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Abstract

The well-planned utilization of resources is the key aspect
of an efficiently operated construction project. This
research proposes optimizing equipment utilization
through an Indoor Positioning System (IPS). Using Real-
time movement data from the construction site, we
developed a mechanism to track the daily usage of the
equipment. The workflow consists of a Bluetooth Low
Energy (BLE) beacon system that sends signals to a
cloud-based database connected to a user-friendly
analytical dashboard. The program then analyses the data
through predefined heuristics and sends an alert message
to the user’s dashboard if under-utilized. This allows the
user to make effective decisions to reduce idle time. This
study can benefit planners by allowing them to utilize
equipment at the project site efficiently.

Introduction

The construction industry is adopting novel technologies
for operations and management to increase productivity
and safety on construction sites. Indoor positioning
systems like Radio Frequency Identification (RFID),
Bluetooth Low Energy (BLE), Wi-Fi, Ultra-Wide Band
(UWB) and Global Navigation Satellite System (GNSS)
are some common technologies for activity monitoring at
the construction area (Li et al., 2020). BLE technology has
emerged as an alternative to other positioning
technologies as it operates for a longer period on a coil-
cell battery (Yang et al., 2020).

BLE beacons can be used to track workers and equipment
on the site. Generally, BLE systems are used to detect
safety conditions related to the worker's proximity
(Gémez-de-Gabriel et al., 2022). However, the ability of
a BLE system to detect frequent equipment movement is
an opportunity to develop an automated system and
improve the utilization of construction equipment.

Equipment can remain idle on the construction sites for
days or even be misplaced on site. This causes a waste of
resources and cost overruns for the project budgets.
Moreover, the idle time of the equipment is difficult to
measure without special sensors and monitoring systems
which can track the equipment and monitor their
efficiency (Balki et al., 2017).

This study explores the development of a data-driven
workflow for ~ monitoring  equipment  movement
using real-time positioning data collected from a BLE
beacon system. The proposed system encompasses data
loading, processing, and analysis, along with a web-based
user interface to visualize hoist activity and trigger alarm
notifications in critical scenarios. While the framework is
implemented for hoist monitoring, the methodology can
be extended to any indoor construction equipment whose
utilization is measurable via movement patterns. By
detecting idle equipment and alerting planning teams, the
system supports resource optimization and improves
operational efficiency in construction projects.

Related work

Indoor positioning technologies, particularly BLE, have
gained significant attention in construction management
for resource tracking due to their low power consumption
and good accuracy level, allowing them to have multiple
applications in various fields of study (Qureshi et al.,
2019, Ndebugre and Yildirim, 2022). Baek et al. (2017)
used a BLE system to track the location of a dump truck
carrying ore from an underground mine. The authors used
a smartphone system to visualize the navigation of the
trucks and monitor their travelling time. Similarly,
Ndebugre and Yildirim (2022) developed a model of
indoor localization using BLE and a machine learning
algorithm. The result of their study highlights the
effectiveness of object tracking using BLE, which makes
it suitable to monitor the movement of construction
equipment at the site (Ndebugre and Yildirim, 2022).

BLE systems can be integrated with a cloud-based data
management system to receive real-time data directly
from the IoT devices. This enables direct transfer of data
from IoT devices to the cloud-based system where the
data is processed through pre-developed algorithms. Zhao
et al. (2019) presented the use of BLE beacons in
combination with Raspberry Pi devices for worker
tracking within a cloud-based data collection system on
construction sites. Their research highlights the
importance of gathering location and time-based
information on resources for effective construction
management. However, the need for heuristics for



accurate coverage of the location data is also highlighted
(Zhao et al., 2019).

Multiple recent studies emphasize that an automated
sensing system would be needed to extract real-time data
from the IoT devices on-site (Kempecova and Kozlovska,
2023, Ratajczak et al., 2019, El Boudani et al., 2021).
However, the system should be able to handle large-scale
data sets and process them with high efficiency
(Kempecova and Kozlovska, 2023).

Real-time data acquisitions provide an opportunity to
utilize artificial intelligence, paving the way toward
automated sensing systems for resource tracking. These
systems can read and suggest patterns of movement and
possible actions to be taken for improved efficiency (El
Boudani et al., 2021). The findings from El Boudani et al.
(2021) strengthen the concept of using real-time resource
movement data to give alerts to management so that
appropriate actions can be taken to reduce idle time and
wasted resources. However, the first step is to acquire
accurate real-time data through a cloud-based sensing
system and develop a mechanism to optimize the
efficiency of the resources (Zhao et al., 2019).

