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Abstract

The production, transmission, processing, refining, and distribution of hydrocarbons involve
substantial risk. Accidents, and the subsequent environmental damages, affect not just the
people responsible for the disaster, but also the ones in the vicinity. It is therefore important
to identify potential hazards, and evaluate and quantify associated risks. Comprehensive
plans to mitigate such risks, which cover relevant work procedures and stakeholder actions,
must be deployed and institutionalized. Adopting well defined health, safety, and
environment (HSE) policies will help oil and gas companies safeguard employees and
improve operations.
In spite of implementing best policies and procedures, there have been instances of
negligence that have caused equipment failures leading to environmental disasters and
human casualties. Therefore, effective tracking and monitoring of personnel inside tall
metallic structures in an inflammable environment is essential for the well-being of workers
and for smoother emergency rescue operations in the wake of a disaster.
This paper outlines the challenges of tracking personnel in a hydrocarbon environment. It
describes the strengths and weaknesses of various tracking technologies, and their efficacy in
a metallic processing environment. We further propose a ‘track-and-trace’ solution and a
suitable implementation approach.

Contents

1. Challenges in Ensuring Personnel Safety in Hazardous Hydrocarbon Processing
Environments

5

2. An Analysis of Currently Available Personnel Tracking Techniques

6

RFID-based tracking

6

Ultrasound applications

7

Digital video tracking

8

GPS-based tracking

8

3. A Glimpse into Some Emerging Technologies

10

Infrasound beacons

10

Laser light bursts beacons

10

Barcodes

11

4. Harnessing the Best of Technologies for Tracking Personnel in Metal Environments

11

5. Getting it Right: Designing the Ideal Track-and-Trace Approach

12

6. Learnings from the Past: Some Incidents that Shook the World

14

7. Enhancing Personnel Safety with Sophisticated Tracking Techniques

15

Challenges in Ensuring Personnel Safety in
Hazardous Hydrocarbon Processing Environments
Refineries are extremely hazardous, high risk facilities since they involve the processing of hydrocarbons at high
temperatures and pressure. A minor leak from a high-pressure, gaseous hydrocarbon unit can result in an
uncontrollable fire that may cause significant damage to nearby equipment and personnel, in a matter of minutes.
Leakage of gaseous hydrocarbon can generate a large, inflammable cloud which may drift and explode as soon it
comes in contact with a source of ignition. Considering there are more than 700 operational oil refineries across the
globe, which process more than 70 million barrels of oil per day, the probability of a major incident is alarmingly
high.
The scenario is no different in offshore oil rigs or gas processing plants. They comprise a host of metallic structures
that process hazardous liquids at high temperatures, releasing toxic gases. The temperatures are often harsh,
ranging from -30 to 50 degree Celsius. In addition, high speed winds passing through the metallic structures can be
even more problematic; they can help a fire engulf the entire setup in no time.
Workers often have to make their way through the metallic jungle to
monitor processes and maintain equipment. The electromagnetic waves
and hydrocarbon vapors make the already unpleasant environment event
more challenging for personnel to work for extended periods of time. Often,
workers feel dizzy due to inhalation of toxic fumes accumulated in pockets
or closed areas. They also risk exposure to corrosive and poisonous
byproducts such as benzene and sulfuric acid as well as splashing hot fluids.
Personnel may also become immobilized after slipping on oily footholds.

Fool-proof tracking
mechanisms are a must to
ensure personnel safety and
environmental harmony at
oil refineries and
hydrocarbon processing
plants. Deploying such
systems is however,
challenging.

