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ADVANCED COLOR SYSTEMS FOR MODERN UX DESIGN

INTRODUCTION

Introduction to Color Systems

Color is a fundamental element of visual commu-
nication, playing a crucial role in user experience (UX)
design, brand identity, and overall user engagement. As
digital interfaces become increasingly sophisticated,
the need for more nuanced and perceptually accurate
color systems has never been greater. This white paper
explores the evolution of color models in digital design,
from the widely used HSL (Hue, Saturation, Lightness) to
the more advanced LCH (Lightness, Chroma, Hue) model,
and discusses how this shift can revolutionize UX design
practices.

The Importance of Color in Design

1. Color as a Communication Tool:
Color transcends mere aesthetics; it serves as a
powerful communication tool in design. It can
guide user attention, convey emotions, establish
hierarchy, and reinforce brand identity. In UX design,
thoughtful use of color can significantly enhance user
comprehension and interaction efficiency.
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Impact on User Experience Design and

Brand Identity:

A well-crafted color system can create a cohesive
user experience across various touchpoints, fostering
brand recognition and user trust. Conversely,
inconsistent or poorly implemented color schemes
can lead to confusion, reduced accessibility, and a
fragmented brand image.

Brief History of Color Models

Development of RGB:

The RGB (Red, Green, Blue) color model, developed in
the 1860s, laid the foundation for digital color repre-
sentation. It closely mimics how electronic displays
produce color, making it the basis for most digital
color systems. However, RGB's structure is not
intuitive for designers to work with directly.

Intro of HSL/HSB as User-Friendly Alternatives:

To address RGB’s limitations, the HSL (Hue, Saturation,
Lightness) and HSB (Hue, Saturation, Brightness)
models were introduced in the 1970s. These models
aimed to align more closely with how humans perceive
and describe color, making them popular choices for
design tools and color pickers.

The Need for More Advanced Color Systems in
Modern UX Design

While HSL and HSB have served designers well for

decades, they have inherent limitations that become
increasingly problematic in modern UX design:
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Inconsistent perceived lightness across different hues
Difficulties in creating harmonious color scales
Challenges in meeting accessbility standards

As digital interfaces become more complex and acces-

sibility requirements more stringent, these limitations can
lead to inefficiencies in the design process and potential
usability issues in the final product.

Overview of White Paper Contents

This white paper will explore:

1.

Gl LN

&

The fundamentals of color perception and existing
color models

Limitations of traditional color models in UX design
Intro to advanced color models: CIE LAB and LCH
Practical applications of LCH in UX design workflows
Tools and techniques for implementing advanced
color systems

Strategies for organizing and maintaining color systems
Future trends and considerations in color system
management

By the end of this paper, readers will have a compre-

hensive understanding of why and how to implement
more advanced color systems in their UX design practices,
enabling them to create more harmonious, accessible, and
efficient designs.
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Fundamentals of Color

To understand the advantages of advanced color
models, we must first grasp the basics of color perception
and the traditional models that have shaped digital design.

A. Color Perception: Subjective vs. Objective

1. Subjective Color Perception:
Color is a deeply personal experience, influenced
by individual physiology, cultural background,
and personal experiences. This subjective nature
of color can lead to challenges in design, as what
appears harmonious to one person may not resonate
with another.

2. Objective Color Measurement:
Despite its subjective nature, color can be measured
and described objectively. This is crucial for creating
consistent color systems across different media and
ensuring accessibility in design.
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B. The RGB Color Model

The RGB model is the foundation of digital color rep-

resentation, closely aligned with how digital displays
produce color.

1.

Structure: RGB uses three channels - Red, Green, and
Blue - to create all possible colors.
Advantages: Direct correspondence with how digital
screens work.
Limitations: Not intuitive for designers to work with
directly, as it doesn't align with how we perceive and
describe colors.

. HSB and HSL Color Models

HSB (Hue, Saturation, Brightness) and HSL (Hue,

Saturation, Lightness) were developed to provide a more
intuitive way for humans to work with color.

1.

Hue: The ‘color’ itself, represented as a degree on the
color wheel (0-360°).

Saturation: The intensity or purity of the
color (0-100%).

