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1. Introduction

Congratulations on your pur chass®napscansystem c 0 S S
is a breakthrough for hyperspectral imaging application research. Within as littkeasad,

high quality hypercube datasets can be created with unmatched-ggmaise ratio and

spatial and spectral resolution. The snapseaaduatio-kit enables application research of the

highest quality, while still being udeiendly. It integrates all key components required: the

spectral image sensor, camera, optics, piezo scanning, active cooling system, lighting, tripod
mounts, and snapscanfevare (an advanced hyperspectral imaging software developed by

the imec team).

The key benefits of Imecds snapscan hyperspe

A Snapshot acquisition made easy and 4isendly with integrated ultrasonic scanning
mechanism directlynside the camera to reach st#econd acquisition times

A Highest spatial (up to 0.77Mpx) & spectral (1b@nds) resolutions possible for
snapshobased SWIR hyperspectral imaging in a compact, lightweight and mass
manufacturable design

A Highest SNR ever reded with imec orchip filter technology thanks to active cooling
and advanced software features for cube reconstruction and spectral correction

Figurel: Snapscan SWIR hyperspectral imaging system
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The contents of the snapscarvauation system are shown ifable 1 and the product
specifications are shown fable2.

Tablel Contents of the snapscan evaluation system

snapscan camera system shapscan camera with integrated sensor
SWIR lens (optional)
USB3.0 cable and powsupply

case for storage

Components for illumination
setup

mounting setup with vibration dampening
halogen lighting solution with diffusers
tunable stabilized DC power supply

reflectance tile 95%, 200 x 200 mm
color checkerboard

D> | B D D D

Targets for calibration

> 3>

Table2 Product specifications of the snapscan system

Spatial resolution up to 1206 x 640pixels 0.77Mpx RAW per band)

Spectral resolution 100 bands

Spectral range 11001700m

FWHM ~10-15nm (collimated)

Acquisition speed ~100mso 20 seconds, depending on acquisition parameters, lighting ar
object (without includingre- and postprocessing time)

SNR >up to 600:1

Software scanning modes Software TDI (¥ stages max)
Digital binning (2x2, 3x3, 4x4)
Spectral Region of Interest
Spatial Region of Interest

Dynamic range 13 bit

Optics Several optionswvailable

Interface USB3.0 + GPIO + I/O for triggering

Cooling Passive & active cooling (fan based + TEC)

Cooling range (sensor) 35-45°C

Temperature 10 - 40°C (operation), 5- 50°C (transport)

Mechanical Integrated mechanical shutter fautomatic dark countsfripod mount
(¥2"-20) + mounting M5 holes

Dimensions {\WxD xH) 9x9x15cm

Weight 895g(camera without optics)

Input voltage 24V DC 2.7A (external controller)

This manual will help you get started and guide you through system assesofilyare
installation and the usage of software and hardware. We begin by giving you a quick overview
of salient features of the snapscan image sensor, camera system and software.
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1.1 snapscan HSI sensor features

1.1.1 High resolutionandfastsensor with D0 spectal filters betweenl1001700hm

Figure2 InGaAs sensors

Thesnapsca®sWIRcamera integratealinescan HSI sensor based@ardinal 640 640x512
15um pixel pitch InGaAs Detector with digital SNIR ROIl@nage sensor. The key
specifications of this HSI sensor are shown in the table below.

Spatial resolutio® sensor 512H) x 64Q\W) pixels

Spectral range 11061700nm

Spectral resolution 100 bands

Spatial resolution per band up to 1206 H) x 640 (W) pixels (up to0.77/Mpx RAW per band)
Sensor frame rate up to 350 fps (full sensor frame)

Bit depth 13bit

FWHM ~10-15nm (collimated)
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1.1.2 Stepped filter layout

Physically there ar&28 spectral bands on the HSI sensor. However, due to manufacturing
variationssome bandsanoverlapping others or cabhe unusabléWVe guarantee at leastOD
usable spectral bands betwegh031700m. There can be few extra spectral bands available
which can vary across the HSI sensors.

A Central wavelengths (CVWWAWHMSs and absolute QE vailgisated ifFigure3 & Figuret
are for illustration purpose only. The actualfYWAMS and peak Q&fthespectral bands
are determined based on individual sensor calibration. This idamiaidoundh the
sensor calibration file provided with the cantemmn the imec HSI support site

Specifications fothe spectralbandsare as follows:

Spatial resolution 4(H) x 64Q(W) pixels

Layout Filters are arranged adjacent to each other in increasing order of their ce
wavelength
Thus, each spectral banddpixetrows high. We refertoitasth® st eppedd fil ter

which provides the flexibility to select the step size (in terms of pixel rows) for the translation
of the HSI sensor inside the camera bddge Sectidn?2).

A Step sizes between 1 addheight of a spectral band) can be selected

A Larger step sizes enable faster image acquisition whereas smaller step sizes can be used
to improve the data quality.

A See 8ction2.2.40Acquisition features for higher dataquafity f or expl anat i on
such as cross talk removal by pixel row skipping and software time delay integration
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Figure3 Qubset of the spectral bands
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Each of the @0 spectral filter is a narrow band filter witfWHM between~10-15nm Figure
3 showsa subset of the spectral bandsgure4 showsthe spectral response for all the filters.
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Figure4 oectral response for all the filters

1.2 snapscan camera unit features

1.2.1 Sensors and choard electronichousirg

Figure5 Shapscan SWIRhyperspectral camera

The image sensor and all the-board electronics in the snapscan camera is housedlisa
proof chamber The air through the air vents on the leftdeof the camera bodys filtered

1 Currently not IP rated. Camera internals are sealed from exterior when lens is mounted.
1.2.2 Onboard cooling

The SWIRsnapscaimtegratesa cooling fansa heat sinkand a thermoelectric cooler (TEC).
The TECand heat sinks directlybehind the HSI sensor inside the chamber housing the HSI
sensor, integrated translation stage andlward electronics.

“mmec
A



The TEC, heat sink and the cooling fan helps in cooling the HSI sensor board and evacuate
the heat from the camera chambdt. maintairs the operatingtemperature of the sensor
between 35C to 45°C.

1.2.3 Integratedsoftware controlledmechanical shutter

The SWIRsnhapscan integrates a software controlled mechanical shutter which is placed in
front of the HSI sensor. The shutter is closed to obtain dark images to automatically calculate
the dark counts in the software during image acquisition.

1.2.4 High resolution(spatial and spectral) datcquigion while keepingboth the object
andthe camera stationary

Shapscan integrates a linescan hyperspectral image sensor which enables acquisition of high
resolution (spatial and spectral) data. This sensor is mounted on a translation platform which

is integrated inside the camera body. As a result, the camera andhbjeet can remain
stationary, as the sensas spatiallyranslateal internally during the data acquisition.

1.2.5 Multiple mounting options

I w apen

Tripod mounting hole

Metric (M5) mounting hole

Figure6 Mounting optionsl x -80dlripod mount + 4x M5

shapscan camera providego options for mounting the camera in a setup:
A Femal€Tripod mounting holel / -20dn the adapter plate

A Mounting holesvi5 (x6) on the bottom part of the housing (remove adapter plate for
access to the last 2 M5 mounting holes.

1 The Tripod mounting hole have a different thread glzanthe Metric mountingholes,
they cannot be interchanged.
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1.2.6 Lens selection guidaa

The SWIR snapscans mechanically designeéd accommodateC-mount lengs with a
maximum protrusion depth ofsmm The lenses used should be designed for the :100
1700nm spectral range.

To allow for high performancémageacquisitionrwhenusing thefull scan range of theamera

(1206 x 640pixelg a lens witha minimumimage circle diametesf 18mmshould be used/f

using the full scan range ofthe camexa, | ens desi gned fiothereldore4/ 3060
recommendedWhen using only the central scan regianjens with a smaller image circle

e.g. a Il ens desi ghmagbefused a 10606 sensor for mat

The SWIR snapscan camera housesng lpass filter between thiens and the image sensor
(seeFigure8) to reject light outside the spectral range of the sensbue to the inclusion of
along pass filter in the optical patthe image planes shifted by approximately 0.7mawvay
from sensor planéseeFigure7). To accommodatehe shift in the image plante use ofa
lens with a large depth obtus is recommended.

‘. o
* d
‘ . LP filter R / ‘
s g
3 5
" .0

sensor
image plane

Figure7 Shift of the image plargue to insertion of the bangass filter.

—

objective lens

Figure8 Optical path
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If a lens with a limited depth of focus is usélge shift of the image plane can instead be
compensated by including a spacer ring between the camera and th&lhengnages below
illustrate how a spacer ring may be inserted between the lens and the cameraHmmbkbyv
these steps:

c-mount
thread

spacer

Figure9 Inserting a space to compensate for the shift in the image plane

Step 1- Unmount lens
Step 2 Put the spacer over the €nount thread.
Step 3 Mount the lens again
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1.3 snapscan software features

The snapscan software enables acquisition and display of hyperspectral image data. The
software offers user the flexibility to configure a wide range of acquisition parameters to tailor
the data acquisition as per their needs dradp them acquire good quality data. It also provides
several useful visualization tools and a Buil¢lassifier to quickly visualize and analyze the
acquired data. The software also offers integration with @arty hyperspectral analysis
software, sub asperClass Mirafor more advanced analysis. It also allows the acquired data

to be exported to standard ENVI format so that users can use their own analysis flow on the
acquired data.

1.3.1 Extensive data acquisition cusiation features

shapscan software provides a wide range of parameters to configure the snapscan system and
customize the data acquisition.

Parametes Description

Cube dimensions The number of rowsand columns in the output data can be specified so that
size of the output file and data acquisition throughput can be customized.

Spatial lning Pixels within a NxN neighborhood are merged by averagamgpscan softwal
allows folowing binning options 1x1, 2x2, 3x3 up to 20x20.

Spectral bands selection| By default, data is acquired for all the spectral bands supported by the HSI <
Users can select up to 8 sets of bands to selectively skip the remaining band
acquiring the data.

Gain Mode The camera can be operated in low or highilgmode.

Selectively discard pixels Pixel row at the edge of every spectral band can be discarded. This he
reducing the impact of crosstalk across the spedbahds.