Due to the increased possibility of accidents in such environments, constant
tracking and monitoring of personnel and their precise locations, is
imperative. This will ensure on-time emergency evacuation in case of
accidents. However, deploying such tracking mechanisms in such harsh environments characterized by high
metallic columns, chemical storage tanks, pipes, pumps, boilers, evaporators, decanters, and purifiers, poses many
challenges. The atmosphere may be sultry and noisy. There could be patches of dark or poorly lit areas where the
line of sight is restricted to a few meters. The personnel are also required to don safety apparel, which act as a
hindrance to visual tracking devices.
The moist air surrounding offshore platforms absorbs radio waves from trackers, and the metallic structures prevent
the radio waves from being transmitted effectively. The wide spectrum of sound waves generated from machines,
motors, and flowing fluids in pipes and columns could interfere with ultrasound applications. Vibrations from the
movement of viscous fluids, motors, pumps, and heavy equipment create disturbances. Magnetic waves generated
from huge electrical cables and appliances generate pools of localized eddy currents within the metallic structures
which interfere with RFIDs and other contemporary beacon based alarms.
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An Analysis of Currently Available Personnel Tracking
Techniques
Most techniques for tracking personnel in challenging and hazardous working conditions are based on radio
waves, lasers, ultrasound waves, infrasound optical identification, and barcodes, among others. In this section, we
discuss the merits and demerits of some of these tracking techniques.
RFID-based tracking
RFID techniques attach tags to objects that need to be identified. These tags can be either passive or active, and
have chips to store information. An active tag with an inbuilt battery transmits the RFID signal intermittently or
based on specific signals detected from readers. A passive tag is cheaper and smaller since it comes without a
battery and uses the energy transmitted by the reader’s radio waves to power itself.
The RFID reader transmits an encoded radio signal to activate nearby tags, which respond with unique information.
Since tags have unique serial numbers, the RFID system can discriminate among several tags that are in range, and
read them simultaneously to process the information they contain for reporting or further action.
Passive tags must be exposed to a signal that is a thousand times stronger than that required by active tags. The
detection range of passive tags is no more than one meter from the reader. Readers may not function properly and
are less reliable in an environment surrounded by metallic objects or when exposed to radiation from other
sources. This is because metallic objects generate eddy currents when they come in contact with radio waves,
which create magnetic fields that cancel the reader’s field and ability to read information from the tag.
Proper system design and engineering can help minimize the creation of eddy currents, thereby overcoming most
obstacles resulting from interference. Using a lower radio frequency reduces energy loss due to eddy currents and
lowers dependent capacitance. However, lower frequencies have low detection ranges, which is why a ‘passive
reader, active tag system’ is a better option. The passive reader receives radio signals only from active tags. Since it
does not emit radio signals to activate tags, there are no eddy currents, and hence, less reading interference.
Passive readers can also be placed away from walls with the help of non-metallic supports, with the ability to read
signals from active tags from up to 600 meters away. This ensures that eddy currents from active tags or parasitic
capacitance from other electrical instruments have minimal effect on the reader. There are numerous design
options for reader antennas to boost the reception power of readers based on the individual location.
When attached to sensors, tags can transmit temperature, blood pressure, and heart rates of personnel. Placing
RFID readers at gates and entry points, and linking them with a TCP/IP network can help monitor the number of
people on the premises, enable timekeeping, and issue safety alerts. They also raise alarms in case workers are
stationary for long periods of time. The sensors are usually very light and can be conveniently attached to the body
and connected to an RF transmitter. This makes RFID technology a strong choice for the overall system design of
tracking devices.
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The pros and cons of RFID technology in a metallic environment have been summarized in Table 1.
Pros
§
§

§

§
§

Cons

RFID tags are rugged and robust, and can
therefore work in harsh environments.
Since reading is automatic and does not require
manual intervention, chances of error are fairly
reduced.
The reflectance of radio waves with regard to
metal surfaces is an advantage because reflected
waves from active tags can be easily captured by
readers.
This method does not require line-of-sight
communication, which makes it highly reliable.
Compared to ultrasound, RFID has a long range
of approximately 1900 feet, for easy detection.

§

§
§
§

§

Readers can get damaged on contact with metals or
liquids, which means that sometimes the captured
data could be erroneous. Damaged tags cannot be
tracked.
May not work in the vicinity of natural vegetation.
Provides probable – and not accurate – location
information.
Human and metallic bodies block radio waves from
tags and readers, weakening signals and lowering
performance.
Radio waves are reflected in an indoor environment,
which makes it challenging to accurately ascertain the
position of personnel.

