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| Executive summary

Display systems consume energy through the backlight or emissive pixels, panel drive, processor
rendering, radios, storage and always-on services. Optimising one device can shift cost elsewhere or harm
readability and response.

A robust low-power design measures energy over the mission profile and coordinates optical efficiency,
adaptive brightness, refresh, sleep and wake states. The target is energy per successful operator task.

Core recommendation

Optimise the complete optical and compute duty cycle. An adaptive, optically efficient TFT is
usually the lowest-risk interactive solution; reflective displays dominate when content is mostly
static and energy is the primary constraint.

How to use this whitepaper

¢ Use the requirement table to convert display-system energy expectations into measurable pass/fail criteria.

¢ Use the comparison matrix to shortlist architectures without allowing one headline specification to
dominate.

e Apply the weighted scorecard using the actual operating environment, duty cycle and commercial lifecycle.

¢ Validate the preferred approach in the final mechanical, optical, electrical and software implementation.
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| Contents
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Key decision principles

e Optimise energy per operator task, not only panel watts at one static condition.

¢ Reduce optical losses before reducing luminance needed for readability.

¢ Coordinate backlight, refresh, processor and radio states through one explicit power policy.

¢ Protect wake latency, alarm visibility and touch responsiveness as pass/fail requirements.

e Measure complete-system energy over representative duty cycles with calibrated instruments.
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1. Define mission energy and operator response before
selecting power features

A useful requirement states ambient/readability, content update, active/idle/sleep times, battery or
thermal budget, wake sources, maximum latency and alarm behaviour. These inputs determine whether
adaptive TFT, local dimming, OLED or reflective technology is appropriate.

Requirement domain Questions to resolve

Average and peak power, battery/solar capacity, operating

Mission ener . .
&y hours, sleep intervals, wake latency and required autonomy.

Ambient range, luminance, contrast, content update rate,

Visual requirement - . . .
colour, viewing angle, response time and night operation.

Backlight current, panel/interface power, local dimming,

Display load .
1splay foa refresh rate, touch, heater and optical losses.

CPU/GPU/NPU, memory, storage, radios, video pipeline, OS

1
Compute load timers, background services and peripheral power.

Ambient sensor, presence, content state, dimming curve,

Control strate . . .
gy refresh scaling, sleep/wake, user override and fail-safe states.
Power domains, sampling bandwidth, transient capture,
Measurement representative workload, energy per task and production

variation.
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A practical weighting model

Assign each criterion a weight from 1 (low importance) to 5 (critical). Score each candidate from 1 (poor
fit) to 5 (strong fit), then multiply score by weight. The arithmetic does not replace engineering judgement,
but it exposes where the power-management architecture depends on assumptions, incomplete test
evidence or optimistic supplier data.

Do not average away a fatal constraint

A candidate that fails a non-negotiable requirement for display-system energy should be
removed before weighted scoring. Typical fatal constraints include unsafe operation, an
unachievable environmental limit, incompatible interfaces, unacceptable field reliability or no
credible supply route.

Recommended process

¢ Set pass/fail gates for the mandatory display-system energy requirements before comparing desirable
features.

e Agree criterion weights with electronics, mechanical, software, product, service and procurement
stakeholders.

e Score only from controlled data, supplier evidence or representative testing; mark unknowns explicitly.

¢ Run sensitivity checks by changing the highest weights and identifying whether the preferred architecture
changes.

e Document assumptions, test conditions and revision status so the decision can be revisited after a component
or firmware change.
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| 2. Low-power display and control architectures

2.1 Fixed-brightness transmissive TFT system

A conventional TFT system holds a fixed backlight level and refresh rate while the compute platform
remains fully active. It provides consistent response and simple validation but wastes energy in low
ambient light, static screens and idle periods.

e Strengths: predictable appearance, low control complexity and immediate response.
e Limitations: poor average efficiency and unnecessary heat/backlight ageing.
e Best fit: mains-powered HMIs with constant illumination and low energy sensitivity.

2.2 Ambient-adaptive backlight TFT

An ambient sensor adjusts backlight output to maintain readability. Efficient optics and optical bonding
lower the luminance needed for a given contrast. The curve, sensor location, filtering and minimum level
determine both energy and usability.

e Strengths: large energy reduction in variable light, lower temperature and improved night comfort.
¢ Limitations: sensor/control complexity, pumping, shadows and risk of under-bright critical screens.
e Best fit: vehicles, outdoor terminals and variable-light industrial equipment.