Software TDI Time Delay Integration (TDI) can be enabled during data acquisition to ac
higher throughput and/or higher data quality. snapscan allows user to configt
number of TDI stages.

Multiple passes Each frame can kecquired up to 100 times and averaged across the multiple p
to improve the image quality.

Multiple file aut put modes| Output data can bessembled in a cube and stored in a single file, or the acq
frames are stored in separate files.

1.3.2 Builtin white balancing

Shapscan software can carry out whibalancing as a peptocessing step on the acquired
hyperspectral data. Users amequired to scan the object and a white reference target.
snapscan automatically acquires the dark reference image using thie meithanical shutter
and can carry out the whitébalancing.

1.3.3 Multiple file format options for data export options

The sn@scan software enables user to export the acquired hyperspectral data in the following
file formatsd ENVI, PNG, PGM and TIFF.

In cases of PNG, PGM and TIFF file formats, each spectral band is saved as a separate image
file. In each case, detailed metadafathe acquisition parameters is saved along with the
exported file.
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1.3.4 Integrated classifier

The snapscan software allows user to quickly analyze the acquired data using the integrated
Spectral Angle Mapper based classifier.

1.3.5 Support for 3 party HSI angkis software

The snapscan software currently provides user to obtairda# trial license for industry
leading HSI analysis softwarerClass MIRA

1.3.6 Multiple data visualization options

The snapscan softwapgovides following options for visualization of the acquired data
A Individual frame corresponding to a specific spectral band can be viewed
A Frames for all the spectral bands can be quickly stepped through and viewed

A Spectral profile of one or more selected regions on the acquired data can be viewed
using the integrated Spectrograph toolbox. The toolbox can be customized to display
mean, minimum and maximum spectra for each selection.

1.3.7 Support for multiple laguages

The snapscan software currently supports English, Chinese and Japanese. More languages can
be supported in future based on customer requests.

1.4 snapscan API features

SapscamPEk are availablen C for data acquisitiorand visualization as supported the
snapscarUI software Please contact HSI Support for further details regarding the APIs.
python SDK are also available.
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2. Working principle

We begin by explaining the workimginciple of the snapscan camera system. We explain the

di fferences I n the working of traditional
hyperspectral camera systems. We then discuss the working and features of snapscan camera
system in further detds.

2.1 Linescan hyperspectral camera systems

Linescan camera systems require a relative translational movement between the object and
the camera. In traditional linescan hyperspectral camera systems, this is typically realized by
moving either the object raltively to the camera or the camera relatively to the object. For
example, in industrial inspection and sorting applications the object is moved on a conveyor
belt, whereas in remote sensing applications, the camera is flown with a drone or satellite to
san the earth surface.

2.1.1 Imec hyperspectral linescan vs Traditional hyperspectral linescan

Traditional hyperspectral linescan camera
A Acquires the hyperspectral image of an object line by line
A Captures immediately the complete spectral information for eadntda the spatial line

7 Light incident on the camera from each scanline is dispersed into different wavelengths usin
an optical system and projected on to an image sensor that records intensity at different
wavelengths.

Imec hyperspectral linescan caraer
A Acquires the hyperspectral image of an object frame by frame
A Captures the complete spectral information for a point across multiple frames

T The camerads | ens projects an entire areec
Different filters areedosited on the sensor, stretching over the full width of the sensor and
varying along the sensord&s height. The | i
the image on the sensor, yielding images as shgurel®. This greatly simplifies the
systemds optical system and on top makes

2.1.2 Imec hyperspectral linescan sisapscan

| n s snapsdan system, both the object and the camera remain sigtionhe image
sensor inside the camera and behind the lens, moves linearly to scan the projection of the
object on the image circle while both the object and the camera are kept still.

Thed f ference between i mecds hyper s pgguodlld al I i
andFigurell These illustrations assume a hypothetical linescan sensor with three spectral
bands.
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Either the
object or the
camera has to
move to
acquire the
complete

h)(Per'S pect ral Assembly of data from

data. Frame ar.quisitioT'l individual frames to construct
the hyperspectral data cube

Scanning direction

Scanning direction

Both the object
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to acquire the

complete fl f2 f3 4 f5 . Assembly of data from

Figurel0 Working principle for imec hyperspectral linescan sensors
remain stationary.
The sensor inside
isition individual f
ryperspectra R i

the camera moves
data.

Figurell Working principle of imec hyperspectral snapscan camera
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2.1.3 Imec hyperspectral camera selection guide

Imec has multiple camera offerings based on differerg@dypes (linescan, mosaic and tiled).
The table below provides a higavel comparison of the different camera offerings based on
the current state of our technology analr current offthe-shelf and custom systems.

RS

\’\ e\‘
Snapshot Tiled

resolution

Spatial quallt__ + -
Spectral resolutiol _ _ + +

Highest quality
High spectral and cubes being True snapshot at True snapshot with
spatial resoluton 6 snapsho videorate high quality spectre
topography issue

'<,°(°

Key advantages

Need scanning
movement, issues Videorate not in Low spectral
with 3D reach resolution
topographies

Spatial vigriéing,
duplicator alignmen
challenges

Key limitations

Remote sensing
(UAV, airborne,
Key applications satellite), food
sorting, machine
vision

R&D, microscopy, Industrial sorting &
medical skin &  food quality grading  Medical surgery,
wounds healing, medical endoscopy security surveillanc
agriculture, robotics  UAV inspection

Visit our website or contact us for further details on our offerings and latest techno
developmentshttps://www.imeeint.com/en/hyperspectraimaging
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2.2 Imec snapscan hyperspectral camera
2.2.1 Image acquisition

It has been mentioned in Sectich1l.2 that the snapscan camera system acquires the
hyperspectral image by the movement of the sensor inside the camera Baogiyre 11
illustrates the process of image acquisition. In this figure, we assume a hypothetical sensor
with 3 spectral bands. The object to be imaged is the yellow star and the lens of the camera
system projects the image circle (indicated in gray). The sensor moves across the image circle
and acquires 5 frames in total such that the complete star is acquired for all the spectral bands.
The sensor moves from top to bottom in steps equal to the heighbne filter on the sensor.

These frames are assembled to form a hyperspectral image cube. The frame assembly takes
into account the filters layout on the sensor and the motion during the scan. Each band image
is composed of parts of multiple images, @oed at different positions.

2.2.2 Integrated translation platform

In typical linescan setups the quality of the acquisition largely depends the @ljgnment of

the direction of motion to the camera and (2) on the synchronization between the movement
and sensor readout speed. The snapscan system integrates both the sensor and the translation
platform, making the system behave as a snapshot camera.

Integrating a miniaturized translation platform with the camera enables higher degree of
accuracy for motion direction and control.

1. The alignment of thelirection of motion to the sensor orientation is carried out
and fixed in factory to supixel accurag.

2. The precise motion control enables the synchronization between the sensor
translation and image acquisition to be controlled to kel precision, either by
software or hardware feedback loop.

Typically, the synchronization of the motion to the senseadout is done such that
the objectds projection on the sensor shi

The precise motion control in the snapscan system also enables more advanced
acquisition modes, which can significantly increase the $analise rdio in the
acquired data (please see Sectib@.4.4.

2.2.3 Acquisition modes

The snapscan camera can operate in either continuous or stop motion acquisition modes.
The software automatically selects the mode depending on the selected acquisition
parameters.

1. Continuous mode - Sensor movement and sensor exposure happen simultaneously.

The transl ation platformdés internal encod
position. The movement is fluent and there is no delay in acceleration and deceleration

“mmec
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before taking an i mage. The movement spee
and the maximum allowable motion blur or distance moved during one exposure time.

2. Stop motion mode - Sensor movement and sensor exposure are alternated.

The sensor is repeatedly stopped at a selected step size to acquire the image and then
move to next position. This completely avoids motion blur and allows taking multiple
images at a gin position Evidently this acquisition mode is slower than the
continuous mode. The total duration of the acquisition depends on the travel distance,
the step size and the number of imagesjured in each positiormultiplied bytheir
exposure time

2.2.4 Acquisition features for higher data quality

The snapscan camera providesveralconfigurable parameters which can help in improving
the quality of the acqued image date&Some of hese parameters are discussed further in this
section.

2.2.4.1 Pixel binning

Pixel binning is a weinown concept in imaging where information from adjacent pixels are
combined and reported out as a single pixel. The snapscan caméeensyan be configured
to implement a NxN binning where N =1, 2, 3 ... 20 (default is 1).

2.2.4.2 Cross talk removal by pixel row skipping

The precise control of the integrated sensor translation platform allows the sensor to be

moved in step sizes between oneel row andthe width of one spectral band (typically

pixel rows). Henceit is possible to skip collecting data from the pixel rows at the interfaces

of two spectral bandsSkipping the interface rows avoids recording crta& between

di fferent bands and hence improve the systen

In Figurel2, we assume that the sensor has 3 spectral bands and each spectral band has 5
pixel rows. The shaded pixels are at the interface of two spectral bands and hence susceptible
to cross talk. We &ow illustration for 4 cases having different step sizes while scanning the
object. Let us further consider three points (X, Y and Z) on the object.

In case of point X, let us discuss the data collection for the different step sizes:

A 5 rows d Data for allthe 3 bands are collected from interface pixels only. Thus, all the
acquired data may have been affected by cross talk.

A 4 rows & Data for all the 3 bands are collected from norterface pixels. Thus, the
data is least susceptible to cross talk.

A 3 rows & Data for all the 3 bands can be collected both from interface and-non
interface pixels across different frames. To minimize the susceptibility to cross talk,
the interface pixels can be ignored.

A 2 rowsd Same as above.
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If we consider all the three pointX( Y and Z) then we see that step sizes of 2 and 3 ensures
that data can be collected from nenterface pixels for all the three bands, thus ensuring a
higher data quality.

(a) Step size =5 rows

|
(b) Step size = 4 rows | :

(c) Step size = 3 rows

(d) Step size = rows | |

[ Band 1

[C1Band 2

[ Band 3
Object to
be imaged

Figurel? lllustration for pixel row skipping to remee cross talk

2.2.4.3 Software Time Delay Integration (softTDI)

Time delay integration (TDI) is a known concept in imaging where multiple frames (shifted in
time and position) of the same object (with relative motion between the object and the
camera) are acquitkand information is combined across these frames (in hardware) to
achieve high throughput and/or high quality imaging in low light conditions.

