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Abstract. The present article focuses on substantiating the theoretical foundations of the 
innovative ChromaLens Precision Mapping system, which integrates micro-zonal analysis of the hair 
fiber, optical mapping, and biometric parameters within the process of professional hair coloring. 
The relevance of this approach is determined by contemporary evidence from trichology, physics, 
and hair fiber chemistry, demonstrating that traditional coloring techniques (balayage, airtouch, foil 
methods, slicing) largely fail to account for several critically important structural and optical 
properties of the hair. These include variability in porosity, thermal conductivity, cuticular integrity, 
and the spectral behavior of pigments—all of which significantly influence color stability and the 
degree of chemical damage. Such factors explain the high unpredictability of outcomes characteristic 
of conventional methods. 

ChromaLens Precision Mapping is positioned as a science-driven technology that enables 
detailed diagnostics of 8–15 micro-zones of the hair shaft and the development of individualized 
formulas tailored to their specific optical, biometric, and photometric characteristics. The study 
analyzes key optical mechanisms relevant to the ChromaLens Precision Mapping approach, 
including the refractive properties of keratin structures, the interplay of diffuse and specular 
reflection, and the spectral variability of color under different lighting conditions. 

The results indicate that the application of ChromaLens Precision Mapping ensures higher 
reproducibility of color outcomes, reduced chemical load on the hair, enhanced photometric color 
stability, and minimized structural degradation of the fiber compared with classical techniques. The 
proposed system thus represents a qualitatively new model of premium hair coloring, integrating 
analytical and diagnostic tools with practice-oriented algorithms to achieve a high degree of 
precision and predictability. 

Keywords: coloring, hair, photometric color stability, professional color science, ChromaLens 
Precision Mapping. 

Introduction 

Hair coloring in the professional sphere remains a very complex procedure, as it 

involves not only chemistry, but also biology, physics, optics, and the structure of the 

hair itself. Although techniques such as balayage, airtouch, foil methods, and slicing 

have long been popular, they are mostly based on the experience of the stylist rather 

than on accurate diagnosis. As a result, the outcome often depends on the “hand” of 

the specialist, may differ significantly from what was expected, is difficult to repeat, 

and the chemical effect on the hair is uneven because different areas of the hair have 

different properties. 
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Scientific research shows that hair is a biopolymer composite with a complex 

multilayer structure, whose optical properties are determined by the interaction of the 

cuticle, cortical ball, and melanin granules [1; 2]. Even minimal changes in the 

structure of the cuticle can modify the spectral reflection profile by 15–35%, which 

directly affects pigment behavior, color balance, and visual stability of the result. At 

the same time, local differences in porosity, elasticity, hydration, and thermal 

conductivity cause uneven penetration of oxidants and dye mixtures, especially in 

traditional techniques that do not provide for zonal correction of formulas [3]. 

The lack of standardized methods for assessing the structural and optical 

characteristics of hair before dyeing is a significant limitation of modern coloristic. In 

practice, it is not uncommon for a single procedure to produce different shades on areas 

of hair with different porosity or different root zone temperatures. This significantly 

reduces the predictability of the result and increases the risk of damage to the hair 

structure due to excessive alkaline exposure or uncontrolled lightening. 

In these conditions, there is a need to introduce new-generation technologies 

capable of taking into account the multi-level heterogeneity of hair, the spectral 

properties of light, the reactivity of different microzones, and the chemical picture of 

the process. One such technology is ChromaLens Precision Mapping (CLPM), an 

innovative microzone hair analysis system that combines instrumental diagnostics, 

optical mapping, mathematical modeling, and personalized formula selection. 

Literature Review 

In recent years, there has been growing scientific interest in the structural 

morphology of hair, the mechanisms of hair damage, its interaction with chemical 

agents, and the optical characteristics of the hair surface. In particular, the works of A. 

J. Grosvenor [4] and D. H. Kim [5] have established that the refractive index of keratin, 

the shape of the cuticle scales, and the orientation of surface microstructures determine 

the intensity and nature of light scattering, which is critically important for color 

prediction. 

Research in the field of structural hair biochemistry by F. B Camargo [6] and R. 

Mantuan Gasparin [7] shows that porosity is the main predictor of chemical reactivity. 
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Hair with high porosity is characterized by accelerated dye penetration and uneven 

distribution, which causes significant tonal deviations within a single procedure. All 

this makes it difficult to achieve stable results with traditional techniques that use 

universal formulas without taking biometric parameters into account. 

In addition, a number of studies by T. Imai [8], E. Martins [9], A. B. Ross [10], 

and S. Cedirian [11] have shown that the temperature of the root zone can change the 

kinetics of oxidation by 10–18%, causing excessive lightening in areas of high thermal 

conductivity. In classical techniques, such effects are not compensated for, leading to 

the so-called “hot root” or uneven tone transition. 

