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1. Introduction

Congratul ations on your purchase of i mecoOs
system is a major breakthrough for hyperspectral imaging application research. Within as little

as a fewhundredsof milliseconds, high quality hypercube dsg¢#s can becreated with
unmatched sign#éb-noise ratio and spatial and spectral resolution. The snapscan -#t&mo
enables application research of the highest quality, while still beingriesadly. It integrates

all key components required: the spectral imagesse, camera, optics, piezo scanning, active
cooling system, lightg, tripod mounts, and snapscan softwaa@ &édvanced hyperspectral
imaging software developed bye imectean).

The key benefits of Imecds snapscan hyperspe

A Snapshot acquisition made easy and 4isendly with integrated ultrasonic scanning
mechanism directly inside the camera to reach-sabond acquisition times

A Highest spatial (up to 7Mpx) & spectral (150+bands) resolutions possible for snapshot
based hyperspectral imaging in a compact, lightweight andmeassacturable design

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

The contents of he snapscan evaluation systame shown inTable2 and the product
specifications are shown ifable3. Each camera unit is assigned a unique serial number, as
shown inFigurel4. The description of the serial number is giverTableb.
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RISC OF ELECTRIC SHOCK

UsB Camera
5VDC, 0.5A  24VDC, 2.2A

Camera

Serial numbefor camera units

Tablel Description of the serial number

‘ Description Values
Model identifier B: model B
Sensor Identifier 150: Hyperspectral VNR sensor (476920nm)

Translation stage

identifier U: Ultrasonic stage

Device number 4 digitserial number starting froA001

Each controller is assigned a unique controller box and its label is in the form as shown in
Figurel5 Back side of the control box with serial number.
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Trigger Trigger
24VDC4 A In Out Camera

Back side of the control box with serial number.

‘ Description Values
Model identifier 921-000501
Device number 4 digitserial number starting froA001
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Table2 Contents of the snapscan evaluation system

snapscan camera system shapscan camera with integrated senEbype B150U)
controller box (Type 912000501)

USB3.0 cable, custom 16 pin cable and power supply
case for storage

Optional: Schneider Kreuznach lens

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 card

Targets for calibration

DD | D> DD | BB D D Dy

Table3 Product specifications of thenapscan systeif8150U / 912000501)

Spatial resolution up to 3650 x 2048 pixels (7Mpx RAW per band)

Spectral resolution 100+ bands (NIR version), 150+ bands (VNIR version)

Spectral range 600-970nm (NIR version), 47000nm (VNIR version)

FWHM ~10-15nm (collimated)

Acquisition speed ~200msd 20 seconds, depending on acquisition parameters, lighting ar
object (without including preand postprocessingime)

SNR >100-200, flat SNRover spectral range

Softwarescanning modes SoftwareTDI (x5-8 stages max)

Multi-exposure HDR (high dynamic range)

Digital binning (2x2, 3x3, 4x4)

Spectral Region of Interest (1 tor@gionsmaxmum)
Spatial Region of Interest (2048 x custseanning length)

Dynamic range 8/10 bit

Optics Schneider Kreuznach Apgenoplan lensf2.0, Gmount
Focal length options: 20/24/35/50 mm lenses

Smile & keystone Software corrected

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

Cooling Passive &ctive cooling (fan based + TEC)

Cooling range (sensor) 35-45°C

Temperature 10 - 40°C (operation),20 - 40°C (non operationgl

Mechanical Integrated mechanical shutter for automatic dark counts, Tripod mount
(%2"-20) + side mounting M5 holes M6 mounting holes

Dimensions {WxD xH) 10x7x8 cm (camera) 13x10.7x4.7 cm (externalcontroller)

Dimensionsifitegrated Diameter- 25.4mm, Maximum thickness$.44mm

rejectionfilter)

Weight (in grams) 642g(camerawithout optics) 715g (camera with supplied optics), 5459
(externalcontroller)

Input voltage 24VDC4A (externalcontroller)
24VDC 2,2A /5VDC 0,5A USB (camera)
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Housing Fireproof by Fire Enclosure

Environmental Maximum relative humidit§0 % for temperatures up to 31 °C decreasin(
linearly to 50 % relative humidity at 40 °@on condensing,
Pollution degree 2.

Table3 Product specification externglower supply(XP PowerVET36US240G2A

Input voltage 100~240 Vac50/60Hz0,8A
Output voltage 24VDC +£5%1,5A
Output connector O—C—0O 2 5/5,5mm center positive
Protection class Class Il
Power cable 1,830 mm £50
C € I
General Do not waste Caution,
warning CE marking (WEEE logo) possibility of

electric shock

* Only cameras of product version 2.0 and higher delivered to customer after -2622 are
compliant to the CEcertification.

1.1.1 WARNINGS
1 Read carefully this manual before the installation.

1 An unqualified person must not proceed to any intervention on the electrical
installation.

T Refer t o IntBreentiondnstruction@ection for the installation.

1 Under no circumstances shoutlde unitbe opened or repaired. In case of any problem,
contactimectechnical support.

1 Should the equipment be used in other manners than those specified, protection could
be impaired.

i A Internal components use high voltage. Do not open the unit!