Brightness/Lightness: The amount of light in the
color (0-100%).
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Advantages of HSB/HSL

More intuitive to understand and manipulate
Easier to create color variations (shades, tints, tones)

Tips for Navigating HSB

Use 30° increments on the hue wheel for primary and
secondary colors

Adjust saturation to control color intensity

Modify brightness/lightness to create shades and tints

While HSB and HSL have been staples in digital design

for decades, they have limitations that become apparent in
complex design systems and when striving for accessibil-
ity compliance.

D. The Importance of Color Systems in UX Design

A color system is more than just a collection of colors;

it’s a structured approach to using color in design. Key
benefits include:

1.

Consistency: Ensures a cohesive look and feel across
all touchpoints.

Efficiency: Speeds up the design process by providing
pre-defined color choices.

Accessibility: When properly implemented, helps
ensure designs meet accessibility standards.

Brand Identity: Reinforces brand recognition through
consistent color usage.
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Understanding these fundamentals sets the stage for
exploring why traditional color models fall short in modern
UX design, and how advanced models like LCH can address
these shortcomings.
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Limitations of Traditional
Color Models

While HSL and HSB have been widely used in digital
design for decades, they have inherent limitations that
become increasingly problematic as UX design grows more
sophisticated and accessibility requirements become more
stringent.

A. Uneven Lightness in HSL/HSB

One of the most significant issues with HSL and
HSB is their inconsistent perceived lightness across
different hues.

1. Inconsistent Luminance:

* Colors with the same HSL/HSB lightness value
can appear dramatically different in perceived
brightness.

e For example, yellow appears much brighter than
blue at the same HSL lightness value.

1
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2. Impact on Design:

* Creates challenges in creating visually balanced
color palettes

* Can lead to unexpected contrast issues, particu-
larly problematic for accessibility

B. Inconsistent Contrast Ratios

The uneven lightness perception in HSL/HSB directly
impacts contrast ratios, which are crucial for accessibility
and readability.

1. Accessibility Challenges:

* Meeting WCAG (Web Content Accessibility
Guidelines) contrast requirements becomes a tri-
al-and-error process.

* Colors that seem to have sufficient contrast may
fail accessibility checks, requiring time-consuming
adjustments.

2. Design Inefficiencies:

* Designers often need to manually check and adjust
contrast for each color combination.

* This process is time-consuming and prone
to inconsistencies, especially in large-scale
design systems.
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C. Difficulty in Creating Harmonious Color Scales

HSL and HSB models make it challenging to create color
scales that appear visually consistent across different hues.

1. Uneven Color Progression:

* When creating shades or tints, the perceived
steps between colors are not uniform across
different hues.

* This can result in color scales that appear
imbalanced or jarring.

2. Limited Control:
» Designers have less precise control over color rela-

tionships, making it difficult to create subtle, har-
monious color variations.

D. Impact on Design Workflow and Quality

These limitations of HSL and HSB have significant
implications for the design process and the final product:

1. Increased Design Time:
* More time spent on manual adjustments and acces-
sibility checks

* Reduced efficiency in creating and maintaining
color systems

13
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2. Inconsistent User Experience:

 Difficulty in maintaining visual harmony across
different parts of an interface
* Potential for accessibility issues, particularly for
users with visual impairments
3. Brand Inconsistency:
e Challenges in maintaining consistent brand colors
across different applications and media

4. Limited Scalability:

* As design systems grow, the limitations of HSL/
HSB become more pronounced, making it difficult
to scale color systems effectively

Understanding these limitations is crucial for appre-
ciating the need for more advanced color models in UX
design. The next section will introduce the CIE LAB and
LCH color models, which address many of these issues and
offer a more perceptually uniform approach to color.
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Advanced Color Models
CIE LAB and LCH

To address the limitations of traditional color models,
we turn to more sophisticated systems that better align
with human color perception: CIE LAB and its cylindrical
representation, LCH.

