
Based on our previous work:

� Wavelength selection based on a Bootstrap-PLS method using the 

VIPs as a selection criterion. 

� The bootstrap made it possible to determine a VIP “consistency 
interval”, based on a given quality index, for each wavelength. 

Values significantly above 1.0 were selected. 
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PLS Model

Texture is an attribute representing the spatial arrangement of the 

gray levels of the pixels in a region of a digital image 

[IEEEStandard, 1990].

Gray-level co-occurrence (GLCM)

� Performed on the 4th interval (1210-1260 nm)

� Direction: machine direction and transverse direction

� Transition lengths: 3 scales (2, 5 and 10 mm)

� Number of gray-levels: 32

� The GLCM matrix was analyzed using: 

Texture Analysis

Spectral range: 450 – 1500 nm 

Typical Quality Control
� Properties (mechanical, aesthetic, barrier) are currently measured in 

the lab using destructive and time consuming techniques.

� Few samples are therefore analyzed for quality.

� Production rates are high

� A very small proportion of the production is tested

How does product quality vary (on or off-specs) in between lab tests?

All of which leads to the development of an 

on-line hyperspectral vision sensor.

PLS Score Histogram
� Average steady-states are shown as circles. 

� Error bars depict 3 standard deviations along each component. 

Property Predictions 

X-matrix (18 variables)

Spectral and spatial information extracted from VIS and NIR 
cameras

Y-matrix (7 variables)

Modulus, enthalpy of fusion, stress and strain at yield, stress and  

strain at break, energy at break.

6 components were selected through cross-validation  

RESULTS

� t1 explains variations in wood content

� t2 explains the thermo-mechanical energy delivered to the system  

Transitions

Abnormal Operation
� Abnormally high thermo-mechanical degradation during the 

transition between steady-states 4 and 5.

� Due to a temporary failure of the barrel temperature controller.

MODELINGINTRODUCTION

Conclusion
The results show that the proposed methodology can:

� Distinguish between the quality of the product obtained under the 11 

sets of steady-state operating conditions.

� Predict the 7 quality variables of the samples in both the steady-states 

and the transition states.

� Estimate the extrusion dynamics.

� Provide an early detection scheme for undesired changes in feed 

composition (e.g. wood content) as well as in the severity of the thermo-
mechanical energy delivered to the systems.

Experimental Work
Processing

� Twin-screw extrusion (flat horirontal 3×80 mm die)

Composition

� HDPE and birch wood fibers (45-180 μm)

Manipulated variables

� Die temperature (160-180°C)

� Throughput rate (500-600 g/h)

� Screw speed (70-90 rpm)

� Wood content (10-30% wood)

Producing steady-states and transitions. 

Objectives
�Investigate the potential of visible and near infrared (VIS-NIR) 

spectral imaging for on-line, non-destructive monitoring of spatio-

temporal variations in polymer materials.

���� Why use image analysis?

�Many methods are based on probes (i.e. NIR spectroscopy) and 

only provide measurements for a single point (or line) on a sample.

�Many end-user properties depend upon the local microstructure (i.e. 

weakest point on the sample), fine spatial measurements help 

identify local gradients that may compromise the quality of whole.  
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Combined, they result in 6 spectral intervals of interest.
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