1 Power to the sensor is not cut when the power switch is off. The sensor is powered
directly by USB.

1 Do not use liquids to clean the unit. Only clean using a dry cloth.

1.1.2 Delivery content

The camera is delivered with these components:
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CameraB150U

Hirose cable
USB 2.0 cable
USB 3.0 cable

= =4 4 4 -4 A -2

Optional:

Controller 912-000501

Exernal pwer supplyXP PoweVET36US240G4A

o 2mm allen wrench key

o 1. 36

3 5 mm- Xeroplan 2.0/35P O

This manual will help you get started and guide you through system assancbtiie usage
of hardware. We begin by giving you a quick overview of safemiures of the snapscan
image sensor, camera system and software.

1.2 snapscarHSI £nsorfeatures

1.2.1 High resolutionandfastsensor with150+ spectral filters between 47800nm

snapscarcameraintegrateslinescan HSI sensor based GMOSIS CMV200dmage sensor.
The key specifications of this H&insorare shown in the table below

Spatial resolutio® sensor

1088 (H) x 2048 (W) pixels

Spectral range

470-900nm

Spectral resolution

150+ bands

Spatial resolution per band

up to 3650 (H) x 2048 (W) pixelgup to 7Mpx RAW per band)

Sensor frame rate

up to 340 fps (full sensor frame)

! https://ams.com/cmv2000
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Bit depth

8/10 bit

FWHM

~10-15nm (collimated)

1.2.2 Integrated cuoff filters

The cutoff filters are inegrated on the sensor directlwhich simplifies the usage of the

camera.
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1.2.3 Stepped filter layou(VNIR)

4 pixel rows ‘

dlscardedni‘ 900nm

4 Bk

Zone 3
(NIR)

640px
100+ bands

1088px

Y 25nm

Zone 2
(Blank)

120px

I No filters
625nm

-
Zone 1 | : |
(VIS) 5 : { 5 pixel
” - } rows
| | a0nm 470nm 7 per band
. -

4 pixel rows /'*
discarded 2048px

-

320px
50+ bands

The pixel array of theVNIR HSIsensoris divided intofollowing3 zones

Zone 1 (VIS) Pixels with spectul filters between 40-625nm

Zone 2 Blank Pixels in this zondo not have any filtersThis zone is provided to allow toleranc
in the alignment of cubff filters for the VIS and NIR zones. Pixels in this zare
discarded in the final hyperspectral data cube reconstruction.

Zone 3 (NIR) Pixels withspectral filters betweenZ-900nm

Physically there arenore than 150spectral bads on the HSI sensoHHowever, due to
manufacturing variations, several spectral bands on the lower and upper ends zuribe
can be unusable. Thus, we guarantee at least 150 usable spectral bands betw8é@ni0
There can be few extra spectral bands availadleeh can vary across the HSI sensors.

@ Central wavelengths (CWL) indicated in the figure above are for illustration purpose only. The
actual CWL of spectral bands are determined bassdivatuakensor calibration. This
information is provided in the sensor calibration file provided with the camera.

Specifications for a spectral band in the VIS and NIR zones are as follows:

Spatial resolution 5(H) x 2048(W) pixels
Layout Filters are arranged adjacent to each other in increasing order of their ce
wavelength
Thus, each spectral band is 5 pixels high. Werefertoitasthé st eppedd f il 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 Sectidn3).

A Step sizes between 1 and 5 (height 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 dataguality.

@ See Sectidh2.40Acquisitiofeatures for highdataqualitp f or expl anati on o
ascross talk removal by pixel row skipping and software time delay integration
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The live view from the VNIR HSI sensor is shown in the figure below. The three zones can
be seen in the live view.

Live view from the
VNIR HSI sensor
1

Display panel in the
<@— software user

interface
Zone 3
i
Zone 2 (Blank)
Pixels discarded in final hypespectral cube data
reconstruction
1.2.4 Narrow band spectral filters
25
20
15
10
5
0 L
150 500 550 600 650 700 750 800 850 900

wavelength [nm]
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Each of the 150+ spectral filter is a narrow band filter wittWHM between 210nm The
figure above shows the spectral response of a filter with central wavelength at 748nm and
FWHM of 4.9nm. The figure beloshows spectral response for all the filters.

QE [%]

”;' | w,"b”” 0““‘“&“‘“““ T

.u “‘!‘J

m\ ‘u

wavelength [nm]

1.3 snapscana@meraunit features

1.3.1 Sensors and choard electronics are housed in sealed dustproof chamber

Cooling _

Sealed chamber
housing the sensor

Air vents

fan

Air vents

Back side of heat sink

Air vents

M'

Air vents

Air vents

The imagesensor and all the eboard electronics in the snapscan camera is housed in a
sealed chamber making it dustproof. The air through the air vents on the left and right sides
of the camera body does not enter the chamber.

