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Introduction
In cold storage settings, routine supply chain
tasks can become exceedingly difficult when
faced with the harsh conditions of extreme cold
temperatures. Deploying commercial or
industrial-grade devices that are not suited to
cold storage environments inevitably increases
operating costs because equipment failures
increase, interrupting operations and reducing
productivity. The specific environmental
conditions encountered in cold storage setups
generate substantial challenges such as frost,
ice, and condensation, which can undermine
the performance of even ruggedized computing
equipment. For most platforms, system stability
cannot be guaranteed unless the internal
system temperature is increased to 0 ˚C.
However,
in
freezing
and
sub-zero
environments, mechanical assistance is
necessary to reach this baseline temperature.
Consequently, the integration of automated
heating solutions has become a key feature
that distinguishes cold-environment computers
from standard systems.

Practical Issues for Cold Storage
Computing
In the cold storage and distribution industry,
maintaining work flows in sub-zero
temperatures presents numerous challenges.
Exposure to low temperatures and cold air can
negatively impact computing devices in the
following ways:
Battery Drain
The most common and immediate effects of
cold temperatures are battery degradation.
Cold temperatures affect how quickly a battery
discharges and charges, that is, how much
power it can deliver, and how quickly it can be
recharged. Constant exposure to cold
temperatures can reduce battery life by up to
50%, or even result in total battery failure.
Screen Damage
Screen display distortions, such as white spots
and motion blur, can result from exposure to
freezing temperatures and extreme cold. LCD
displays, in particular, are extremely sensitive
to the cold. In addition to delayed touchscreen
reactions and image smudging or ghosting,
cold conditions increase screen rigidity, which
can lead to cracks or shattering.
Internal Component Errors
Because extreme cold immobilizes moving
parts, computing devices may register various
internal component errors and have difficulty
reading memory cards and executing
processing operations. Cold temperatures can
also corrupt the output of onboard components
in unpredictable ways.
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Physical Damage/Distortion
When computing devices are subjected to
extreme cold, the internal/external components
become brittle and more vulnerable damage.
Additionally,
material
expansion
and
contraction due to temperature fluctuations can
result in permanent distortion of components.

When Frost and Condensation
Form
Frost and condensation present the greatest
hazards to computing devices. However,
because of the intrinsic atmospheric humidity in
any refrigerated or freezer storage facility, the
formation of frost and condensation is
inevitable.
Frost
Frost will build up on any surface with a
temperature at or below 0 °C. Frost on a
display screen obscures visibility, which
prevents data verification, slows productivity,
and increases the risk of errors.

Barcode readers and image capture devices
will not function if their optical ports are
covered by frost. Frost can also cause freeze
input keys if the device is poorly constructed or
insufficiently sealed.
Condensation
Melting frost leads to condensation, and similar
to frost, condensation can render screens and
scanners
unusable.
However,
because
condensation can occur inside the equipment
and display screen, making it difficult to remove,
it represents a greater problem. This pooling of
moisture can cause electronics to short circuit
and internal components to rust and corrode.
Temperature Fluctuations
Although most rugged computers can
withstand occasional exposure to freezing
temperatures for short periods of time,
specialized cold-environment equipment is
necessary to withstand extreme fluctuations in
temperature. Every time a cold storage facility
door is opened and the air temperature and
humidity fluctuates, or a device is moved
between warm and cold temperatures, this
places substantial stress on computer
components. At low temperatures, moisture
condenses on components. Rapid temperature
shifts from the cold storage standard of -30 °C
to the average room temperature of 20 °C,
which represents a temperature shift of 50
degrees, can transform the condensation into
steam, causing the components to explode.

