X TAF

Journal of Advances in Technology and Engineering Research

2019, 5(3): 135-141

JATER

PRIMARY RESEARCH

Check for
updates

High precision location tracking technology in IR4.0
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High precision tracking In the era of Industry 4.0, where factory efficiency is highly desired, knowledge about the position of the objects
UWB like tools, materials, and employees is indefensible for improving the processes and reducing idle times within
Industry 4.0 the Smart Factory. The Smart Factory requires the real-time collection, distribution, and access of manufacturing

Internet of things

relevant information anytime and anywhere. Indoor positioning systems (IPSs) can track objects such as assets

or people in real-time and play a vital role. However, it is not easy to deploy such a system in a factory due to
the obstacles and challenging environment. This paper shares the real experience of deploying Ultra-wideband
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(UWB) IPS in a manufacturing factory. The positioning system contains UWB anchors, tags, a backend system, and
a frontend GUI. The deployment challenges and methods to overcome the challenges in factory environments are
discussed. Techniques to improve accuracy such as implementing Kalman Filter, best practice of tag wearing and

battery life consideration are also shared. Generally, a solution of providing indoor positioning in a smart factory

is shared.

I. INTRODUCTION
Recent manufacturing industry advancement has led to the
systematical deployment of Cyber-Physical Systems (CPS)
[1], which allows monitoring and synchronization of infor-
mation from all related perspectives between the physical
factory floor and the Internet of Things (1oT) software. Such
a trend is transforming the manufacturing industry to the
next generation, namely Industry 4.0 [2, 3, 4] or Smart Fac-
tory.
Smart Factory concept enables the real-time collection, dis-
tribution, and access to manufacturing relevant informa-
tion anytime and anywhere. Manufacturers have to gather
real-time data from all parts of the manufacturing process
for fast and accurate decision-making which is vital to suc-
cessful manufacturing in a global economy. In order to be
context-aware, the applications in the Smart Factory have
to answer the following three questions [5].
¢ How is an object identified?
e Where is an object located in the factory?
» What is the situation or status of an object?
One of the Smart Factory requirements, as stated above,
is about the real-time location information of employees,
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machines, and materials. For example, tracking of every
worker’s movement marked the building into zones to track
movements inside/outside each zone and duration or the
number of hits in the zone, tracing the path used by a worker
to complete a task, searching for employees or important
equipment on the building map and tracking the material
in the manufacturing process and estimating the job com-
pletion time and so on.

In order to realize indoor tracking and tracing, indoor lo-
cation positioning technologies are needed. There are sev-
eral types of indoor location positioning technologies com-
monly used [6], such are WiFi, BLE, RFID and UWB. Each of
the technologies has its strengths and weakness which will
be discussed in the following session, but the focus of the
paper will be on the UWB positioning due to its excellent
positioning accuracy.

The following of the paper is organized in such a way that
section Il compares the existing wireless indoor position-
ing technologies. Section III presents the software frame-
work of UWB IPS. Deployment challenges in factory floor
and hardware requirements are discussed in Section [V and
Section V, respectively. Section VI concludes the paper and

© The Author(s). Published by TAF Publishing. This is an Open Access article distributed under a Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 International License



http://crossmark.crossref.org/dialog/?doi=10.20474/Jater-5.3.4&domain=pdf
kee.ting@mimos.my 
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

2019

gives future research directions.

II. WIRELESS INDOOR POSITIONING TECHNOLOGIES
Different environments and requirements need different
types of indoor positioning technologies. The technologies
that are suitable for the manufacturing factory mustbe cost-
effective and able to provide blanket coverage on the wide
factory area. Thus, wireless/RF-based technologies are best
to be considered as they have the capability of penetrat-
ing walls and obstacles, which leads to wider coverage area,
ease of deployment and, hence, cost-effectiveness [7]. The
brief discussion of those technologies and their pros and
cons are as follows.

A. UwWB

UWB is defined by Federal Communications Commission
(FCC) as an RF signal occupying a portion of the frequency
spectrum that is greater than 20% of the center carrier fre-
quency or has a bandwidth greater than 500 MHz. UWB
uses short pulses typically less than 1 nanosecond, which
enables it to achieve a positioning accuracy of 30cm or bet-
ter with averaging [8]. UWB for positioning mainly uti-
lizes the Time of Arrival (TOA) or Time Difference of Ar-
rival (TDOA) [9] of the Radio Frequency (RF) signal to do
the ranging between the target and reference point. Since
the UWB communication channel spreads information out
over a very wide frequency spectrum, it requires very little
transmit energy; thus, it is good for battery life.