@ Currently not IP rated. Camera internals are sealed from exterior when lens is mounted.
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1.3.2 Onboard cooling maintains operatitgmperature between 35°C to 45°C

/
/
s

" Air Vents
Cooling Fan

Shapsca integrates 3 cooling fan3,heat sinksanda thermoelectric cooler TEC). There is
a set of cooling fan and a heat sink doth the left and theright sidesof the cameraThe
third cooling fan and the heat sinknd the TEds directly behind the HSI sensanside the
chamber housing thElSIsensor, integrated translation stage andhward electronics.

The TEC, heat sink and the cooling fan helps in cooling the HSI sensor board and evacuate
the heat from the camera chamber. In future, software control of TEC will be enabled which
will help in better local cooling of the hotspots of the HSI sensor bodilte heat sinks and

the cooling fans on the sides help in evacuating the heat from the camera body by generating
an air flow as shown in the figure below.

“mmec g




1.3.3 Integratedsoftware controlledmechanical shutter

il

HSI sensor

/

IO
LR
v

LLTTTRTT

Mechanical shutter

Filter cassette

.4—— Lens

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

1.3.4 Flexibility to selecspecificspectral range using intehangeable filter

Filter
cassette Image sensor

Shapscan has a buitt filter cassette. Users can select specific spectral ranges by inserting
suitable filters in this cassette. The filtepiacedoetween the lens and the image sensor when
the cassette is inserted into the camera body.
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1.3.5 High resolution(spatial and spectrajataacquisition while keepinigoth the object
andthe camera stationary

Integrated translation
platform

Mechanical shutter
covering the HSI sensor

|’||

Filter cassette

' \
WAl
[ i

Shapscan integrates a linescan hyperspeatraje sensor which enables acquisition of high
resolution (spatial and spectral) dafdnis sensor is mounted on a translation platform which

is integrated inside the camera body. As a result, the camera and the object can remain
stationary as the sensor translates internadlyring the data acquisition.

1.3.6 Multiple mounting options

Bottom Mounting H

Mounting
Holes

Side Mounting Holes =

Shapscan camera providasultipleoptions for mountinghe camera in a setup

A Tripod adapter plate with mounting haelt hastwo M6 holes and a ¥4 20UNC. The
adapter plate is affixed by default but can be removed.

A Mounting holes on the bottom (need to remove the tripod adapter plate to expose
them)

A M5 mounting holes on the sides
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1.4 HSlsnapscan software features

HSIsnapscaiGUI 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 and help them acquire good quality @dga.ptovides

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, such aperClass 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.

1.4.1 Extensive data acquisitimustomization features

HSlIsnapscan software provides a wide range of parameters to configure the snapscan system

and customize the data acquisition.

Parametes Description

Bit Depth

The ®nsor bit depth can be set to 8 orQl

Cube dimensions

The number of rowsand columnsn the output data can be specified so that 1
size of the output file and data acquisition throughput can be customized.

Spatial lning

Pixels within a NxN neighborhood are merged by averagsngpscarsoftware
allowsfollowing binning options 1x1,2x2, 3x3up to 20x20Q

Spectral bamglselection

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.

Selectively discard pixels

Pixel row at the edge ofvery spectral band can be discardethis helps in
reducing thempact ofcrosstalkacrossthe spectral bands.

Software TDI

Time Delay Integration (TDI) can benabled during data acquisition to achi
higher throughput and/or higher data qualggapscan allows user to configure t
number of TDI stages.

Multiple file ait put modes

Output data can be assembled in a cube and stored in a single file, mrdiveua
bandsare stored in separate files.

1.4.2 Builtin white balancing

HSIsnapscan software can carry out whlialancing as a peptocessing step on the acquired
hyperspectral data. Users are required to scan the object and a white reference teigket.
snapscan automatically acquires the dark reference image using tha meithanical shutter

and can carry out the

white balancing.

1.4.3 Multiple file format options for data export options

HSIsnapscan software enables user to export the acquired hyperspecteairdtte following
file formatsd ENV| PNG, PGMandTIFFE

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

exported file.
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1.4.4 Integrated classifier

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

1.4.5 Support for 3* party HSI analysis software

HSI snapscan softwareurrently provides user to obtain tday trial license for industry
leading HSI analysis softwarerClassVIIRA

1.4.6 Multiple data visualization options

HSIsnapscan software provides following options for visualization of the acquired data
A Individualfame corresponding t@ specific spectral band can be viewed
A Frames for all the spectral bands can be quickly stepped through and viewed

A A false color RGB image can be rendered and the users can adjust the bands selected
for red, green and blue color channelE.he sof t ware al so provid
feature which automatically renders a true color RGB image using information from
multiple bands for the red, green and blue color channels.

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.

1.4.7 Support for multiple languages

HSIsnapscan software currently supports English, Chinese and Japanes&arijaseges can
be supported in future based on customer requests.

1.5 snapscan API features

Sapsca\Pk are availablie C and Python for data acquisitiomndvisualization as supported
in the snapsca®s Ul software Please contact HSI Support féurther details regardinghe
APBE.
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2. Working principle

We begin by explainindpe working principle of the snapscaamerasystemWe 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 details.