Requirements for Cold Storage
Setups
No Two Cold Storage Setups Are the Same
Every cold storage setup is unique and
dependent on the specific facility’s operating
profile and commercial parameters, equipment
and infrastructure, as well as local climate and
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weather conditions. Different climates and
seasons of the year involve radically different
conditions in different parts of the world. This
means different challenges and solutions for
every
temperature
management
setup.
Additionally, the actual temperature conditions
that must be maintained depend on the types
of products stored and the expected storage
period. However, regardless of climate or setup,
when assessing computing devices for
operational use, the factors below must be
considered to ensure the equipment can
withstand the environmental conditions and still
deliver reliability. Operational efficiency,
customer satisfaction, and profit margins
depend on it.
Visibility
Cold air and mist can cause condensation to
fog over computer display screens and the
scan windows of barcode readers. This
reduces visibility, potentially even freezing LCD
screens, and hinders barcode scanning, which
may result in workers resorting to manual data
entry, severely reducing productivity and
increasing error rates. Another consideration
for visibility is backlighting. In dimly lit or dark
environments, backlit keyboards allow workers
maintain productivity.
Use – Gloved Operation
Because workers must wear gloves for
insulation in cold environments, a glove-friendly
keypad layout with large well-spaced keys is
essential for convenient operation.
Break-proof touchscreen
For systems likely to undergo rough handling
due to gloved operation and harsh
environments, a ruggedized break-proof
touchscreen is essential to ensure product
longevity.
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Durability
The selection of durable rugged components is
fundamental to ensuring system reliability in
harsh environments. In extreme cold, failure to
boot and inaccurate analog readings may
result from equipment intolerance. Aggressive
thermal management and the virtualization of
certain hardware functions can positively
impact performance.
Rugged components/housing
To ensure durability and protect equipment
from the harsh environmental conditions,
special device housing is essential to limit the
effects of exposure as well as potential impact
damage. A strong seal is also necessary for
preventing moisture and condensation from
damaging the inside of the computer.
Ruggedized industrial computers typically have
an IP54 rating, which means they are protected
against dust and splashing water. IP54 may not
be resistant enough for cold environments,
particularly
when
frequent
temperature
changes are likely to cause condensation. A
rating of IP65 is appropriate for most cold
environments
and indicates that the device can withstand jets
of water, which is sufficient protection to
prevent internal moisture.
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System Stability
Batteries
Mobile computers typically use lithium-ion
batteries.
Cold
temperatures
prevent
conventional
lithium-ion
batteries
from
releasing their charge, making the powered
device unusable until the battery is warmed.
Lithium-ion batteries typically fail completely at
temperatures of -30 °C or more, which is
common for cold-storage setups. Lowimpedance lithium-ion batteries specially
designed for cold-temperature use release their
charge at colder temperatures and have lower
failure points. Lead acid batteries are another
alternative. They incur less cold degradation
compared to lithium-ion batteries, but are less
power efficient relative to their weight.
Uninterruptable power
To protect against power losses and reboot
delays, computing equipment must be
equipped with some form of failsafe solution or
alternative power supply.
Wireless connectivity
Although most popular industrial wireless
communication
technologies,
including
Bluetooth and IEEE 802.11 networks, can be
used in cold storage and freezer environments,
some adjustments may be required to ensure
consistent performance. Because radio waves
travel differently through cold damp air, the
range of wireless systems is reduced.
Nonetheless, Bluetooth remains a popular
solution for linking barcode scanners and
peripherals to computers because the wireless
interface eliminates the potential for connector
failure due to condensation.
Data transfers
In terms of data transfers, thick walls and
insulation restricts the movement of radio
waves and absorbs RF signals, causing a
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multipath effect where signals bounce off
obstacles and arrive at access points at
different times. The multipath effect is a real
concern for any insulated cold or damp
environment, such as cold storage facilities.
Specialized antennas can be deployed at
common access points to correct for the
multipath effect and ensure wireless LAN
connectivity for data transfers.
Connectors/antenna
Connectors that link computers to peripherals
or power sources (e.g., the battery on a vehicle
mounted computer) are another important
factor to consider. For most situations
connectors that clip into place are sufficient;
however, for cold environments, screw-in
connectors are the superior choice.
The screw threading is not only less likely to
detach, but also provides a seal against
moisture that can damage the connector.
Integrated systems/devices (barcode
readers)
Barcode scanners require a direct line of sight
to accurately read and decode labels. Any
fogging or condensation on the scanner optics
hinders operation and can lead to total device
failure. In the ideal solution, the barcode reader
will be integrated with the computer, enabling
the device to benefit from the computer’s
internal heater.
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Hand-held devices
Hand-held computers are available with longrange scanners, and can be used with powered
vehicle mount cradles. This makes them an
intriguing option for forklifts in cold storage
setups. However, hand-held devices may not
always be viable, and the wireless or tethered
hand-held scanners usually integrated with
vehicle-mount devices do not typically feature
internal heaters.
Data collection alternatives
Speech recognition and RFID are alternative
strategies for data entry in cold environments.
These devices can be worn on a belt or
shoulder holster and under protective clothing,
thereby limiting exposure to cold temperatures.
RFID is particularly useful because a line of
sight is not required for data entry; thus,
condensation will not interfere with operations.

the heating layer melts any frost or ice and
eliminates
condensation
resulting
from
temperature shifts.

