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Enhancing Sheet Plastic Manufacturing
with Spectrophotometric Color
Measurement

Introduction

Manufacturers of plastic sheet materials - from opaque thermoplastic sheets to
transparent films - increasingly rely on spectrophotometric color measurement to
ensure quality and consistency. Color is a critical quality attribute in plastic products,
influencing not only appearance but also perceived integrity. Even slight color
deviations can signal production issues or degrade a product's appeal to customers.
Spectrophotometers, which objectively quantify color, have become essential tools to
monitor and control color throughout the plastic sheet supply chain. By integrating
spectrophotometric measurements at the laboratory and in-process stages, producers
can achieve tighter color tolerances than human visual inspection alone, leading to
improved product consistency, reduced waste, and stronger brand trust. This white
paper explores how spectrophotometric color control enhances manufacturing of
both opaque and transparent/translucent plastic sheets, covering market applications,
quality insights from color data, measurement techniques, industry standards, and
state-of-the-art solutions from HunterLab. The focus is scientific and technical -
providing engineers and quality professionals with data-driven insight into best

practices for color management in sheet plastics manufacturing.

Overview of the Sheet Plastic Market and Key
Applications

Plastic sheet materials are ubiquitous across industries and are often thermoformed
into a wide array of products. In thermoforming, a flat plastic sheet is heated until

pliable and then molded into a three-dimensional shape to meet end-use
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specifications. This process is used to create food packaging containers, medical
device trays, consumer goods housings, automotive panels, luggage shells, and more.
The global thermoformed plastics market was valued around $14.8 billion in 2023 and
is projected to exceed $20 billion by 2030, with steady growth driven by packaging
and medical applications. Food packaging is the single largest segment - accounting
for about 42% of thermoformed plastic demand in 2023 - reflecting the extensive use
of PET, PVC, and polystyrene sheets for clamshell containers, blister packs, and
disposable food service items. The medical and pharmaceutical industry is another
major user of plastic sheets, employing thermoformed films for sterile blister packs
(e.g., pill cards) and rigid sheets for diagnostic device enclosures and equipment trays.
In the electronics and consumer goods sector, heavy-gauge plastic sheets (e.g., ABS
or polycarbonate) are thermoformed into durable enclosures, panels, and even
luggage shells - often as lightweight replacements for metal components. Industrial
and automotive applications likewise use thick plastic sheet stock molded into interior
panels, machine housings, and aerodynamic parts, taking advantage of plastic’s light
weight and formability. Across all these sectors, consistent appearance and color of
the plastic sheet product is critical. Brand owners demand that color-matched parts
and packaging meet exact specifications for aesthetics and quality perception. This
diverse market landscape underscores the need for robust color measurement
practices for sheet plastics, whether the goal is crystal-clear transparency in a food

container or a uniform matte color in an appliance housing.

Importance of Color Measurement Throughout the
Supply Chain

Color quality must be managed at every step of the plastics supply chain - from raw
material production to final product fabrication - to ensure final products meet
specifications. Robust color quality control (QC) programs benefit all stakeholders,

ensuring that each batch of material consistently meets color standards across
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different lots, facilities, and even different supply chain partners. For example, resin or
masterbatch suppliers measure color of pellets to verify they will produce the correct
hue; sheet extruders monitor in-process color to catch any drifts; and end-product
manufacturers inspect finished parts for color match to approved standards. This
continuity of color data enables effective communication of color requirements
between suppliers and manufacturers, reducing the risk of mismatches or rejects.
According to a recent industry analysis, digital color management tools can reduce
waste and errors by catching color deviations early and eliminating iterative trial-and-
error adjustments. In practice, implementing spectrophotometric color checks at
multiple stages leads to fewer off-spec batches and less rework. For brands and
OEMs, consistent product color upholds brand integrity and consumer trust - for
instance, a shopper is likely to reject a packaged product that looks noticeably
different in color, assuming a quality problem. In short, measuring color throughout
the manufacturing process and supply chain is vital to maintain consistency, minimize
costly production mistakes, and ensure that each stakeholder (material suppliers,
processors, and end-users) works with objective color specifications. This end-to-end
approach to color QC helps align global production and contributes to better overall

efficiency and customer satisfaction.

What Color Reveals About Product Quality and
Processing

Coloris more than a cosmetic attribute - it often provides a window into the material’s
quality and the conditions it experienced during processing. Manufacturers use color
measurements as an early warning system for process upsets or material
inconsistencies. For example, sudden shifts in color during sheet extrusion can
indicate issues such as pigment dispersion problems, raw material variation, or
equipment malfunctions. In a continuous extrusion process, color deviations might

result from a change in resin bulk density, a buildup in the extruder screw that
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suddenly releases, or gradual screw wear - all of which can alter the polymer flow and
mixing and thus the color output. By monitoring color values in real time, operators
can detect these changes immediately and adjust process settings or formulations

before products fall outside specifications.

Color measurements also reflect chemical changes in the plastic. An increase in
Yellowness Index, for instance, often signifies polymer degradation or the presence of
contaminants. Many clear plastics (such as polycarbonate or PET) will exhibit rising
yellowness if they are over-processed (exposed to too much heat/shear) or aged
under UV light. The Yellowness Index (Y1), defined by ASTM E313, quantifies the
degree to which a normally colorless or white material has shifted toward yellow. A
high Yl value in a supposedly clear sheet could alert quality engineers to thermal
oxidation or UV damage in the resin. Similarly, a drop in brightness (L* value) or an
unexpected tint in color can reveal contamination - for example, black specks or other
polymers mixed in the melt. In color-critical applications, manufacturers routinely
measure AE color differences between production samples and the standard. Any AE
exceeding the tolerance triggers investigation into mixing ratios, pigment levels, or
machine conditions that may be causing the drift. In summary, careful color
monitoring provides manufacturers with valuable information about product quality
and process stability. Off-color readings frequently correlate with off-spec material
properties (e.g. a brittle, degraded polymer might exhibit a telltale yellow/brown hue).
Thus, spectrophotometric color data is treated as a key process parameter in sheet
plastic manufacturing - on par with dimensions or mechanical properties - because it

helps ensure that the product meets both aesthetic and performance expectations.

Specific Color Measurement Applications in Sheet
Plastics

Color measurement in sheet plastic production spans a variety of practical

applications aimed at ensuring consistent appearance and performance:
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Incoming Material Verification: Producers often begin by measuring the color of
incoming pigments, masterbatch pellets, or compounded resins. This ensures
the starting material’s color is within spec before it goes into the extruder. For
example, a PVC sheet manufacturer might use a benchtop spectrophotometer
to check that a batch of white masterbatch has the correct whiteness and no
excess yellowness (using Yl) before mixing it into the formulation. Consistent
input color helps achieve consistent sheet output.