Table 1: Pros and Cons of RFID-based Tracking

Ultrasound applications
Ultrasound ID (USID) badges or tags can transmit a unique ID signal at a programmed interval using ultrasound
waves. Badges can be worn by personnel, while tags can be attached to portable assets. Ultrasound receivers need
to be placed prudently to avoid capturing erroneous signals from other sources. These receivers function effectively
within closed enclosures such as elevators, where RFID signals may fail to reach the receivers.
The readers decode the unique signals of all nearby tags and transmit them to a server. The application installed in
the server records the tags’ chain of detection from various receivers. The ultrasonic signals do not pass through
walls, floors, or ceilings and therefore help in identifying if a person is nearby, with greater accuracy.
The pros and cons of ultrasound applications in a metallic environment have been summarized in Table 2.
Pros
§
§

§
§

§
§

Cons

Ultrasound tags are rugged and robust, and can
work in harsh environment.
This technique does not need line-of-sight
communication, and can be captured after
reﬂection within a small area.
Direct physical contact between tags and the reader
is not required.
Accuracy of locating personnel is very precise, since
data from multiple sensors are processed to
determine the exact location.
Ultrasound waves are mechanical, and therefore
immune to interference from eddy currents.
Ultrasound receivers are cheaper when compared
to RFID.

§

§

§
§

§

Sensitive to background noise generated by
machines, which lowers the update rate by
sensors.
Can be an expensive proposition overall, since
several such readers need to be installed across
the facility.
Damaged tags cannot be tracked.
Compared to RFID, ultrasound applications have a
much shorter detection range of up to 45 feet. In
addition, these signals are beyond the normal
hearing range.
Cannot eﬀectively track personnel in open areas
within the reﬁnery premises.

Table 2: Pros and Cons of Ultrasound Applications
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Digital video tracking
The advent of digital videography two decades ago has made it possible to capture streaming video and analyze
these to track personnel. Digital cameras can detect and distinguish between personnel, objects, and obstacles
from a distance. A high resolution camera mounted at strategic locations covers the line of sight and captures
images up to five kilometers away. The camera can also rotate to adjust to moving objects. The algorithm of object
detection can be fine-tuned to reduce false alarms during the course of identifying personnel. Cleaning the
protective layer of the lens automatically helps remove dust particles accumulated from the surrounding
environment.
An infrared camera, on the other hand, takes thermal images to create a temperature profile for detecting living
beings in the dark. The infrared and digital cameras can be mounted at the same place as digital cameras to merge
the picture frames. The video camera system detects sounds, movements, voices, and distress calls. It can also
detect objects, classify them, and generate alarms. Video surveillance provides visual information on the condition
of personnel to help identify whether they are stressed, hurt, or in pain.
The pros and cons of digital videography in a metallic environment have been summarized in Table 3.
Pros
§
§
§
§
§

Complete and actual visualization of a location.
In-depth analytics can be performed using the
multi-spectral images.
Can be equipped with 3D-conversion or augmented
reality and voice recognition capabilities.
Generation of events or alarms based on the
captured video and pre-deﬁned rules.
Personnel are not required to wear devices or
instruments.

Cons
§
§

§

§

Requires speciﬁc lighting conditions and can be
used only within a speciﬁed range.
Expensive to deploy in complicated indoor and
outdoor environments with uneven optical
barriers.
High error rates associated with automated GAIT
and pattern recognition due to changing light
conditions, which depend on sun, clouds, dust,
and rain.
Much more expensive than RFID and ultrasonic
based trackers

Table 3: Pros and Cons of Digital Video Tracking

GPS-based tracking
Using a device based on global positioning system (GPS) can help determine the precise location of personnel. GPS
tracking devices record positions at regular intervals. The recorded location data can be stored or transmitted to a
centralized system through a GSM/GPRS modem. This allows personnel location to be displayed in real time against
the backdrop of a map.
Receivers can pinpoint the longitude and latitude of a subject round-the-clock, by using simple parameters such as
temperature, blood pressure, and physical movements. GPS systems do not require complex circuits, and can be
easily fitted into a small device for transmission, which calculates the position, time, and velocity of the GPS
receiver. While GPS signals can pass through fiberglass, plastic and rain, they cannot penetrate water bodies,
concrete slabs, and metals.
The pros and cons of GPS tracking devices in a metallic environment have been summarized in Table 4.
8

Pros

Cons

Ability to accurately locate the target within a few
meters.
GPS indoor re-radiating technology ampliﬁes and
rebroadcasts signals inside buildings or premises
covered by tall structures.
Easily navigates to track each movement of
personnel.
Works eﬀectively irrespective of weather conditions.
Cost eﬀective; provides 100 percent coverage across
locations.

§
§

§
§
§

Expensive to deploy in a complex indoor factory
environment.
Signals tend to get distorted in close metallic vicinity,
with some getting completely blocked at times.
GPS signals may not be accurate when there are
obstacles such as buildings, trees, and geomagnetic
storms.
Like radio waves, this requires an embedded cellular,
radio, or satellite modem to transmit data.

