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10CiHFHar dwar e Gui de

1.1 Introduction

TheOCIE -F pushbroom typerspectral camergst he br and name, IDCI, s
seeingeyed prehigh-performance, ultrniniaturized hyperspectral imagieggines, packed

with SuperSpeed USB 3.0 interfaddeyfeature draratic reduction in sizand weight and

increased data transfer rates. These hyperspectral cameras acqithiiR\N¢perspectral data

with continuous spectral and spatial coverdgeOCIE -Ff eat ur es-bfio o mé@ Ppash
hyperspectral imagingimply by using your hand to move the imagesample. Compactness,

simple operation, anidtuitive software make th@CIE -F imagersvery straightforwardor

applications such as precision agriculture, remote serfeimpsics, and biomedical diagnostic

Key Features ofO C | fF

1 Full VIS-NIR 4001000 nm coverage

1 Extremdy compact and lightveighied

1 Scanning with random speddt r ue pus
br oomo

1 Realtimeimagepreview

1 Innovative design significantly reduces
system complexityand enhanced
reliability

91 Effortless system integratidqe.g., less
demanding on small UAV system)

OCI™.-F hyperspectral camera with
standard f=16 mn24° FOV) lens, in an
ultra-compact package.
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1.2 Hardware Set Up

Setup of the OGF systems is very simple. The OCI imager is required to be connected to a PC
with two USB 3.0 cables, which also power and cortinelimager. An optional highly compact
computer may be purchased from BaySpec to make the whole packagtorasé, especially in

the field or to integration with other systems, e.g., in a UAV system.

/ 2 Y Lddz( S NJ h/-C
Windows 7 64bit system
Solidstate drive recommended

| r{. 0o

™
I

An example setup of th@CI'™-F imager.

The OCI imager is usually shipped withn@unt lens. Additional @nount lenses with different
FOVs (field of view) can be ordered from BaySpec. For-B8Gystemthe standard lens
included is a&compact, neainfrared (NIR) enhanced lemgth 16 mm foal length covering 24°
FOV.

L

Note: It is recommended to set the lens aperture at FABUAV applications, the lens
focus should be fixed &t .
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For customeros c¢omvent Rt Bompie? denararSpecs

also providesmmoptionalcompact Dimension 45inx35in. x 1.1in.
computer, whichrunBay Spec 0 S\Neight 111b

Sperabber andCubeCreator Power Input 19 V (battery pack optional)

softwareto control OCI imager and . .
: Consumption Peak 50 W, typical <@W
acquire dataandto process the raw umpH P!

. . CPU Intel Core i5
images into hyperspectral data cubes

. . . Memory 8 G (upgradable)
and band image3his computers 5 100G Jabi
balanced between weight, size and toragg : (upgradable)
performance, extremely easy to use as Qrerating Windows 7 Pro
desktop or mobile system (with System

Software Specrabber and CubeCreator

optional battery pack)lhe computer i
can connect with external USB Additional Ports | USB 3.0, HDMI

mouse/keyboard and HDMI monitor, or be controlled and viewedesisg} via WiFi hotspot
A licensed VNC server is installed (s&ppendix A for the VNC software quick guide).

[

Note: This computer is configured for OCI imager use ottlys notrecommendetb
use for other purpose (e.g., surfing the Internet).nbtsecommended to up@aits Windows
operating system and install unrelated drivers and software.

L

Note: This computer is configured as a i hotspot for easy use of VN€mote
control softwardsee Apendix A for the VNC software quick guide). The daft Wi-Fi hotspot
nameBaySpee@Clo, def aul tBaypmeeO€iwor d i s i

L

Note: This compact computer is maintytendedfor OCI imager data acquisition. For
heavyduty hyperspectral data processing (e.g., > 1000 raw frames, or > 2 GB data set), it is
recommended to use a powerful desktop computer.

This setup, consistingf anOCI-F imager, a compact computer, and a bgparckcan also be
packaged t oget he rto-fly UAVisystiera WS\pcests@xdra).r e ady
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1.3Using the Imager

The following aregeneral stepsn how to us¢heimager

1.

w

Poweron computer. If the compact computer is used, connect ext¢éDidl monitor,
keyboard and moude access the computer. Alternatively, access the computer
wirelessly using VNC (Seappendix 6r VNC guide).

Connect th@Cl imager to the computer via tMdSB 3.0 cables.