In-Process Color Monitoring: During sheet extrusion or calendaring, continuous
or periodic color measurements are made on the moving sheet to watch for any
drift. In-line spectrophotometers can directly scan the sheet as it comes out of
the extruder, providing real-time AE values. This enables real-time corrective
action - if the sheet starts to trend out of tolerance (e.g., becoming too dark or
off-hue), operators can adjust feeder settings, pigment loadings, or process
temperature immediately. Such monitoring greatly reduces scrap, as the
process can be corrected within seconds of a color shift rather than after a
batch is completed.

Thermoforming Color Matching: When sheets are later thermoformed into
products (trays, panels, enclosures), color measurement ensures that the
formed parts match the original sheet and each other. Sometimes,
thermoforming can cause slight color changes (due to stretching or different
thickness); QC labs measure the formed parts’ color to verify it's within the
acceptable range of the flat sheet standard. This is crucial for multi-component
assemblies - for instance, two halves of a luggage shell must match in color
after forming.

Transparency and Haze Testing: For transparent or translucent sheets (used in
food packaging, medical blister packs, face shields, etc.), haze is as important as
color. Spectrophotometers with transmission and haze measurement capability

are used to quantify how clear or cloudy a sheet is. Haze, defined by ASTM
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D1003, is the percentage of transmitted light that is scattered by more than a
small angle, causing a loss of transparency. By measuring haze%, manufacturers
ensure that clear PET or PP sheets maintain the required clarity (low haze) so
that products or graphics behind them remain visible. They may also measure
total luminous transmittance to confirm the sheet'’s brightness. A typical
application is measuring a clear film'’s haze to guarantee it meets food
packaging standards for see-through visibility.

Color and Gloss of Opaque Sheets: Many opaque sheets are used for aesthetic
parts (appliance panels, automotive interiors, signage). In these cases, both the
color and surface gloss/texture must be controlled. A spectrophotometer can
measure the color, and a gloss meter measures the specular gloss at a standard
angle (e.g. 60°). This combination ensures, for example, that a batch of
extruded ABS sheet for an automobile interior not only has the correct color
(say, a specific shade of gray within AE < 1 of the master standard) but also the
correct sheen (gloss units within spec). Controlling gloss is important because it
affects appearance: a sheet with different gloss can appear lighter or darker to
the eye even if the color pigment is the same. Modern instruments can capture
both color and gloss data in one measurement to facilitate appearance QC.
Quality Assurance Testing and Standards Compliance: In the lab, color
measurement is used for formal QA reporting and to comply with customer or
industry standards. This includes checking AE color differences against defined
tolerances for pass/fail decisions, calculating indices like Yellowness Index or
Whiteness Index for material certification, and performing accelerated aging or
weathering tests. For instance, a polycarbonate sheet intended for outdoor use
might be exposed to UV in a weatherometer, and its color (L*, a*, b*) measured
periodically - the AE over time or increase in Yl indicates how much the material
yellows with UV exposure, which is critical for warranty and performance claims.

Similarly, opacity of a pigmented sheet can be quantified by measuring
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transmission through it; this helps formulators adjust pigment levels to achieve
desired hiding power (especially important in applications like credit cards or ID
cards where an opaque core is needed).

o Color Formulation and Matching: Color measurements also feed back into
formulation - spectrophotometric data allows color matching software to adjust
recipes. If a measured color is slightly off, formulators can use the L*a*b* values
to compute what pigment additions are needed to correct it. This is used
during new color development or when switching to, say, recycled feedstocks
that have a different base color. The spectrophotometer provides the target
and actual color values so that technicians can efficiently tint the material to the

exact shade required, minimizing trial-and-error.

From quality control of raw pellets to final sheet appearance, these applications
demonstrate how instrumental color measurement is embedded in the manufacturing
workflow. By ensuring the desired appearance (color, transparency, gloss) at each
stage, producers optimize process settings (like pigment loading) and confidently

meet customer color specifications.

Challenges of Visual Color Assessment vs. Instrumental
Measurement

Historically, many plastic manufacturers relied on trained technicians to visually judge
color - comparing sheets to a standard under light booths, for example. While human
vision is adept at noticing color differences, it is inherently subjective and prone to
inconsistency. Visual methods suffer from variability between observers and
environmental conditions. Factors such as the lighting type, intensity, viewing angle,
and even the observer's color perception (which can vary from person to person or
change due to fatigue) can all influence how a color is perceived. For instance, two
identical plastic sheets might appear to match in one light source but not in another (a

phenomenon known as metamerism). Relying solely on visual inspection can therefore
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lead to false passes or false rejections of product color, especially for subtle

differences or metameric color pairs.

In contrast, instrumental color measurement provides objective, quantifiable data that
is far more precise than the human eye. A spectrophotometer measures the actual
spectral reflectance or transmittance of the sample and calculates color coordinates,
eliminating guesswork. There is consensus in industry that spectrophotometers yield
more accurate and reproducible color assessment than subjective visual evaluations.
Instruments are not influenced by ambient lighting (they use standardized illuminants
internally) or observer bias (they simulate the standardized CIE observer). This means
manufacturers can enforce strict color tolerances (e.g. AE < 1) that would be
impossible to verify reliably by eye. Moreover, instruments enable digital color
communication - a supplier can send numerical color values to a client or another
plant, ensuring everyone targets the same known values rather than relying on

physical color swatches or memory.

Another challenge of visual inspection is distinguishing color from appearance effects
like gloss or texture. Gloss differences in particular can fool the eye: a high-gloss
plastic sheet might appear darker or more saturated than a matte version of the same
color because of how it reflects light to the viewer. An instrument can circumvent this
by measuring color in geometries that exclude specular reflection (such as 45°/0°
geometry, which mimics color “as seen” without glare) or by using an integrating
sphere geometry that can include/exclude gloss in a controlled way. Instruments also
measure haze for transparent samples much more sensitively than the eye; a person
might only notice haze once it reaches a certain threshold, whereas a calibrated

instrument will quantify even slight cloudiness.

In summary, visual color control is limited by human subjectivity and environmental
factors, whereas instrumental color control provides standardized, repeatable results.

A well-designed color QC program will use instruments to set numeric targets and
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tolerances, with visual checks as a supplemental tool for aspects like overall
appearance consistency. Industrial best practice is to trust the instrument for pass/fail
decisions - digital color measurement and matching save time and money by avoiding
the need to create and ship multiple physical samples and by maintaining tight color
consistency. Ultimately, the combination of human and instrument can be powerful
(humans excel at noticing certain complex appearance issues, instruments excel at
quantifying and tracking), but without instrument data, manufacturers would struggle

to achieve the high level of color precision that today’s market demands.