Authors E. Martins [9], A. B. Ross [10], and S. Cedirian [12] note in their studies 

that hair color can vary by 10–28% depending on the spectral composition of the 

lighting. This is an important factor for professional colorists, especially in cases of 

photo shoots, studio work, or runway shoots. 

Despite the availability of this scientific data, there are currently no methods that 

integrate structural, optical, thermographic, and chemical analysis into a single 

practical system. 

The aim of the study was to analyze the current state and justification of the 

ChromaLens Precision Mapping technology, analyze its structural components and 

microzonal modeling algorithm. 

Research Results 

The structure of hair as a biopolymer composite with a multi-level internal 

organization determines its complex optical, diffusion, and chemical behavior, which 

significantly affects the results of coloring procedures. Recent studies have shown that 

the condition of the cuticle, the thickness of the cortical layer, the topography of 

porosity, and the level of hydration form a heterogeneous reactivity profile along the 

entire length of the hair shaft [1; 2; 11]. Even minimal disturbances in the integrity of 

the cuticle can alter the nature of light scattering, reduce optical density, and distort the 

perception of shade. In such conditions, classical coloring techniques, given their 

empirical nature and the lack of instrumental diagnostic methods, prove to be 

insufficiently accurate, as confirmed by the high variability of the final results. Failure 
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to take into account local physical parameters of hair, such as porosity, elasticity, 

thermal conductivity, and the level of natural light reflection, leads to uneven 

transitions, changes in tone under the influence of different lighting spectra, and an 

increased degree of chemical damage [3; 13; 14]. 

CLPM technology was developed to eliminate procedural and methodological 

limitations. Its principle of operation is based on an analysis structure that integrates 

optical, biometric, thermographic, and morphological parameters of hair. Unlike 

classical techniques, where the distribution of strands and the choice of formulas are 

based mainly on the visual experience of the master, CLPM provides a quantitative 

assessment of the hair cover, dividing it into microzones that differ in their structural 

state and optical behavior. These microzones are formed based on the diffusion 

capacity of the hair, the local temperature profile of the scalp, the condition of the 

cuticle, and the nature of light reflection. Numerous studies confirm that the 

temperature of the root zone can accelerate the lightening reaction by up to 18%, while 

porosity affects the rate of oxidant penetration and the ability of hair to retain pigment 

[5; 9; 10]. Taking these parameters into account is a prerequisite for accurate prediction 

of the result. 

Optical diagnostics is a key element of CLPM, as it allows determining hair 

behavior under different types of lighting and assessing its refractive properties. Hair 

with an intact cuticle is characterized by enhanced mirror reflection, which ensures 

uniform color perception. Hair with a damaged surface, on the other hand, has a 

significant amount of diffuse scattering, which creates optical artifacts, increases visual 

dullness, or causes a shift in shade to cool or warm tones depending on the lighting 

spectrum [6]. That is why CLPM pays special attention to identifying areas with 

reduced optical density, as they are the main cause of unpredictable reactions during 

coloring. Compared to traditional techniques, where color is applied evenly to all 

segments of the hair, the CLPM method allows the formula to be adapted to 

compensate for local optical differences and prevent uneven results. 

The second key element of the system is biometric analysis, which makes it 

possible to determine the individual profile of the porosity and elasticity of the hair 
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fiber – parameters that directly affect its chemical sensitivity and reactivity. It has been 

established that fibers with increased porosity are characterized by accelerated pigment 

absorption, but due to the structural instability of the cuticle layer, they also 

demonstrate faster pigment loss after the coloring procedure. Thus, porosity is a 

determining factor for both the initial coloring result and subsequent color stability. 

It has been shown that hair with mixed porosity can produce a difference in tone 

of up to 40% between segments of the same length [7]. In classic techniques, such 

differences are not taken into account, which leads to so-called “pigment failure” or 

uneven lightening. CLPM, on the contrary, involves adjusting the concentration of the 

oxidant, pH, and exposure time for each microzone. This ensures color reproducibility 

and significantly reduces the chemical load. 

Photometric correction plays a special role in CLPM. It has been proven that hair 

color can vary by 10-28% depending on the lighting spectrum, particularly with cold 

spectrum LED lighting or stage lamps with an enhanced red component [8]. For clients 

who work in studio conditions or often capture their image in photos or videos, this 

difference is critical. CLPM simulates color behavior under different spectral 

conditions, which allows for stable results regardless of external lighting. In addition, 

CLPM emphasizes the structure of the hair and its individual characteristics. 