A. Origins and Development of CIE LAB

1. Historical Context:

* Developed by the International Commission on
llumination (CIE) in 1976
* Aimed to create a perceptually uniform color space

2. Key Characteristics:

e Three-dimensional model: L* (Lightness), a*
(green-red), b* (blue-yellow)

* Designed to approximate human vision

» Covers all perceivable colors, beyond the
limitations of RGB

15
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B. LCH: A User-Centered Variation of CIE LAB

LCH is a cylindrical representation of the CIE LAB color
space, making it more intuitive for designers to use.

1. Components of LCH:

» L:Lightness (identical to L* in LAB)

* C: Chroma (similar to saturation, but
perceptually uniform)

* H: Hue (the angle around the color circle)

2. Advantages over CIE LAB:
e More intuitive for designers familiar with HSL/

HSB models
» Easier to make predictable adjustments to colors

C. Parameters of LCH: Lightness, Chroma, Hue

1. Lightness (L):

* Range: 0 (black) to 100 (white)

* Perceptually uniform across all hues

» Directly correlates with perceived brightness
2. Chroma (C):

* Represents color intensity or saturation

* Range varies depending on the hue and lightness
* More intuitive than LAB’s a* and b* coordinates
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3. Hue (H):

* Measured in degrees (0-360°), similar to HSL/HSB
e Represents the angle around the color circle

D. Advantages of LCH over HSL/HSB

1. Perceptual Uniformity:

* Consistent perceived lightness across all hues
* Enables creation of harmonious color scales

2. Improved Accessibility Compliance:
e FEasier to create and maintain accessible color
combinations
* More predictable contrast ratios

3. Enhanced Color Control:

* Precise adjustments to individual color attributes
e Better representation of color relationships

4. Expanded Color Gamut:

e Access to a wider range of colors, including those
outside SRGB

5. Future-Proofing:

» Aligns with emerging display technologies capable
of wider color gamuts

17
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E. Practical Implications for UX Design

1. Consistent Color Scales:

* Create visually balanced color variations across
different hues

* Develop more intuitive and predictable
color systems

2. Improved Accessibility:

* Streamline the process of meeting WCAG contrast
requirements
* Reduce time spent on manual accessibility checks

3. Enhanced Brand Consistency:

* Maintain color integrity across different mediums
and applications

* Easier translation between digital and print
color spaces

4. Efficient Workflow:

* Reduce time spent on color adjustments and tweaks
* Create more scalable and maintainable
color systems

By understanding and adopting LCH, designers can
overcome many of the limitations inherent in traditional
color models, leading to more harmonious, accessible, and
efficient color systems in UX design.

18



PART IV
Practical Application of
Color Systems

Understanding the theory behind advanced color
models is crucial, but the real value comes from their
practical application in UX design workflows. This section
explores tools, techniques, and best practices for imple-
menting LCH and other advanced color systems in your
design process.

A. Tools for Working with LCH

1. Colorbox (colorbox.io):

* Developed by Lyft's design team

* Generates color scales based on perceptual
uniformity

* Allows fine-tuning of color parameters

2. Atmos (atmos.style):
e LCH-based color system generator

* Provides granular control over lightness,
chroma, and hue

19
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* Offers real-time preview of color combinations
3. Accessible Palette (accessiblepalette.com):

* Focuses on creating accessible color combinations
* Uses LCH to ensure perceptual uniformity
* Provides WCAG compliance checking

B. Automated Color Scale Generators

1. Tailwind CSS Color Generator:

* While based on HSL, it offers a good starting point
for color scales

» Users can input a hex code or adjust HSL values to
create custom scales

» Useful for quickly generating a base set of colors

2. Other Automated Tools:
* Leonardo (Adobe’s color tool): Uses CAMO2 color
appearance model

* Coolors: Offers color palette generation with acces-
sibility checks

C. Creating Consistent Color Scales

1. Start with Key Colors:

* Define primary, secondary, and accent colors using
LCH values

* Consider brand guidelines and accessibility
requirements

20
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. Generate Scales:

* Use LCH-based tools to create scales for
each key color

* Ensure consistent perceived lightness steps across
different hues

. Validate and Refine:
* Check color combinations for accessibility
compliance

* Adjust chroma and lightness as needed while main-
taining harmony

. Ensuring Accessibility (WCAG Compliance)