Global Color Measurement Methods and Standards in
Plastics

Color measurement in the plastics industry is guided by well-established color spaces,
difference equations, and standard test methods that ensure consistency across

companies and laboratories worldwide. Key global standards and metrics include:

o CIE L*a*b* Color Space (CIELAB): The CIELAB color space, defined by the
International Commission on Illumination in 1976, is the most widely used
system for quantifying object color. It is a three-dimensional, approximately
uniform color space with coordinates L*, a*, b* representing lightness and two
chromatic axes. In CIELAB: L* indicates light/dark on a scale from 0 (black) to
100 (white), a* spans from negative (green) to positive (red), and b* spans from
negative (blue) to positive (yellow). Every color can thus be described as a point
in this 3D space. Because CIELAB is device-independent and designed to
correlate with human vision, it has become the universal language for color in
plastics. Color QC specifications are typically given in L*, a*, b* values under a
specified illuminant/observer (often D65 illuminant and 10° observer for
plastics). CIELAB enables precise communication. For example, a transparent
sheet might be specified as L*=95.0, a*=+1.0, b*=-5.0 to indicate a nearly

colorless material with a slight blue cast.
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AE (Delta E) Color Difference: To quantify how far apart two colors are, the
industry uses AE, which is the distance between two points in L*a*b* space. A
AE of 1.0 is the just perceptible color difference the average human eye can
notice under ideal conditions (though perception varies with hue, saturation,
etc.). In manufacturing, tolerances might be set to AE < 2 for non-critical color,
or <1 for parts that must appear identical. More refined AE formulas exist to
account for the non-uniformity of CIELAB, but all serve the same purpose: a
standardized way to say how different a sample is from the standard. Many
companies adopt internal standards or international ones (like ISO 1673x
series) for acceptable AE in plastics. Using AE, a producer can objectively
decide if a batch of sheet is within spec or if adjustment is required. For
instance, if a sheet's color differs from the target with AE=3, it might be rejected
and reground, whereas AE=0.5 would be an excellent match.

Haze and Luminous Transmittance (ASTM D1003): Haze is critical for
transparent and translucent plastics. ASTM D1003 - Standard Test Method for
Haze and Luminous Transmittance of Transparent Plastics - defines how to
measure these properties quantitatively. Haze (%) is defined as the percentage
of transmitted light that is scattered more than 2.5° from the incident beam by
the specimen. In simpler terms, it measures the cloudiness or milkiness of the
material. A low haze (close to 0%) means the material is nearly perfectly clear
(like glass), whereas high haze means it is diffuse or frosty-looking. Luminous
transmittance (%) is the total amount of light that passes through. These metrics
are crucial for applications like food packaging, where regulations or customer
specs may demand haze < 5% for clear lids, or for lighting diffusers where a
specific high haze is needed to scatter light. Instruments like HunterLab's Vista
spectrophotometer are designed to measure haze in accordance with ASTM
D1003-Procedure B for plastic films and sheets. By monitoring haze,

manufacturers control the optical quality of sheets - for example, ensuring a
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polycarbonate safety visor remains transparent enough for visibility but perhaps
with a slight haze if needed to reduce glare. Haze can originate from the resin
itself, additives, or process conditions (e.g. crystallinity, surface roughness), so it
is an important parameter to track.

Yellowness Index (ASTM E313 / D1925): The Yellowness Index (Y1) is a
specialized color metric used primarily for clear, white, or near-colorless plastics
(and other materials) to detect tiny shifts toward yellow appearance. ASTM
E313 defines the calculation of Yl from the spectrophotometric data (it is a
weighted difference between blue and green reflectance relative to red). It is
commonly used to evaluate color changes due to outdoor exposure or heat
aging. For example, a polyolefin sheet may start with Yl ~1 (water-white), but
after 500 hours of UV exposure, it might have Yl of 15, indicating significant
yellowing. Manufacturers use Yl to compare materials (e.g. a new UV stabilizer
might yield a lower Y| after aging). ASTM D1925 is an older Y| standard still
referenced for some plastics. Yl is also measured on virgin vs. recycled
polymers - recycled plastics often have a higher baseline YI (dull gray or yellow
tint) compared to virgin resin, which can affect product color. By measuring Y1, a
producer of clear PET sheet with recycled content can quantify how much more
yellow the material is and decide if optical brighteners or toner additives are
needed to neutralize the tint. In summary, Yl is a convenient single number to
track slight yellowing or degradation, complementing the full L*,a* b* data.

UV Influence and Measurement Conditions: UV sensitivity is an important
consideration in color measurement for plastics. Many plastics contain UV-
absorbing additives or fluorescent whitening agents that affect how the material
interacts with ultraviolet light. Under standard daylight (which has a UV
component), such materials may appear different than under a UV-free light
source. Color measurement instruments often include options to control UV

content - for instance, using a UV cutoff filter or a calibrated UV inclusion. This
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ensures that when measuring color, one can either include UV to simulate
daylight or exclude it to see the intrinsic color. Measuring with controlled UV is
particularly important for materials like PVC siding or polycarbonate sheets that
have UV stabilizers (which if not accounted for, can lead to metamerism in
measurements). Additionally, UV weathering tests are part of many standards:
for example, a test method may require measuring color before and after UV
exposure (per ASTM G154 or similar) to evaluate colorfastness. In that sense,
"UV sensitivity” in color measurement also refers to how a material’s color
changes due to UV - some pigments fade (loss of color strength), some
polymers yellow, etc. Quality labs measure these changes with
spectrophotometers to ensure materials meet weathering specifications (for
instance, an outdoor polycarbonate sheet might be required to stay within AE <
5 after 5 years of sun exposure). To summarize, global standards incorporate
UV considerations either through instrument settings or testing protocols, and
manufacturers must be mindful of UV effects when measuring and specifying

color.

In practice, a comprehensive color quality program for plastic sheets will specify the
use of CIE L*a*b* data and AE tolerances for routine QC, measure haze and
transmittance (ASTM D1003) for transparent products, track Yellowness Index (ASTM
E313) for aging/clearness, and ensure instruments are calibrated to standard
illuminants/observers (like D65/10°) with proper UV calibration. By adhering to these
global standards, companies ensure that their color measurements are traceable and
meaningful across the industry - a sheet measured in one lab will be consistent with
the same sheet measured elsewhere. These methods form the scientific foundation

that enables objective color management in the plastics industry.

