Dairy Applications

In the often challenging dairy industry, SisuCHEMA brings efficiency and speed in one
convenient system. One of the most important advantages of using SisuCHEMA for dairy
sample analysis is the low heat load from illumination. This feature allows users to

measure a dairy sample while keeping the sample fresh and unchanged.

Assessing different characteristics of products is imperative in the dairy industry, where
physical and chemical structure can significantly affect product quality. Dairy applications
include assessing solid content, milk coagulation, and cheese ripeness. For more details,

refer to the Applications chapter.

SisuCHEMA Specifications

Optical and

Technical Characteristics SWIR NIR VNIR
Spectral range 1000 - 2500 nm 900 - 1700 nm 400 - 1000 nm
Spectral sampling/pixel 6.3 nm 4nm 0.72 - 5.8 nm (w/binning)
Spectral resolution 10 nm 6 nm 2.8 nm
Spatial pixels/line 320 320 1600
Operation mode High-speed push-broom High-speed push-broom High-speed push-broom
Pixel size on sample 30-300 pm 30-300 pm 125 pm
XL: 30 - 600 pym XL: 30 - 600 pm
Field of view on sample 10- 100 mm 10- 100 mm Dependent on lens choice
XL: 10 - 200 mm XL: 10 - 200 mm
Maximum sample size 100 x 100 x 40 mm 100 x 100 x 40 mm 100 x 100 x 40 mm

(WxLxT)

XL: 200 x 300 x 45 mm

XL: 200 x 300 x 45 mm

XL: 200 x 300 x 45 mm

Scanning rate 100 hyperspectral

line images/s (max), corresponding to:

3 mm/s with 30 ym pixel
30 mm/s with 300 pm pixel
60 mm/s with 600 pm pixel

3 mm/s with 30 ym pixel
30 mm/s with 300 pm pixel
60 mm/s with 600 pm pixel

4 mm/s with 125 um pixel

Typical scan time

<7 s for single 320 x 320 pixel image capture with 256 spectral bands

[llumination

Specim diffuse line illumination unit

Data format

BIL file format, Evince and ENVI compatible

Instrument calibration

Instrument is delivered with spectral calibration. Image data is automatically calibrated to reflectance

by measuring an internal standard reference target before each sample scan.

SisuCHEMA Ordering Information

Part Number Description Product Name
MRC-315-001-01 SisuCHEMA™ - SWIR complete imaging system SisuCHEMA SWIR
MRC-315-001-02 SisuCHEMA™ XL - SWIR complete imaging system SisuCHEMA XL SWIR
MRC-315-002-01 SisuCHEMA™ - NIR complete imaging system SisuCHEMA NIR
MRC-315-002-02 SiuCHEMA™ XL - NIR complete imaging system SiuCHEMA XL NIR

MRC-315-003-02 SisuCHEMA™ XL - VNIR complete imaging system

SisuCHEMA XL VNIR

MRC-315-005-07 SisuCHEMA™ Validation package including: 2 days training, Calibrated
and certified standard set (MRC-910-HSI-VAL), 10/0Q/PQ documentation,

Software tools for validation protocol

SisuCHEMA Validation
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SISUROCK"™

SisuROCK is a turnkey automatic, hyperspectral
imaging system developed by Specim Ltd. for large
and heavy samples such as minerals and drill core
samples. A vital production tool in the mining
industry, the SisuROCK is also a useful resource
for geological analysis and research applications.
The versatile system is capable of both high-
resolution imaging of a single drill core sample, as
well as high speed scanning of a whole core box.
Combining high speed push-broom hyperspectral
cameras, sample illumination units, and data
logging computers into one comprehensive system,
the SisuROCK brings simplicity to all aspects of
production, research and analysis.