2.1 Linescamyperspectratamera systems

Linescancamerasystemgequire a relative translational movement between the object and
the cameraln traditional linescan hyperspectral camera systehis,i$ typically realized by
movingeither the object relatively to the camerar the camera relatively to the objecEor
example in industrial inspection and sorting applications the object is moved on a conveyor
belt, whereasn remote sensing applications, the camera is flown with a drone or satellite to
scan the earth surface.

2.1.1 Imec hyperspectral linescan vs Traditional hyperspectral linescan

Traditional hyperspectral linescan camera
A Acquires thehyperspectralmage of an object line by line
A Captures immediately theompletespectral information for eachoint in the spatialine

@ Lightincident 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 camera
A Acquires thehyperspectralmage of an objedrame by frame

A Captures the complete spectral information for a point across multiple frames

® he camerads |l ens projects an entire area
Different filters are deposited on the sensor, stretching over the full width of the sensor and
varying along the sensor 0 sgorteeirgylposition dfh e | i
the image on the sensor, yielding images as skayumein This greatly simplifies the
systemds optical system and on top makes

2.1.2 Imec hyperspectral linescan sisapscan

I n i mecds snapscan system, both the object
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

The difference between Iimecds hypecFigupkctr al
and Figure2. 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

and the camera a , l I i

to acquire the

complete fl f2 f3 4 f5 . Assembly of data from

Figurel Working principle for imec hyperspectral linescan sensors
remain stationary.
The sensor inside
isition individual f
ryperspecra P e

the camera moves
data.

Figure2 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 different sensor types (linescan, mosaic and tiled).
The tablebelow provides a highevel comparison ofhe different camera offerings based on
the current state of our technology and offerings.

D= l PN

Snapshot Mosaic| _Snapshot Tiled

. + -
resolution

Highest quality
High spectral and cubes being True snapshot at True snapshot with
spatial resolution 6 s n a pne 8Do videorate high quality spectre
topography issue

Key advantages

Need scanning

. . . Software Spatialigneting,
L movement, issues Videorate not in . : :
Key limitations . corrections needed duplicatoralignment
with 3D reach
for cross talk challenges

topographies

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.imechyperspectral.com/
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2.2 Imecsnapscalmnyperspectral camera
2.2.1 Imageacquisition

It has beenmentioned in Sectior2.1.2 that the snapscan camera system acquities
hyperspectralimage by the movement of the sensor inside the camera béityure 3
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 sremress 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 height of one filter on the sensor.
These frames are assembled to fornmyperspectral image cube. The frame assembly takes
into account the filters layout on the sensor and ttion during the scarEach band image

is composed of parts of multiple images, acquired at different positions.

111

4 f5

to acquire the

complete fl f2 f3 > _ d_.fk_ilserlnfbly of data from
Frame acquisition individual frames to construct

hyperspectral . the hyperspectral data cube

data.

Both the object
and the camera
remain stationary.
The sensor inside
the camera moves

Scanning direction

-
=

Figure3 Working principle of image acquisition using the snapscan camera system

2.2.2 Integrated translation platform

In typical linescan setups the qualitytlod acquisition largely depends on (1) the alignment 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, makinghe system behave as a snapshot camera.

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

1. The alignment of thelirection of motion to the sensor orientation isarried out
and fixed in factory to sulpixel accuracy.
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2. The precise motion control enables he synchronizationbetween the sensor
translation and image acquisitiom be controlled to subpixel precision, either by
software or hardware feedback loop.

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

The precise motion control in the snapscan systaiso enables more advanced
acquisition modes, which can significantly increase the damnaise ratio in the
acquired datgplease see Sectidh2.4.4.

2.2.3 Acquisition modes

The snapscacamera caroperate ineither continuous or stop motion acquisitiomodes
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 platformds internal encod:
position. The movement is fluent and there is no delay in acceleration and deceleration
before taking an i mage. The movememet 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 isepeatedlystoppedat a selected step size to acquire the image and then
move to next position This completely avoids motidslur and allows taking multiple
images at a given positiorevidently 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 images times their exposure time acquired in each
position.

2.2.4 Acquisitionfeatures for highedataquality

The snapscan camera providesveralconfigurable parameters which can help in improving
the qualityof the acquiredmage dataThese parameters are discussed further in this section.

2.2.4.1 Pixel bnning

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

2.2.4.2 Cross talk removal byigel row skipping

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

moved in step sizes between one pixel row dmelght ofone spectral band (typically 5 pixel

rows). Henceijt is possibleo skip collecting data from thgixelrows at the interfaces afwo

spectral bandsSkipping the interface rows avoids recording crta& between different

bands and hence i mprove the systemd0s spectr a
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In Figured, we assume that the sensor has 3 spectral bands and each spectral b&ruteds
rows. The shaded pixels are at the interface of two spectral bands and hence susceptible to
cross talk.We show illustration for 4 cases having different step sizes while scanning the
object.Let us furtherconsider three points (X, Y and Z) on the object.