This study builds upon existing literature by extending the
application of BLE technology beyond worker tracking
and safety monitoring to visualizing equipment activity
for efficient utilization. While previous studies emphasize
tracking outdoor equipment to ensure safety, the current
research proposes a novel approach to an alert system
using automated data acquisition, analysis, and
visualization methods. By utilizing the technical
feasibility highlighted by earlier research, the study
emphasizes on prototype dashboard, encouraging
actionable outcomes from the acquired data.

In conclusion, the literature demonstrates that indoor
positioning has been wused to manage workers'
productivity and safety. However, there are opportunities
to extend this work to equipment utilization tracking. The
proposed BLE-based real-time tracking system and alert
system aim to enable the optimization of equipment
utilization, which increases overall productivity and
smooth flow at the construction site.

Method

A method for using real-time location data for equipment
utilization was developed and tested in a case study. The
method flowchart is shown in Figure 1. The process
follows a series of systematic steps for data collection,
data analysis and an alert mechanism.

The data collection system for monitoring indoor
equipment movement consists of many Microcontrollers
(Raspberry-Pies), placed around the construction site as
gateways depending on the possible hoist movements,
connected to the BLE beacons throughout a Bluetooth
connection sited in a defined band range to ensure the
proper connection and avoid overlapping signals
connection with many gateways at the same time, a cloud-
based data loading system was in charge, and user

interface was employed, permit to visualize the equipment
activity in determined timeline.

BLE beacons are placed in the service box of the
equipment, which sends signals every second. The
gateways collect signals, and the location is determined
based on the strongest signal. The determined location,
which refers to the gateway buffer zone, is stored in the
cloud with the beacon properties information; for
instance, each equipment should have a unique ID. This
setup allows location-based tracking of equipment's
movement in real-time. Once the data is transferred to the
cloud, it is retrieved again in CSV tabular file format to
feed the user dashboard. A list of algorithms is generated
on the server side of the dashboard to clean, maintain the
integrity, and remove redundant noise automatically. This
cleaning process is performed through an automated
process using a Python script, which is divided into
multiple steps. The steps in the cleaning process include
the removal of IPS data collected in the off time, the
outliers, or false detections due to overlapping of gateway
ranges through the floors and the missing values due to
non-coverage areas. After the cleaning, the data is
analyzed to identify the idle time of the equipment.
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Figure 1: Automated tracking and analysis of equipment
movement

The Idle time is the time frame during which the
equipment has remained stationary for a certain duration.
The duration is defined by the program and can be altered
as per requirement. Idle time is determined by monitoring
the position of the equipment on the same gateway. For
instance, if the limit for idle time is defined as two
working days by the user and it has remained at the same
gateway, it indicates that the hoist is not in use by any
worker. The information is updated on the user’s
dashboard, which displays real-time updates and shows
the history of the movement data for each equipment
separately. If the idle time is higher than the pre-defined
threshold, the user gets an alert on the dashboard. The user
may observe and take necessary action to optimize the
equipment utilization. The data is also compiled for each
week and stored as history so that historical trends can be
analyzed. The following section will present the
implementation of this method in a case study.

Case Study for Hoist Movement

A multi-story construction site with multiple functions
(sports, events, retail) was chosen to validate the proposed



method. The building had eight floors, and each floor had
a few hoists for the trade workers to perform installations
at ceiling height. The management was interested in hoist
utilization because they saw low usage of the hoists.

A gateway placement was planned on all the floors so that
the gateways would cover most of the area where the hoist
movement was possible. BLE beacons were placed inside
the hoists to collect and receive real-time data in the
cloud-based system. The used indoor positioning system
was Icons, which has been previously used to track
worker productivity (Zhao et al., 2019). Figure 2 shows
the Raspberry Pi Gateway along with a Wi-Fi dongle (for
internet connectivity) on the left side. On the right-hand
side, it shows the coin-sized BLE beacon, which was
placed inside the hoists to capture the signals due to their
movement. Each gateway was labelled with a specific
code to identify the gateway's location in the ICons
system.