TDI is typically implemented in hardware. However, the snapscan camera enables TDI in
software and provides figbility to configure the step size at which multiple frames are
acquired The precise control of the integrated sensor translation platform allows the sensor
to be moved in step sizes between one pixel row and height of one spectral band (typically 5
pixel rows).

To enable softTDI, the sensor needs to be translated at step sizes smaller than the height of
one spectral band. This allows capturing images of an object such that multiple pixels across
multiple frames will capture data for the same spectraicha
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Figurel3 shows an illustration, where we assume that the sensor has 3 spectral bands and
each spectral band has 5 pixel rows. Thus, the sensor can be tranategtsp sizes between
1 and 5 pixel rows. We consider 3 different step sizes in our illustration and discuss below

the impact on softTDI:
A 5 rows (height of spectral band): Allows no softTDI

A 2 rows: Each point in the object is imaged at least in 2 framethe same spectral
band. SoftTDI can be implemented by averaging data collected from pixels across the
2 frames.

A 1 row: Each point in the object is imaged at least in 5 frames for the same spectral
band. SoftTDI can be implemented, as discussed above.

(a) Step size =

(b) Step size = 2 rows I | :
|
I

TDI across 2 frames

(c) Step size =1 row

TDI across 5 frames

1 Band 1
[C1Band 2
[ Band 3

Object to
be imaged

Figurel3: lllustration for software time delay integration
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2.2.4.4 Spectral bands/ Regions of Interest selection

By default, the snapscan camera system acquires data for all the spectral bands supported in
the integrated sensoiHowever, the snapscan provides the feature ahl selectiorwhich

allows the user to specify one or more spectral ranges that are of interest for the acquisition.
The acquired data will then only contain the bands corresponding to the selected spectral
ranges. Bands that fall outside the selected regions will not be acquired.

Each selected spectral range is referred toSgeectral Region of Interest (SROI) . The
shapscan camera system allows up to 8 SROIs

The band selection is dongirectly on the sensor. As a result, the amount of readout data
from the sensor can be reduced. This leads to following benefits:

A Less data is transferred from the sensor. It allows higher framerates and hence shorter
acquisition times.

A Size of output datand the file is reduced. It reduces the amounts of data to be processed
and stored easing the requirements of the PC used for the acquisition and improving
processing times.

2.2.4.5 Multi-pass acquisition

The snapscan camera system ensures that image acquisitions are repeatable because of the
high @curacy of the motion control of the integrated translation platform. This allows further
increasing the signal to noise ratio (SNR) of the acquired image data by averaging across data
acquired in multiple acquisitions across multiple passes.

2.2.5 Image post prcessing

The key purpose of a spectral imaging system is to measure the true surface reflectance (or
true material absorbance in case of measurements in transmittance mode) of the object to be
imaged. However, the image acquisition is subjected to intenfex and nondealities of the
imaging systerand the imaging environmefithe system related effects include, for example:

A the light source emission spectrum

spatial noruniformities in the illumination

the impact of the medium through which the light travels
vignetting of the lens system

the spectral deformatioaused by the lens system

LD D> D> >

A the sensor characteristics (QEWHS...)

To measure the true surface reflectance/material absorptme, needs to correct fosystem
related spectral effects; this may be done by measuring/providing the spectra of a known
target After correcting for system related effects, comparison of spectral responses across
measurements and with available datais possible

2.2.5.1 White balancing

White balancing, also referred to as reflectarca@culationis the process of extracting the
reflectance signal from the captured radiamméean objectby use of a reference targetThe
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purpose is to minimize the influenceof system related effect®n the hyperspectral
representation of an glect.

W hite balancing is done by placing#ilectance targein the scene. In principle any reflectance
target with known spectrum can be uséd extract the reflectance spectraelativeto the

target In practice it is simpler to use a reflectance target with an as flat as possible reflectance
spectrum and scaling up the measurement to 100% by dividing the measurement by the
reflectance valuef the reflectare target For example, the reflectance target delivered with

the snapscan system has a flat diffuse reflectance spectrum of 95%.

The following formula illustrates the calculation of the reflectance, using one white reference
image and two dark referencenages

object.,. - darkref (tint, i
Objecteflectane = : tadlance ( Ob]eCt) 3 tint

whiteref

whiteref - darkref (tint,..«)  tint

object

where
A object.ganceiS the radiance of the object of interest
A white ref is the radiance of a white reflectance tile

A dark ref (tintyee) is @ dark reference image taken with the integration time of the
object of interest

A dark ref (tint,e ) is @ dark reference image taken with the integration time of the
white reflectance tile

A tintunie ref IS the integration time used to capture the white reference image
A tint.eq is the integration time used to capture the object image
The object, whie and dark reference images are the raw output from the sensor, resulting in

a set of four 2D arrays. The abowaentioned formula should be applied on the digital
numbers of the corresponding pixel locations of the four images.

Reflectance vs transmittan ce mode imaging

There are two key differences between the two modes of imaging:
A Placement of object, light source and camera system

o Reflectance mode the light source and the camera system are on the same
side of the object,

o Transmittance modethe object is placed in between the light source and the
camera system.

A White reference measurement

0 Reflectance modé carried out using aeflectance tile with known spectrum
(as done in our evaluation system)

o Transmittance mod® carried out by using a measurement in absence of the
object and without using any reference object. Note that when the object is
placed on a transparent substratbe substrate must be kept in place when
doing the white reference measurement.

“mmec
A



2.3 lllumination

lllumination is a critical factor in hyperspectral imaging. Different sources of illumination have
different intensity levels at different wavelengttend the choice of illumination will
significantly impact the overall spectral response of the imaging system the combined
response of the illumination and the sensor needs tacbaesidered(see Fig. 4)As seen for

the LED illumination illustratechiFig. 4Jower SNR wil be achieved in spectral bands for
whichlimited light is availahle

Ideally, the useshould strive towards using illumination whiglelds an equivalent number

of photons per spectral band aftsampling by the cameia. the illumination should take

into account the spectral reflectance of the target ahdvariableQE response of thepectral

filter bands.The evaluation kit includes halogen lamps as a standard configutdtaever,

to optimize system performandeirther, the illuminationrcan be modified to compensate for
spectral variations in the scene reflectance and/or the spectral response of the sensor.

Halogen (3000K)

LED (530nm)

_Sunlight

30

30—
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Figurel4 Combined response for differenltuminations

Figurel4 shows thesystemresponse of the hyerspectral imagingystem taking into account
the effect of the illumination (purple) and thedividualspectral filter band responseslote

that the importance of selecting the correct illumination is here illustrated using the band
responses of the imec VNIR snapsc#vhilst the band responses diffefior the snapscan
SWIR, the principles for selectiragppropriateillumination holds.
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Chapter 3

Evaluation System Assembly Mar



3. Evaluation System Assembly Manual

This chapter will guide you through the assembly of the evaluation system. It provides an
overview of all components in the evaluation system and instructions to assemble the
evaluation system (as shown Higure 15). Afterwards the assembly of the camera is
instructed.

Figurel5 Final setup of the evaluation system

3.1 Assembly steps
Follow the steps below to assemble the evaluation system:

Step 4 Unpak the packages (cardboard box) and cross check the contents of the kit
received with the list of components provided in the manual

Step 5 Assemble the base plate

Step 6- Assemble the camera holder post and mount the tripod head
Step 7- Assemble the lamp holder posts and mounétiamps

Step 8 Connect the lamps to the power supply
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3.1.1 Step 1- Unpack and crosscheck the contents
Step 1.1 Unpack and crosscheck the contents

The system is delivered in two main packages (as showigimel6):

A Box 1 black explorer case
o0 This is the cameraox
0 The content depends on the camera ordered.

A Box 2 containing (seEigurel7 for contents)

o Components to build a setup with illumination
A mounting setup with vibration dampening
A halogen lighting solution with diffusers
A tunable stabilized DC power supply

o Reflectance targets faralibration
A reflectance tile 95%, 200 x 200 mm
A color checkerboard card

1 Thecolor checkerboard (it@® and reflectance standard (i&hh are optical
materials. Doottouch theirwgface in any way and store in dark conditions.

Table3 provides a list of all the components and the quantity for each component included
in the evaluation system.

Figurel6: Main packages delivered with the evaluation system. Box 1 (left) contains the camera and cables and
Box 2 (right) contains all evaluation system parts.
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Figurel7 Contents of the Box 2

Actual contents of the two boxes may vary depending on the options selected by you in the
hyperspectral camera selection form during order placement.

Item 20:Color checkerboard c@dlelivereth purposef a VNIR camera system. The
spectral response in the SWIR range of the checkerboard is flat.
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Table3: List of components and quantities in the evaluation system

Components Quantity Packaged
01 Base breadboard 300x300 1 Box 2
02 Scanning backgrounds 1 Box 2
03 Feet@d27mm, female M6 4 Box 2
04 Threaded studs M@lack 4 (2 used) Box 2
05 Threaded studs M@netal 1 Box 2
06 Hex cap screw M6, 16mnijack 4 Box 2
07 Hex cap srew M6,40mm, Metal 1 Box 2
08 @25.0 mm Post Clamp 1 Box 2
09 RightAngle @25.0 mm to @1/2" Post Clam| 2 Box 2
10 Right angle post clamp 2 Box 2
11 Post 300x225.0 mm 1 Box 2
12 Post 300x412.7mm 4 Box 2
13 Post 150x212.7mm 2 Box 2
14 Tripod ball head wi 1 Box 2
15 Tunable stabilized DC power supply 1 Box 2
16 Tunable stabilized DC power supppower 1 Box 2
cable
17 Halogen lamp 20W GU5.3 codit Box 2
18 Diffuser (Thorlabs DG24.20) Box 2
19 Assembled lamp holder, wire, post end cla Box 2
and banana plugbnnectors
20 Color checkerboard cardonly delivered for ¢ 1 Box 2
VNIR camera system
21 Reflectance standard 95% 200x200mm 1 Box 2
22 Assembly tools 1 Box 2

1 Actual contents of the two boxes may vary depending on the options selactibe by you
hyperspectral camera selection form during order placement.
1 Small pagmaybe inother part boxes

3.1.2 Step 2- Assemble the base plate

Required items ( Figure 18a)

Ref.No = Components Quantity Packaged
01 Base breadboard 300x300 1 Box 2
03 Feet@27mm, female M6 4 Box 2
06 Hex cap screw M6, 16mm, black 4 Box 2

umec
1)




Procedure:

Attach the 4 feet to the breadboard, through the holes, offset from the array. The
screw should sink completely in the hole, creating a flat surface. Tighten well.