In case opoint X, let us discuss the data collection ftire different step sizes:

A 5 rowsd Datafor allthe 3bands are collected from interface pixels offlfus allthe
acquired data may haveenaffectedby cross talk.

A 4 rows 8 Datafor all the 3 bands are collected from nanterface 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.
If we consider all the three points (X, Y and Z) then we see that step sizes of 2 and 3 ensures

that datacan be collectedrom noninterface pixeldor 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

[ Band 1
[C1Band 2
[ Band 3
Object to

be imaged

Figure4 lllustration for pixel row skipping to remove cross talk

“umec



2.2.4.3 Software Tme Delaylntegration(softTDI)

Time delay integration (TDI) is a known concept in imagiigere multipleframes (shifted in
time and position)of the same objec{with relative motion between theobject and the
camera) are acquired and information is combined across these frames (in hardware)
achieve high throughput and/or high quality imaging in low light conditions.

TDI is typically implemented in hardware. Howevéhe snapscan camera enables TDI in
software and provides flexibility to configure tlstep 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 spectral band.

Figure5 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 translated at step sizes between
1 and 5 pixel rowsWe consider3 different step sizes 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 frames for the 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.
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(a) Step size =5 rows

(b) Step size = 2 rows | |

(c) Step size =1 row

TDI across 5 frames

1Band1
[C1Band 2
[ Band 3

Object to
be imaged

Figure5: lllustrationfor softwaretime delay integration

2.2.4.4 Spectral bands/ Regions of Interest selection

By default, the snapscan camera system acquires data for all the spaatialsupported in

the integrated sensor. However, the snapscan provides the featurarmd Belectiorwhich
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 wilba@cquired.

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

The band selection is done directly 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.
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A Size of output data and 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 accuracy of the motion control of the integrated translation platfoFims allowdurther
increasing the signal to noise ratio (SNRYhe acquired image datgy averagingcross data
acquired ifmultipleacquisitions acrossultiple pases

2.2.5 Imagepost processing

The keypurpose 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 interferandenonidealities of the
imagingsystems and its componen@nd the imaging environmemthite balancingneeds to

be applied on the acquired data to obtain true reflectance/ absorbameze all the systa
related effects are normalized:

2.2.5.1 White balancing

White balancing, also referred to as reflectarca@culationis the process of extracting the
reflectance signal from the captured radiarafean object. The purpose is to remove the
influence of theollowingon the hyperspectral representation of an object.

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 deformation caused by the lens system

and small differences between the system model and reality

LD > > > >

A sensor characteristics (QE, ...)

White balancing also enables the comparison of spectral responses across measurements and
with available databases.

The white balancings done by placing a white diffuse reflectance target in the scene. In
principle any reflectance target with known spectrum can be used. In practice it is simpler to
use a reflectance target with an as flat as possible reflectance spectrum and scdkieg up
measurement to 100% by dividing the measurement by the reflectance value. 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 reference images
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ObjeCl;efIeCtane - Objectadiance - darkref (tintobject) 3 tint

whiteref

whiteref - darkref (tint,..o)  tint

object

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

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

A dark ref (tintue o) is a 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 tintye iS the integration time used to capture the object image

The object, white and dark reference images are the raw output from the sensor, resulting in
a set of four 2D arrays. Thebovementionedformula should be applied on the digital
numbers of the corresponding pixel locations of the four images.

Reflectance vs transmittance 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
camerasystem.

A White reference measurement
0 Reflectance modé carried out using a reflectance tile with known spectrum

o Transmittance mod@ carried out by using aneasurement in absence of the
object and withoutusinganyreference object Note that when the object is
placed on a transparent substrate, the substrate must be kept in place when
doing the white reference measurement.

2.3 Illlumination

lllumination is a critical factor in hyperspectral imagifferent sources of illumination have
different intensity levelstadifferent wavelengths, as shown kigure 6. The choice of
illumination will significantly impact the overall spectral response of the imaging system.
Figure7 shows the spectral response of different spectral bands in the HSI sensor. These
responses have been obtained under ideal lab condition illuminafiure8 illustrates the
impact of three different illumination sources (halogen, LED and sunlight). It can be seen that
the spectral response of the illumination source influences the overall spectral response of
the HSI sensor. Thus, it is important to take irsaocount the spectral property of illumination
used in the system based on application requirements.
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Figure6 Spectral content of different light sources
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Figure7 Responses of differespectral bands ahe HSI sensoobtained under ideal illumination conditions
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Figure8 lllustration of impact of different illumination sources on overall spectral response of the system

@ The evaluation kit includes halogen lamps as a standard configuration. It can be seen from
FigureB that halogen based illumination has lower SNR in the blue color range. Thus, if your
application requires higher SNR in the blue color range then we recommend you to contact
Imec HSI support to help you with illumination customizations.

©® We are currently qualifying multi LED based illumination solution which gives the user the
ability to tune the spectral content of the illumination specific to application needs. Please
contact imec HSI support for further information.
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3. Evaluation System Assembly Manual

This chapter will guide you througlthe assemblyof the snapscan evaluation system. It
provides an overview of all components in the snapscan evaluation system and instructions to
assemble the snapscan evaluation syggsyshown irFigure9).