Power-policy control

Define brightness, refresh and sleep state transitions with hysteresis, maximum latency, manual
override and sensor-fault fallback. Hidden autonomous behaviour is difficult to validate and
service.
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2.3 Local-dimming or content-adaptive LCD

Zone backlights reduce power for dark content and can improve contrast. Savings depend on average
picture level and zone algorithm. HMI graphics can expose blooming and abrupt changes, while driver
and calibration overhead reduce net benefit.

e Strengths: potential contrast and power improvement without changing L.CD content pipeline.
e Limitations: complexity, artefacts, zone hot spots and content-dependent savings.
¢ Best fit: dark-theme or video-rich HMIs where measured average content supports the benefit.

2.4 OLED power-managed interface

OLED power scales with lit pixels and colour. Dark UI themes can reduce energy and deliver excellent
black level, but bright full-screen content may consume substantial power and accelerate ageing.

2.5 Reflective or bistable display

E-paper and reflective technologies can maintain static information with very low sustaining power and
excellent sunlight readability. Slow update, limited colour/motion and front-light needs constrain
interactive use.
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| 3. Comparative decision matrix

Fixed TFT Adaptive TFT Local dim / OLED Reflective / bistable

Dynamic full-colour

HMI Excellent Excellent Excellent Limited
Static-state energy Limited Strong Strong Excellent
Z)fl(litgzzz;nergy Limited Strong Moderate Excellent
Wake responsiveness  Excellent Excellent Excellent Limited
Control simplicity Excellent Moderate Limited Strong
Dark-theme efficiency Limited Strong Excellent Excellent
;i-t:(g:::bility Strong Excellent Moderate Excellent
Touch integration Excellent Excellent Excellent Moderate
Supply breadth Excellent Excellent Moderate Limited
Relative cost Excellent Strong Limited Moderate

Indicative only. Actual performance depends on the complete system architecture, supplier implementation, environmental
conditions and validation method.
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Example weighted scorecard

Weight Fixed TFT Adaptive TFT Reflective display

12-hour battery
mission

Full-colour

interactive UI > > > 2
Outdoor readability 4 3 5 5
Wake under 250 ms 4 5 5 2
Control / software 3 5 3 4
burden

Supply continuity 4 5 5 2
Whole-life energy / 5 9 5 5
thermal

Weighted total 112 139 108

For this battery-operated interactive instrument, adaptive TFT leads because it preserves colour and
response while materially reducing average power. Reflective display is most efficient but cannot meet the
dynamic Ul requirement; fixed TFT fails the mission-energy objective.

Reading the result

e Fixed brightness is acceptable only when energy and thermal budgets have sufficient margin under worst
ambient conditions.

e Adaptive TFT gains should be measured over the real ambient and content distribution, including sensor and
control overhead.

¢ Reflective technologies become preferred when static information and sunlight operation dominate over
animation and fast touch response.
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| 4. Engineering trade-offs that change the answer

4.1 Optical efficiency is power management

Reducing cover reflection and internal loss can deliver the same readable contrast at lower backlight
current. Optical bonding and coatings may save more energy than a complex algorithm.

4.2 Average power depends on real duty cycle

Boot peaks, radio transmission, high-brightness intervals and idle duration determine mission energy.
Measure energy over representative tasks, not one steady screen.

4.3 Deep sleep can break alarms and touch

Power states must preserve required monitoring, wake sources and user feedback. Define maximum wake
time and behaviour during sensor or network events.

4.4 Refresh reduction can affect touch and animation

Lower frame rate saves display and GPU energy but changes latency, motion and PWM interactions. Use
state-based refresh with explicit minimumes.

4.5 OLED dark mode is content dependent

Dark backgrounds reduce emissive power, while white service screens or warning pages can create peaks.
Model content distribution and pixel ageing.

4.6 Sensors and algorithms can consume their savings

Cameras, presence sensors, local-dimming controllers and always-on CPUs add quiescent load. Verify net
energy at system level.
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| 5. Application-led recommendations

Battery portable instrument

Use optically efficient adaptive TFT or reflective display, aggressive idle states and fast wake. Measure
energy per measurement cycle.

Solar-powered outdoor terminal

Prioritise reflective/transflective options or adaptive high-brightness TFT with low standby and a realistic
winter energy budget.

24/7 factory HMI

Adaptive brightness and display blanking during inactivity can reduce heat and extend backlight life
without changing operator response.

Vehicle dashboard or auxiliary HMI

Coordinate ambient dimming, ignition states, network wake and low-temperature heaters. Ensure
camera-visible PWM requirements where relevant.

Status label or slow-changing indicator

Use e-paper/bistable technology when updates are infrequent and image retention without power has
system value.

Crystal Display Systems Limited crystal-display.com Page 11



CDS WHITEPAPER 19 | LOW-POWER DISPLAY SYSTEMS

Crystal Display Systemns Ltd

6. Qualification and sourcing checklist

Measure input, backlight, panel,
[1] Power domains compute, storage, radio, touch and
sensor rails where possible.