. a
(@)

(©)

Figurel8: Assembly of the bagdate

(b)

(d)
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3.1.3 Step 3- Assemble the camera holder posts and tripod mount

Required items

Ref.No Components Quantity Packaged \
11 Post 300x25.0mm 1 Box 2
12 Post 300x12.7mm 2 Box 2
13 Post 150x12.7mm 2 Box 2
14 Tripod ball h e adaptew i t 1 Box 2
04 Threaded studs M6 black 2 Box 2
08 @25.0 mm Post Clamp 1 Box 2
09 RightAngle @25.0 mm to @1/2" Post Clamp 2 Box 2
10 Right angle post clamp 2 Box 2
16 Post end clamp 0.56 1 Box 2
7 Hex cap screw M6, 16mnMetal 1 Box 2
22 Assembly tools 1 Box 2

Procedure

Follow the steps below to assemble the camera holder posts and tripod mount, as shown in

Figurel9.
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Step 3.4
Assemble the

top post

Step 3.5 —» [ —
Mount the top —
post on the

vertical posts
Step 3.3

Assemble the
tripod head

<——— Step 3.1 ———p
Assemble the
vertical posts

Step 3.2 —»
Mount the
posts on the
base plate

Figurel9 Mounting camera on the assembled on the base plate (Step 3)

Step 3.1 Assemble the vertical camera holder postsgure20)

a. Insert and screw the blacthreaded stud, with its conical end, in the bottom end of
the long post.

b. Unscrew the stainlessteel setscrew from the top of the long post (these are not
required for this build, use adlen key size 2 if necessary). Screw the top of short
post onto thetop of the long post, connecting them with a stainlsssel setscrew.

Slide theright-anglepost clamp on to the assembled post and screw it.
Follow steps & to prepare two posts.

1 The position of right angle post clamp can be cldeagedadjust the height thie
lamps with respect to the base plate.
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Figure20 Assembly of the vertical camera holder posts (Step 3.1)

Step 3.2 Mount the camera holder posts on the base plafgg(re21)

a. Mount the post on the base plate such that the end of the post with the black threaded
stud is screwedhto the base plate. Use the first hole in the corner as shownkigure
21a.

b. Mount the two posts in opposite corners along the same edge of the base plate, as
shown inFigure21b with the right-angle postlamps tothe outside

a_

(a) (b)

Figure21 Mounting of the vertical camera holder posts on the base plate (Step 3.2)
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Step 3.3 Assemble the tripod head~{gure22)

a. Remove the stainlessteel ring from the topf the tripod ball head (adapter), revealing
the black thread on top.

b. Mount this removedstainlesssteel adapter piece into the bottorof the tripod ball
head

c. Screw theM6 metal studnto the bottom of the tripod ball head.
d. Screw the@25.0 mmpost endclamponto the metal stud

Figure22 Assembly of tripod mount (Step 3.3)

Step 3.4 Assemble the top road with tripod headrigure23)

a. Slide the 2xRightAngle @25.0 mm to @1/2" Post Clampnto both ends of the
300x25.0mnpost and tighten the screw.

b. Place the assembled tripod mount over the post in the middle, align the dfathe
tripod mount with the hole of the post and tighten the hex screw with the allen key.

c. Slide the M6 screw in the hol® preventunwanted titinpunder camer ads we
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Figure23 Assembly of the top post for camera moun

Step 3.5 Mount the top post on the vertical post$-(gure24)

a. Slide the assembled top post (fropmev. step on to the vertical posts and fix them
on the top edgeas shown irFigure24.
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Figure24 Assembly of top post with tripod head on the vertical posts (Step 3.5)

3.1.4 Step 4- Assemble the lamp holderogts and mount the lamps

Required items

Ref.No = Components Quantity Packaged ‘
19 Assembled lamp holder, wire, post e 4 Box 2
clamp and banana plug connectors
12 Post 300x12.7mm 2 Box 2
17 Halogen lamp 20W GU5.3 codit 4 Box 2
18 Diffuser(Thorlabs DG20120) 4 Box 2
Procedure

Follow the steps below to assemble the lamps and mount them on to the setup, as shown in
Figure25.
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Step 4.5
Adjust height of
the lamp posts
(left & right side)

Step 4.2
Mount the

posts on the
setup

Step 4.1 /

Mount lamp
-:»\"'

holders on the N
post % ’
. |
-

Step 4.4
; Mount the
. lamps into the

holders
(left & right side)

~ Step 4.3 > i

<«— Mount diffuser ——
on the lamps

(left & right side)

|

<¢— Step 4.6
Tie up the loose
wires to the

posts
(left & right side)

Figure25 Assembly of lamp holder posts and mounting of lamps (Step 4)

Step 4.1 Mount the lamp holders on the posF{gure26)

a. Unscrew the stainlessteel setscrew from the top of the post (these are not required

for this build, use aillenkey size 2 if necessary).

b. Slide two lamp holders on the post and fix them by tightenihe screw on the post
end clamp, as shown iRigure26. Repeat this step to assemble the remaining two

lamp holders on the second post.
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Figure26 Assembly of lamp holders on the posts (Step 4.1)

Step 4.2 Mount the posts on to the setupRigure27)

a. Slide the assembled post (from Step 4.1) into the rgihgle post clamp fixed on the
vertical post. Repeat this step for other assembled post.

Figure27 Mounting of lamp holders on to the setup

Step 4.3 Mount diffusers on the lamps
a. Unpack the diffuser and the lamps, as showRigure28.

1 Depending on your application, using different types of lamps and/or light shaping
filters can improve the SNR of the acquired data. It is strongly recommended to
experiment with differeppés of lamps to tune the total system response. Refer to
the manual Hyperspectral Sensors for more information.
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Figure28 Unpacking of diffuser and lamp (Step 4.3a)

b. Press and bend inwards the clips on the diffuser, as showigure29. This is needed
for good fit of the diffuser on the lamps.

p—

Figure29 Bending the clips of diffuser for mounting on the lamps (2t8p)

c. Press the diffuser on to the lamp such that the top edge of the lamp gets locked in to
the clip of the diffuser, as shown lfgure30.

1 Ensure that there ispgaetween the diffuser and the lamp

Gap between
diffuser and )\\<
the lamp

Figure30 Mounting diffuser on the lamp (Step 4.3c)

d. Follow steps & to prepare a set of 4 lamps, as showrFigure31.
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Figure31 Set of 4 lamps with diffuser mounted on them

Step 4.4 Mount the lamps into the holderg={gure32)

a. Align the pins of the lamp to the holes in the socket and push the lamp into the holder.
Repeat this step for all the four lamps.

Figure32 Mounting the lamps into the holders (Step 4.4)

Step 4.5 Adjust the height of the lamp postEigure33)
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a. The height of the lamps can be adjusted by moving the lasiginy posts up and down
along the vertical posts (as indicated by red arrowrigure33)

A The recommended height is shoWwigime33. You can choose a suitable height
depending on your application needs.

A

Figure33 Adjust height of lamps depending on application needs

Step 4.6 Tie up theloose wires to the postFEigure34)

a. We recommend users to tie up the loose wires to the mounting posts, as shown by
the blue arrows inFigure34.

Figure34 Tying up the loose wires to the mounting posts (Step 4.6)

3.1.5 Step 5 Connect the lamps to the power supply

Required items




Serial No Components Quantity Packaged

14 Tunable stabilized DC power supply. 1 Box 2
15 Tunable stabilized DC power supy 1 Box 2
power cable

Procedure

Follow the steps below to connect the lamps to the power supply and test, as shown in
Figure35.

Step 6.1
Connect power

" 4._cables to power
Step 6.2 1§\ supply
Switch on power J-#

supply to test

Figure35 Connecting lamps to powesupply and testing (Step 6)

Step 5.1 Connect power cables to power suppliFigure36)

a. Connect the 4 pairs of red and black connectors corresponding to the 4 lamps to the
output of the power supply, as shown in tlirégure36.
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Figure36 Connecting lamps to the power supply (Step 6.1)

Step 5.2 Test the connectior(Figure37)
a. Switch on the power supply and set the output voltage at.12V
b. If dl the connections have been correctly done, all 4 lamps should illuminate.
A You can switch off the power supply once the test is done.

A While using the system for acquiring data, the lamps need to be switched on for at
leas 15 minuteso allow them to warm up and stabilize.

POWER SUPPLY ESO015-10 e
:
o
o 1208 611 o b
cc

aw Vg A LB

DELTA ELEKTRONIKA

(a) (b)

Figure37 Test the power connection for the langp
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3.1.6 Step 6- Unpack and crosscheck the contents of box 1
Step 6.1 Unpack and crosscheck the contents

The Snapscan SWIR camera is padkdte black explorer case

‘umec

Figure38 Contents of the Box 1

7 Actualcontents of the box may vary depending on the options selected by you in the
hypersectral camera selection form during order placement.

Table4: List of components and quantities in the evaluation system

Ref. No Components Quantity Packaged
01 Snapscan SWIR Camera 1 Box 1
02 Lens (OPTIONAL ) (may be packed in 1 Box 1

different box and different typethan that
shown inthe picture)

03 Extension ring 1 Box 1
04 Power supply 1 Box 1
05 Power cord 1 Box 1
06 USB cable 1 Box 1
07 Holder for the locking keys 1 Box 1




3.1.7 Step 7- Mount thesnapscan camera

Required items

Ref.No  Components Quantity Packaged
01 Snapscan SWIR camera 1 Box 1
02 Lens OPTIONAL ) (may be packe 1 Box 1

in a different box and different tyy
than thatshown in the picture)

03 Extension ring 1 Box 1

Procedure

Follow the steps below to mount the snapscan camera on to the setup, as shown in
Figure39.

