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Enhancing Vinyl Siding Manufacturing with 
In-Line Spectrophotometric Color 
Measurement 

Introduction 

Vinyl siding (polyvinyl chloride, PVC, composite panels) is used primarily on residential 

buildings (single-family homes, multifamily apartments) as a weatherproof cladding. It 

is also permitted for many low-rise commercial structures (per International Building 

Code limits) such as offices, retail, and light industrial façades. Manufacturers offer 

vinyl siding in many styles (lap, shake, shingle) and colors. The material’s widespread 

use is driven by building codes and consumer demand for siding that is easy to install, 

long-lasting, and maintains a pleasing exterior finish. On both new construction and 

renovation projects, vinyl competes with other coverings (fiber cement, wood) by 

offering better return on investment and no need for painting. Growth in renovation 

and remodeling is particularly fueling siding demand in North America and Europe, 

where homeowners seek energy-efficient insulated products. In sum, vinyl’s large 

market share and expanding usage underscore the importance of quality control in its 

manufacture. 

Importance of Color Measurement in Vinyl Siding 
Production 

Color is a key quality parameter for siding since mismatches are readily visible on 

installed exterior walls. In production, slight pigment or process variations can cause 

color shifts that are unacceptable to installers and end-users. Even slight color 

variations can lead to rejections and that visual inspection alone is not enough to 

achieve accurate, repeatable results. Real-time color measurement is therefore 
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essential to avoid costly waste: in-line spectrophotometry alerts operators immediately 

when product deviates from the specification so corrections can be made on-the-fly. 

Continuous in-process color monitoring enables real-time color monitoring, 

minimizing the risk of defective products reaching the market. Integrating a 

spectrophotometer on the extrusion line helps ensure every panel stays within the 

target color tolerance, protecting product consistency and brand reputation. 

What Color Tells Manufacturers about Siding Quality and 
Process Consistency 

Color differences are diagnostic of the underlying material and process conditions. In 

PVC siding, color is imparted by a blend of titanium dioxide, organic pigments, UV-

stabilizers, and additives in a PVC base. Variations in resin grade, pigment lot, feed 

rates, or extrusion temperature all change the color of the melt or finished panel. All 

parameters in the production process (temperature, pressure, production speed, 

feeders, pumps, etc.) have a direct impact on color values. Likewise, any deviation in 

pigment dispersion or polymer degradation shows up as a color shift (for example, 

heat degradation causes yellowing). By monitoring color, manufacturers effectively 

gain a proxy for multiple process variables. A spectrophotometer continuously 

measuring the extrudate serves as a detector that tells the producer whether the 

equipment, processing conditions, and raw materials are working in unison. Rapid 

color feedback allows operators to correct ingredient feeds or processing conditions 

immediately, leading to a more efficient operation, higher product quality, and 

minimized waste. 

Applications for Color Measurement in Vinyl Extrusion 
and Post-Production QC 

In practice, in-line color instruments can be applied at the extrusion or co-extrusion 

process and during final inspection. For example, a non-contact spectrophotometer 
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can be mounted above the cooling conveyor to scan the panel surface continuously. 

Post-production, one can also spot-check finished lengths or cut sections with bench 

instruments to audit quality. The key advantage of in-line measurement is that it 

provides full-production coverage: Batch-sampling takes an extended period of time 

and provides no accountability for what happens in the process in between sampling 

points, effectively running the process blindly and causing waste. In contrast, a 

continuous system catches color drifts in real-time. In any case, measuring color both 

during extrusion and after production enables closed-loop quality control – ensuring 

each siding panel meets its color spec before shipping. 

Challenges of Visual Color Assessment versus 
Instrumental Spectrophotometry 

Human visual evaluation of siding color is inherently limited and inconsistent. Siding 

panels are often embossed, textured and large-format, which causes visual effects 

(shading, gloss, surface characteristics) that deceive the eye. For example, vinyl siding 

often has a textured surface (via embossing) that can alter perceived color unless 

properly accounted for. Even under ideal lighting, observers vary in color perception 

and can suffer fatigue or color vision deficiencies. Simultaneous contrast and 

metamerism can make visual agreement difficult. A spectrophotometer solves these 

problems by providing objective, numeric color data. It uses a standardized light 

source and geometry to measure spectral reflectance, then calculates coordinates in a 

color space. Instrumental spectrophotometers analyze the light reflected from the 

material across the visible spectrum and return numerical data representing the actual 

color and appearance, thereby eliminating subjective opinion. In practice, in-line 

instruments achieve reliable non-contact measurements even on curved or glossy 

surfaces, at high speeds. They integrate data continuously so that trends and shift 

alerts are generated automatically, unlike periodic sample checks. In short, while 

human assessment is error-prone, in-line spectrophotometry provides accurate, 
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repeatable color control (with full visible-range measurement) under real production 

conditions. 