Create representative sequences for
[1] Duty cycle boot, active use, idle, alarm,
communication, sleep and wake.

Verify readability at reduced luminance
[1 Optical through the final stack and
contamination conditions.

Test sensor curve, hysteresis, refresh
[] Control states, timeouts, wake sources, override
and fault fallback.

Measure touch-to-display, wake-to-
ready, alarm visibility and
network/event response in every power
state.

[1 Latency

Confirm reduced energy lowers
[1 Thermal / lifetime component temperatures and does not
create condensation or cold-start issues.

Profile background tasks, timers, logging
[1 Software and update agents that prevent low-
power states.

Control sensor calibration, brightness
[1 Production curve, firmware policy and power
acceptance limits.

Questions to ask a display partner

e What complete mission profile and energy budget define success?
¢ How much optical-stack improvement is included before backlight reduction?
e Which power states exist and what functions/wake sources remain active in each?
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e What net energy saving remains after sensors, controllers and transition overhead?

e How are alarm visibility, touch latency and recovery protected at the lowest-power states?

e Which firmware, ambient-sensor or panel changes trigger remeasurement of the power policy?

Minimum evidence pack for design approval

e Power-domain baseline and representative mission-energy measurements.

e Optical/readability data supporting each brightness and ambient state.

e Power-state diagram with entry/exit conditions, wake sources, latency and fault fallback.
e Firmware configuration and reproducible workload/test scripts.

e Thermal and lifetime impact assessment at reduced and peak operating states.

¢ Golden units, production power limits and change-control plan.
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| 7. Beyond static power modes

Low-power HMIs are moving toward predictive, context-aware control and more reflective technologies.
The benefit should be expressed as verified energy per task with preserved operator performance.
Variable-refresh and panel self-refresh

Modern interfaces can reduce transfer activity for static images. Driver, OS and panel support must be
validated for wake artefacts and touch latency.

Presence and intent sensing

The HMI can brighten or wake when an operator approaches. Privacy, false triggers, sensor quiescent
power and safe alarm visibility need control.

Energy-aware Ul rendering

Software can select dark themes, reduced animation and simplified scenes based on power state. Usability
and OLED ageing balance must be tested.

Reflective colour and fast-update e-paper

New generations improve colour and speed, but update artefacts, cold performance and front-light power
remain.

Energy telemetry and optimisation

Logged power and state time can identify field waste. Telemetry must be accurate, secure and linked to

actionable policy changes.

Adoption gate

A new power-saving feature should enter production only when complete-system measurement
proves a net energy reduction and readability, latency, alarm behaviour and lifetime remain
within defined limits.
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| 8. Working with Crystal Display Systems

Crystal Display Systems Limited supports low-power display and HMI programmes with efficient
industrial TFTs, high-brightness and ambient-controlled backlights, reflective/e-paper options, Arm/x86
panel PCs, optical bonding and custom electronics.

Relevant CDS resources

Resource Purpose

Sunlight Readable Disvlavs High-brightness and optically engineered outdoor display

solutions.

Industrial panel range, long-life options and value-added

LCD TET Displays integration.

Display components, interface boards, touch sensors and

LCD TFT Display Components specialist technologies.

Integrated industrial HMI and panel PC solutions with

Industrial Panel PC Solutions . )
customisation OptIOI'IS.

Industrial computing platforms, customisation and long-life

Industrial Boxed PCs and Panel PCs
support.

CDS Knowledge Centre Display guides and technical training documents.

Submit project requirements for technical and commercial

Request a Quote review.

Contact CDS Contact details and enquiry routes.

Contact Crystal Display Systems Limited

Crystal Display Systems Limited
Address: Unit 6 M2M Park, Fort Bridgewood, Maidstone Road, Rochester, Kent, ME1 3DQ, United Kingdom
Telephone: +44 (0)1634 791 600

Email: info@crystal-display.com
www.crystal-display.com
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| Conclusion

Low-power display design is a system optimisation across optics, backlight, panel, compute and software
states. The most effective sequence is to reduce optical loss, match luminance to ambient conditions,
eliminate idle work and choose a display architecture appropriate to content. Every saving must preserve
readability, wake latency and safe alarm behaviour.

Final engineering rules

e Budget energy over real tasks and states, not one nominal power figure.

e Improve optical efficiency before reducing required screen luminance.

¢ Coordinate display, compute, radio and sensor power through an explicit policy.

¢ Protect response, alarms and touch function in all low-power states.

¢ Validate net savings and production variation with calibrated system measurement.

Disclaimer

This whitepaper provides general engineering guidance and does not replace application-specific design review, supplier
specifications, regulatory assessment or formal product qualification. Performance depends on the exact components,
implementation, environment and usage profile.
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