Step 7.2
Mount the camera
on the tripod head

Step 7.1

/‘W‘/ Mount the lens

on the camera

Figure39 Mounting the sapscan camera on to the setup (Step 7)
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Step 7.1 Mount the lens on the snapscan SWIR camé&igie 40, Figure41)

1 Thelens is an optional componkrit is available the delivelgnd thetype depends on
the ordeplaced

a. Place the snapscan camera on a horizontal flat surface and remove the parfytioa
camera

b. Remove the rear cap of the lens
If applicable,lpce the extension ring over themount tread of the lens.

Insert the rear of the lens into the-mount of the camera and turn it clockwise to
secure the lens on the camera body.

1 Itis recomended to leave the front cap on the lens until the system is fully assembled.

1 Do not forget to remove the front cap of the lens when using the system.

1 Itis strongly recommended to put back the front cap on the lens when the system is not
in use.

(d)

(b)

(a) O

™ (9

Figue 40 Mounting lens on the snapscan camera (Step 5.1)

e. Unlock the screw, turn the aperture ring to set the lens aperture and lock the screw.
f. Unlock the screw, turn the focus ring to set the lens focus and lock the screw.
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Aperture ring
+ locking screw

(e)

(f)

Focus ring +
locking screw

Figure41 Focusing and setting the aperture of the lens
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Step 7.2 Mount the snapscan camera on the tripod hekay(re42)

a. The tripod adapter plate on the bottom of the snapscan SWIR camera provides a

threaded hole to which the tripod head can be affixed. Align the hole on the camera
to the screw on the tripod head.

b. Rotate the tripod screw to tighten the screw to affix the camera to tiigpod head.
You maylock the kel head and rotate the cameta tighten strong

c. Unlock theball heado adjust the tripod head such that the camera body is parallel to
the base plate and lock it again.

Rotate to affix Unlock to adjust position
the tripod head of the tripod head on the
to the camera mounting post

Figure42 Mounting of snpscan camera on to the tripod head
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Step 7.3 Removal of the locking pins
a. Remove the 2 pink locking pins on the side of the camera
b. Store them in the holohg casefor later use.

Figure43 Removal of the locking pin

1 These lockgmpins are required to kekpc a m emosirly parts a fixedpositiorduring
transportatioto prevensystendamage. Read sect®8for instruction to put the locking
pins in place.

Step 7.4 Connect the snapscan cameratte PC Figure44)

1 The USB should be connected and powered before the power supply is connected. Not doin
this may damage the camera.

a. USB 3.0 cable is used to connect #panscan SWIR camera to the PC. The USB 3.0A
connector is the PC side and USB 3.0 mi@@onnector is the camera side. Align the
USB 3.0 micreB connector to the port on the back of the snapscan camera, as shown
in Figured4a.

b. PushtheUSB3.0mic® connector i nto Figueddodamer ads U
c. Lock the USB connector by turning the threaded ringgy(ire44c)




Figure44 Connecting snapscan camera to the PC

Step 7.5 Connectthe power adapter to the snapscan SWIR camera

1 The USB should be connected and powered before the power supply is connected. Not doin

this may damage the camera.

a. Assemble the power adapter by affixing the power cable into the adapter, as shown in

Figure45.

Connects to
power outlet

Affix the power cable
into the adapter

Connects to
snapscan
SWIR camera

Figure45 Assembling the power adapter for the snapscan controller

b. Connect the power cord to the camera.
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Figure46 Connection of the Power cord

c. The power LED should be on.

Step 7.5 Test the connection

a. Verify that all the connections are complete, as showRigure47.

The connections between the snapscan camera and the PC should be as shown in

A

[ ) POWER CABLE

PC

CAMERA [——

=

Figure47 Connections between snapscan camanal FC

Power the system by first connetihe USB to the computer and afterwards plug in

the power cable.

1 The USB should be connected and powered before the power supply is connected. Not doin

this may damage the camera.

3.2 Identify the camera unit

Each camera unit is assigned a unique serial number, as shéwguied48. The description

of the serial number is given Trableb.
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Serial number

Figure48 Serial numbefor camera units

Table5 Description of the serial number

Label Description Values

A: model A(VNIR)
B: model B(VNIR)

C: model C(SWIR)
X: model X

i Model identifier

100:Hyperspectral NIR sensor (680000nm)

¢ Sensor Identifier 150 Hyperspectral VNIR sensor (47320nm)

Q: Q-motion stage

£ Translation stage identifier U: Ultrasonic stage

a Device number 4 digitserial number starting fro001

3.3 Secure the camera for transportation

To prevent internal damage of the camera during transportation the pink locking pins should
be placed according tthe following steps:

a.

b
c.
d

mmec

Place the magnetic pin into ttsnall hole on the bottom of the camera.
Place the pink locking pin into the hole on the side of the camera.
Pull themagnetigin out of the camera.

Repeat this step on the other side of the camera. Make sure the pin is not removed
by accident.




(c)

-

Figure49 Secure the internal stage of the camera for transportation

3.4 Troubleshooting

The lamps do not work

Carry out following checks:

Check 1: Is power supply working? If nahen check if
A power cord is plugged in
A power supply igurned on

Check 2: Are the lamps properlynserted in the sockets? If not, thengss the lamps deep
into the sockets.

Check 3: If the cablesattached to the lamp holderare connected to the power supply
the correct way

Check 4: If the voltage ad current is set corectly

The camera does not work

Check ifthe power and status LED on the back of the camara lit or not. If not, then
check the following:

A USB3.0 cable is connected to the camera and a PC

A USB ports of the PC ar&nctioning properly

A Power cord is connected correctly.

The diffuser is attached loosely to the halogen lamp
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Remove the diffuser and holder from tFl
ensure a better fit and clip back on the lamp.

The camera makes a clicking sound after it is connected and during scanning

This is normal. The camera shutter will cycle after connection and before starting &
During a scan the translation stage is moved internally, which can also lead to alickiohg

Contact imec HSI support if the problem persists or for any other problems:

Emailhsisupport@imec.be

Website: http://hsisupport.imec.be

“mec
1)


mailto:hsisupport@imec.be
http://hsisupport.imec.be/

“umec

racing a better life



4. Hardware manual

4.1 Mechanical specifications
4.1.1 Camera dimensions

91

T T—

0l | A
: Vo
J O | | === |
0
Figure50 External dimensions of the camera body (all dimensions are in millimeter)
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4.1.2 Flange focal distance

The flange focal distance tise distancerom the mounting flange to the image sensor plane.
It is astandard Gmount distanceof 17.526 mm.

The flange focal distance is also known fegeto-film distance, flange focal depth, flange
back distance (FBD), flange focal length (kFdifferent applications.

4.1.3 Camera mounting options

4.1.3.1 Tripod adapter plate

-

)

!

Adapter plate >‘ < T o

Figure51: Top and side views of the tripod adapter plate along with its dimensions (all dimensions are in
millimeter)

4.1.3.2 Mounting holes on the bottom of the camera
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made in Belgium
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50mm

Figure52 Bottom view of the snapscan camera showing the 4 mounting holes (all dimensions are in millimeter)
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4.2 Electrical specifications for snaps&RIOinterface

Table6 Overview of output parameteror the controller

Output parameters Values \
Frequency Synchronized with camera frame acquisition
Output pulse 50 ns in continuous scanning mode
10 ms in discontinuous scanning mode
Max output frequency 1700 Hz
Voltage levels 0-5VTTL
Opto-coupled Yes
Fuse No
Max. current 10 mA
Logic Pull down
Visual indication Trigger LED flashes red

Table7 Overview of input parametex for the controller

Input parameters Values ‘
Function Can be used to start the acquisition

Minimum duration of input pulse |50 ms

Voltage levels 0-5V TTL

Opto-coupled Yes

Fuse No

Max. current 10 mA

Logic Pull down

1 High voltage 71V DC. When removing the interface cable between controller and camera,
actuators inside the camera stay charged for several hours. Temperature changes can
also induce charges on the internal actuators.

4.3 Operating conditions

>\

Always plug USB first

>\

The snapscan system is intended to be used in a lab environment.

>\

Always ensure that the camera is connected anounted correctly before operation.

>\

Never operate the camera without lens.

>\

Only use the power supply and cables provided with the system.

>\

Respect the electrical specification when connecting to the GPIO ports.
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4.4 Storage conditions

The snapscan system islivered in a ruggedized plastic case. The camera should be stored
in this case when not in use. Please ensure that you always place the camera, lens, controller
box and its main cables back in this case for safe storage. Use the provided-lmnsn€and
connector caps when storing the system.

1 Please note that, while this plastic storage case is highly resistant to vibrations, impact due to
falls, high and low temperatures, the camera and the components are not. Subjecting the
camera unit or any of tileluded components to excessive vibrations, impact due to falls or
extreme temperature outside the specified ranges might cause a damage even when they are
inside the storage case.

4.5 Maintenance tips
45.1 Preventive maintenance

Do not use the camera when the lsns removed

Do not leave the camera lens mount uncovered after the lens is removed. Immediately
cover it with the provided Gmount cap.

Take special care not to damage the connectors

Secure the USB connector on camera by tightening the screws

Protect thecamera system from water and excess humidity

Protect the camera system from vibrations, while in operation and during storage

Do not touch the filters.

D> D> D

4.5.2 Regular maintenance

A Clean the lens input port on a regular basis with a clean micro tissue.
A Remove dusfrom fans with a camera dust blower.
o Do not use a vacuum cleaner or apply air forcefully.

45.3 Corrective maintenance

A Contact imec HSI support for case specific support.

A Specialty maintenance at imec is available upon request.

A In case of particle contamination the optical system:
0 Sensor cleaning should not be performed by the user.
o Clean the lens output port with a clean cotton swab.

“mec
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5. SoftwarelnstallationManual

This chapter will guide you through software installation and configuration.

5.1 System requirements for the PC

For succesful operation of the software it is required that the computer conforms at least to
the minimum system requirements as givei able8 and has a compatible USB3.0 adapter
as specified iffable9. It is highly recommended to reserve the use of the computer to the

snapscan system.

1 Do not connect thaapscan system to t€until after the installation.

T On computers with Windows 7 itods

hardware instead of using the default generic@rivessc k your comput er

site to downloaddabe drivers.