Table 4: Pros and Cons of GPS-based Tracking Devices

A Glimpse into Some Emerging Technologies
There are a few promising technologies that have the potential to simplify the process of personnel tracking. Some
of these are discussed here.
Infrasound beacons
Infrasound, sometimes referred to as low-frequency sound, is sound below 20 Hz or cycles per second. It is below
the normal limit of human hearing and commonly used by animals such as whales to communicate with each
other. Similar to normal sound waves, infrasound waves are also reflected by structures. While infrasound can be
effectively used to create beacons inside a metallic environment, detailed research is necessary to develop this
technology further. Table 5 lists the pros and cons of this technique.
Pros
§

Cons

Compared to ultrasound, this can travel long
distances of up to six miles. These get reﬂected by
hard surfaces and absorbed by structures, thereby
creating measurable vibrations.

§

§

Creates a mental disorientation eﬀect in large
energy bursts that can damage the ear drums in
human beings.
Generating infrasound requires relatively large
speakers, which can be problematic because
excess weight can cause interference in signals.

Table 5: Pros and Cons of Infrasound Beacons

Laser light bursts beacons
Laser lights from a simple device can travel up to the moon. Used in beacons, laser lights increase the effectiveness
of tracking personnel, at relatively low costs. Table 6 lists some pros and cons of this tracking technique.
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Pros
§

§
§

Cons

When mounted on the head gear (like safety caps)
worn by personnel, these can emit light in diﬀerent
directions, providing a more holistic view.
Distinctly identiﬁable, especially in less lit and
metallic environments.
Laser light based devices are readily available,
relatively inexpensive, and considerably
lightweight.

§
§
§

Multiple emissions from the same source can lead
to confusion.
Requires line-of-sight communication.
Needs to be programmed with RFID or ultrasonic
sensors to function as a beacon.

Table 6: Pros and Cons of Laser Beacons

Barcodes
Barcodes have been extensively used for inventory tracking, which makes them an option worth exploring for
personnel tracking as well. They can be programmed to read and analyze photographs to identify personnel.
Barcodes help to confirm personnel identity and supplement video surveillance that may capture images at
incorrect angles or with low clarity. Most importantly, it is not difficult to wear or carry, unlike heavy sensors and
other tracking devices. Table 7 lists some pros and cons of this tracking technique.

Pros
§
§

Cons

Readily available and fairly mature technology,
which is notably cost-eﬀective.
It requires only printing; no additional instruments
need to be carried by personnel.

Ÿ
Ÿ

The human body does not provide a smooth area
for barcode printing.
Diﬃcult to read in poorly lit environments.

Table 7: Pros and Cons of Barcodes

Harnessing the Best of Technologies for Tracking
Personnel in Metal Environments
As discussed, each technology has its own set of merits and demerits, and no single technique for personnel
tracking can comprehensively address the challenges posed by hydrocarbon processing units. Therefore, a
combination of techniques, along with immaculate design to address each and every area, is recommended. In
addition, integration with a central monitoring room will help trace personnel and raise alarms for faster response
during emergencies.
A combination of RFID, ultrasound, videography, and barcodes is ideal for overcoming the complexity of metallic
barriers, eddy currents, electromagnetic fields, broad range of sound frequency, and poor lighting conditions. Using
RFID at the core of the solution would be ideal since it is low cost and durable, and works well even in harsh
11

weather conditions. However, it is also important to address its downside
with respect to detection of tags in a metallic environment. Using passive
receivers that receive signals only from active tags makes RFID much more
efficient in a metallic environment.

The key to an effective
personnel tracking system:
Use a combination of RFID,
ultrasonic waves,
videography, and barcodes.