Run $ecGrabber, or set SpecGrabber automatitallyn at computer start up

Turn on the illuminatiorior thesample or thevhite reference (a 95% white reference is
provided) Adjustto a propeexposure time in SpecGrablsgrfor both sensorso thatno
pi xel 6s i nt en sfort8ypitdatdfarmndor 920dor 1® bie data oranébd
prevent possible saturatiofuto-exposure function can be uséitthe exposure time is
too long (>5 ms), the user may adjugjht condition in SpecGrabber to change the gain
of the cameraCheck both sensors to prevent pixel saturation.

Sampleimage can beiewed inS p e ¢ Gr a b-bneepréveew wiredawwith sensoi2.
Adjust the focus on the lens until a sharp image is obtained.

Recordwhite referencémages with white standard in the field of view. You may need to
adjust the distance between the imager and the white steswltrdithe white standard
covers altthe field of viewof the imagerAdjust exposure time to prevent saturation or
under exposure for both sensbefore taking white reference

Recorddark referencevhile covering the lens.

Start recordraw imagesvhenthe sample or the imager maovt scan. Adjust exposure
time to prevent saturation or under exposure for both sensors befording raw
images Refer tothe followingSpecGrabber and CubeCreator softwgariglefor
acquiringtheraw frames and process raw frames into hyperspectral cubes.
Power off theOCI imager by turning off the computer, or unplug the USB cidden

the computer.
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2x USB 3 to

computer
Sun light (outdoor)

OCI-F OCI-F or halogen light bulb

(mounted) (indoor)

Sample

N

n direction .
Scan directio White reference

o /) )
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Some general recommendations in imaging setup

Line scanning pushbroomscanning has to go along with the marked scanning directien. T
sample orlie camera needs to scan (linearly mdwejnoving the samplat a relatively
constants speed until enough raw frames are captured.

- g A X EADL

Light source: sun light orhalogenlight bulbs (~ 50 W) whose spectrum generallyflat

(uniform) at400-1000 nm (common CFL or LEB notrecommenddbecauseheir spectra are
not uniform) lllumination should be relativelgvenonthe samplegor the white reference
standard)Avoid creating shadows on tlsamples while recording imagdégetake white
reference whethere is any change itluminationcondition For the application under sun light,
an optional spectrometer package has been provided by BaySpec to compensate the light
condition change. With this package, the white reference can be recoigexhce in the
beginning.

Imager alignment and mount Align the camera so that itgtical axisis always perpendicular
to thesamples. On UAV applicationthe imager is required to be mountedeogimbalto keep it
perpendicular to the ground. BaySppeovides an optional gimbal package for G-CUAV
application with extra cost.
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2.peSc Gr aJshbearr Gui de
&

Note: If a BaySpec computer is provided, the softwemd drivers havalready installed
and configured properly for the imager.

BaySpeés SpecGrabbeis Microsoft Windows basedoftwareto recordthe hyperspectral

imagesusingBaySpedOCI™ hyperspectral imager$his softwareis designed for running
underWindows 7 64-bit system.

The recommend computer configuration is listed below:

OsS: Windows 7Pro 64bit

CPU: I ntel E CoreE i3 or higher
RAM: 8 GB or higher

Storage: Solid-state drive

USB Port: USB 3.0 SuperSpeed

Display: 1200 x 80Qpixels or higher

2.1 Software Installation

1. Remove any previous version 8pecGrabberUSB3 software

2. Double click the installation file (SpecGrabberUSB3 Installation yyyy mm_dd.msi)
provided by BaySpec to start the installation.

3. Copythe calibration files from the USB flash drive provided by BaySpec under the folder
/BaySpec/Cabration files/ The hardwarespecific calibration files@QCI-F-
Vxxxxxxx.xml) is required to be copied to the programotf ol der (\Rregamal | y
FilesBaySpec, InBaySpecSpecGrabberUSB3). OCI imager would not work properly
without correct calibration files.
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2.2 Drivers Installation
Following these steps to instaknsotJSB 3.0driver:
Step 1 Unplug any BaySpec OCI imager.
Step 2 Go toControl Panel, click onUser Accaunts and Family Safety Click onUser

Accountsand therChange User Account Control settingsThen drag the horizontal bar to
Never notify.