B. Radio Frequency Identification (RFID)

RFID [10] is a system that transmits the identity of tags
wirelessly using radio waves. RFID systems fundamentally
consist of two elements: the transponder or tag which is lo-
cated in the object to be identified and the readers. There
are mainly two types of tag, i.e., passive and active tags. Pas-
sive tags provide a less range compared to active tags, but
itis attractive due to minimal maintenance required. Active
RFID tags actively transmit their identification and other in-
formation; it is normally battery-powered and provides a
larger coverage area. Due to that, the cost of tags is higher.

The RFID technology is most frequently deployed in the pro-
duction and logistics sector to track objects in the produc-
tion chain. For real-time indoor positioning, RFID relies
on proximity approach where readers have to be installed
in desired locations to detect the tags when the tags move
within their reading range. Since it highly relies on signal
strength to determine the location accurately, the deploy-
ment will be challenging in the area with a very Little Line
of Sight (LOS).
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C. Wireless Local Area Network (WLAN)

WLAN is popular and has been deployed almost every-
where nowadays. WLAN-based IPS relies on the existing
WLAN infrastructures. Thus, it is cost-effective. WLAN
coverage is good and is normally up to 50m-100m. There
are two common techniques for WLAN indoor positioning
called propagation approach and fingerprint approach. The
propagation approach depends on knowing the location of
a list of wireless Access Points (APs) in the area in which
the IPS operates. The positioning is then done by measur-
ing the Received Signal Strength (RSS) from each AP and
estimating the location using a wireless propagation model
and trilateration [11]. This approach is less accurate as sig-
nal fluctuations introduce high positioning error during the
calculation. The fingerprinting approach is carried out in
two phases called offline and online phases [12]. The of-
fline phase involves pre-collecting wireless signatures or
RSS of all detected WiFi APs at different Reference Loca-
tions/Points (RPs). Thus, at each RP, the RSS signature will
be unique due to the spatial differences of those RP to sur-
rounding APs. Hence, each RP is represented by its fin-
gerprint. In the online or positioning phase, the real-time
RSS signature collected will be compared to the offline fin-
gerprint to predict the location. Calculations can be done
with well-known machine learning algorithms, such as K-
Nearest Neighbour (KNN) [13], Bayesian Algorithm [14],
Linear Regression or Neural Network [15] to name a few.
The accuracy of the fingerprinting approach is typically 5 to
10 meters, which is better than the propagation approach.
However, the fingerprint approach required a huge effort to
pre-collect the fingerprint and is susceptible to fingerprint
changes due to the addition, removal or changing of Aps’ lo-
cations [16].

D. Bluetooth Low Energy (BLE)

BLE is designed to be a very low power technology for peer-
to-peer communications, which operates in the 2.4-GHz ISM
band. Compared to WLAN, the BLE has a shorter range due
to low energy transmission and its range is approximately
1 to 10 meters. Due to their low energy characteristic, BLE
beacons are particularly attractive because of long battery
lives that last many years with low maintenance require-
ments.

Location positioning using BLE is typically based on prox-
imity measurement, where distance is measured using RSS.
A BLE tag will transmit signals and pick up by the reader.
This approach provides high accuracy when the tag-reader
range is close, such as within a meter. However, the accu-
racy degrades rapidly with range. Thus, in order to main-
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tain accuracy, more readers are required [17]. Proximity
method is very expensive for a large coverage area due to
a high number of readers needed. However, fingerprint ap-
proach which is similar to WiFi-based positioning system
can also be applied to BLE. With this approach, the num-
ber of BLE readers can be reduced and it provides better
accuracy than WiFi-based positioning system giving the ac-
curacy between 1 and 2 meters [18].

Performance of various IPSs is compared in Table 1, where
the definition of performance metrics is defined as follows:
1) Accuracy and precision: Accuracy (or location error) is
the most important requirement of the positioning system.
It means distance error which is the average Euclidean dis-
tance between the estimated location and the true location.
Accuracy only considers the value of mean distance errors.
However, location precision considers how consistently the
system works by considering the variation in its perfor-
mance over many trials. Usually, the Cumulative Probability
Functions (CDF) of the distance error are used for measur-
ing the precision of a system. In Table 1, we group both ac-
curacy and precision under performance metric Accuracy.
2) Coverage: Coverage is defined as the extent of the area
to which the wireless signals are transmitted.

