advantages
of this coffee Can Radar prototype are its low cost, good detection rang, tracking,
wave pattern detection of different materials and a wide range of other applications.
In future, if the video amplifier can be built at the university of Gavle and used with
this circuit for the better SAR Image, it can be used with a mobile device to detect
aluminum foil under the snow in future. This radio can also be used in automatic car
parking, blind spot detections, automatic breaking, obstacle- avoiding system and
then eventually used in self-deriving automobiles. This kind of radar can also be used
as radar guns for the speed checking in the daily use and process the data in the real
time.
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9. Appendix

Fig. 11 Aluminum foil at 30̊
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Fig.12 Aluminum foil at 45̊
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Fig. 13 Aluminum Foil Value at 90̊
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Fig. 14 Aluminum Foil value at 120̊
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Fig. 15 Aluminum foil behavior at 150̊
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Fig. 16 Aluminum foil behavior at 180̊
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Fig. 20 For a metal sheet at 30̊
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Fig.21 For a metal sheet at 45̊
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Fig. 22 For a metal sheet at 90̊
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Fig. 23 For a metal sheet at 120̊
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Fig. 24 For a metal sheet at 150̊
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