BLE-Beacon
placed inside
equipment

Gateway with Wi-Fi
Dongle

Figure 2: Hardware system used for Equipment tracking

Data collection and processing

Five hoists were selected for the data collection, and the
BLE beacon on each hoist had a unique ID number (H155,
H160, H165, H168 and H169) along with the floor
number associated with the hoist. This information made
it easier to locate the hoist data in the database where the
IPS data could be collected using the Icons system.

The gateways were continuously catching signals as they
were connected to a direct electric supply source, so we
had overnight detections for the Hoists. The beacons,
placed in the hoists, never left the site, and they were
continuously sending signals. However, the system
should only process the data from working hours and
workdays. After observing the workers’ IPS data, we
determined the active working time on site to be from 7
am to 6 pm, matching the workers' work time. Similarly,
the weekend days were also deducted from the IPS data
for the hoists. Defining working time for the hoists was
important to calculate meaningful utilization metrics. This
time range could be adjusted in the dashboard system as
per the site conditions. This process was conducted as part
of data cleaning.

Because there were not enough gateways to achieve full
detection coverage of each floor, there was some missing
data for the hoists. To fill these gaps, we applied Zhao’s

(2019) heuristics to calculate the missing data, i.e.
dividing the undetected time equally between the gateway
detected before the loss of signal and after the next
detection. The total duration in the gateway areca was
calculated from the first detection at the gateway to the
last detection at the gateway. Then, the process continued
for the next gateway. After cleaning and structuring the
data, various analyses were performed using the data set,
i.e. idle time calculations, heat maps for presence in
various locations and daily frequency of movement. The
data analysis process was also developed through an
automated Python script that took cleaned data as input
and provided results as visualizations.

Data Analysis and Visualization

After cleaning the data and preparing new data items for
analysis, we developed a data pipeline integrated with an
analytical dashboard to visualize the results.

First, we connected the processed files to a dedicated data
warchouse containing only the cleaned data. Since the
beacons transmit signals every second, the dataset grows
exponentially with the number of hoists. Each hoist
generates thousands of weekly entries with over 10
column attributes. This volume poses a challenge for real-
time monitoring. To address this, we optimized the data
structure by transitioning from a raw tabular format to a
column-based database architecture. Each attribute is
stored separately in this model, allowing the system to
retrieve only the required columns during queries rather
than loading the entire dataset. We implemented this
using Duck DB (Raasveldt and Miihleisen, 2019, Kohn et
al., 2022), a high-performance analytical database that
supports efficient columnar operations.

All data processing algorithms occur on the server side of
the dashboard. For the front-end interface, we designed
interactive Ul components, including:
e Line charts and heatmaps to visualize hoist
activity trends.

e An alert box to display critical notifications.

Users can filter data by Hoist ID and select either the most
recent week or a custom historical time range. Based on
the query parameters, the dashboard dynamically updates
to reflect the hoist activity.

Results

The analytical results were compiled. Figure 3 shows a
comparison between the total time spent on the site by the
hoist and the total time it remained at a single place
without movement. The percentage of inactive time to
total time was also calculated, which is shown with a
dotted line in the graph. The H168 hoist was the most
active hoist, with only 18% inactive time. The H160 hoist
remained continuously inactive for a few weeks, hence, it
has the highest idle time of 72%.
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Figure 3: Duration vs Percentage of Idle Time

A heat map of H168 is shown in Figure 4. The figure
indicates the time spent by the hoist on each gateway of
the floor. The hoist remained on the same floor during the
whole period of data collection. The heatmap shows that
the hoist was frequently used. However, it remained idle
for a noticeably short period, around mid-May. The
overall view of the figure is self-explanatory to the user,
and it can be immediately perceived whether the hoist is
in continuous use or idle.
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Figure 4: Heatmap of H168
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Similarly, a line plot of H160 in Figure 5 shows the
movement frequency of the hoist between the gateways
each day. The hoist remained idle for the first two months
(no movement shown). After the idle period, there is a
period of activity during the next two months. However,
even in this period, the hoist also remained under-utilized
for a few consecutive days.