Table8: Minimum and recommended system requirements for the PC

Parameters

Operating System

Minimumconfiguration
Microsoft Windows 10, 64 bits

Recommendedonfiguration

Processor

Intel i5

Intel i7

Hard disk type

Solid State Drive (SSD)

Freeharddisk space

10GB

Usage dependent

RAM

16 GB

32 GB

USB for camera

1x USB 3.0

Table9: List of compatible driver version for different USB3.0 adapters

Adapter type Compatible driverversion
Fresco Logic FL1100 3.5.24.0
Renesas D720202 3.0.12.0

Intel QM77, 277, 287, Z97 Latest

Intel Broadwell Latest

ASMedia AS1042

Not compatible

Etron EJ168A

Not compatible

Via Labs VL80®8

Not compatible

umec
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5.2 Software nstallation

Follow thesteps below to install the software:

A Download the latest versioidSI Snapscan.efxem the imec hyperspectral support

site:http://hsisupport.imec.hdouble click the installer to start the installation wizard.

Software
components

ImecHSI
Shapscan

A Follow the steps as guided by the installation wizard.
A The following software components are included in the installer:

Description

Mandatory. Required to control the snapscan system.

Disk space

required

288.2 MB

Imec HSI studio

Optional. Can be usetb view the data acquired with the
snapscan acquisition software (data is in ENVI format).

9 Currentiythere is no separadecumentation availabiée
refer users to Chapter 6 (Software user manual) of this
manual

0.2 MB

perClass Mira

Optional. perClass Mira is a spectral imaging software fron
perClass BV. perClass Mira can be used for viewing and
analyzing the acquired hyperspectral image data. A 14 day
limited functionality demo license is included wstiapscan
software.

I Documentation and user manual can be found onli

http://doc.perclass.com/perClass_Mira/lntroductior

2.3GB

A If needed, the wizard will start the installers of the thjpdrty software/drivers that is
required to communicate with the snapscan hardware. Follow the instructions to
complete the installation or update.

Driver type

Description Disk space required‘

FTDI

Interface snapscan controller with PC

Pl

Internal stage control

Ximea/ eBus Pleora Camera control

MSVC redistributable | Runtime components for snapscan software

500 MB
|
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5.2.1 perClass Mira installation

Following are the system requirements for perClass Mira

Parameters Minimumconfiguration

Operating System Microsoft Windows 7(or higher) 64 bits

RAM? 8GB

GPU NVIDIA GPU supporting CUDA 9.0 library (needs to be installed separately)
GPU memory 4GB

T Please refer tthelafpd sy@dmaegdrénente bsi t e f or
http://doc.perclass.com/perClass_Mira/Systemrequirements.html

Follow the steps below to install and activate perClass Mira:
A perClass Mira can be installed with an installer bundled in IMEC software

A 14-day limited functionality demo licensepiovided with the snapscan purchase.
Follow the steps shown here to activate the license
(http://doc.perclass.com/perClass_Mira/Firststart.mtmi

1 Once a demo is activatenned images can be loaded in perClass Mira
1 classification solution can be created
9 decisions on more images can be tested from within perClass Mira

1 the solution can be exported in a file, loaded in IMEC software and applied
to new images

1 perClass offees 1-hour remote training using TeamViewer to help users to get
started

1 Demo does not allow saving project files or exporting data. Please contact perClass
for licensing options for full functionalities

umec
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5.3 Software onfiguration

Follow the steps below to cdigure the software and complete the installation:

A

Ensure that the system is connected, as showrigure53. Please make sure USB
cable is plugged before the pokveable as mentioned above.

A

) CAMERA [——

=

PC

Vo | e— T o T o=
> SS<;- uss3

Figure53: Connection diagram showing the connections between all components of the snapscan system.

1

A

“mec El

Warning: make sure the USB cable is always plugged when powering the camera.

The USB should t@nnected and powered before the power supply is connected. Not doing
this may damage the camera.

Configure the software by selecting thgssentile that has been delivered with the
camera unit. The software will prompt to select this file whieis launched after the
installation, as shown rigure54.

Each camera unit comes with two unique filaystem description fdad sensor
calibration fildBah the files should be kept together in the same folder. It is advised
not to modify these files to ensure proper functioning of the camera unit and the
controller.

The system description filientifies the system and its different components. This
information is used by the acquisition software to connect to the system and to
correctly produce spectral measuremenltshasthe extension .xml and has the same
name as the serial Nr of the camera.

Thesensor calibration fitntains the full calibration rept for the hyperspectral image
sensor integrated in the camera urithas the extension .xml.




Connect
mmec

Connection

Select snapscan file (*xml)

Current: snapscan_B150U-0001

Figure54 Configure system information file specific to the camera unit

1 Refer to the troubleshooting section in case of problems.

9 Contact HSI support if the problems persist.
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5.4 Troubleshooting

The installation process didndt compl ¢

Locatethe installation directory and verify if it exists and contains a shortouaunch the
software. If not, thendunch the installer ahrun through the wizard agaiontact suppori
in case of repeated failure.

The PC cannot find the correct drivers for the hardware

Make sure to first install the snapscan acquisition software. During installation all re
device drives will be installed on the PC.

The software cannot connect to the snapscan camera

Check 1: Correct system file is loaded artdy connecting again.

Check 2: snapscan system is connected correctly to the computer:
A (Re) Connect the snapscan camerads US
A Try connecting the software again.
A Try with a shorter cable

Check 3: snapscan camera is detected in thevibe manager.

A Verify that the computerds USB port
working on battery or in a power optimization mode.

A Try using a different USB3.0 port.
A Ensure that you are using the USB3.0 cable supplied witkytsiem.

Check 4: There are no unknown devices in the device manager. If there are unk
devices:

A Disconnect the snapscan system by removing all connections to the computetr
A Open the directory resourcegnstallers in the installation directory.

A Runtheist al |l er ( XI MEA_API _Installer B¢
checked and make sure it completes successfully.

A Connect the snapscan system. The operating system should now detect the
and install the correct driver.

A Try connecting again.
Check 5: USB3.0 drivers for the machine are installed correctly.

The default Windows 7 USB3.0 drivers might not be suited, especially on laptops. N
to the support site of your computer to download and install the dedicated USB3.0 d
for your computer.

“mec
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The software cannot connect to the snapscan controller

Check 1: The correct system file is loaded and try connecting again.

Check 2: Power cycle the snapscan controller and try connecting again.

Check 3: snapscan controller is connectaxbrrectly to the computer:
A (Re) Connect the snapscan controllerd
A Try connecting the software again.

Check 4: All devices are detected in the device manager. If either of the USB 2.0 hul
serial converter orP| controller arenot detected then check the following

A Controller is connected to mains power and is switched on.

A Computerds USB ports are powered. ]
battery or in a power optimization mode.

A Try using a different USB port.

Check 5: There are no unknown devices in the device manager. If there are:
A Disconnect the snapscan system by removing all connections to the compute!
A Open the directory resourcegnstallers in the installation directory.

A Run the installers for the USB seriarverter (CDM21226_Setup.exe) and PI U
driver (P1_USB_Driver_Setup_64Bit.exe) individually and make sure they cor
successfully.

A Connect the snapscan system. The operating system should now detect the
and install the correct driver.

A Try conneting again.

Check 6: When wor king on a | apt aymot provide sufficer
power. In this case,

A Try connecting the controller through an external USB hub.
A Put the |l aptop in a docking stpat i or
A Try using a shorter USB cable with micro USB connector.

Contact imec HSI support if the problem persists or for any other problems:

Emailhsisupport@imec.be

Website: http://hsisupport.imec.be

“mec
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6. SoftwareUser Manual

This chapter explains how HSI Snapscan can be used to configure the snapscan system, acquire
hyperspectral data cubes and finally view and export the data.

First, an overview is given of the workflow and user interface layout, after which each view is
explained in more detail.
6.1 General

HSI Snapscan provides the following two key functionalities:
1. Cube acquisition (see Secti@n?)
2. Cube display (see Secti@nd)

Figure55 shows the different elements in the user interface of the software:

A Mode selection panel & Provides separate tabs to select cube acquisition or cube display
mode.

A Control & configuration panel & This panel is specific to the selected mode. It provides
control and configuration options to the user.

A Display panel 8 This panel is also specificthe selected mode. In acquisition mode, the
panel displays live view from the sensor, whereas in cube display mode it shows a
previously acquired cube as selected by the user.

A Status panel 8 Provides camera related information. For example, sensor &atpre.

9 Cube acquisition tab is selected by default when the software starts

Figure56 shows the typical workflow that a user must follow while using the software. Details
of each step in the workflow are provided in the upcoming sections.
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Figure55: Annotation of the main elements in the sn:

[Connect] {Configure} { Acquire ] { View J >[ Export J

\ l J \ I /

Cube acquisition Cube display

Figure56: lllustration of the workflow of HSI Snapscan. This workflow guides the user from connecting to the
shapscan systeto exporting hyperspectral data.

6.2 Cube &quisitionmode

Cube is acquired from the snapscan camera by following the first three steps in the workflow
shown inFigureb6.

Connect step 0 select your snapscan system and establish connection
Configure s tep 6 configure the acquisition properties
Acquire s tep & control the system and acquire data

Each of these steps are discussed in detail in the upcomingrscti

6.2.1 Connectstep

Follow the steps below to connect to the snapscan camera system:

Step 1- Clickthed Sel ect ShuttoptSload thesysterh description feecific
to your snapscan camera unit.
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This file contains information on how to connect to the hardware as well as
whichsensor calibration fibeuse to interpret the data. When the file is loaded,
the name of the file is shown and the connect button becomes available.

1 The software keeps #axf the last used snapscan system description file. When
restarting the software, reconnecting is possible without having to select the system
file again.

Step 2-  Click the Connedbutton

This will establish a connection to the snapscan system, initialize tdevaisr
and switch the user interface to the configuration step. If needed, refer to
Section5.4for troubleshooting instructions.

¥ Connection

Select snapscan file (*xml)

Current: C100U-0003

Figure57: Controls available to connect to the snapscan system.

