
❑ Motivations
▪ Use of UWB would enable vital sign detection in a non-line-of-

sight setting, specifically advantageous in a disaster scenario 
❑ Objectives

▪ Design a UWB radar system capable of detecting respiration 
with potential for non-line of sight implementation
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Goal

❑ Antenna Design

▪ A patch antenna design focuses on narrowband 

technology

▪ Need UWB capable antenna capable of differential 

input, with good return loss across 1.4 GHz (5.9 GHz 

to 7.3 GHz)

▪Utilize High-Frequency Structure Simulation, or HFSS, 

from ANSYS for the antenna design

❑ Antenna Fabrication

▪Use photolithography to fabricate the antenna

▪ Apply photoresist to Rogers 5880 substrate

▪ Expose the substrate with the mask of the antenna 

layout on top to UV light

▪ Use chemical etching to obtain the needed layout 

from the substrate

❑ Design, test and build a system capable of using Ultra-
Wideband radio transmission for vital sign detection
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UWB Radar System Design For Vital Sign Detection

Research Challenges

❑ Differential antenna design and fabrication
❑ X4SIP02 Radar Sub-system interfacing and data processing
❑ Integration of antenna and Radar Sub-system

Motivations and Objectives

❑ Successful initialization of SPI 
Protocol with X4SIP02

Abstract
The detection of vital signs via radio detection and ranging (radar) is an area of 
research that primarily focuses on narrowband signals and Doppler radar 
methods. Ultra-wideband (UWB) is an emerging technology that allows for 
extremely accurate time of flight measurements and thus mm-level resolution 
in distance measurements, due to its high degree of temporal localization (e.g. 
pulses typically on the order of sub-nanoseconds). UWB (also termed impulse 
radar) is so named because of its wide frequency response due to the 
extremely short pulses generated. By using extremely short pulses of radiated 
energy with highly accurate timestamps, the resolution needed to detect 
respiration and heart rate can be achieved. Another advantage of UWB systems 
is their robustness to multipath effects – the extremely short duration of 
radiated pulses implies that reflections rarely interfere with signals of interest, 
as there is a short window of time over which interference can occur. This also 
enables the possibility of non-line-of-sight vital sign detection, as reflections 
rarely interfere with each other and those of interest will not be distorted. This 
project will develop the necessary UWB radar components (antenna design, 
transceiver, signal processing) for vital sign detection.

❑ UWB patch antenna design completed

❑ Next steps
❑ Integrate antenna w/ radar 

subsystem
❑ Gather and process raw radar data

X4SIP02 Radar Sub-
system

❑UWB Transceiver

▪ Commercial XeThru X4SIP02 

radar sub-system

▪Use Raspberry Pi to 

communicate with X4SIP02 

using SPI communication 

protocol

▪ Small form factor of X4 makes 

it an ideal candidate

System 
Flowchart

❑ Antenna fabrication completed

We used the 
spin coater to 
form a thin 
layer of 
photoresist

Once we have 
placed the 
mask over the 
both sides of 
the substrate, 
it is exposed 
to UV light

Any area that 
was exposed 
to the UV light 
is etched away

The end 
result of the 
fabrication 
process

Compared to those of 
narrowband radar, the 
reflections of UWB radar 
provide much finer 
resolution of data, 
making it more suitable 
for respiration sensing