As a part of the alert mechanism, a dashboard system,
shown in Figure 6, was designed to show these statistics
in a user-friendly interface. The dashboard consists of line
plots and heat maps of the equipment, with an option to
switch modes to observe overall scenarios of all the
equipment in use. The attributes of this system also
include automated data collection, analysis, and display
results on the screen. Moreover, it will also send alert
messages to the user along with the equipment ID if the
equipment has remained inactive for a certain period,
which is pre-defined by the user. New equipment can also
be added to the dashboard system.
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Figure 5: Line Plot for Hoist 160

Discussion

Indoor positioning has been used for the productivity of
workers and safety purposes (Zhao et al., 2019; Kempe
Cova and Kozlovski, 2023). However, the utilization of
equipment has not been extensively researched. The case
study demonstrated that hoists were unutilized. This was
assumed by the management, but the system was able to
provide data on utilization. The results from the study
indicate zero movement of the hoist can be interpreted as
under-utilization of the hoists. This analysis can help raise
alarms for the user to efficiently utilize the equipment and
reduce resource wastage.

The same system can be applied to any equipment in
indoor construction if a beacon can be attached to it
without impeding use, e.g., vacuum cleaners, ladders,
dryers, concrete pumps, etc. If the inactiveness of the
hoists is communicated to the planning team on time,
there is a possibility of improved utilization or moving the
inactive resource to another construction site where it is
required. This type of research related to resource
utilization can help the site staff manage the resources
more efficiently and usefully.

The proposed method is not only limited to movement
detection, but it also has potential for wider applications
in construction sites. This method can be integrated with
preventive maintenance. The frequency of movement,
idle times and other related analysis can provide an insight
into the current working condition of the equipment. The
usage pattern and movement frequencies can indicate the
need for scheduled maintenance. For example, more
frequently used equipment would need shorter gaps
between scheduled maintenance, while less-used
equipment would have a longer maintenance time.
Moreover, the inactiveness of equipment could also be
due to technical defects which are not reported by the
workers to the supervisors. If the equipment is highlighted
on the dashboard due to inactivity, maintenance staff will
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automatically notice it. This proactive approach can
enhance the life of the equipment and reduce maintenance
costs.

Tracking the equipment through an advanced IPS system
and developing an interactive user interface for efficient
utility is an innovative approach for technology
employment. These tools are especially useful for non-
technical users as they present complex movement data in
a user-friendly manner, which is difficult to assess
manually. Visualization like this graphical interface can
facilitate in-time decision making and support effective
resource management.

However, the Icons system has certain limitations. For
instance, it experiences repetitive false detections due to
signal overlap between floors. A hoist on the second floor,
for example, may be detected by a gateway in the same
buffer zone on the adjacent floor or even by a gateway two
floors above. This creates ambiguity in cleaning
operations due to the predefined algorithmic heuristics.

Additionally, while adjusting the Bluetooth range of the
gateways could partially address this issue, it is not a
comprehensive solution, as it would require deploying
numerous microcontrollers to ensure full coverage across
the entire construction site.

Furthermore, the patterns of movement studied from the
real-time data can be a valuable resource to link the
system to the machine learning algorithm. Recently,
Maaloul et al. (2023) explored the integration of machine
algorithms into the BLE-based indoor positioning system
to improve the accuracy of the IPS system. The results
indicate that a machine learning algorithm can improve
the data analysis process and optimize the pattern
recognition process of the movement of the equipment.

Although the study mentions the use of BLE beacons for
equipment tracking, however, there is potential to explore
alternative options for the positioning of indoor

equipment. There are modern construction machineries
that come with built-in sensors and monitoring devices
that can acquire similar data without the need for external
devices. Alternatively, the retrofitting of existing
machinery with the BLE beacons provides a suitable
solution to upgrade the existing practice of equipment
tracking. Retrofitting is a cost-effective option instead of
replacing the existing equipment with modern equipment,
especially if they are fully functional.

To summarize, there are numerous opportunities to
enhance the alert system for efficient utilization of
resources through integration of advanced technologies,
i.e. machine learning algorithms, to transform the
resource management practices on construction sites.
Being a cost-effective solution, BLE beacons can be used
for multiple tracking streams. Using the cloud-based
system for tracking all resources, there is an advantage of
adding more beacons at any time to the system to track
new resources. This research contributes by
demonstrating a method for effectively utilizing indoor
positioning data of indoor equipment to extract
meaningful information regarding its movement. These
insights can be utilized to monitor and control the efficient
use of equipment, eventually reducing resource waste.

Conclusion

In this research, an IPS-based system was developed to
evaluate equipment utilization in indoor construction in
real time. It was implemented in a case project where it
was observed that the utilization rate of hoists was
variable and, for some hoists, extremely low. There is a
significant opportunity to improve the productivity of
equipment usage with real-time data. This approach is
well-suited for the indoor equipment that does not have
complex IT systems and whose usage can be measured
through movement data.