Recommended HunterLab Solutions for Sheet Plastic
Color Measurement
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To meet the diverse color measurement needs in sheet plastic manufacturing,
HunterLab offers a range of spectrophotometric instruments and systems. Each is
tailored to specific material types and workflow requirements, from laboratory bench
measurements to in-line process monitoring. Below we highlight the recommended
HunterLab solutions for opaque and transparent sheet plastics, and how each

addresses the technical challenges discussed:
Vista™ - Transmission Color and Haze for Transparent/Translucent Sheets

For producers of transparent and translucent plastic sheets, the HunterLab Vista
spectrophotometer is an ideal solution. Vista is a compact benchtop instrument
designed specifically to measure color in transmission mode and capability to
measure haze simultaneously. This dual capability directly targets the needs of clear
sheet applications such as PET clamshells, polycarbonate films, acrylic panels, and
others where both color and clarity must be tightly controlled. The Vista illuminates the
sample and detects transmitted light to compute not only CIELAB color values but
also the percentage of scattered light per ASTM D1003-Procedure B standards. As a
result, a quality technician can, in one measurement, obtain metrics like L*, a*, b*, total
transmittance, and Haze% for a plastic sheet. For example, if manufacturing a
translucent polypropylene film, Vista can report that the film has L*=92, a*=+0.2,
b*=+1.5 (very slight warm tint) and 15% haze, all in one pass - allowing immediate

judgment if these values fall within spec.

The Vista is engineered to accommodate various sample formats common in the
plastics industry. It features a large transmission chamber that can fit varied sizes of
sheets or films, as well as cuvettes for liquid samples. This is useful for sheet producers
who might also measure resin solutions or colorants. Its design follows ASTM and CIE
guidelines (Tt/0° geometry per ASTM D1164) to ensure standard-compliant results. A

key advantage of Vista is that it eliminates subjective assessment of haze - rather than
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relying on an operator to judge if a sheet looks “clear enough,” the instrument
provides a precise haze value that correlates with visual perception of cloudiness. This
improves reproducibility and makes it possible to meet rigorous customer specs for

transparency.

Vista also comes with integrated EasyMatch Essentials QC software, delivering all
relevant color indices (Yellowness, APHA, Gardner, etc.) in one system. The instrument
covers the full visible spectrum (400-700 nm) with a high-resolution array, ensuring
accurate color capture including any subtle tint in colorless materials. Users in
production and the lab appreciate Vista's ease of use - one-touch measurements and
a modern touchscreen interface - which reduces training time and operator error. In
summary, HunterlLab Vista is the recommended solution for transparent or translucent
plastic sheet color control because it provides simultaneous color and haze
measurement in accordance with ASTM standards, ample sample capacity for sheet
materials, and user-friendly operation. It enables manufacturers to guarantee that
transparent plastic sheets are both the right color (e.g. neutral or slightly tinted as
intended) and the right haze (low haze), which is crucial for applications like packaging

where customers demand a crystal-clear view of the product.
Agera™ - Reflectance Color, Gloss, and Imaging for Opaque Sheets

Opaque sheet plastics - such as pigmented ABS, HIPS, polypropylene, or composites
- require accurate reflectance color measurement. The HunterLab Agera
spectrophotometer is a state-of-the-art solution for these materials, offering a 0°/45°
measurement geometry and integrated 60° gloss measurement. The Agera uses a
circumferential 0°/45° geometry, meaning it illuminates the sample at 45° around a
circle and views perpendicular (0°) - this geometry is renowned for simulating how the
human eye perceives color on a surface, excluding the mirror-like gloss reflection. As

such, the Agera is ideal for measuring opaque sheet color in a way that correlates with
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visual judgments of color, regardless of surface shine. For instance, if you have an
extruded matte black polycarbonate sheet and a glossy black sheet of the same
colorant, a 0°/45° instrument like Agera will report L*, a*, b* values for both that align

with how a person would perceive them under normalized conditions.

What sets the Agera apart is its multifunctional capabilities beyond basic color. It can
simultaneously measure 60° gloss during the same measurement sequence. The
instrument includes a built-in gloss sensor, so an operator measuring a colored sheet
gets both the color values and the gloss units (GU) in one go. This is extremely useful
for quality controlling products like appliance panels or vehicle dashboard sheets
where both color and gloss must be controlled. Agera’s gloss measurement complies
with standard angles (60°) per ASTM D523, ensuring traceable gloss results.
Additionally, Agera features a high-resolution image capture system: This allows the
user to see a live image of the measurement area and even save it. The imaging
capability is valuable for detecting sample texture or heterogeneity - for example, if an
opaque sheet has inconsistent color due to specks or marbling, the image can reveal

that, supporting the numeric data.

Technically, the Agera is a top-performing spectrophotometer: it covers a broad
wavelength range (360-700 nm) which includes near-UV, useful for measuring
materials with optical brighteners or UV absorbers. Its measurement repeatability and
inter-instrument agreement are excellent. The LED illumination ensures stability and
long life, and the device is a stand-alone unit with a touchscreen interface for ease of
operation. The Agera was designed as the successor to HunterLab's classic LabScan
XE, inheriting decades of knowledge in plastics color measurement. It can manage not
only flat sheets but also pellets, powders, and liquids (with appropriate accessories),
which is helpful in plastics compounding environments where one instrument may be

used for multiple sample types.
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In summary, HunterLab Agera is the recommended spectrophotometer for opaque
sheet plastics, delivering accurate 0°/45° color measurement (mimicking human
vision) combined with gloss measurement and imaging in one instrument. It ensures
that both color and appearance are quantified - an opaque sheet’s hue, shade, and
gloss level can all be measured and controlled. Industries like consumer electronics,
automotive, and appliances that use colored plastic panels benefit from Agera’s
capabilities. By using the Agera, manufacturers can be confident that an opaque sheet
meets the target color standard (within tight AE tolerance) and that its surface finish
(gloss) is consistent with design specifications, all with a single convenient

measurement session.

UltraScan VIS™ - Universal Sphere Spectrophotometer for All Materials
(Opaque & Transparent)

For producers who manufactured a mix of opaque and transparent materials, or who
need the most versatility in one instrument, HunterLab’s UltraScan VIS
spectrophotometer is the solution of choice. The UltraScan VIS is a high-performance
integrating sphere spectrophotometer with a diffuse/8° geometry (d/8°), meaning it
uses an internally reflective sphere to collect reflected or transmitted light uniformly.
This design is inherently flexible: the UltraScan VIS can measure reflectance color of
opaque or translucent samples (with options to include or exclude surface gloss via a
gloss trap), as well as transmission color and haze of transparent samples. In effect, itis
an all-in-one color measurement workstation for a lab that deals with a broad range of

sample types.

Key features of the UltraScan VIS include its large 6-inch (152 mm) integrating sphere,
which ensures excellent light integration and spatial averaging. The sphere geometry
complies with CIE and ASTM guidelines for color measurement, and the instrument is
CIE-compliant over the visible spectrum, covering 360 nm to 780 nm. This extended

range means it captures from the near-UV through visible into the near-IR, which is
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useful for materials with optical briglhteners or UV absorbers. The gloss trap in the
sphere can be automatically engaged or disengaged, allowing measurements with
specular-included (SCI) or specular-excluded (SCE). For example, when measuring a
glossy opaque sheet, one might use SCl to get total reflectance (for color formulation
consistency) and SCE to mimic how it looks to the eye; UltraScan VIS provides both

options at a switch of a mechanism (internal control).