One of the characteristics of CLPM is its ability to minimize structural damage to 

hair. The chemical processes used in traditional techniques, such as alkaline lifting of 

the cuticle and uncontrolled lightening, lead to the destruction of keratin disulfide 

bonds and degradation of the lipid layer. Scientific studies have shown that intensive 

lightening without taking into account porosity reduces the mechanical strength of hair 

by 25-40% [9]. CLPM, thanks to zonal pH regulation, preliminary protein 

reconstruction, and adaptive selection of oxidants, significantly reduces the degree of 

structural degradation. In addition, uniform toning, achieved by compensating for 

optical and biometric differences, prevents excessive repeated exposure to individual 

areas of hair, which is a common problem with traditional methods. 

Taken together, these parameters show that CLPM is based on: the system 

combines the optical, biometric, and photometric properties of hair to create precisely 
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tailored individual formulas. Unlike conventional coloring techniques, CLPM allows 

you to work with hair in a more structured and precise way, relying not on the “eye of 

the master,” but on specific hair characteristics that are measured. This sets a new 

standard where the result is predictable and confirmed by instrumental data. 

Traditional methods (balayage, airtouch, slicing, or classic foil methods) do not 

take into account the complex heterogeneity of hair and individual characteristics of 

hair structure, so the color often turns out to be unstable or uneven. CLPM, on the other 

hand, works with clear zonal formulas, scientifically based pH corrections, photometric 

calculations, and additional protective protocols. As a result, hair is significantly less 

damaged, and the color remains stable in different types of lighting. Thus, CLPM can 

be considered a modern, innovative, premium coloring system of the new generation. 

CLPM is a tool-based diagnostic structure based on quantitative parameters and 

standardized micro-zonal procedures. In this sense, CLPM is similar to scientific 

laboratory protocols, which makes comparison with classic techniques not only 

necessary but also methodologically sound. Since traditional techniques historically 

emerged as artistic approaches, they do not include diagnostic stages, statistical 

parameters, and the internal logic of safe pH regulation (Table 1).  

It should be noted that none of the traditional techniques has the potential for 

standardization, since the final result depends on the human factor, the condition of the 

hair at the time of the procedure, the room temperature, and the speed at which the 

master performs the individual stages. CLPM, on the contrary, reduces the influence 

of subjective factors by creating a microzonal map and correcting chemical parameters 

in accordance with local biometric characteristics. That is why the comparison 

presented in Table 1 allows us to evaluate not only methodological differences, but 

also the scientific validation of CLPM as a technology. 

The results show that all common coloring techniques, although popular, are still 

highly dependent on the stylist's experience. Therefore, the result can be unpredictable, 

and the level of chemical exposure can be unstable. The main problem with such 

methods is that they do not take into account the natural characteristics of hair, such as 

different porosity or how each section reflects light. This often results in spots, uneven 
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lighting, or a color that looks different under different lighting conditions. 
 

Table 1 - Comparative characteristics of ChromaLens Precision Mapping 

(CLPM) and classical staining techniques 

Criterion Balayage Airtouch Foil 
techniques 

Slicing CLPM 

Porosity 
consideration 

No Partial None None Complete (biometric 
diagnostics) 

Optical hair 
analysis 

Not 
available 

Not 
available 

Not 
available 

Not 
available 

Optical stratification 
(mirror/diffuse 
reflection) 

Microzonal 
differentiation 

None None None None 8–15 microzones with 
separate formulas 

pH control Not 
available 

Not 
available 

None None Individual pH control 
in the formula 

Photometric 
stabilization 

Absent Absent Absent None Stabilization for 
different lighting 
spectra 

Level of structural 
damage 

Average Medium High Medium Low (reconstruction + 
zonal chemistry) 

Reproducibility of 
results 

Low Average Average Low High (instrumental 
diagnostics) 

Suitability for 
photography 

Variable Variable Variable Variable High (photometric 
analysis) 

 

Traditional techniques do not control pH, even though it is pH that affects cuticle 

preservation and damage reduction. They also do not perform microzonal work, i.e., 

they do not analyze hair in separate areas. This reduces the accuracy of the result. In 

addition, such techniques do not take into account the optical properties of hair, which 

determine how the color will look under studio, daylight, or LED lighting. Therefore, 

in shooting conditions or when the lighting changes, the color may change or “break.” 

CLPM, on the other hand, analyzes how hair reflects light, both diffuse and 

specular. This makes it possible to predict how the color will look in the studio, on 

stage, or under LED lights, which is especially important for professional photo and 

video shoots. 

The biggest difference between the approaches is the level of hair damage. 
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Traditional techniques do not have mechanisms for controlling pH or assessing hair 

reactivity, so they often cause cuticle weakening and brittleness. CLPM is different: 

the technology includes protective and restorative steps, zonal formula adjustments, 

and oxidation control. This significantly reduces chemical stress and keeps the hair 

structure healthy. As a result, the color is accurate, even, and long-lasting, and the hair 

is less damaged and stronger in the long term. Given the differences in hair structure, 

optical behavior, and reactivity to chemical agents identified during the study, there is 

a need for a comparative analysis of traditional coloring techniques and CLPM 

technology. Such an analysis allows not only to quantitatively assess the 

methodological differences between the approaches, but also to demonstrate which 

diagnostic parameters (porosity, optical density, local thermoregulation, photometric 

stability, and chemical load) are overlooked by classical techniques (Table 2). 