6.2.2 Configurestep

Follow the steps below to configure the snapscan camera system for the cube acquisition:
Step 1- Set the camera parameters by following the instructions in Se&ipr2.1
Step 2- Select the spectral bands by following the instructions in Se&i2r2.2

Step 3- Click the Start button to switch to acquisition interface (discussed in detail in
Section6.2.3

6.2.2.1 Configuration parameters

The configuration parameters available are showrFigure 58 and their description is
provided inTable10. These parameters determine the memory requirements, output data
size, quality, and maximum acquisition speed.

1 An estimation of the memory requirements and data size is displayed below the settings anc
are updated when theeu changes a configuration parameter.
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Configuration
Discard interface pixels:
TDI pixel step:

b

Cube height:
W
Cube width:
b

Cube width offset:

b

Binning (NxM):

b

Figure58: Controls available to configure the snapscan output data. The output data properties define the

mmec

memory requirements, output data size, quality, and maximum acquisition speed.
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Table10: Overview of the parameters available to configure the snapscan system.

Parametes

Discard interface pixels

Values
On / Off

Default: Off

Description

On: Pixel rows at the edges of spectral bands are ignorec
This will reduce the crosstalk between the spectral bands

Off: All the pixels rows of a spectral bands are used.

Note:The TDI pixel step must be minimum 2 less than the
maximum.

TDI pixel step 1 to 4 (number of pixel | Sets the travel range between two consecutive images.
rows per spectral band)
Tip:Smaller values avoid band to band crosstalk, enable
Default: 4 software TDI, reduce noise, increase number of frames
needed, increase acquisition duration.
Cube height 1to 1206 (number of | Sets the number of rows in the outpualata.
pixel rows in the
sensor) Tip:Higher values will increase the vertical spatial resolut
but it will also increase the required memory and the size
Default: 512 output file.
Cubewidth 1 to 640 (number of Sets the number of columns in the output data.

pixel columns in the
sensor)

Default: 640

Tip:Higher values will increase the horizontal spatial
resolution, but it will also increase the required memory a
the size of output file.

Cube offset x

0 to 640 (number of
pixel columns in the
sensor)

Default: 0

Sets the offset from top edge in live view in case the sele
cube width is lower than 640.

Tip:Use cube height, width and offset to acquire selected
region in the field of view.

Binning(NxN)

1toN (2,3 ...,20

Default: 1

Pixels within a NxN neighborhood are merged by averagi

Tip:Binning increases the SNR but decreases the spatial
resolution and the size of output file.

6.2.2.2 Spectral bands selection

In Section2.2.4.4 we have introduced therinciple and benefits of band selections. In this

section, we will guide you on how to select bands using graphical visualization and

configuration panel.

The default band selection is configured during thactory system calibration, which selects
al the bands in the full spectral range of the camera.

Band selection can be carried out using the graphical visualization igpkyypanel where

the spectral response of all the bands are shown. The selected bands can be edited either

using the graphical visualization or using@utrol & Configurationpanel.

1 When using band selection, the software will automatically comput®m matrec to
compute the true spectral signal from the selected bands.
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T The actual Il ndex of t he band on the sensol
data without correction.

Using graphical visualizat ion

Follow the steps below to add, reme and modify SROIs:

Left click on the plot to add a SROI.

00 A faint blue overlay, bordered by two blue lines (handles), indicates the added SRC
response of all selected bands is shown in the color corresponding to the wavelength.

Remove Right click on a SROI to remove it

Modify Hold and drag the left or right handles on the overlay to include or exclude additional be

Reset Left click and drag over the full spectral range displayed

Figureb9 shows an example of band selection with two SROIs.

mec

Figure59: Example of a band selection with two spectral regions of interest. The user can interact with the
visualization to modify the band selection. By default, after connection, the full sensor is read out.
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Using configuration panel

The band selection can also be modified using the configuration panel, as sHagureb8.
The lower part of the panel provides controls for band selection, as showiguare60. These
controls are described ifablell

* Band selection

L513:1089.7 - 1143.26nm

Range (nm):

v 1089.70 - [ 143.26
Bands:

000 : 011 band : 1089.%9nm

001 : 012 band : 1094.5nm

002 : 013 band : 1099.0nm

003 : 014 band : 1103.3nm

004 : 015 band : 1108.Inm

005 : 016 band : 1105.7nm

006 : G017 band : 1110.4nm

Spectral region:

Figure60. Band selection tool is complementary to the right side and can be used ttufireethe range or
highlight a given band by clicking on it or moving the slider.

Tablel1 Description of controls for band selection in the configuration panel

The central wavelength of the first and last spectral band in the selected Si
displayed here. The spectral range of the selected SROI can be edited by chant
beginning and the end wavelengths.
Range (nm)
All the SROIs selected using the graphical visatain are listed in the pulldown met
and it can be used to select a specific SROI.

Displays the list of bands in the selected SR&ecific band can be highlighted
clicking it in the band list or using the slider below.

Bands Tip: Some bands on the sensor have been disabled during tfigctory systen
calibration to optimize the systemg
spectral region, they are greyed ou
recorded in he data but will not be used for spectral correction.

Spectral region The slider can be used to scroll through the bands displayed for the selected S|
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6.2.3 Acquirestep

The user interface for the acquisition mode is showrrigure61, where

1. The Control & Configuration panel can be used to set the image acquisition
parameters, such astegration time, gain and scanning mode.

2. TheDisplay panethows the live view from the snapscan camera.

A The live view provides a sight on the scene as seen by the snapscan camera. The
outer border is displaying the maximum possible size while the ionelindicates
the region that will be scanned as specified in the configure step.

A When a preview image has been captured it is displayed as a background of the
view.

A An overlay is masking the unselected bands of the sensor.

A In the topright corner, contols are provided to rotate/flip the view. Saturated
pixels are shown in red.

imum possible spatial resolutior

mec

Figure61: User interface and live view display for the acquisition mode after the camera hasdresected
and configured with default SROI settings, i.e. all spectral bands are selected.
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Figure62: User interface and live view for the acquisition mode after the camera has been connected and
configured with specific bandslsected. The serdransparent colored overlay indicates bands that fall outside
of the band selection. Note: HDR and mditame features are currently unavailable.

Follow the steps below to configure the acquisition parameters and acquire images from the
shapscan camera

Step 1- Set the image acquisition parameters by following instructions in Se&2d81 1

Step 2- Acquire reference data for white balancing and image data for the object under
scanning by following instructions in Sectin

Step 3- Go to Cube Displagb for viewing he acquired data and for further processing
or click Disconnediutton to go back to configuration mode.

Figure63 shows the different elements available in the Coh& Configuration panel.
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To exi
— acquisition
mode
~ General
Stage position:
Genera
' acquisition
Integration time (ms): parameters
v 200 ~
“ Scanning options
Maximum pixel blur:
= Scannin
v 2.50 — ¢
options
Effective pixel blur:
v Cube acquisition (1349.00 s)
White reference reflectance:
, 95% Parameters
& controls
Scan white reference 3 B for acquiring
data
Scan object
Automatic reflectance:

Figure63 Control and configuration panel in the acquisition mode
6.2.3.1 Image acquisition parameters

There are the following categories of image acquisition parameters:
A General

A Pixel blur control

>\

External triggering control

1 Modifying the cube size and TDI settings requires returning to the configuration mode by
stopping the acquisition. This is done by clicking the stop button.

General acquisition parameters
The general acquisition parameters, &gwn in Figure64, let the user set the integration

time and analog gain for the acquisition as well as the number of times a single frame should
be acquired and avegad. An overview of these parameters is giveiatle 12.
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Tade 12: Overvi

Parameter

Stage position

* General

Stage position:

Integration time {ms):

v 200 A

Figure64: The general acquisition parameters allow setting integration time.

ew of the general parameters available to configure the acquisition with the snapscan system.

Values Description

N.A Drag the slider left or right to move the sensor live view acros
the field-of-view of the camera.

Integration time

001690ms | Set the time period during which photons are collected by the
sensor to capture a single frame.

Tip:Lower values enable faster acquisition mdy decrease the
SNR.

Pixel blur control parameters

Pixel blur refers to the distance travelled by the sensor while sensor exposure is in progress.
The traveled distance is measured in terms of pixels. The snapscan camera can operate in one
of the following two modes:

1. Continuous: Data iscquired inmotion. The frame acquisition is synchronized to the
motion by a hardware signal. The motion during the acquisition causes ritioim

the data

which can be controlled using the pixel blur control parameter.

2. Stop motion: Data is acquired standstill The sensor is movelly the pixel step

(defined

in the configuration view) and brought to standstill before acquiring the next

frame. Hence, the pixel blur control parameter is not applicable in this mode.

The software

automatically select theost approriate mode given a set of parameters.

Meanwhile, settin@ixel Bluio 0 will force Stop motion.

Follow the steps below to configure pixel blur control parameter ($&égure65 and Table

13):
Step 1-

Step 2-

mmec

Check theEffective pixel biualue. This value is automatically calculated by the
software based on the achievable frame rate, TDI steps and selected
integration time. The achievable frame rate is displayed in the Configuration
panel and is dependent on the Jiepth and number of sgztral regionsof-
interest (SROI).

Estimate the required resolution in terms of minimum number of pixels
required to cover the targeted feature size. Count the number of pixels
covering the feature size in the live view of the sensor.



Step 3- Verify if the Effeave pixel bluvalue is acceptable or not based on the table
below.

Feature size (in pixels) Recommended
[as seen in sensor live view] maximum pixel blur
o 7 O 5
6 O 4
5 O 3
4 o 2
3 O 1
2 0

Step 4- If the Effective pixel blwalue is higher than the recommended maximum
allowable pixel blur, séflaximum pixel blparameter to a value lower or equal
to the recommended value.

Step 5 If the system does not accept the specified value, then change the configuration
and acquisition parasters mentioned in Step 1. If tHeffective pixel bhgrstill
higher than the recommended value and it is not acceptable then you may have
to change the optics and/or working distance such that the targeted feature
size (in terms of pixels) and as searsensor live view increases.

%~ Scanning options
Maximum pixel blur:

= 2.50

Effective pixel blur:

Figure65: Scanning options available in the continuous scanning mode. Motion blur is controlled by limiting the
distance traveled during the exposure time.

Tablel3: Overview of the parameters available to configure the pixel blur controls

Parameter Range Description
Effective pixel blur 0-5 Distancetraveled by sensor (in terms of pixeldlring the exposur
time.