There is no need for sample preparation with the SisuROCK. Hyperspectral measurements can be performed directly on the drill core
samples in their original containers at the high speeds required by large industrial projects and explorations. SisuROCK produces
high spatial resolution hyperspectral images with optimal structural detail and accurate mineral discrimination. After measuring

the drill core samples, the results can be used to re-direct mining operations, thus reducing exploratory mining and mineral waste,
saving both time and money.

The SisuROCK includes built-in calibration measurements, including a dark reference and a reference image from a known
reflectance target. The raw data collected by the cameras can easily be converted into independent absorbance or reflectance data
that includes the distinctive signature of each mineral. Flexible data files allow inclusion of additional data such as details about
core depth, box, mine and other relevant information to enhance file organization.

Camera Options

Standard camera choices for SisuROCK include SWIR, SWIR/VNIR and SWIR/RGB. The SWIR cameras are most commonly used for
geological analysis, to capture the spectral range of numerous mineral signatures. For specific performance specifications, please
refer to the table on the following page.

The VNIR camera provides continuous hyperspectral information in the 400-1000 nm range. In addition to the hyperspectral data

@D provided by the VNIR camera, the RGB camera is typically used to obtain textural information about a sample. The RGB camera
@) produces high resolution color images with 4000 spatial pixel resolution.
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Other camera options and combinations are also
possible. Some mineral samples can be differentiated
using the LWIR camera in the 8-12 pm region. Due to

the special illumination needs of the LWIR camera, this
option may require a different stage than the SWIR/
VNIR/RGB camera towers.

SisuROCK Specifications

Optical and Technical Characteristics SWIR VNIR RGB
Spectral Range 1000 - 2500 nm 400 - 1000 nm N/A
Number of spectral bands 256 approx. 105 3
Pixel size on target™ HR: 0.2 mm HR: 0.08 mm HR: 0.016 mm

HS: 2.0 mm HS: 0.8 mm HS: 0.16 mm
Number of pixels/image line 320 800 4000
Scan rate® HR: 20 mm/s HR: 8 mm/s HR: 20 mm/s

HS: 200 mm/s HS: 80 mm/s HS: 200 mm/s
Scan time for single core box** 155 25s 155
Instrument calibration Spectrally calibrated data Spectrally calibrated data White balance

Normalization Normalization
Max sample size 1500 x 640 x 300 mm (L x W x T), 50 kg @
Cooling Requirements No external cooling required. Air conditioned room recommended. o)
Operating conditions Laboratory type environment. Small amount of dust accepted. C
Operating temperature 0 to 40 degrees C, non-condensing jj
Operating voltage 110 to 220 V and 50/60 Hz clean power supply Q
Output data format BIL file format, ENVI/Evince compatible O
*HR stands for high resolution mode for single core box measurement. X

HS standards for high speed mode for single core box measurement.
**1.5m long core box. Including calibration measurements.

SisuROCK Ordering Information
Part Number Description Product Name
MRC-315-004-01 SisuROCK™ SWIR Geological/Mineral HSI Test Station SisuROCK SWIR
MRC-315-004-02 SisuROCK™ SWIR/VNIR Geological/Mineral HSI Test Station SisuROCK SWIR/VNIR
MRC-315-004-03 SisuROCK™ SWIR/RGB Geological/Mineral HSI Test Station SisuROCK SWIR/RGB
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VIA-SPEC"™

Via-Spec is an innovative near-infrared hyperspectral transmission imaging system that provides an alternative to similar reflectance
systems. Any thin translucent material that has better transmissive than reflective characteristics can be analyzed in a transmission
configuration. The transmission configuration works more effectively than reflectance for measurement and data analysis of

many different types of samples that allow the light to pass through the sample. For example, in the pharmaceutical industry, thin
medicinal strips and patches can be measured in the laboratory or production line.

The Via-Spec system has a diffuse source located under

the sample mounting plate. The sample is placed on the
transparent plate and is moved by the computerized stage in
concert with the camera data collection. The hyperspectral
measurement files are saved in ENVI compatible format for
further image processing.