The main difference between CLPM and traditional techniques is the scientific 

nature of the diagnostic procedures. In traditional techniques, the stylist assesses the 

condition of the hair only “by eye.” This significantly reduces the accuracy of formula 

selection. Important factors such as porosity, local damage to the cuticle, the ability of 

hair to reflect light, or how pigment is distributed within the hair shaft remain 

unmeasured. Therefore, it is impossible to take them into account correctly when 

dyeing. CLPM solves this problem: the system uses specific tests and measurements, 

thanks to which the stylist receives real data rather than subjective impressions, on the 

basis of which the formula is created. 

Taking into account the temperature of the scalp is also a very important part. In 

classic techniques, this is completely ignored, although it is the temperature that affects 

the speed of lightening and oxidation reactions. This is why “hot roots” or differences 

in tone along the length of the hair appear. CLPM compensates for this: the system 

selects the oxidant concentration and exposure time for each area separately, so the 

result is even, even if the hair is different in nature. 

Another advantage is photometric analysis. Classic techniques do not take into 

account how color will look under different lighting conditions. CLPM calculates 

optical parameters (such as density and reflectance) so that color remains consistent 
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under studio, daylight, or LED lighting. This is especially important for photo and 

video shoots, as well as for work in the fashion industry. 

 

Table 2 - Comparison of diagnostic parameters in classical staining techniques 

and the CLPM system 

Diagnostic  
parameter 

Balayage / Airtouch / 
Foil / Slicing 

CLPM  
(ChromaLens Precision Mapping) 

Porosity assessment Visual, subjective Quantitative: moisture absorption test, 
elasticity, cuticle index 

Optical density 
determination 

Not performed Optical stratification: diffuse and specular 
light reflection 

Analysis of cuticle 
condition 

Visual assessment, 
inaccurate 

Microscopic criteria: level of cuticle damage, 
structural segmentation 

Scalp temperature 
map 

Not taken into account Taken into account: local thermal zones 
affect exposure time and oxidant 
concentration 

Prediction of hair 
reactivity 

Not possible Algorithmic, based on biometrics and optics 

Microzonality Absent 8–15 microzones with individual formulas 

pH control Not performed Systemic pH control + formula modification 
according to zone reactivity 

Photometric 
analysis 

Not available Color stability assessment under LED, 
studio, and daylight lighting 

Predictability of 
results 

Variable, depending on 
the technician 

High, standardized 

Level of hair 
damage 

Medium or high Low due to controlled chemical exposure 

 
In conclusion, ChromaLens Precision Mapping represents a completely new 

approach to professional coloristics. It is a system that combines optical diagnostics, 

biometrics, and photometry into one sophisticated algorithm. Unlike traditional 

methods, which depend on the experience of the stylist, CLPM allows you to predict 

the result and repeat it regardless of who is working. 

The scientific basis of CLPM allows you to view hair not as a homogeneous 

material, but as a complex structure with different zones that react differently to dye 

and light. Thanks to the microzonal approach, formulas can be tailored to the actual 
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differences in hair – its porosity, elasticity, thermal conductivity, and ability to reflect 

light. As a result, the chemical effect is distributed precisely and in a controlled manner, 

eliminating the shortcomings inherent in traditional techniques. 

Conclusions 

The analysis shows that the ChromaLens Precision Mapping system is a 

completely different approach to hair coloring than traditional techniques. It differs in 

how the result is formed, how accurate it can be, and how safe the process is for the 

hair itself. While classic methods do not take into account the fact that hair is uneven 

along its entire length, CLPM, on the contrary, evaluates each area separately using 

optical, biometric, and photometric data. This makes it possible to create an individual 

formula for each micro-section of hair. This approach ensures even color, more 

accurate prediction of how the hair will react to dye, shade stability under any lighting, 

and minimal damage. 

The practical application of CLPM confirms its microzonal approach, taking into 

account the properties of the hair—how it reflects light, how it conducts heat, and what 

its chemical balance is. CLPM uses formulas adapted to each zone, instrumental 

diagnostics, and pH control, which significantly reduces chemical stress on the hair. 

As a result, CLPM can be considered a modern, scientifically based premium coloring 

system that meets high professional standards and may become a new technological 

benchmark for the industry. 

Prospects for Further Research 

A promising direction is the creation of models that can predict how pigment will 

behave in hair, using data from optical and biometric diagnostics. 
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