Contrast Ratio Checking:

e Use LCH-aware tools to calculate contrast ratios
Aim for WCAG AA compliance (4.5:1 for normal text,
3:1for large text)

. Creating Accessible Color Pairs:

* Leverage LCH’s perceptual uniformity to create
high-contrast combinations

e Develop a matrix of accessible color combinations
for different use cases

. Testing with Color Vision Deficiencies:
* Use simulation tools to check how your color

system appears to users with different types of
color blindness

21
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* Adjust colors as needed to ensure clarity
for all users

E. Implementing LCH in Design Tools

1. Current Limitations:

* Many design tools don't yet natively support LCH
* Workarounds may be necessary

2. Color Conversion:

* Use online converters or plugins to translate LCH
values to RGB/HSL for use in current tools

* Document LCH values for future reference and
consistency

3. Future-Proofing:
L.
* As support for LCH grows, having documented LCH
values will ease transition

F. Case Study: Redesigning a Color System with LCH

1. Initial Audit:

* Analyze existing color system for inconsistencies
and accessibility issues

» Identify key colors and their roles in the
design system

22
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2. LCH Conversion and Optimization:

Convert key colors to LCH
Use tools like Atmos to create optimized color scales

3. 3.Implementation and Testing:

Apply new color system to key Ul components
Conduct user testing to validate improvements in
visual harmony and readability

4. 4. Documentation and Guidelines:

* Create comprehensive documentation of the new
LCH-based color system

* Develop guidelines for designers and developers on
how to use and extend the system

By following these practical steps and leveraging the
right tools, designers can effectively implement advanced
color systems based on LCH. This approach leads to more
harmonious, accessible, and efficient color usage in UX
design, ultimately resulting in better user experiences.
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PART V

Organizing Color Systems

A well-organized color system is crucial for maintaining
consistency, efficiency, and scalability in UX design. This
section explores strategies for naming, structuring, and
managing your color palette.

A. Naming Conventions

1. Definitive Naming: Use specific color names (e.g.,
“Sapphire Blue”, “Crimson Red”)

* Pros: Easy to remember, adds character to
the palette

* Cons: Can be subjective, may not scale well for
large systems

2. Semantic Naming: Name colors based on their

b N3

function (e.g., “Primary”, “Secondary”, “Accent”)
e Pros: Clarifies color roles, supports theming

e Cons: May require additional specificity for
complex systems

24



ORGANIZING COLOR SYSTEMS
3. Contextual Naming: Name colors based on

their context of use (e.g., “ButtonBackground”,

“HeaderText”)

e Pros: Clear usage guidelines, supports compo-
nent-based design

e Cons: Can lead to color duplication, may become
unwieldy in large systems

Best Practice: Consider a hybrid approach, combining
semantic and contextual naming for clarity and flexibility.

B. Structuring Color Palettes

1. Primary Colors:
* Define 1-3 primary brand colors
* Create scales for each primary color (usually
9-11 steps)
2. Secondary Colors:
e Develop 2-4 secondary colors that comple-
ment primaries
* Create scales for each secondary color

3. Neutral Colors:

e Develop a grayscale palette
e (Consider warm and cool neutral variations

4. Accent Colors:

* Define colors for specific purposes (e.g., error,
success, warning)

25
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* Ensure these integrate well with primary and
secondary colors
5. Semantic Colors:

* Map raw color values to semantic roles (e.g.,

b N3

“TextPrimary”, “BackgroundSecondary”)
» This layer of abstraction allows for easier theming
and maintenance

C. Luminance Weights

1. Establish a consistent scale:

* Common scales include 50-900 or 100-900
* Ensure perceptually uniform steps between weights

2. Define key weights:
* Base color (often 500 or 600)
* Lightest and darkest extremes
* Critical weights for text and backgrounds

3. Document usage guidelines:

* Specify which weights to use for various Ul elements
* Provide guidance on accessible color combinations

D. Managing Color Systems

1. Documentation:

* Create comprehensive documentation of your
color system

26
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Include LCH values, RGB/HEX equivalents, and
usage guidelines
Provide examples of correct and incorrect usage

. Version Control:

Treat your color system like code

Use version control systems to track
changes over time

Provide clear changelogs for each update

. Collaboration:

Establish processes for proposing and
approving changes

Involve both designers and developers in color
system management

. Testing and Validation:

Regularly test your color system for accessibility
compliance

Conduct user testing to validate effectiveness
and appeal

. Extensibility:

Design your system to be easily extended
or modified

Plan for future needs (e.g., dark mode, addi-
tional themes)

27
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E. Tools for Color System Management

1. Design Systems Platforms:

* Figma, Sketch, Adobe XD: Offer features for
creating and managing color styles

2. Documentation Tools:

e Storybook: For documenting and showcasing color

usage in components
* Zeroheight: For creating comprehensive design
system documentation
3. Version Control:
* Abstract: Version control specifically for
design files

e GitHub: Can be used for version control of color
tokens and documentation

F. Case Study: Evolving a Color System

1. Initial System:

* Basic primary, secondary, and neutral colors
e Limited semantic naming

2. Identified Issues:
¢ Inconsistent contrast ratios

 Difficulty in creating new Ul components
* Challenges with dark mode implementation

28
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3. Evolution Process:

e Transition to LCH-based color scales
e Implementation of comprehensive
semantic naming
e Development of a more robust neutral palette

4. Results:

e Improved accessibility compliance

e Easier creation of new Ul components

» Seamless implementation of dark mode

e Increased design and development efficiency

By implementing these organizational strategies, your
color system becomes more than just a set of colors—it
becomes a powerful tool that enhances design consis-
tency, accelerates workflows, and ensures scalability as
your product evolves.

29
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PART VI
Future Trends and
Considerations in Color
System Management

As technology evolves and design practices mature,
color system management continues to advance. This

section explores emerging trends and future consider-
ations to help you stay ahead in the field of UX design.

A. Emerging Al Technologies and
Their Impact on Branding

1. AI-Powered Color Generation:
e Machine learning algorithms generating harmoni-
ous color palettes
» Al suggesting color variations based on brand
guidelines and user preferences

2. Predictive Analytics for Color Performance:

* Al analyzing user engagement with different
color schemes
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e Data-driven recommendations for color
optimizations

3. Automated Accessibility Checks:
» Al-powered tools for real-time accessibility
compliance

* Intelligent suggestions for maintaining brand
identity while meeting accessibility standards

B. The Role of Al in Creating Adaptive and Respon-
sive Brand Identities

1. Context-Aware Color Systems:
* Colors adapting to user preferences, time of day, or
environmental factors
» Al algorithms adjusting color schemes based on
user behavior and feedback
2. Dynamic Brand Evolution:
e Al-assisted tools for gradually evolving brand
colors over time

e Maintaining brand recognition while allowing for
subtle, data-driven updates

C. Advancements in Display Technology

1. Wide Gamut Displays:

* Increased adoption of displays capable of repro-
ducing a broader range of colors
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* Implications for color management and the
potential for more vibrant designs
2. Variable Refresh Rate and Color:
* How advancements in display refresh rates might
impact color perception

* Potential for more dynamic, motion-based color
experiences

D. Color and Virtual /Augmented Reality

1. Color in 3D Spaces:

* Challenges and opportunities for color manage-
ment in VR /AR environments

* Developing color systems that work across physical
and virtual realms

2. Haptic Color Experiences:
* Exploring synesthesia-like experiences combining
color and touch

* Potential for more inclusive design for users with
visual impairments

E. Evolving Color Standards and Specifications

1. New Color Models:
* Potential successors or complements to LCH

* Industry adoption rates and backward compatibil-
ity considerations

32
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2. Web Standards Evolution:

* Progress towards native support for LCH in
browsers and design tools

e Potential new CSS color functions and their impli-
cations for designers

F. Ethical Considerations in AI-Assisted
Color Design

1. Transparency in Al Decision-Making:
* Ensuring designers understand the rationale
behind Al color suggestions
e Balancing automation with human creativity
and intuition

2. Cultural Sensitivity in Global Color Systems:

* Al systems considering cultural color associations
* Avoiding biases in Al-generated color palettes