Figure9 Final setup of the snapscan evaluation system

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

Step 1- Unpack the packages (black explorer case and cardboard box) and cdresk
the contents of the kit received with the list of components provided in the
manual

Step 2= Assemble the base plate

Step 3+ Assemble the camera holder pasbhd mount the tripod head
Step 4 Assemble the lamp holder posésd mount the lamps

Step 5 Mount thesnapscalgamera

Step 6 Connect the lampgo the power supply

Step 7- Connect the camer#o controller and PC
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The above steps are discussed in detail further in this chapter. The interconnection between
the different components is shown KigurelO.

:D—[CONTROI.I.ER} {_ NTERFACE CABLE }——-— CAMERA [———

=

PC

FigurelO Interconnection between different componentsthe final setup

3.1.1 Step 1- Unpack and crosscheck the contents
Step 1.1 Unpack and crosscheck the contents

The snapscan evaluation system is delivered in two main packages (as skagumnehl):

A Box 1 containinggeeFigure 13 forcontents)
0 snapscan camera with integrated sensor
o controller box
0 Schneider Kreuznach lens
0o USB3.0 cable, custom 16 pin cable and power supply

A Box 2containing(seeFigure13 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 for calibration
A reflectance tile 95%, 200 x 200 mm
A color checkerboard card

A\ The color checkerboard (ig8hand reflectance standard (ighhare optical materials.
Do not touch their surface in any way and store in dark conditions.

Table4 provides a list of all the components and the quantity for each component included
in the evaluation system.

“umec



()

Figurell: Main packages delivered with the snapscan evaluation sy&temi.(left) contains the snapscan
system and cableand Box 2 (rightlcontains all evaluation system parts.

©®

Figurel2 Contents of the Box 1
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Figurel3 Contents of the Box 2

@ Actual contents of the two boxes may vary depending on the options selected by you in the
snapscan hyperspectral camera selection form during order placement.
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Table4: List of components and quantities in the snapscan evaluation system

Ref.No Components Quantity Packaged
01 snapscan camera150U 1 Box 1
02 snapscan controlle812-000501 1 Box 1
03 SchneideiKreuznach lens 1 Box 1
04 USB 3.0 cable 3m 1 Box 1
05 snapscan 1pin cable 1 Box 1
06 USB 2.0 cable 1 Box 1
07 snapscan controlleadapter 1 Box 1
08 snapscan controller adapter power cable 1 Box 1
09 Base breadboard 300x300 1 Box 2
10 Feet@27mm, female M6 4 Box 2
11 Hex cap screw M6, 16mm, black 4 Box 2
12 Threaded studs M6 black 2 Box 2
13 Post 300x12.ihm 5 Box 2
14 Post 150x12.ihm 2 Box 2
15 Right angle post clamp 4 Box 2
16 Post end clamp 0.56 1 Box 2
17 Tripod ball head wi 1 Box 2
18 Tunable stabilized DC power supply 1 Box 2
19 Tunable stabilized DC power supppower 1 Box 2

cable
20 Halogen lamp 20W GU5.3 codit 4 Box 2
21 Diffuser (Thorlabs DG2a.20) 4 Box 2
22 Assembled lamp holder, wire, post end cla 4 Box 2
and banana plug connectors
23 Color checkerboard card 1 Box 2
24 Reflectance standard 95% 200x200mm 1 Box 2
25 Allen key 3mm 1 Box 2
26 Scanning backgrourd 1 Box 2

@ Actual contents of the two boxes may vary depending on the options selected by you in the
snapscan hyperspectral camera selection form duriplgcedesnt.

2 Not shown inFigure13
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Step 1.2 Identify the camera undnd the controllerbox

Each camera unit is assigned a unique serial nurabeshown irFigurel4. The description
of the serial number is given rableb.

DO NOT OPEN
RISC OF ELECTRIC SHOCK

UsB Camera
5VDC, 0.5A  24VDC, 2.2A

Figurel4 Serial numbefor camera units

Table5 Description of the serial number

‘ Description Values
Model identifier B: model B
Sensor Identifier 150: Hyperspectral VNRI sensor (4B20nm)

Translation stage

identifier U: Ultrasonic stage

Device number 4 digitserial number starting froA001

Each controlleris assigned a uniquntroller box andits label isin the form as shown in
Figurel5 Back side of the control box with serial number.
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Trigger Trigger
24VDC4 A In Out Camera

Figurel5 Back side of the control box with serial number.

‘ Description Values
Model identifier 921-000501
Device number 4 digitserial number starting froA001
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3.1.2 Step 2- Assemble tk base plate

Required items (Figure 16a)

Components Quantity Packaged
09 Base breadboard 300x300 1 Box 2
10 Feet@27mm, female M6 4 Box 2
11 Hex cap screw M616mm, black 4 Box 2

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
(@)

(b)

“mec
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Figurel6: Assembly of the basglate (Step 2)

(d)
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3.1.3 Step3 - Assemble the camera holder pesand tripod mount

Required items

Components Quantity Packaged
17 Tripod ball head w 1 Box 2
13 Post 300x12.7mm 3 Box 2
14 Post 150x12.7mm 2 Box 2
12 Threaded studs M6 black 2 Box 2
15 Right angle post clamp 4 Box 2
16 Postendclamf® . 56 1 Box 2
Procedure

Follow the steps below to assemble the camera holder posts and tripod maarghown in
Figurel?.