On the transmission side, UltraScan VIS has a large, spacious transmission
compartment (100 mm path length) that can accommodate thick samples (up to

100 mm) or cuvettes. This is particularly useful for measuring not just thin films but
even thicker plaques or molded transparent parts for color and haze. The instrument
measures both total transmission (regular + diffuse) and haze, enabling full ASTM
D1003 haze testing capability in the same device used for reflectance color. A sheet
producer handling both clear films and colored sheets could, for instance, use
UltraScan VIS to measure the haze of a clear film in the morning and the color of an

opaque batch in the afternoon - with equal accuracy.

UltraScan VIS is often described as a “reference grade” spectrophotometer because of
its high photometric accuracy and repeatability. It has a true optical resolution of

10 nm with excellent wavelength accuracy, ensuring that color calculations (especially
for metamerism or special indices) are reliable. The device is built on a stable optical
bench with robust construction and includes accessories that can be mounted with a
locking mechanism to measure powders, pellets, or liquids as well, reflecting the

instrument’s multi-purpose design.

By providing both reflectance and transmission measurements in one unit, the
UltraScan VIS is ideal for producers who need to manage all color measurement tasks
with a single solution. For example, a company producing acrylic sheet (opaque colors
and clear) and polycarbonate film can invest in one UltraScan VIS to cover color QC of

every product: it can measure the opaque acrylic’'s L*, a*, b* and AE to standards (with
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specular-excluded geometry to mimic visual color), then measure the polycarbonate
film's total transmittance and haze to ensure clarity, and even handle any translucent
variants or intermediate materials. The convenience and capability of UltraScan VIS is
suitable for the determination of almost any type of sample in total and regular
transmission, reflection with and without gloss, as well as haze and opacity. This
comprehensive ability, combined with HunterLab's software (EasyMatch QC) that
provides all relevant indices and data analysis, makes UltraScan VIS a best-in-class

solution for labs that cannot compromise on versatility or accuracy.

SpectraTrend HT (STHT) - In-line Spectrophotometer for Real-Time Opaque
Color Monitoring

Maintaining color consistency in real time during production is a major challenge,
especially for high-volume sheet extrusion. HunterLab addresses this with the
SpectraTrend HT, an in-line, non-contact spectrophotometer designed for continuous
color monitoring on the production line. The SpectraTrend HT (often abbreviated
STHT) mounts directly above the moving product (such as an extruded sheet or a
coated web) and provides rapid color measurements - up to 5 measurements per
second - without touching the material. This instrument is purpose-built for process
control: it allows manufacturers to catch color deviations immediately and correct

them on the fly, rather than relying only on periodic lab tests.

The SpectraTrend HT uses a 0/30° geometry and is positioned at a fixed distance

(65 mm to 140 mm) above the sheet surface. It illuminates and measures as the sheet
passes underneath. Because it is non-contact and has a tolerance for varying
distances, sheets of different thickness or with slight flutter can be measured reliably
without physical interaction. The system also includes a height sensor (distance sensor)
along with the color sensor, unique in the market, to adjust for any focus changes - this

dual sensor design ensures accurate color even if the sheet wander or thickness varies,
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and it can even detect product height changes (useful if the sheet has embossing or if

the system is also used on textured products).

One of the biggest advantages of the SpectraTrend HT is the benefit of real-time
feedback. The instrument can be integrated with plant PLCs or quality control software
so that its continuous color readings trigger alarms or adjustments. For example, if the
color drifts beyond a preset AE threshold compared to the standard, the system can
alert operators or even automatically adjust a feeder (in a closed-loop control
scenario). This real-time in-process measurement reduces scrap and rework by
identifying color changes as they occur and enabling corrective action before a ‘fail’
condition develops. This contrasts with traditional QC where a sample might be pulled
and tested in the lab every 30 minutes - potentially missing off-color material
produced in between checks. With SpectraTrend HT, any color shift due to process
variables (material lot change, temperature fluctuation, etc.) is captured immediately.
The outcome is tighter color consistency along the length of a production run and

significantly less off-spec product.

From a hardware perspective, the SpectraTrend HT is built for the factory
environment: it features a rugged NEMA 4/ 1P66 housing, protecting it from dust,
moisture, and process fumes. An optional stainless-steel enclosure is available for
hygienic or corrosive environments like plastic and food processing. The unit connects
to HunterlLab's colorWorkbench software, which provides a live display of color values,
trends over time, and can interface with plant control systems. Multi-point color data
can be networked - e.g., multiple SpectraTrend sensors on different lines feeding data
to a central QC station. HunterlLab also offers EasyMatch and MultiView software that
can link laboratory measurements with in-line measurements, providing a

comprehensive color management across production and lab.

Typical use cases for SpectraTrend HT in sheet production include: monitoring a

colored opaque sheet extrusion (like a rollstock for thermoforming) to ensure each
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meter of material stays on color target; measuring vinyl siding or panels as they
emerge from the line to control color uniformity (a known challenge due to
masterbatch dispersions and extruder dynamics); or even checking recycled plastic
sheet production, where input material variability is high and continuous monitoring
helps maintain output color within spec. In all these cases, SpectraTrend HT provides a
new level of process control - transforming color from a post-production QC attribute
into an actively managed process parameter. Real-time in-line measurement often
eliminates the need for time-consuming lab analysis of samples; data can be used to
immediately intervene in production and make corrections, yielding time savings,

efficiency gains, and quality improvements across the process.

In conclusion, HunterLab SpectraTrend HT is the recommended solution for in-line
color monitoring of opaque sheet plastics (and many other products), enabling
manufacturers to achieve continuous color assurance. By integrating this
spectrophotometer into the production line, color no longer needs to be a variable
that is checked intermittently - it becomes a continuously controlled aspect of
production, leading to far fewer off-color products and a more efficient operation

overall.

Competitive Technology Landscape and HunterlLab's
Differentiators

Color measurement for plastics is a mature field, and several companies worldwide
offer instruments ranging from basic colorimeters to advanced spectrophotometers
and in-line sensors. In this competitive landscape, customers have no shortage of
options - but HunterlLab distinguishes itself as a best-in-class provider through a
combination of technical innovation, breadth of solutions, and deep industry

expertise.
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One aspect of the competitive landscape is instrumentation geometry and
capabilities. Some manufacturers specialize in 0°/45° or 45°/0° geometry instruments
(ideal for surface color), others in sphere instruments (for versatility). HunterLab
uniquely offers both types of geometries across its product range - for example, Agera
(45°/0°) and UltraScan VIS (d/8°) - allowing customers to choose the right tool for their
specific needs. Many competitors have instruments that measure either color or
appearance attributes, but not necessarily both together. HunterLab's solutions often
integrate multiple functions that previously might require separate devices. For
instance, the Agera’s combined color and gloss measurement with imaging is a
unique bundle of features; a competing approach might require a separate
spectrophotometer and a standalone gloss meter (and no imaging capability).
Similarly, the Vista's built-in haze measurement sets it apart - alternative setups might
involve using a spectrophotometer for color and a dedicated haze meter for clarity,

whereas Vista does both seamlessly.