Via-Spec Applications

In the biotechnology and biomedical areas, tissues or other
transparent or semi-transparent samples can be measured
using the Via-Spec system. In contrast to reflectance, a
transmission configuration eliminates the ambiguity regarding
light penetration depth because the light must pass through
the sample to be detected.

As an example, treated and untreated tissue samples

were placed on the glass sample holder and measured in
transmittance. Samples can also be placed on a disposable
microscope plate or any other substrate that is transparent in
the wavelength region of interest. The tissue samples were
measured in the SWIR region and analyzed using the PCA
function of Evince image processing software. The degree of
change as well as the distribution of the chemical differences
of the treatments are clearly detectable by the SWIR imaging
camera.
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Adjustable camera mount

Hyperspectral camera

—

Objective lens
Line illumination
from below sample
for transmission Sample tray

R

Shown here is an example of a transparent sample, an over-the-counter dissolvable medicated strip that is intended to deliver
medicine through the tongue. Several strips were overlapped to show the difference in the amount of light penetration through the
samples in the transmission configuration. Medicinal strips such as these can be measured in the laboratory or during production to
evaluate uniformity and component concentration.

Several of these medicinal strips were scanned with the Via-Spec system and analyzed with Evince imaging software by principal
component analysis and other models. These spectral images show the level of heterogeneity present, as well as the possible
thickness variation that is not detectable by other methods.
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Over-the-counter medicinal strips

One, two, and three
layers of BenadryI™ Quick
Dissolve Strips scanned in

transmittance
Via-Spec Ordering Information
Part Number Description Product Name
MRC-920-040 Via-Spec™ Hyperspectral Transmission System with TE-MCT SWIR camera | Via-Spec SWIR
MRC-920-041 Via-Spec™ Hyperspectral Transmission System with InGaAs NIR Camera Via-Spec NIR
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COMPOSITION PREDICTION SYSTEM"™
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The Composition Prediction System™ is a complete imaging system that is used in online applications. Hyperspectral push-broom
cameras are capable of producing vast quantities of data in a very short time. While archiving information from hyperspectral
camera based systems may not pose a problem for off-line data in laboratory testing, it would be prohibitive in a continuous
production environment. The Hyperspectral Prediction Engine™ efficiently analyzes data at real-time camera speed using algorithms
that compress the raw spectral data into directly useful values such as composition or thickness maps. Reporting and archiving the
compressed data is more feasible than saving all the raw data in production environments.

The Prediction Engine is placed in the data path between the camera and a monitoring computer. Each
frame sent from the camera is processed in the Prediction Engine, and the result is sent to the monitoring
computer via an Ethernet connection. From the monitoring computer, one can upload a calibration to the
engine, set camera parameters, display result data in a variety of ways, and display raw camera data. It is
also possible to interface with your own process software or connect to an OPC server.

A Prediction Engine calibration specifies the calculations performed, including options for data pre-treatment, the PLS or SBC
predictions, and quality metrics. Pre-treatments may include SNV, Savitzky-Golay smoothing and derivatives, averaging and binning.
Quality metrics may include Euclidean Distance and Spectral Residue. Calibrations downloaded to the Prediction Engine can

be developed by any commercial or proprietary software. The monitoring utility is able to format Excel™ or MATLAB™ files and
download the reformatted calibration files into the Prediction Engine.

The Composition Prediction System is built around the Middleton Research Hyperspectral Prediction Engine in a customized and
complete system. The system includes the illumination, camera, Prediction Engine and display computer. The Composition Prediction
System ensures swift data compression to fit the requirements of the process control environment.
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Composition Prediction System Ordering Information

Part Number Description Product Name
MRC-920-031 Hyperspectral Prediction Engine™ for composition measurements (Mark 1) HPE-MII
MRC-920-051 Hyperspectral Composition Prediction System HSI-CPS
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