3) Scalability: The scalability character of a system en-
sures the normal positioning function when the position-
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ing scope gets large. Here scalability means the system can
scale in terms of coverage and deployment density.

4) Cost: The cost of a positioning system is considering
factors, such as the cost of the hardware, the time needed
to deploy the system and ease of maintenance.

TABLE 1
PERFORMANCE OF VARIOUS IPS
Performance Metrics UWB  RFID WiFi BLE
Accuracy High  High Low  Medium
Coverage High Low High Medium
Scalability High Medium High Medium
Cost High  High Low Medium

III. SOFTWARE FRAMEWORK FOR INDOOR
POSITIONING SYSTEM

Figure 1 shows the network architecture of UWB IPS, where
UWB hardware consists of UWB anchors and tags commu-
nicate with each other, calculating the tag position at the
desired time interval. The positions of UWB tags are then
sent to the upper layer through a preferred interface, such
as UART, SPI, HTTP or MQTT, where raw positioning data
will be managed and filtered to reduce the position errors.
Finally, the processed position data is stored in a database
and at the same time, it is also sent to the map manager for
displaying the position of tags on the dashboard.

GUI &
Database

final position / coordinate
API

Raw Data Manager

Data Stream Interface (UART, SPI, HTTP, MQTT)

UWB Hardware

Fig. 1. Architectural diagram of the UWB IPS

IV. DEPLOYMENT CHALLENGES IN FACTORY
A. Reflective Surface of Metal Room

For the factories which require clean or hygiene environ-
ment, such as food processing factories, any porous mate-
rial means bacteria can grow in those hard-to-clean pockets,
such as concrete, and will be avoided. Typically, Insulated
Metal Panels (IMP) are used to build the wall and ceiling
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because they are quick to install, cost-efficient, and cleanup-
friendly. Such an environment is very challenging for UWB
deployment as there will be too many reflections of UWB
signals on the metal walls and ceiling. Besides, it is very dif-
ficult for the signal to penetrate through the wall due to the
attenuation of the signal by metal walls. Positioning accu-
racy will be greatly compromised in such an environment.
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One of the solutions to such an environment is to deploy
denser UWB sensors and properly place them at a strate-
gic location. Besides, sensors can be placed at the windows
or doorway between two rooms where the signal from one
sensor can be probably received in both rooms. This will
greatly reduce the number of sensors required, hence re-
duciing the cost. RF absorption material [19] is also use-
ful to block the undesired signal or reduce the reflections.
Those steps are helpful to reduce the positioning error but
cannot get rid of them entirely.

B. Sensors Placement Considerations

UWB IPS uses TOA or TDOA for accurate positioning. Thus,
LOS from sensors to a tag is vital for accuracy. Any signal
blockage or reflections will potentially cause an error in lo-
cation positioning. In some buildings such as factories with
many large machines, LOS from tag to anchors can be ob-
structed. The tag needs to range to at least 3 anchors to be
able to calculate a position. If such a requirement is not met
due to LOS disruption and the ranging is based on reflected
signal, then the position reported will not be accurate. In
order to make sure the best LOS conditions are there, the
anchors need to be installed higher up, ideally close to the
ceiling of the building so that they are cleared from obsta-
cles. Depending on the physical setup of the building, typi-
cally in the case of very tall racks or machines, more anchors
are needed to improve the accuracy.

C. Tag Wearing Considerations

Similar to metals, liquids are a great absorber of the UWB
signal, resulting in reduced range. Besides, radio waves
travel slower in liquids which may increase positioning er-
ror due to the fact that UWB positioning relies on the time
of flight of the signal. The severity of the liquid affecting the
signal is directly related to its volume. The typical human
body will significantly reduce the time of flight and result
in range measurements that appear to be further away. For
human tracking, the UWB tag needs to be worn by workers
and the accuracy will be affected if the human body blocks
the signal. Due to that, it is best to wear the tracking tag on
the shoulder or embed the tag in the helmet so that it will
not be obstructed by the human body. If the tag, inevitably,
has to be worn at the body area which will block the tag from
seeing sensors directly, the solution is to strategically install
the UWB sensors in the locations where the tag will not be
blocked most of the time based on user’s movements.
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D. Positioning Accuracy