Another differentiator is real-time process monitoring technology. In-line color control
is a relatively specialized area, and not all competitors have robust solutions for it.
HunterLab's SpectraTrend HT is notable for having dual sensors (color and height) in
one compact unit, enabling accurate non-contact measurements with sample height
compensation and to combine high-speed measurement with integrated sample
detection. This reflects HunterLab's innovative engineering aimed at solving practical
production challenges (like varying sheet thickness or piece-part detection).
Competitors do offer in-line, but HunterLab's approach with SpectraTrend HT
prioritizes ease of use, versatile mounting, and integration with modern quality

programs (supporting TQM, Six Sigma, etc.).

The accuracy and traceability of measurements is another area of competitive
advantage for HunterlLab. HunterLab instruments are known for their excellent inter-

instrument agreement and long-term stability. Many customers consider the UltraScan
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series as reference-grade instruments, used in standards labs or to verify other
instruments. Competitors also have high-end sphere spectros, but HunterLab's
UltraScan VIS often edges out due to its combination of range (including UV) and ease

of handling large samples.

From a solutions standpoint, HunterLab provides a comprehensive system: hardware,
software (like EasyMatch QC and color management software), and support services.
This is similar to competitors, but HunterLab's focus on application-specific solutions is
notable. The company’s portfolio is tuned to industries - food, plastics, coatings, etc. -
and in plastics they cover everything from handheld colorimeters (e.g. MiniScan) for
quick tests, to benchtops for lab and production, to in-line for continuous monitoring,
plus software linking all these data streams. This comprehensive approach can be
contrasted with competitors who might focus only on lab instruments or only on
formulation software. HunterLab's ability to tie in laboratory and production color data
(for example, via its MultiView software linking an in-line SpectraTrend HT with lab
spectrophotometers across multiple lines) gives manufacturers complete visibility

across the global supply chain, a benefit echoed by other industry leaders as well.

Moreover, HunterLab emphasizes scientific accuracy. All HunterLab instruments’
performance specifications (like AE repeatability, spectral resolution, etc.) are on par
or better than equivalent models from competitors. Forinstance, Agera’s AE
repeatability of 0.03 (CIE L*, a*, b* on white tile) and inter-instrument avg. AE 0.15 is
excellent for a 45°/0° device. HunterlLab also stays current with standards: the Vista's
compliance with the latest CIE and ASTM standards for transmission measurement,
UltraScan’s adherence to CIE-recommended wavelength range, etc., ensure that data
from HunterlLab instruments will meet industry and regulatory requirements. While
competitors certainly also design to standards, HunterLab's long focus in color means
their products are often first to incorporate new standards (for example, supporting

CIE 15:2018 updates).
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In terms of support and longevity, HunterLab instruments are known for durability and
the company for its customer support (like calibration standards, global service
centers). Many customers continue to use older, legacy HunterLab models
(ColorQuest XE, LabScan XE etc.) for decades, reflecting trust in the brand. This trust is
reinforced by HunterLab's thought leadership - they regularly publish technical
resources (blogs, white papers, application notes) on color in plastics and other
industries, guiding customers on best practices. This expertise can be a deciding

factor when choosing a partner for color quality control.

Further, as a testament to the company'’s heritage, the very terminology of color
science includes “"Hunter Lab"” - the founder Richard Hunter introduced the Hunter L,
a, b scale in 1948, which was a precursor to today’s CIELAB. This historical contribution
underscores HunterLab's depth of knowledge in color science and commitment to

technological development.

Overall, while the competitive landscape offers many choices, HunterlLab is often
regarded as a benchmark for high-precision color measurement in industry. The
combination of innovation (integrated features, inline sensing), comprehensive
solutions (hardware/software for any application), and scientific heritage sets
HunterLab apart. In the plastics sector specifically, HunterLab delivers instruments that
cover every need from the laboratory to the production floor, which means a customer
can standardize on one platform and get consistent results. This end-to-end capability,
alongside performance and support, underpins HunterLab's best-in-class reputation.
As a global leader in spectrophotometry, HunterLab leverages its 70+ years of
experience to help manufacturers achieve superior color quality control, reduce waste,
and improve efficiency - directly impacting their bottom line through better

consistency and less scrap.

Comparison of HunterLab Solutions for Sheet Plastics
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The table below summarizes the key HunterLab color measurement solutions
discussed, highlighting their features and recommended uses for sheet plastic

manufacturing:

HunterLab Vista:

Measurement: Transmission spectrophotometer (dual-beam), Tt/0° or Td/0° geometry

for total and diffuse transmission; measures haze per ASTM D1003-Procedure B.

Applications in Sheet Plastic: Transparent and translucent sheets, films, and liquids.

Ideal for clear packaging films, PET/PVC sheets, acrylic or polycarbonate glazing.

Key Features and Capabilities: Simultaneous color & haze measurement in
transmission. Large sample compartment for various sheet sizes and cuvettes.
Integrated EasyMatch QC software with all major color indices. Measures L*a*b* and
other color scales, plus APHA/Pt-Co, and Gardner indices for clear liquids/solids. LED
light source (400-700 nm, 10 nm reporting interval) with long lamp life. One-touch
operation and built-in touchscreen for easy use. Ensures transparent sheets meet

clarity and color specs in one step.
HunterLab Agera

Measurement: 0°/45° circular geometry (simulates human eye response); also

includes 60° gloss measurement and imaging.

Applications in Sheet Plastic: Opaque and pigmented sheets (ABS, polyolefin, PVC,
etc.), color QC for solid products. Great for high-gloss or textured sheets where gloss
and color both matter (appliance panels, automotive interior trim, vinyl siding and

flooring, etc.).
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Key Features and Capabilities: Simultaneous reflected color and gloss measurement -
captures color values and 60° gloss units in one reading. Integrated camera for
viewing measurement area and detecting sample texture. UV-inclusive range (360-
700 nm) with option to account for optical brighteners. High precision (AE<0.03
repeatability) and excellent inter-instrument agreement. Stand-alone operation with
touchscreen. Successor to LabScan XE, optimized for plastics. Ensures opaque sheets
meet color targets under standard illumination and that gloss/appearance are

consistent.
UltraScan VIS

Measurement: Integrating sphere spectrophotometer, diffuse/8° geometry with
automated specular inclusion/exclusion. Measures both reflectance and transmission

(haze & transmittance).