Tip: Smaller valuemdicate lower blurring and hence sharper ima

Maximum pixel blur 0-5 Threshold specified by user on the pixel blur.
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6.2.3.2 Acquiring data

The actual data acquisition typically consists of two acquisitions:
1. A scan of the object

2. A scanof a white reference (used in the software to normalize or white balance the
object data into raw reflectance or raw transmittance)

These acquisitions can be done in any order.

Multiple object scans can be acquired with the same white reference.afiéhe softw
temporarily stores internally the white reference after it is acquired. This temporary copy is
mai ntained until t he user e Kigutes)oraaqnegw i s i t i
white reference is acquired.

Figure66 shows the controls for acquiring the data. The estimated time required for an
acquisition is displayed above the controls.

1 Scans are always stored in memory until exported. Creating jachemwbiie
reference scan replacesnemorythe previously acquired object or reference scan
respectively.

v Cube acquisition {|349.00 s)

White reference reflectance:
W 05%
Scan white reference

Scan object

Automatic reflectance:

Figure66. Cube acquisition controls. An estimate of the acquisition time given the current parameters is
displayed on top of the section.

Acquiring white reference image

Follow the steps below to acquire white reference scan:
Step 1- Placea white reference under the camera.

Step 2- SetWhite reference reflectampa@ameter. The default value is 95%. If you are
using the wite reference target provided with the snapscan system, then leave
this value at 95%. In case you are using a different white reference target then
set this value accordingly.

Step 3- Ensure that the white reference is covering the whole region of interest.

Step 4- Set he acquisition parameters as needed. Ensure that there is neither over nor
under exposure for any of the spectral band(s) and parts of the scene.
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Step 5 Click Scan white reference
i.  The system will start acquiring the image and wait until it is over.

ii.  The snapsan camera has an integrated softwasentrolled mechanical
shutter (see Sectiori.2.3. The software will automatically acquire the
dark reference image by closing theusiier.

Acquiring object image

Follow the steps below to acquire object scan:
Step 1- Placethe object under the camera.
Step 2- Ensure the scene to be within the white referenced region.

Step 3- Set the acquisition parameters as needed. Ensure that there is neither over nor
under exposure for any of the spectral band(s) and parts of the scene.

Step 4- Click Scan object
i. The system will start acquiring the image and wait until it is over.

ii. snapscan has an integrated softwaoatrolled mechanical shutter (see
Sectionl.2.3. The software will automatically acquire the dark reference
image by closing the shutter.

Step 5 If Automatic reflectanee enabled (default setting) and both object and white
referenceimages are available, then the software will automatically carry out the
reflectance correction (see Sectidh2.5 and prompt the user to go toCube
displaynode.

To awid losing data by pressing the wrong button, the white reference will be locked and
must be manually unlocked to intentionally redo the reference.

A previously acquired reference can be imported. Be careful that your light setup must be
strictly equivalethto be meaningful. Using an unmatching reference will yield wrong data.
6.3 Cube display mode

The acquired cube is visualized, analyzed and saved by following the last two steps in the
workflow shown inFigure67 (see Sectiorb.2for the first three steps).

View step 0 process, visualize and analyze the acquired data
Export s tep 8 export to save the acquired data and reference data

Each of these steps are discussed in detail in the upcoming sections.
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Connect Configure >{ Acquire View Export

\ l J \ I /

Cube acquisition Cube display

Figure67: lllustration of the workflow of the snapscan software. This workflgwdes the user from
connecting to the snapscan system to exporting hyperspectral data.

The user interface for the cube display mode is showRigure68, where

1 Control & Analysigpanel can be used select, export and render the acquired images.
This panel also provides controls to display spectral information of selected regions
on the image as well as carry out classification.

1 Image Displaganel shows the rendereddage. This panel can also display the classified
image.

1 Data Visualizatiorpanel can be used to view the metadata of the acquired cube,
spectral and pixel responses of regions selected in the control & analysis panel, as well
as ground truth and class g for classification.

Control & Data Visualization
Analysis Panel Panel

LIMEC Acquisition

¥ Cube selection

048 x 2048 x 150
19.00-12 18:11

Image
Display Panel

Figure68: GUI of the Cube display mode
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Figure70 View of the "Data visualization" panel (deigure68)




6.3.1 View gep

Follow the steps below the view the acquired cube:

Step 1- Select the object or the white reference cube using tebe selecti@ontrol.
The object cube will be selected and displayed by default after switching to
cube display mode.

% Cube selection

Cube

Figure71. Cube selection. Switches between cube and white reference.

Step 2- Select/deselect the posiprocessing to be applied on the cube. By default, the
software applies reflectance correction (when both object and white reference
cubes areavailable) and spectral correction to the acquired cube. User can
select/deselect one or both posprocessing to visualize the cube. (see Section
6.3.1.1for details)

9 This step is applicable only to the object cube.

Step 3- Select the rendering type for visualization. HSI Snapscan offers multiple
rendering types. (see Secti@3.1.2for detaik)

Step 4- Analyze the spectral quality of the acquired image by selecting different areas
on the image and plotting the spectral response for these different areas. (see
Section6.3.1.3for details)

Step 5- Carry out classification (if needed). (see Sectd 1.4for details)
6.3.1.1 Processing

HSI Snapscan offers following ppsbcessing options prior to visualization:
A Export cube: see Sectidh3.2

A Reflectance: software will automatically carry out reflectance correction when both
object and white reference images are available. It is possible to disable reflectance to
view the irradiance cube.

A Correction matrix: software will automatically carry out spectral correction if
reflectance is enabled. It is possible to disable spectral correction by selBictimegn
the pulldown menu.

Figure72 shows the configuration parameters for the processing section.
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¥ Processing

Export cube
Reflectance
Correction matroc

hsi

Figure72. The processing section lets the user switch between irradiance and reflectance data and choose
which correction matrix to apply to the reflectanatata. The Export cube button gives access to the data
export dialog.

6.3.1.2 Rendering
The snapscan software provides the following three rendering options to view the selected
cube:

A Color

A Single band

A False color

The rendering type can be selected using the-galvn menu (see-igure73) and each
rendering type is discussed further in this section.

~ Rendering

Color

Gain: 0 dB

Gamma: |

Contrast: 0

Figure73 Rendering type selection

Color rendering

The softwareputthe CIE 1931 curven adifferentrangeto generate gpseudocolor rendering
of the image.
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Following controls are available to adjust the rendering (Sigerre74):

Parameter Range Description

Gain(in dB) -40 to 40 | Adjust brightness of the image by increasing or decreasir
Default: 0 |the gain.

Gamma 0.1766 Adjusts both brightness and contrast of the image. Differe
Default: 1 | pixels in the images are impacted differently depending o
their original intensity levels.

Contrast -128 to 128 | Adjust the distinction between the lighter and darker area
Default: 0 |in the image by increasing or decreasing the contrast vali

“~ Rendering

Color

Gain: 0 dB

Contrast: 0

(@) (b)

Figure74 (a) Color rendering controls, (b) Rendered image
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Single band rendering

The single band rendering generates an image from a single spectral band in the data cube.
Following controls are available to adjust the rendering (Sigeire75):

Parameter

Band

Gain(in dB)

Gamma

Contrast

Colormap

v Rendering
Single band

Band: 140

Gain: -4 dB

Gamma: 0.74

Contrast: 0

Colormap:

S Grey

(@)

Range
OtoN

Default: NA

-40 to 40
Default: O

0.1766
Default: 1

-128'to 128
Default: O

Grey

Grey inverted

Inferno
Viridis

Default: Grey

L |'L‘|

> |

886.7 nm |

Description

Move the slider left or right to scroll through the images
corresponding to different spectral bands. The bands are
ordered fromleft to right in increasing order of their centre
wavelengths, i.e. moving slider to the left will select band:
with decreasing central wavelengths and vice versa wher
slider is moved to the right.

Adjust brightness of the image by increasing or decreasir
the gain.

Adjusts both brightness and contrast of the image. Differe
pixels in the images are impacted differently depending o
their original intensity levels.

Adjust the distinction between the lighter and darker area
in the image by increasing or decreasing the contrast val

4 different color maps aravailable. Switching between col
maps helps enhancing the visualization contrast. The
colormaps have been selected to maximize the contrast
sensitivity to the human eye.

(b)

Figure75. (a) Single banendering controls, (b) Rendered image of spectral band with central wavelength at
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False color rendering

The false color rendering generates an RGB image using three spectral bands in the data cube.
This enable the user to define his own coloringtgyn to highlight pixels based on spectral
features. Following controls are available to adjust the renderingRgpee76):

Parameter Range Description
Red/Green/ Blue 0to 150 | By default, red, green and blue bands are selected such |
Band the color rendering is close as possible to the true color
Default:  |rendering.
Computed by
software | User can change the band selection for red, green or blug
channeldy moving the respective sliders.
Gain(in dB) -40 to 40 | Adjust brightness of the image by increasing or decreasir
Default: 0 |the gain.
Gamma 0.1706 Adjusts both brightness and contrast of the image. Differe
Default: 1 | pixels in the images atiempacted differently depending on
their original intensity levels.
Contrast -128 to 128 | Adjust the distinction between the lighter and darker area
Default: 0 |in the image by increasing or decreasing the contrast val

v Rendering

False color
Red Band: 38

Green Band: |7

Blue Band: |

Gain: 0 dB

Gamma: |

Contrast: 0

L] |'L‘|

605.7 nm

535.5 nm

(b)

Figure76 (a) False color rendering controls, (b) Image rendered in false color
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6.3.1.3 Spectral analysis

The selection panel allows user to select specific areas on the rendered image and display the
spectral response of the pixels in the sdbt area in the spectrograph. This helps the user
to quickly analyze the spectral quality of the acquired data.

Figure77 shows an example where a single area is selectetth® image (marked in red) and
the corresponding mean and interval spectra are displayed in the spectrograph.

Figure78 shows an example where multiple areas are selecerdhe image (marked in
different colors) and the corresponding mean and interval spectra for each area is displayed
in the spectrograph.

Figure77 lllustration of the selection of single area on the rendered image and displaying in the spectrograph,
the mean & interval spectra across all the pixels
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