Global Color Standards and Measurement Methods 

Color differences in plastics and coatings are standardized by CIE (International 

Commission on Illumination) and ISO/ASTM protocols. The most common metric is 

the CIE L*, a* b* color space (CIELAB), where L* is lightness and a*, b* are the 

chromatic axes. A cylindrical transform yields CIE L*C*h (CIELCh), with coordinates for 

lightness (L*), chroma (C*), and hue angle (h). These spaces allow calculation of color 

differences (ΔE) between a sample and a reference. In practice, vinyl siding QA will 

define tolerance bands in ΔL*, ΔC*, and ΔH* around the standard. For example, 

CIELAB defines ΔL, ΔC, ΔH differences along each axis. A combined ΔEab (or the 

more perceptually uniform CIEDE2000 ΔE00) is then compared to a pass/fail threshold. 

Many industry specifications (e.g., ASTM D2244) require calculating ΔE against 

daylight illumination. In short, global best practices employ CIE L*, a*, b*/C*h 

coordinates and ΔE formulas to quantify color uniformity. Inline spectrophotometers 

output these CIE values and can be set to alert when ΔE exceeds the limit, ensuring 

objective compliance with color standards. 

Recommended HunterLab Solution: SpectraTrend HT In-
Line Color System 

For continuous color control in vinyl siding lines, HunterLab’s SpectraTrend HT is a 

leading solution. The SpectraTrend HT is a non-contact, on-line spectrophotometer 

that continuously measures color (plus product height) of moving material. It mounts 

over the extrusion or conveyor in a NEMA-4/IP66 enclosure, using a 0°/30° 

illumination/view geometry ideal for textured or glossy siding. A solid-state diode‐

array spectrometer (256 elements) collects the full 400–700 nm spectrum under a 
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stable LED source, producing bench-grade L*, a*, b* values at rates up to 6 flashes per 

second. The built-in laser height sensor detects the siding position so that each panel 

is measured precisely. All data are logged via Ethernet and displayed locally on a color 

touchscreen or remotely through the included QC software. 

SpectraTrend HT integrates seamlessly with extrusion lines. It can be mounted on a 

custom stand or truss above the line and connected to the plant PLC. The system 

automatically standardizes and measures each panel in real time. SpectraTrend HT 

provides continuous, high-speed color measurement for process control, giving 

precise, repeatable results without sample handling. In practice this means any color 

shift is instantly flagged – operators see a live trend chart and can adjust feeder rates 

or temperature immediately. The result is streamlined QC and less waste: by catching 

out-of-spec panels as they are made, the system keeps only compliant product and 

avoids running defective batches. Over time, the automated alerts and data logs help 

the factory maintain tight color consistency and demonstrate compliance with the 

required color tolerances. 

Competitive Technology Comparison  

Traditional color control methods include offline spectrophotometers (benchtop 

instruments), manual visual comparison, or simple colorimeters/cameras. These 

approaches have limitations. Laboratory instruments sample infrequently and cannot 

detect drift until after the fact, while visual checks are inconsistent. Older in-line 

sensors (e.g., tristimulus colorimeters or imaging cameras) often measure only a few 

color channels or require smoothing and controlled illumination, sacrificing precision 

on textured surfaces. By contrast, SpectraTrend HT captures full-spectrum reflectance 

and is calibrated to produce CIE color values equivalent to a laboratory bench 

instrument. In effect, it brings lab‐accuracy into the production line. This removes the 

“black magic” of color control described by experts: process engineers have noted 
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that without automation, adjustments are done every 30–60 minutes with much waste. 

Real-time spectrophotometry, however, connects that to a closed-loop system. 

Automated color control forces all operators to “do things the same way” – 

standardizing readings and signaling precisely when product is within tolerance. 

No other generic approach matches SpectraTrend HT’s combination of speed, 

durability, and accuracy for vinyl siding. In practice, it is best-in-class for this 

application because it was engineered for harsh production environments (IP66). 

Unlike single-point probes or cameras, its 25 mm diameter measurement spot 

captures a representative area on each panel, averaging out small surface variations. 

Its high measurement rate (6+ readings/sec) and intelligent averaging also handle 

non-uniform loads or textured finishes. Importantly, HunterLab’s platform includes 

industrial I/O (3-phase warning light outputs, external triggers) and an intuitive 

interface, so it fits easily into any plant control system. In summary, while other 

technologies offer partial solutions, SpectraTrend HT’s comprehensive feature set (see 

Table 1) makes it uniquely suited to maintain precise color on a continuous vinyl siding 

line. 

SpectraTrend HT Features and Functional Benefits (FABS) 

Feature Functional Benefit 

256-element diode-array 
spectrometer, concave holographic 
grating.  

True dual-beam design gives bench-quality 
accuracy and stability in continuous 
operation. 

 
Full visible spectrum (400–700 nm, 10 
nm steps)  

 
Measures all relevant colors; can detect subtle 
shade changes and compare to any standard 
over full range. 