In future research, this work can be extended by
incorporating a user feedback option in the prototype
dashboard. This feedback can then be integrated with Al
and ML algorithms to develop the predictive abilities of
the system and optimize actions for improved resource
utilization. Moreover, there is an opportunity to enhance
the content of the dashboard system and integrate it with
workers' movement and productivity management. By
broadening the application of IPS systems using BLE
beacons, organizations can achieve a holistic view of
resource positioning and tracking, eventually increasing
the efficiency of resource planning and management in
construction projects.

Acknowledgment

We appreciate and acknowledge Fira Rakennus Oy,
Finland, for allowing us to collect real-time data from
their construction site for this research study.

Funding

This work was supported by Research Council of Finland,
grant number 357307.

References

Baek, J., Choi, Y., Lee, C., Suh, J. & Lee, S. (2017).
BBUNS: Bluetooth beacon-based underground
navigation system to support mine haulage operations.
Minerals, 7, 228.

Balki, M. R., Salunkhe, H. & Patil, U. (2017). Idle Time
Analysis of Construction Equipment by Digital Image
Processing. Universal Research Reports, 4, 29-33.

El Boudani, B., Kanaris, L., Kokkinis, A., Chrysoulas, C.,
Dagiuklas, T. & Stavrou, S. (Year) Published.
Positioning as service for 5g iot networks. 2021
Telecoms Conference (ConfTELE), 2021. IEEE, 1-6.

Gomez-De-Gabriel, J. M., Rey-Merchan, M. D. C.,
Lopez-Arquillos, A. & Fernandez-Madrigal, J.-A.
(2022). Monitoring Worker Exposure to COVID-19
and Other Occupational Risks Using BLE Beacons.
Journal of Sensors, 2022, 7254225.

Kempecova, D. & Kozlovska, M. (Year) Published.
Sensing technologies for construction productivity
monitoring. MATEC Web of Conferences, 2023. EDP
Sciences, 01032.

Kohn, A., Moritz, D., Raasveldt, M., Miihleisen, H. &
Neumann, T. (2022). DuckDB-wasm: fast analytical
processing for the web. Proceedings of the VLDB
Endowment, 15, 3574-3577.

Li, C. T., Cheng, J. C. & Chen, K. (2020). Top 10
technologies for indoor positioning on construction
sites. Automation in construction, 118, 103309.

Maaloul, K., Lejdel, B., Clementini, E. & Abdelhamid, N.
M. (2023). Bluetooth beacons based indoor positioning
in a shopping mall using machine learning. Bulletin of
Electrical Engineering and Informatics, 12, 911-921.

Ndebugre, M. Y. & Yidirim, T. (2022). Bluetooth low
energy-based indoor localization using artificial
intelligence. The European Journal of Research and
Development, 2, 1-15.

Qureshi, U. M., Umair, Z. & Hancke, G. P. (2019).
Evaluating the implications of varying Bluetooth low
energy (BLE) transmission power levels on wireless
indoor localization accuracy and precision. Sensors, 19,
3282.

Raasveldt, M. & Miihleisen, H. (Year) Published.
Duckdb: an embeddable analytical database.
Proceedings of the 2019 international conference on
management of data, 2019. 1981-1984.

Ratajczak, J., Riedl, M. & Matt, D. T. (2019). BIM-based
and AR application combined with location-based
management system for the improvement of the
construction performance. Buildings, 9, 118.

Yang, J., Poellabauer, C., Mitra, P. & Neubecker, C.
(2020). Beyond beaconing: Emerging applications and
challenges of BLE. Ad hoc networks, 97, 102015.

Zhao, J., Seppédnen, O., Peltokorpi, A., Badihi, B. &
Olivieri, H. (2019). Real-time resource tracking for
analyzing value-adding time in construction.
Automation in Construction, 104, 52-65.