Applications in Sheet Plastic: All-purpose lab instrument for both opaque and
transparent materials. Suitable for companies managing mixed products: e.g.
measuring color of opaque colored sheets, and haze/color of clear sheets or films.
Also used for quality control of translucency/opacity (e.g. checking how opaque a

colored sheet is).

Key Features and Capabilities: Dual measurement modes: Reflectance (with SCI/SCE)
and Transmission (total and diffuse). Large 152 mm sphere for uniform illumination,
with 25.4 mm/9.3 mm interchangeable apertures for large or small samples. 100 mm
path transmission compartment for thick samples; measures haze, total transmittance
per ASTM D1003. High resolution (10 nm) across 360-780 nm (covers near-UV for UV
brightener evaluation). Rugged design with open access from three sides for large
sheets. Provides a one-stop solution to measure any sheet'’s color (including special

indices like opacity, yellowness) with precision.

25 KA-07448



'.‘ F
«€” HunterLab
SpectraTrend HT |

Measurement: Non-contact 0/30° geometry spectrophotometer; mounted in-line, 65-
140 mm above product. Measures reflectance color continuously on moving sheet;

includes sensor for height/distance.

Applications in Sheet Plastic: In-line color monitoring for opaque or non-transparent
sheets during production. Ideal for extrusion lines of colored sheet, vinyl siding, plastic
coil stock, etc., to ensure real-time color consistency. Also used in processes with

variable color or recycled material to immediately detect drift.

Key Features and Capabilities: Real-time continuous measurement - up to 5 readings
per second with update ~every 1 sec displayed. Contactless sensing - accommodates
different sheet thicknesses and surface variations. Dual sensors (color + height) for
color accuracy and detection of product position. Rugged IP66 industrial housing
(optional stainless for food environments). Integrates with QA software and PLCs:
outputs color data for process control, can trigger alarms or adjustments. Delivers
instant feedback - enabling operators to correct color deviations on the fly, thereby
reducing off-spec scrap dramatically. Supports modern quality programs (Six Sigma,

PAT) by keeping color within control limits continuously.

Hypothetical Case Studies Across Industries

To illustrate the real-world benefits of implementing spectrophotometric color control
in sheet plastic manufacturing, consider the following hypothetical case studies. These
scenarios span different industries and challenges - from food packaging to consumer
goods to medical devices - and show how robust color measurement can improve
return on investment (ROI), product quality, and process efficiency. Each case is
inspired by typical situations faced by manufacturers, including the growing use of

recycled materials:
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Case Study 1: Food Packaging - ReIaI—Time Color Monitoring Reduces Waste

A large food packaging company extrudes transparent PET sheet that is
thermoformed into clamshell containers for fruit. The PET includes a slight blue tint
masterbatch to offset yellowness and give a fresh look. Previously, the company relied
on hourly lab tests to check the sheet's color (L*, a*, b*) and Yellowness Index. They
often found that by the time a lab tech detected a color drift (for instance, the sheet
becoming more yellow due to a batch change in recycled PET flake content), several

thousand feet of off-color sheet had already been produced.

After investing in a SpectraTrend HT in-line spectrophotometer, the company can
monitor the sheet color continuously as it is extruded. Within seconds of a color
deviation beyond the set AE tolerance, the line operators are alerted. In one instance,
as the recipe transitioned to a new batch of PET with higher yellowness, the
SpectraTrend HT showed Yl climbing and b* value shifting toward yellow. Operators
paused the line and adjusted the color masterbatch dosing immediately, rather than
discovering the issue an hour later in the lab. As a result, the transition produced only
50 kg of off-spec material before correction, instead of the typical 500 kg scrap
experienced in the past. Over a year, the reduction in scrap and faster changeover
adjustment saved the company thousands of dollars in resin and colorant costs.
Moreover, real-time data enabled them to cut color changeover time by 30%, since
operators can visibly see on the software when the new color is fully on-target, rather
than running long safety margins of extra material. This case demonstrates how in-line
color measurement provides a rapid feedback loop to tighten process control. The
ROl was realized in under a year from raw material savings and improved line uptime.
Just as importantly, consistent color improved quality: the clamshell containers now
have virtually no color variation batch-to-batch, reinforcing the brand'’s image of a

high-quality, fresh product.
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Case Study 2: Consumer Goods & Recycled Plastics - Ensuring Color Consistency with
Recycled Feedstocks

A manufacturer produces ABS plastic sheets in assorted colors which are then
thermoformed into luggage shells and consumer electronics housings. To meet
sustainability goals, the company introduced 30% PCR (post-consumer recycled) ABS
into their sheets. However, the PCR material comes from mixed sources and has lot-to-
lot color variation - sometimes a grayish tone, other times a brownish cast. Initially, the
manufacturer faced challenges: one batch of “navy blue” luggage shells came out
noticeably duller and browner than the standard, leading to customer complaints and

a rework of the batch.

To address this, the company tightened their color QC at multiple points. They use a
HunterLab Agera in the lab to measure color of each incoming batch of PCR pellets
and each final sheet batch. The Agera’s 45/0 measurements closely match visual
perception, so they can quantify even subtle off-tones in the gray PCR material. They
find, for example, one PCR lot has L*= 2 units lower and b* +1 units (slightly darker
and more yellow) compared to the previous lot. Knowing this, operators adjust their
color formulation (adding more blue tint masterbatch) for that lot before production.
During sheet extrusion, they also place a SpectraTrend HT on the line for the solid-
colored sheets to monitor color in real time, ensuring the adjustments hold steady.
The combination of proactive formulation tuning and live monitoring means the final
sheets consistently hit the color target: AE values that used to be 3-4 between virgin

and recycled lots are now controlled under 1.0 AE.

This approach yields multiple benefits: The manufacturer avoids color-related rejects
or reworks, which were costing time and money. They can now confidently use 30%
recycled content (and are even assessing 50%) without sacrificing color quality, since
any needed pigment compensations are identified through measurement. The

brand’s products (like a line of suitcases available in vibrant colors) remain uniform in
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appearance despite the recycled content. In quantitative terms, suppose each rework
of an off-color batch costs $5,000 (labor, energy, and material). If spectrophotometric
control prevented just 4 such incidents a year, that is $20,000 saved - not to mention
intangible benefits of sustainability and brand consistency. This case highlights how
advanced color measurement enables successful use of recycled plastics by
measuring and correcting for the color variability that recycled feedstock introduces.
The outcome is both environmental and economic: less virgin resin needed and

maintenance of strict quality, keeping both regulators and customers satisfied.

Case Study 3: Medical and Electronics - Instrumental Color QC Ensures Compliance
and Reduces Mix-ups

A contract manufacturer produces plastic sheet and formed parts for medical device
enclosures and electronic equipment. These industries often demand precise color
matching. For example, a medical device might have multiple molded or formed
plastic components that must all have the same shade of white or gray. In the past, the
manufacturer relied on visual inspection in a light booth to ensure color consistency.
However, they encountered issues: one production lot of device housings in “almond
white” had subtle differences between the front panel and back panel because they
were molded from sheets produced weeks apart. Under hospital (fluorescent) lighting,

the discrepancy became noticeable, leading the device OEM to question the quality.