 
High-speed measurement (6 
flashes/sec, 1 update/s or slower user-
set)  

 
Enables monitoring on high-speed extruders 
(meter bars). User-adjustable update rate 
allows averaging of non-uniform surfaces. 
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Feature Functional Benefit 

Solid-state LED illumination  Provides consistent, long-life light source with 
stable output for minimal drift over time. 

  

 
NEMA4/IP66 sealed enclosure  

 
Withstands washdown, dust and vibration on 
the extrusion line, ensuring reliable operation 
in harsh plants. 

 
 
Wide “distance to product” range (63–
114 mm)  

 
 
Tolerant of installation variations: exact 
sensor-to-panel distance is not critical once 
within range. 

 
Large 25 mm spot size  

 
Samples a broad area on each panel, 
minimizing the effect of local texture or 
contamination on the reading. 

 
Built-in laser height sensor  

 
Detects panel position and height (20–
300 mm range). Automatically triggers 
measurements and can compute line speed 
or volume. 

 
Background discrimination (user-set 
viewing distance)  

 
Ignores conveyor belt or framing in the view, 
focusing only on the panel surface. 

 
Ethernet & Digital I/O  

 
Direct network connectivity to PC or PLC. 
Three-color tolerance lights and spare I/O 
facilitate integration into control systems. 

 
3.7″ color touchscreen & front-panel 
controls  

 
Provides on-site status and control. Easy to 
configure tolerances, view trends, and log at 
the line without a laptop. 

 
Operating range 0–50 °C  

 
Can be placed near extrusion or cooling 
without extra cooling equipment. 

 
Multilingual GUI  

 
Front-panel in local language (English, 
Chinese, etc.) for operator convenience. 
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Functional Outcomes: 

• Continuous QC: 100% of product color-screened, yielding far fewer off spec 

panels and pieces. 

• Reduced Waste: Early alerts stop defects; improved yields (e.g., raising 94% 

efficiency to 98%) yield hundreds of thousands to millions in annual savings.  

• Optimized Costs: Closed-loop feed control often cuts pigment usage by 20–

30% and allows higher recycled-content without color loss. 

• ROI: Less scrap and fewer customer claims (often $10–20k per incident) 

translate to rapid payback. 

Case Studies: Quality and ROI Improvements 
(Hypothetical Examples) 

• Case 1 – Scrap Reduction: A siding extrusion plant implementing SpectraTrend 

HT saw scrap fall by ~30%. By continuously comparing each panel to the color 

standard, the plant eliminated entire off-color runs. If the line was previously 

running at ~94% yield, raising it to 98% (through real-time control) saves on the 

order of 5–10% of output. For a line producing millions of dollars worth of 

siding annually, even a 1% yield gain represents hundreds of thousands of 

dollars saved each year. In addition, every color complaint avoided (which can 

cost $15–20k to settle) further boosts ROI. 

• Case 2 – Material Cost Savings: By using real-time color feedback, technicians 

could trim pigment usage to the exact amount needed without drift. In a 

hypothetical scenario, pigment costs were cut ~25%. HunterLab cites pigment 

savings of 20–30% with automated color control. At the same time, the plant 

safely increased recycled PVC content (which is cheaper) because the system 

alerted if the off-gassing or yellowing changed color. Saving $0.20–$0.40 per 

pound on raw materials (via pigment and recyclate) easily adds up to 

substantial annual savings.  
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• Case 3 – Standards Compliance: A manufacturer sets an internal ΔE tolerance of 

1.0 for siding appearance. With SpectraTrend HT, every panel is guaranteed to 

meet this spec before leaving the line. Suppose previously 2% of batches failed 

a color audit and required rework; now those failures are prevented. The plant 

uses the logged color data for traceability and audits, thus easily demonstrating 

compliance with ASTM/ANSI color standards. Overall, this proactive control 

yields higher throughput and ROI: avoiding off-spec runs and reducing scrap 

results in faster payback and supports “right-first-time” manufacturing. 

Conclusion 

For vinyl siding manufacturers, integrating in-line spectrophotometric color 

measurement delivers measurable process improvements. By converting each color 

check from subjective guesswork into a continuous digital signal, an in-line system like 

HunterLab’s SpectraTrend HT locks product color to the intended standard at every 

stage. The practical benefits are clear: significantly less waste (both material and time), 

reduced colorant costs, and virtually no off-spec shipments. In one estimate, even a 

modest efficiency gain of 1–2% from automation can save hundreds of thousands per 

year. Crucially, the system also supports sustainability goals: early detection of defects 

and optimized pigment use reduce energy consumption and scrap.  

In summary, modern color measurement (CIELAB-based and ISO/ASTM-compliant) 

gives siding producers visibility and control over product appearance, directly 

translating into higher quality, customer satisfaction, and ROI. HunterLab’s 

SpectraTrend HT—engineered for harsh extrusion environments and continuous 

operation—provides an end-to-end solution for achieving these goals in vinyl siding 

manufacturing. 

 