To increase the efficacy of passive RFID readers, they can be mounted on
radio signal absorbing pads, which help negate the effect of residual radio
waves or magnetic fields from electrical equipment. Further, using small
parabolic mirrors behind passive readers, along with directional and omni-directional antennas positioned under
the roof in covered areas, or on the surface of tall structures, enhances signal reception from active tags embedded
in the safety caps. Based on the concept of triangulation, back-end applications can narrow down the location of
personnel.
However, in spite of using the most efficient RFID combinations, undetected pockets can exist between intricate,
massive, metallic structural stretch. In such circumstances, it is prudent to have a backup: ultrasonic detection
devices. Ultrasound waves are mechanical, and therefore get reflected back to nearby sensors, which not only helps
to detect, but also pinpoint the exact location of personnel (even in extremely remote and congested areas).
Optical surveillance can supplement RFID and ultrasound tracking devices, since most facilities are already under
constant video surveillance. Moreover, video cameras are unaffected by electromagnetic, radio, and mechanical
sound waves. High resolution commercial cameras with optical zoom feature make it easier to capture the stress
and discomfort of personnel which is not possible with RFID and ultrasound devices. They can also capture
barcodes printed on the safety caps or the uniform of a worker for accurate identification.

The entire facility can be split into zones based on the probability of hazards and risks. Creating special routes
facilitates the tracking of personnel entering and exiting these zones. Enhancing the existing video feeds with
powerful cameras placed at these strategic locations helps in capturing any visual irregularities that depict distress.
In case of emergencies, the streaming video proves useful for scanning the area and devising an effective
evacuation strategy. Alarms can be raised after the lapse of a predefined timeframe. The personnel tracking
application can be linked to a compliance system to generate reports and publish warnings in case of violations.

Getting it Right: Designing the Ideal Track-and-Trace
Approach
A safety cap with embedded long-range RFID and ultrasound tags, 4”X6” barcodes imprinted on the sides and the
top, with a visual and audio beacon mounted on it, seems the most appropriate solution. The total weight of this
head gear should be within 70 grams. Blood pressure and temperature sensors can be attached to the worker’s
body, and the RFID tags can transmit data from these sensors to the central application.
Passive readers mounted on a magnetic barrier must be placed at the end of passages and corners, both at high
and low points, so that radio waves from tags can reach them. Underlying algorithms that calculate the common
coverage across readers are needed to determine personnel location. In addition, ultrasonic readers mounted
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indoors and in congested areas help pinpoint the exact location. Hand-held passive readers can also be used to
locate a worker in the unfortunate event of a disaster.
Infrared cameras or high resolution video cameras can be placed at all entry and exit points, along the passages,
and at the work stations, as well as between walk-throughs, to capture a holistic view. These images can then be
scanned in real time. Barcodes help in identifying personnel and storing Information, and beacons get activated if a
certain worker is immobile for a considerable period of time. Figure 1 depicts a recommended layout for a tracking
mechanism that makes use of RFID passive readers, ultrasonic receivers, and cameras, to effectively capture signals.

Ultrasound
receiver

Server

Up to 50 feet

Indoor RFID
Passive reader
Up to 1900 feet

Outdoor RFID
Passive reader
Up to 1900 feet

Active RFID tag

Up to 100 feet

Beacon (Laser)
Ultrasound tag
Barcode (all sides)