Appendix

Heatmaps

Heatmap of Total Duratiens Between Gateways (Weekdays

- 10

-0

(ool fensiEgy

(e T pr——

o
B
a0

-

s

a

-

=

Z

2

Q

MI

L o

B

=

B

2, —

"

o

6

i

5

H

¢

2

8

g -

S

o —

z

2

‘5 —

g —

E —

£ =

5

I
—
—
=
||

[ I T
i oz # I

Lioey4) Aemaery

-0

et

a0 90 pee
avaviz
Znamze
L Lok
zL0vI
ST
e Loren
B0
L
100 b2
Loy
B0
suLnben
ORI
Lz
1290k
seavew ,
\zantew &
sl-a0 b
ORI
Z1arze
a190 ke
avarz
POI0HT
[
BEADHIN
Izamae
€290 FEN
\zamze
LiS0bIT
S1S0HT
Sravroe
GNSIHIE
Logori
ST

Zvaree
-A-b0E
AL
2w
L
Gz Lo pee

e
B

St
s
e
izate
szaviae 2
sz vve &
sravie
L

AL
VoA
LR
az-s-bece
LEAR
cese-bene
L2st-hEe

Heatmap of Total Durations Between Gateways (Weekdays Only) - H165

(smnuw) uoqena
8 g E o

a0

E— 707
—
N ..z
2000722
cerova
wis0e
—, 407w

— BOHO-FE0Z
S POREO-PE0E

20 107702

— 5

F—

e

0T00HTT m

]
N .

z1 9012
— 0 0TR
]
000 5202

16504202

i
B

pr
I o

Heatmap of Total Durations Between Gateways (Weekdays Only)- H168

\esorne

LV GOrIE

N 5050-7T02
.

(ool Aemoreey

(sapnui) uoqeing

§ B

[

LoaH20E
SU0IZ0E
10904202
0E-L0H20E
OE-L0-V20E
FTLOHE0E
Z-L0E

BL-L0-H20E
L0120
Z-L0-b20E
004207
B0 HZ0E
rOL0 v
Z-i0h20E
S0V
92904208

IR
oz-sovzoe &
81-90-+202

90T

21904202
000 +208
9090120
YO-90-4202
16504202
BE-G0-F20E
LS00
EZS0I0E

\z-a0-pz0e
LG0HE0E
Sh-G0-H20E
EL-G0H202
80504202
1ws0re
E0-G0H202

2] 10} 2 0 0, 500k
[EEF)

Heatmap of Total Durations Between Gateways (Weekdays Only)- H169

(seinuny) ueneng

g § & &

00

- 100

—
159000 904 550 054 15900 601 15990 044 5 9 2 {5 s o 1
(10013) Aemeres

-0

60-G0-P208
1804202
SUG0FZOE
O-80-4208
0E-LOP20E
92-LO-VEOE
VELOVE0E
TT-L0VT0E
BH-L0V20E
9L-LOVZOZ
THLOFTOE
0L-L0-¥202
SO-LOPZOE
O-LO-FEOE
20-L0F20E
82304208
92907208
ve-a0-v20s &
02904207 a
B-904208
vI-80-4207
2904208
0L-80-4202
I0-FTOE
VO-30-HE0E
EG0P20E
62504202
1Z50V20E
£Z-504708
1250rZ0E
LG0FT0E
51504207
EH-G0FT0E
B0-50-4202
L0G0P20E
ET-G0HZ0Z



Line Plots

Frequency of Movements Between Gateways (Weekdays Only) - H155 Freguency of Movements Between Gateways (Weekdays Only) - H160
o Floar Floar
-3 ® ——3
Ed
@
“ ]
5
p= 1 &= .
i be
2 v H
£ I i
i, iw
» /\ w0
' VA j o \ s i
./ \._/ v V‘\._.._____/'\_/ | O '\./ : \f\_," * ] \. —t.
R beer—s
o
& & & & & . e &0 . . . . .
¥ ¥ of o = o ’ & & & & o o & &
# & é’ # I I § # & & & & & & e &
Date.
Frequency of Movements Between Gateways (Weekdays Only)- H168
Fraguency of Movements Betwean Gateways (Weekdays Only)- H165 HW;G
'3 .
Floar
% g
- w
-
© N
r ]
£ : I
fs i
€ 2 T
g \ £ 1
5 i *
0
° foa 1 1 »
A /
\ ‘ : ./\/J._\,\/\ I
5 / 154
o i /' A /\ i . ‘/ W/ N \./ \ wis——d
AN — Veeod B arte B ‘
o & ®© S © s - » f’
& & & 5 8 & &
&g & r o & & a Ed o & & & & & &
& & k4 L & A e
Dals

Frequency of Movements Between Gateways (Weekdays Only)- H169

Floor

Movemenl Frequency