Due to the obstruction as well as signal fluctuation, posi-
tioning is an error prompt. One of the techniques applied to
reduce the error is to use the Kalman Filter [20]. Kalman Fil-
ter consists of two phases, i.e., Time Update or Predict phase
and Measurement Update phase as shown below:

a) Time Update (“Predict”)

e Project the state ahead

ﬁ:,; = AZp_1 + Buy (1
¢ Project the error covariance ahead
Py = AP, AT +Q (2)

b) Measurement Update (“Correct”)
e Compute the Kalman Gain

K= P H" (HP; HT + R)™ 3)
Update estimate wit measurements Zj,
& =& + Ky (2 — Hiy)) 4)
¢ Update the error covariance
P,=(I—-KyH)P, (5)

Where:

x is an estimated location. A is state transition matrix, a dif-
ference equation related to the state at the previous time
step k — 1 to the state at the current state k. Matrix B is the
control input related to the state x.u is a motion vector. @) is
the process noise. P is uncertainty covariance. z is the mea-
surement from the sensor. H is measurement function-the
matrix in the measurement Equation 4 relates the state to
the measurement z;, and K is Kalman Gain.

N

Fig. 2. Floor plan with indoor positioning

tracking stations
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Fig. 3. Positioning sample collected with and

without Kalman Filter

The system is tested in our lab, which is a 5x6 square me-
ters room as in Figure 2. Three stations namely Station 0,
Station 1 and Station 2 in Figure 2 are virtual stations used
to track whether the tag is inside or outside of the station.
In the experiment, a tag is placed at the center of the sta-
tion which is the ground truth. One thousand samples are
collected with and without applying Kalman Filter. Figure 3
shows the results plotted with and without Kalman Filter;
results show that the positioning is more stable with less
spreadout when the Kalman Filter is applied. The plots in
Figure 4 show the number of false detections that indicate
the tag is outside of the station instead of inside the station.
Obviously, Kalman Filter has successfully reduced false de-
tection.

Mumber of False Detections

Station Radius (m)
—8—EBofore Filter  —@=—After Filter

Fig. 4. Detection error vs. station size

V. HARDWARE CHALLENGES
A. Tag Battery Life

One of the concerns of using an active UWB tag is its battery
life, even though the UWB tag was designed to be recharged
conveniently using USB cable through micro-B plug. Ideally,
battery life needs to last as long as possible. Tests were car-
ried out to test battery life as a function of battery capacity
and frequency of positioning update. Clearly, the higher the
battery capacity, the longer the battery life and the battery
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life is inversely proportional to the rate of positioning up-
date. Figure 5 shows two types of rechargeable battery used
for testing and Figure 6 shows the measurements done for
the battery under various settings.

G
[
b
:
]

(a) (b)
Fig. 5. Two types of lithium-ion battery used in the test (a)
650 mAh (b) 1000 mAh

From the test result, it can be concluded that battery life is
not a big concern for UWB IPS unless very high update fre-
quency, i.e.,, 5Hz -10Hz, is desired. For normally tracking,
the battery can be recharged once in three months or less if
an update frequency of 1Hz or lower is used.
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Fig. 6. Battery life as a function of position update rate and
battery capacity

B. UWB Tag’s Form Factor

(a) (®)

Fig. 7. Tags for (a) worker tracking and (b) material tracking

Tag for tracking workers and material is designed differ-
ently based on the need. For worker tracking, the tag has to
be lightweight, small and convenient to be carried or worn
by the worker. Figure 7(a) shows the design of the tag for
worker which is about a name card size. As for material
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tracking, the tag is required to be attached to the material-
carrying tray; thus, the tag is designed to be durable with
hardened casing and can be conveniently mounted on the
tray as shown in Figure 7(b).

VI. CONCLUSION
UWB IPS, including its software system architecture, hard-
ware such as tag design, battery life consideration and bat-
tery life testing, has been shared. Besides, the real experi-
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ence of deploying UWB IPS in a manufacturing factory has
also been shared and its deployment challenges and meth-
ods to overcome the challenges in factory environments are
discussed. Those deployment techniques, such as UWB an-
chors and tags placement, are detailed. Furthermore, the
implementation of the Kalman Filter for noise reduction is
also discussed. Future works will explore other possible use
cases besides factories, such as office, hospital, conference
hall, etc.
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