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 —>
Assemble the
vertical posts

Step 3.2 —p
Mount the
posts on the
base plate

Figurel7 Mounting camera on thassembled on the base pld&&tep 3)




Step 3.1 Assemble the vertical camera holder postsgureld)

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

b. Unscrew the stainlessteel setscrew from the top of théong post (these are not
required for this build, use an Allen key size 2 if necessary). Screw the top of short
post onto the top of the long post, connecting them with a stainiete®l setscrew.

c. Slide the right angle post clamp on to the assembled post and screw it
d. Follow steps & to prepare two posts

©® The position of right angle post clamp can be claagedadjust the height thie
lamps with respect to the base plate.

(C)+i
(a) (b)
} 1

-—-—mm§m§m§m—e—m€§  —————-- . ——
(d)

{

Figurel8 Assembly of the vertical camera holder poé8iep 3.1)

Step 3.2 Mount the camera holder posts on the base plafeg(rel9)

a. Mount the poston the base plate such that the end of the post with the black threaded
stud is screwed in to the base plate. Use the first hole in the corner as shown in
FigurelQa.

b. Mount the two posts in opposite corners along the same edge of the base plate, as
shown inFigurel9b.
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Figurel9 Mounting of the vertical camera holder posts on the base plate (Step 3.2)

Step 3.3 Assemble the tripod head-{gure20)

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

b. Screw this stainlessteel adapter piece into the bottom hale
c. Srew the post end clamp into the baitn hole of the tripod ball head
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Figure20 Assembly of tripod mount (Step 3.

Step 3.4 Assemble the top road with tripod hea@Figure2l)

a. Unscrew the stainlessteel setscrew from the top of the post (these are not required
for this build, use an Allen key size 2 if necessary).

b. Slide the ball head assembly onto the long @ost screw it in the middle of the past
c. Side the 2x right angle post clamps onto both ends and tighten the screw.

A\ Ensure that the screw is properly tigdhdece the camera is mounted to avoid the tripod
head changing orientation under camer ads




Figure21 Assembly of the top post for camera mount (Step 3.4)

Step 3.5 Mount the top post on the vertical postd={gure2?2)

a. Slide the assembled top post (from Step 3.4) on to the vertical posts and fix them on
the top edge, as shown figure22.

\‘g\ " L ¥R

!

K

‘T" "

-H
SR

Figure22 Assembly of top post with tripod head on the vertical pos&ep 3.5)
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3.1.4 Step 4- Assemble the lamp holder posésid mount the lamps

Required items

Components Quantity Packaged
22 Assembled lamp holder, wire, post e 4 Box 2
clamp and banana plagnnectors
13 Post 300x12.7mm 2 Box 2
20 Halogen lamp 20W GU5.3 codit 4 Box 2
21 Diffuser (Thorlabs DG2a.20) 4 Box 2

Procedure

Follow the steps below to assembiee lamps and mount them on to the setugs shown in
Figure23.

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
post

lamps into the
(left & right side)

holders
(left & right side)

gy Step 4.3 — % =
Mount diffuser
on the lamps

<— Step 4.6
Tie up the loose
wires to the

posts
(left & right side)

Figure23 Assembly of lamp holder posts and mounting of laif§iep 4)




Step 4.1 Mount the lamp holders on the pogFigure24)

a. Unscrew the stainlessteel setscrew from the top of the post (these are not required
for this build, use an Allen key size 2 if necessary).

b. Slide two lamp holders on the post and fix them by tightening the screw on the post
end clamp, as shown lRigure24. Repeat this step to assemble the remaining two
lamp holders on the second post.

Figure24 Assembly of lamp holders on the posts (Step 4.1)

Step 4.2 Mount the posts on to the setugFigure25)

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

%
(&—»n’(‘n .4rx<—(a)

J

Figure25 Mounting of lamp holders on to the setup (Step 4.2)
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Step 4.3 Mount diffusers on the lamps
a. Unpack the diffuser and the lamps, as showRigure26.

@ 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 different types of lamps to tune the total system response. Refer to
the manal Hyperspectral Sensors for more information.

\,J

Figure26 Unpacking of diffuser and lanitep 4.3a)

S oL 0ER
TPO1SS2468105 79907 L)

b. Press and bend inwards the clips on the diffuser, as showigure27. This is needed
for good fit of the diffuser on the lamps.

—N—

Figure27 Bending the clips of diffuser for mounting on the lart®®p 4.3b)
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 lfgure28.
A\ Ensure that there is gap between the diffuser and the lamp

Gap between
diffuser and
the lamp

Figure28 Mounting diffuser on the lam{step 4.3c)
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d. Follow steps & to prepare a set of 4 lamps, as showrFigure29.

