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Abstract- ultra-wide band technology has become a standard
in accurate ranging and localization as well. The technology can be
used in indoor positioning systems to solve problems of GPS in
indoor environment. In this paper we develop a system that can
measure accurate ranges to be used in sensitive range applications.
The system integrates the DWM3000 module with the nRF52840
developmental kit. The proposed system can be used in different
applications. One of these applications is the smart gate system
which is discussed below. Accuracy of 10 cm is achieved by the
proposed system.

I. INTRODUCTION

Recently, people widely use GPS applications for

positioning and localization of open areas and outside
applications. However, it is difficult to use it for indoor
applications. An alternative way for indoor positioning and
ranging is the usage of ultra-wideband (UWB) technology[1]. It
offers a promising solution for indoor localization problem with
the help of its spectrum 3.1:10.6 GHZ [2]. the technology uses
maximum mean power spectral density of -41.3 dBm which
supports reduction of interference with other systems. UWB has
many important features such that very high resolution, suitable
for high-speed communication, signal is not affected by
obstacles as it can occupy low carrier frequencies and signal
strength against multi-path phenomenon [3]. UWB systems has
several applications in both civilian and military fields. At
military field, it is used for detection and tracking of an
important equipment carried by one soldier to be capable of
localizing it in case of any problem or a soldier carrying an
important equipment till he achieves his mission or a drone
carrying medical tools till it reaches the battle field. At civilian
field, it is used in autonomous cars and smart home applications.
A smart application is proposed in this paper which is a smart
gate system [2].
In this paper, we concern about UWB Two-Way Ranging
(TWR) using python package for data extraction and
visualization. This paper is organized as follows: Section I is
an introduction of UWB and its applications. Section II
discusses the theory of TWR and its types. Our experimental
work and application constructed is discussed in section III.
Section IV summarizes our work and is a brief conclusion of
the paper.

II. THEORY

Two-Way Ranging (TWR) is a method to achieve
accurate range between two nodes one acts as a source node
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Figure (1) single-sided two-way ranging

(anchor) and the other acts as target node (tag) [4]. It has two
types: Single-Sided Two-Way Ranging (SS-TWR), Double-
Sided Two-Way Ranging (DS-TWR) which are described
next.

A. Single-Sided Two-Way Ranging (SS-TWR)

It has a simple measurement of a single message round
trip delay from source node to target node and response is sent
back to the source node.

Figure(1) shows the operation of SS-TWR where device A is
responsible for initiation of the exchange and device B
responds to complete the exchange and both devices
timestamps the transmission and reception times of packets
precisely to be able to calculate times Trouna and Tirepy by
subtraction. And time of flight, Tpwp is estimated by
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each of device A and B measures Tiua and Trepay
independently using their local clocks, and both have clock
offset error ex and egfrom their nominal frequency, so the
time-of-flight estimation resulted has considerable error
increasing as Trpy increases. DW3000 can overcome this
problem by using this modified equation.
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Figure (2) Double-sided two-way ranging with four messages [4].
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Figure (3) Double-sided two-way ranging with three messages [4].
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B.  Double-Sided Two-Way Ranging (DS-TWR)

It is an extension for the basic (SS-TWR) in which there
are two measurements for round trip delay used and combined
to give a resultant time of flight in which error is reduced even
for long response delays. It can be measured by four messages
or three messages.

Using four messages: Figure (2) represents the operation of
using four messages in DS-TWR. First, device A initiates the
first-round trip measurement at which device B responds, then
device B initiates the second-round trip measurement at which
device A responds to complete the full DS-TWR exchange.

(@ (b)

©
Figure 4 (a) DWM3000evb, (b) Nordic nRF52840-DK, (c) proposed
system.
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Figure (5). Gate is closed and red light is ON at distance > 50 cm

Timestamping of the transmission and reception times is
precisely occurred by both devices.

Using three messages: The previous four messages can be
reduced to three messages by considering the reply of the first-
round trip to be the initiation of the second-round trip
measurement as shown in figure (3).

The time-of-flight estimate, Typ, in both the three and four
message cases may be calculated using

A
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III. EXPERIMENTAL WORK

A.  setup:
We used two separate kits each consists of
a DWM3000 evaluation board [5] connected

to a Nordic nRF52840-DK board [6], which are compatible to
each other, as a backbone to provide the J-link interface with
PC for data transfer and programming.
nRF52840-DK board is used to receive the data from the
DWM3000EVB and provide the ranging information either to
the GUI software on the PC to be represented for user or to a
processor to take an action in some applications.
One kit is used as an anchor node connected to PC or a laptop
and represents the fixed source node. The other one is used as
free movable tag node powered by a power bank battery.
Figure(4) represents the two-way ranging system components
and configuration.
The smart gate and led system are controlled by an Arduino
UNO kit programmed by python using pyfirmata library to
control the servo motor and led system.

B.  Calibration

Figure (6) Gate is open and green light is ON at distance < 50 cm
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System is calibrated at 2m distance and accuracy of 10cm has
been achieved. The accuracy is acceptable with respect to
measured distance.
C. Channel configuration
After some experiments on the field parameters of channel
is chosen. According to IEEE standards we choose a 500
MHZ bandwidth channel at center frequency of 6.5 GHZ. And
a 128 preamble length is used. The longer the preamble length
the higher the accuracy of ranging. Optimum value of 128 is
selected. Pulse repetition frequency of 64 MHZ and data rate
of 6.81Mbits\s is selected.
D. Smart gate system
For, we made a prototype for the smart gate system station
which has the anchor module of the system and the tag module
is mounted inside a car shown in figure(S). We used a python
code to program a servo motor to open the gate at a distance
limit of (50 cm) between anchor and tag nodes and after the
car leaves the gate by distance of (50 cm) the gate is closed.
Figure (5),(6) represent the application system

IV. CONCLUSION

UWB TWR is achieved by integration between DW3000
module and nRF52840-DK which are compatible to each
other and accuracy of 10cm is achieved after calibration
process.
output range of the proposed system is extracted and driven
into arduino board and used to control a servo motor and a
led system to open and close a smart gate automatically
according to the distance between the car and the gate. the
threshold distance is selected to be 50cm.

V. FUTURE WORK

Ranging is accurately achieved by the proposed system.
The next step is to do localization using array antenna on and
calculate the time difference of arrival to both elemnts in the
array. Or by using 3 modules of the proposed system and with
the help analytical methods positioning can be achieved.
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