Without defroster

Solution for Tackling Frost and
Condensation
In terms of computing equipment, extremely
cold temperatures are among the most difficult
natural conditions to manage. An integrated
and automated heating system is a key
improvement that ensures reliable performance
by melting ice and frost and eliminating
condensation. Advantech DLoG has developed
a screen defroster for use with its DLT-V83
vehicle mount terminal.

Advantech DLoG Defroster
How It Works
Advantech
DLoG’s
defroster
solution
comprises three components - a heating layer,
electronic control system, and a deactivation
button. The heating layer is embedded in the
touchscreen display, which protects it from
impact damage. By warming the touchscreen,
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With defroster
The touchscreen deactivation button allows
workers to disable pressure sensitivity in order
to wipe away external condensation.
Deactivating, wiping, and then reactivating the
touchscreen does not impact operational
productivity; instead, it actually improves
efficiency by increasing visibility.
The electronic control system intelligently
manages
and
monitors
the
internal
temperature. At low temperatures (-5 ~ -15 °C),
the control system activates the heating layer

White Paper
by providing electrical energy to a resistor,
causing it to emit thermal energy. The control
system is also programmed with an upper
thermal limit to prevent damage from
overheating. When the upper thermal limit (5 ~
15 °C) is reached, the heating layer is
automatically switched off.
Temperature sensors are mounted at various
points within the terminal to establish
temperature gradients that effectively indicate
changes in temperature. This enables the
electronic control system to intelligently
maintain the internal temperature within the
predetermined optimal range.
Installation
The defroster front with embedded heating
layer can be conveniently mounted on vehicle
mount terminals. The electronic control system
is embedded in the main chassis of the
terminal, which ensures the system remains
protected from exposure to the elements and
impact damage.

Dehumidification
Another key approach to minimizing frost and
condensation involves dehumidifying the cold
storage area to reduce the overall moisture
load. Although this will not totally eliminate the
formation of condensation and frost, the
amount of resulting problems will be more
manageable.
Effective Thermal Management Increases
Productivity (Call to Action-ish)
Although frost and condensation will always be
present in cold storage setups, investing in
appropriate components and building effective
systems will enable operators to effectively
perform their tasks in a wide range of cold
temperatures. Integrated heaters are among
the latest solutions specifically developed to
eliminate condensation and support mobile
computing in cold storage environments.

Prevention is Better than Cure –
Alternative Options
Although an integrated heater addresses the
immediate problems of frost and condensation,
strategies
to
minimize
moisture
and
condensation are worth investment. Strategies
for reducing moisture and condensation include
• Sealing all doors/installing quick-closing
doors and openings
• Balancing freezer configuration with
humidity management capabilities
• Removing excess moisture from goods
prior to warehouse entry
• Removing humidity from the air
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The Benefits
Customer Benefits
• Higher accuracy
• Greater supply chain traceability
• Improved on-time performance
Employee Benefits
• Ease of use
• All-in-one solution
• System reliability
• Efficient resource allocation
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Business Benefits
• Lowers operating costs
• Reduces system
downtime/interruptions
• Increased productivity
• Greater product longevity
• Timely management and reporting
• Improved
data
integrity
and
inventory management
• Enhanced customer satisfaction
Conclusion
As the cold storage and distribution industry
moves into the future, and the market
segments that rely on cold chain services
become
increasingly
diverse
and
geographically spread, new technologies that
strengthen every link in the supply chain will
continue to emerge. Advantech DLoG’s
defroster solution is designed to ensure
maximum reliability and stability even in subzero temperatures. Combined with our wide
range of rugged cold-environment mobile
computing terminals, this solution provides
cold-storage operators with all the benefits of
mobile computing and automatic data capture
regardless of environmental conditions. With
economic potential of the global cold chain
market predicted to reach US$234.49 billion in
2020, stable and dependable hardware is a
necessity to enable operators to face the
upcoming
challenges
and
business
opportunities in cold storage and distribution.
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