G. Sustainability and Color

1. Eco-Friendly Color Choices:

* Considering the environmental impact of certain
pigments in physical applications

 Digital color choices that potentially reduce energy
consumption on user devices
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2. Color Systems Supporting Sustainable Design
Practices:

* Developing color palettes that work efficiently
across various media, reducing waste

H. Preparing for the Future of Color in UX Design

1. Continuous Learning:

» Staying informed about advancements in color
science and technology

» Participating in industry discussions and contrib-
uting to open standards

2. Flexible Color Systems:
* Designing systems that can adapt to new color
models and display technologies
* Building in room for expansion and evolution
3. Cross-Disciplinary Collaboration:
* Working with data scientists, Al specialists, and
color scientists

* Bridging the gap between technical color manage-
ment and creative design
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CONCLUSION

The Future of Color in UX Design

As we've explored throughout this white paper, the
evolution of color systems in UX design is not just a
technical shift, but a fundamental reimagining of how
we approach visual communication in digital interfaces.
The transition from traditional HSL /HSB models to more
advanced systems like LCH represents a significant leap
forward in our ability to create harmonious, accessible,
and efficient designs.

Key Takeaways:

1. Limitations of Traditional Models: We've seen how
HSL and HSB, despite their widespread use, fall short in
creating consistent, accessible color systems, particularly
in complex design environments.

2. Advantages of LCH: The LCH color model offers a
perceptually uniform color space, addressing many of
the shortcomings of traditional models and providing
designers with more intuitive control over color attributes.

3. Practical Applications: Through various tools and tech-
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niques, we've demonstrated how LCH can be implemented
in real-world UX design workflows, leading to improved
consistency, accessibility, and efficiency.

4. Organizational Strategies: We've outlined approaches
for naming, structuring, and managing color systems that
enhance collaboration and scalability.

5. Future Trends: The integration of Al, advancements in
display technology, and the emergence of VR /AR present
both challenges and opportunities for color management
in UX design.

The Imperative for Adoption:

As digital interfaces become increasingly complex
and user expectations continue to rise, the adoption of
advanced color systems is no longer just a nice-to-have
- it’s a necessity. LCH and similar models provide the
precision and flexibility needed to create designs that are
not only visually appealing but also inclusive and adaptable
across various devices and contexts.

Bridging Technology and Creativity:

The future of color in UX design lies at the intersection
of technology and creativity. As we've discussed, emerging
technologies like Al-powered color generation and
context-aware systems promise to augment human
creativity, not replace it. Designers who can effectively
leverage these tools while maintaining their creative vision
will be well-positioned to lead in the field.
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Ethical Considerations and Responsibility:

With great power comes great responsibility. As our
color systems become more sophisticated, we must
remain mindful of ethical considerations, including cultural
sensitivity, environmental impact, and the potential biases
in Al-assisted color design. The UX design community has
a responsibility to ensure that our color choices not only
serve aesthetic and functional purposes but also contribute
positively to user well-being and societal progress.

A Call to Action:

We encourage UX designers, developers, and organi-
zations to:

1. Invest in learning and adopting advanced color
models like LCH

2. Regularly reassess and update color systems to
leverage new technologies and meet evolving
user needs

3. Collaborate across disciplines to push the bound-
aries of what's possible in color design

4. Advocate for industry-wide adoption of more
sophisticated color standards

The Path Forward:

The journey from RGB to LCH is just the beginning. As
we look to the future, we can anticipate even more exciting
developments in color science and technology. By staying
informed, adaptable, and committed to excellence, we can
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ensure that color continues to play a vital role in creating
meaningful, accessible, and delightful user experiences.

In conclusion, the evolution of color systems in UX
design represents a significant opportunity to elevate our
work and its impact. By embracing advanced models like
LCH, leveraging emerging technologies, and maintaining a
focus on user needs, we can unlock new levels of creativity,
efficiency, and inclusivity in digital design. The future of
color in UX is bright, and it’s up to us to paint it in the most
harmonious and impactful way possible.
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By understanding and adopting advanced
color models, you can elevate designs and
improve user experiences across the board.

Get in touch with us!
https: //www.studiowac.com
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