Figure29 Set of 4 lamps with diffuser mounted on thé®tep 4.3d)

Step 4.4 Mount the lamps into the holder§=igure30)

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.

Figure30 Mounting the lamps into the holdefStep 4.4)
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Step 4.5 Adjustthe height of the lamp posté-igure31)

a. The height of the lampsan be adjusted by moving the lamp holding posts up and
down along the vertical posts (as indicated by red arrowigure31)

©® The recommended height is shoWigime31. You can choose a suitable height
depending on your application needs.

)
P

~

B

Figure31 Adjust height of lamps depending on application needs (Step 4.5)

Step 4.6 Tie up the loose wires to the postHigure32)

a. We recommendusersto tie up the loose wires to the mounting posts, as shown by
the blue arrows inFigure32.

.
*y *fN

‘ N

Figure32 Tyingup the loose wires to the mounting posts (Step 4.6)
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3.1.5 Step 5 Mount the snapscan camera

Required items

Ref.No = Components Quantity Packaged
01 snapscan camera 1 Box 1
03 SchneideiKreuznach lens 1 Box 1

Procedure

Follow the steps below tomount the snapscan camera on to the setgs shown in
Figure33.

Step 5.3
Mount the camera
on the tripod head

Step 5.2 (optional)
Mount/change filter

Step 5.1
Mount the lens
on the camera

SN\

THOR MB3030M

Figure33 Mounting the snapscan camera on to the setup (Step 5)
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Step 5.1 Mountalens on the snapscan cameFagure34, Figure35)
a. Place the snapscan camera on a horizontastleace and remove the body cap of the
camera
b. Remove therear cap of the lens

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

@ It is recommended to leave the front cap on the lens until the system is fully assembled.

@ Donot forget to remowtae front cap of the lemwdien using the system.
@ It is strongly recommended taopakthe frontcapon the lensrhen the system is not

in use.

Figure34 Mounting lens on the snapscan camera (Step 5.1)

d. If the lens has an aperture locking screw|ack the screwturn the aperture ring to
set thelens aperture and lock the screw.
e. Ifthe lens has a locking ring,laok the locking ring with a hex key. Rotate the lens in

or out until the correct focus is achieved. It is important to make sure that the lens
remains fixed in the @nount and only the lens body is rotated. Lock the locking ring

with a hex key.

(d)

Aperture
/ Ring

Locking
Screw

Locking Ring

Figure35 Focusing and setting the aperture of the lens
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Step 5.2 Mount thesnapscan cameran the tripod headFigure36)

a. The tripod adapter plate on the bottom of the snapscan 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 the tripod head.
You may use the lock/unlock level on the tripod head to adjust the position of the ball

head.

c. Unlock the post clamp screw to adjust the tripod head on the mounting post such
that the camera boglis parallel to the base plate and lock it again. Make sure to tighten
the screw properly to avoid tripod head

AYou will require imperial allen key3sizelf@ the post clamp screw

Rotate to affix
the tripod head ==
to the camera

Unlock to Unlock to adjust position
adjust position of the tripod head on the
of the ball head mounting post

Figure36 Mounting of snapscan camera on to the tripod hé&tep 5.2)
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3.1.6 Step 6- Connect the lamps to the power supply

Required items

| Serial No Components Quantity Packaged
18 Tunable stabilized DC power supply 1 Box 2
19 Tunable stabilized DC power supy 1 Box 2
power cable

Procedure

Follow the steps below taconnect the lamps to the power suppfnd test as shown in
Figure37.

Step 6.1
Connect power
cables to power

Step 6.2
Switch on power
supply to test

Figure37 Connecting lamps to powesupply and testing (Step 6)

Step 6.1 Connect power cables to power suppliigure38)

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 tiirégure38.
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Figure38 Connecting lamps to the power suppi$tep 6.1)

Step 6.2 Test the connectior(Figure39)
a. Switch on the power supply and site output voltageat 12V.
b. If all the connections have been correctly done, all 4 lamps should illuminate.
@ You can switchf ¢ifie power supply once the test is done.

© While using the system for acquiring tiatéarhpsieed to be switched on for at
leas 15 minuteso allow them to warm up and stabilize.

POWER SUPPLY ESO015-10 ~ =z
o

e 1200 617 e o 48
cc

ik X )

DELTA ELEKTRONIKA

"-"

(@)

Figure39 Test the power connection for the lamps (Step 6.2)
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3.1.7 Step 7- Connect thecamera to the controller and PC

Required items

Serial No Components Quantity Packaged
02 snapscarcontroller 1 Box 1
07 snapscan controller adapter 1 Box 1
08 snapscan controller adapter power cable 1 Box 1
05 snapscan 1€pin cable 1 Box 1
04 USB 3.0 cable (3m) 1 Box 1
06 USB 2.0 cable 1 Box 1

Procedure

Follow the steps below to connect thenapscan camera to the controller and the RS,
shown inFigure40.

Figure40 Connecting camera to controller and PC (Step 7)
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