In response, the manufacturer upgraded the QC protocol to use spectrophotometers
for all color-critical checks. They installed a HunterLab UltraScan VIS in their central lab.
Now, when ABS sheet is produced in almond white, operators measure the color of a
sample from the sheet (reflectance with specular excluded, to mimic visual) and record
its L*, a*, b* values. Later, when forming parts or matching with other plastic
components, they measure those as well and ensure AE < 0.5 between any
components. The UltraScan VIS's sphere geometry is beneficial here because the parts

might have textured surfaces (the sphere captures an average) and because the
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company can also use it to measure translucent light-diffuser sheets for a different
electronics client by simply switching to Transmission mode. All these measurements
are documented for ISO 13485 quality compliance (medical industry requirements),
giving numeric evidence that each batch met the color spec - something visual

inspection records could not objectively provide.

The use of instrumental QC has also reduced assembly line mix-ups. In one case, two
slightly different white materials (one a ‘warmer’ white, one a ‘cooler’ white) were used
for two product lines. Previously, a mix-up was not caught until final inspection when a
keen eye noticed the color difference. Now, each batch’s L*a*b* values are verified; if
material is loaded into the wrong line, the color values immediately flag a mismatch.
This prevents costly late-stage scrapping of assembled units. Additionally, the
manufacturer has integrated color measurement into their Six Sigma program for
process improvement. Operators track process capability (Cpk, process capability
index) for color metrics - something made possible by the repeatable numeric data
from the spectrophotometers - and have shown increased Cpk from ~1.3 to ~1.67

after tightening color controls, meaning far fewer parts out of specification.

In financial terms, avoiding one batch mix-up or one customer rejection can justify the
instrument investment. Moreover, the manufacturer can market its advanced color QC
to clients as a value-add: it demonstrates a scientific, traceable approach to quality. In
regulated fields like medical, this is a competitive advantage. The key takeaway from
this case is that spectrophotometric color control ensures all components match and
meet strict standards, reducing the risk of human error and reinforcing quality
assurance to customers and auditors alike. As a result, the company sees improved
customer satisfaction (no color complaints) and internal efficiency (no time lost on
subjective debates about whether a color is “close enough,” since the data speaks

clearly).
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These hypothetical scenarios show that across different contexts - whether improving
yields in food packaging, enabling recycled plastic usage, or guaranteeing precision
and compliance in high-end manufacturing - implementing robust color
measurement processes has tangible benefits. In each case, the solutions involved
using the appropriate HunterLab instruments (in-line for real-time control, bench for
detailed analysis) and leveraging the data to make informed decisions. The
overarching theme is that objective color measurements drive better process control:
manufacturers can intervene sooner, adjust recipes smarter, maintain consistency
across time and across suppliers, and document quality with confidence. The result is
typically a strong ROI through material savings, reduced rejects, and enhanced

product quality that strengthens the brand'’s reputation.
Conclusion

Coloris a defining quality attribute of sheet plastic products, and achieving consistent
color - whether in a clear blister pack or a vibrantly colored appliance panel - requires
a scientific approach to measurement and control. This white paper has explored how
spectrophotometric color measurement enhances the manufacturing of both opaque
and transparent plastic sheets. From the initial overview of market applications, sheet
plastics permeate critical industries (food, medical, electronics, industrial), and in each,
color plays a key role in function or perception. We detailed how color measurements
are employed throughout the supply chain, serving as an objective communication
tool that aligns suppliers and producers on quality expectations and helps avoid costly
color inconsistencies. We also demonstrated color data often carries information
about material health and process conditions - for example, an unexpected color shift
can be the first indicator of a process deviation or polymer degradation, allowing

manufacturers to take corrective action.
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Crucially, we contrasted visual vs. instrumental color assessment, underscoring that
while human vision will always be important, only instruments can provide the level of
repeatability and precision needed for modern manufacturing tolerances. This led into
the review of global color standards like CIELAB, AE, haze (ASTM D1003), and
Yellowness Index, which form the common language and metrics by which color is
specified and judged in the industry. Adherence to these standards ensures that a
plastic sheet made in one plant can be objectively verified against a standard
measured elsewhere, a necessity for global supply chains and stringent quality

programs.

The paper then highlighted specific HunterLab solutions - Vista, Agera, UltraScan VIS,
and SpectraTrend HT - showing how each instrument system addresses particular
challenges: Vista for dual color/haze measurements in clear materials, Agera for
human-eye-simulated color and gloss in opaque materials, UltraScan VIS for its all-
around ability to handle any sample in any mode, and SpectraTrend HT for integrating
color control directly into the manufacturing line. In doing so, we also noted what sets
HunterLab's technology apart in a competitive landscape: integration of multiple
functions, real-time capabilities, historical pedigree in color science, and a
comprehensive suite of tools that work together to yield best-in-class results for
customers. Whether it is ensuring a spectrophotometer measures exactly as the
human eye perceives or providing a unique combination of sensors for process
integration, HunterLab has demonstrated leadership in innovating for practical

industrial needs.

The hypothetical case studies brought these concepts to life, showing quantifiable
improvements: scrap reduction through in-line monitoring, success in using recycled
plastics thanks to careful color adjustments, and impeccable color matching in critical
products achieved with instrument-based QC. While the specifics were illustrative,

they align with documented industry experiences - robust color management
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"optimizes material use and reduces waste”, by getting color right the first time and
catching mistakes early. So, color measurement is both a quality tool and a cost-saving
tool. It helps manufacturers avoid the hidden costs of color variation: rejected lots,
rework, extra pigment usage, brand damage, and so on. At the same time, it opens
new opportunities, like incorporating sustainable materials without sacrificing

appearance, or differentiating products with precise color branding.

In conclusion, the integration of spectrophotometric color measurement into sheet
plastic manufacturing transforms color from a subjective attribute into a controlled,
data-driven parameter. It enables manufacturers to meet the exacting standards of
today’s markets - where consistency, compliance, and efficiency are paramount.
Companies that embrace these technologies and methodologies position themselves
to deliver higher and more consistent quality, reduce operational costs by minimizing
color-related scrap and error, and innovate with confidence. The solutions and
practices outlined in this paper, particularly with proven instruments and software from
HunterLab - a pioneer and global leader in color science - empower businesses to “go
beyond color”, achieving superior appearance control that directly impacts the
bottom line. For engineers and quality professionals in the plastics industry,
spectrophotometric color measurement is an essential component of the modern
manufacturing toolkit, bridging the gap between visual aesthetics and scientific
precision to ensure every sheet and every product is “on color” and on quality, every

time.
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