Temperature, blood
pressure, and heart
rate sensors. Data
transmitted through

Rectangular
safety hat

Scanner and
barcode reader
Network of
indoor cameras

Up to 500 feet
High resolution
outdoor cameras

Figure 1: Ideal system design for a personnel tracking solution
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Learnings from the Past: Some Incidents that Shook
the World
The oil and gas industry has witnessed many fatal accidents over the years, which underscore the need for stronger
safety standards and better personnel tracking systems. In this section, we take a look at some of these incidents,
and discuss how a track-and-trace device could have been instrumental in reducing fatalities.
Equilon refinery, Anacortes, US (November 1998)¹ : This accident did not involve hydrocarbon liquids or gases
under pressure. The accident occurred at one of the coking drums, where coke is produced from long-chain
hydrocarbon residues in a thermal cracking process. Hot heavy oil broke through the crust of cooled residue and
poured out from the drum. The oil which was above its auto-ignition temperature, burst into flames upon contact
with air. The fire engulfed two refinery workers operating the hydraulic lift and four more workers below it.
British Petroleum refinery, Texas, US (March 2005)² : On the morning of this accident, there were many
contractors on the site for maintenance projects, and most of them were housed in temporary trailers near a
hazardous plant, including an isomerization unit. Operators started to introduce raffinate into the Raffinate Splitter
Tower that is used to distil and separate gasoline components. An instrument at the bottom of tower indicated the
level of liquid to be filled as 9 feet. However, operators continued to fill above this level during start-ups. The level in
the Splitter Tower reached 98 feet, almost 15 times its normal level. However, the level instrument showed levels at
8.4 feet, and that too was gradually falling. Control room operators had to look at two separate screen displays to
identify the inflow and outflow rates. There was also no computerized calculation of the total amount of liquid in
the tower. The hot feed raffinate started boiling, and as a result, the level rose until the Splitter Tower was filled
completely. 236000 liters of liquid gasoline entered the blowdown drum, where it overflowed and drained into a
process sewer, setting off control room alarms. The high-level alarm in the blowdown drum failed to activate. A
geyser of liquid and vapor gasoline erupted from the vent above the blowdown drum. The hot gasoline formed a
large vapor cloud that exploded, and caused 15 deaths and 180 injuries.
Valero refinery, Delaware, US (November 2005)³: During this tragic accident, two workers were asphyxiated
inside a nitrogen-filled confined space during an overnight shift. The workers were engaged in reinstalling a large
pipe elbow on top of a pressure vessel, called a hydrocracker reactor. The reactor was under a nitrogen purge,
which is a process that removes oxygen and hazardous gases from equipment by flowing nitrogen through it.
Investigators determined that the workers discovered a roll of duct tape lying inside the reactor on a tray and
attempted to remove it with a long wire hook. This went against Valero safe work rules that would require a
specially trained crew to enter the confined space. The workers may have either voluntarily entered or fallen into
the oxygen-depleted environment in the reactor and collapsed. Efforts to revive the men were unsuccessful.

[1] U.S. Chemical Safety Board, “Safety Bulletin: Management of Change” (August 2001), accessed May 15, 2015, http://www.csb.gov/assets/1/19/moc0828011.pdf
[2] U.S. Chemical Safety Board, “
CSB Issues Preliminary Findings in BP Texas City Refinery Accident; Investigators Present Data in Public Meeting” (October 2005), accessed May 15, 2015, http://www.csb.gov/csbissues-preliminary-findings-in-bp-texas-city-refinery-accident-investigators-present-data-in-public-meeting/?F_PostDateLBound=05%2f20%2f1998&amp;F_
PostDateUBound=12%2f20%2f2005&amp;pg=2
[3]U.S. Chemical Safety Board, “CSB Issues Case Study in 2005 Valero Refinery Delaware City, DE, Accident; Report Notes Inadequate Nitrogen Asphyxiation Hazard Awareness Training
and Improper Confined Space Rescue Actions” (November 2006), accessed May 15, 2015, http://www.csb.gov/csb-issues-case-study-in-2005-valero-refinery-delaware-city-de-accidentreport-notes-inadequate-nitrogen-asphyxiation-hazard-awareness-training-and-improper-confined-space-rescue-actions/
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These tragic accidents could have been avoided through better hazard
awareness training and faster rescue operations. Since radio waves can
penetrate smoke and haze, advanced track-and-trace devices on the
personnel would have captured data on pulse rate, mobility, blood pressure,
and location of immobilized personnel. An alarm could have been raised in
case of irregular pulse rates or absence of motion, and rescue teams could
have more accurate information on the location of the workers. Even if
passive readers failed to receive signals in the locations discussed, rescue
staff could have gone to the last recorded location and tracked the workers
through hand-held readers. Their location could have also been ascertained
with the help of the triangulation method of capturing RFID data, through
sounds from beacons, or laser signals.

In hazardous environments,
a tragedy is just around the
corner. Compliance with
regulatory norms and a
robust disaster avoidance
and recovery strategy can
go a long way in ensuring
everyone remains safe and
secure.

Enhancing Personnel Safety with Sophisticated
Tracking Techniques
As we have already seen, the increasing number of accidents in the oil and gas industry point to the growing need
for more effective tracking of personnel to ensure their safety and prevent potential disasters. A combination of
long range RFID active tags, ultrasound tags, and passive readers can effectively detect and track personnel while
monitoring their vital parameters.
However, using and integrating these technologies requires in-depth planning by experts. Surveying the area to be
monitored must be followed by mapping structures and drawing the layouts, preferably in 3D. Computer
simulation based on available data is necessary for optimal placement of the RFID and ultrasonic readers.
Developing the right algorithms is critical to track personnel from the various camera feeds. This technique needs
to be fine-tuned over time, based on field results.
Designing a mechanism based on the recommendations made in this paper can help oil and gas companies beef
up personnel security and enhance the efficacy of their rescue operations in the event of untoward incidents.
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