% User Account Control Settings 1T ) I =12

Choose when to be notified about changes to your computer

User Account Control helps prevent potentially harmful programs from making changes to your computer.
Fell me more about User Account Control settings

Always notify

Never notify me when:

®  Programs try to install software or make changes to
my computer

®  Imake changes to Windows settings

Step 3 RunSpecGrabberUSBiBistaller(.msi file) if you have not done sget. After the
installation is completd, bcate the driver directory ¢iie SpecGrabber installation. If you used
default installation path, it will be at ®rogram FileBaySpec, InBaySpec
SpecGrabberUSBBrivers. Double click InstallDriver.bat. If you see the following warning,
click onlInstall this driver software anyway.

-

Il Windows Security ﬁ

@ Windows can't verify the publisher of this driver software

2 Don'tinstall this driver software

You should check your manufacturer's website for updated driver software
for your device,

< Install this driver software anyway

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information,

| (v See details

b — = =

Step 4 PlugSensor 2 which is close to the lent® a USB3.0 port. If the driver has been
installed successfully, you will s@esolidgreen LEDon at the top of camera head. If you see the
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green LED blinkingthe camera has been plugged into a USB2.0guaitiver has not been
properly installed

Green light indicates USB 3.0 connection
Orange light indicates power on
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2.3 How to Use SpecGrabber

The SpecGrabber needs to be run as an administrator everAtieranstallation of
SpecGrabbethighlight its shortcut icon on desktop, and right click to bring out property setup
window. Click on Compatibility tab and cheBlun this program as an administrator. This

will enable theprogram to save and retrieve parametens) previous run.

74 BaySpec SpecGrabberrm)ﬂﬁﬁ,E

Security I Details I Previous Versions |
Genesl | Shomeut | Compatibility

if you hawe problems with this program and it worked comectly on
an earlier version of Windows, select the compatibility mode that
matches that earlier version.

Help me choose the settings
Compatibility mode

["] Run this program in compatibility mode for:

Windows XP (Service Pack 3)

Settings
[T] Run in 256 colors
[] Rur in 640 x 480 screen resolution
[ Disable visual themes
[ Disable desktop composition
|| Disable display scaling on high DF| settings

Privilege Level

[¥]{Run this program as an administrator:

[ @l&angeseﬂingsforallusers ]

. [ [
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SpecGrabber GUI consists of five panels: Device Control, Acquisition Control, Preview, Status,
and Location to Save lages.The GUI elements and their functionalities are described below.

m BaySpec SpecGrabber 1100 EE I
Device Control Preview

- 7 Preview ON
i Connect }
Image pixel format |Monod b

™ Useext. trigger [ Auto exposure

2.18 {ms)
Light condition Bright
Acquisition Control

Raw images

-
0.1
-
0.01
2000

. Max intensity:0
= Streaming speed: 0.0 FPS 0.0 Mbps

File Recording Status
Oimages OMB M/AFPS 0.0Mbps

=11

Location to Save Images

| C:\Users\BaySpec OCIVPictures
Naon-UAY r

BaySpecds SpecGrabber I nterface
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2.3.1 Device Control
UnderDevice Control panel, there are two buttor@pnnectandDisconnect

1 When clicking on th&€€onnectbutton, the program will try teearch andonnectwo
sensorslf successfulthe status panel will show messd@gamera connected
Otherwise it willshow message on why it fails. Usually this process will take couple of
seconds.

1 When the camera is connected, check the checkbakle previewunder the preview
panel willdisplay what the camera sgesrrent raw frame)

4

Enabling preview may reduce fm@ streaming speed in higipeed imaging.

1 Click onDisconnectbutton will disconnect the camera.

1 The dropdown listmage pixel format will enable the user to select trevimage pixel
format Two dataformat areavailable for sensork, Mono10andMono8. Sensor 2 will
only have one data forma#lono8. When Mono8 is selected, the image will be saagd
8 bits per pixel. When Bho10is selected, the image will be saved as 16 bits per pixel,
but only the lasi0 bits contain the valid data. Theglection will only be enabldakefore
the Connectbutton being pressed

1 Chechngthe checkboXJse external trigger(for selected modelsyill enable the
camerabs streaming speed to be controll ed
external trigger &s to be lower than the maximum streaming speed of the camera.

1 The user may use this feature combined WDighay recordingto achieve interface free
automation of image recording.

1 The user can change the exposure time of the camera by editing the exposiraghe
unit of millisecond and then pressing the butBatExposure Time.

1 If checkboxAuto exposureis checked, pressing the butt8at Exposure Timewill
enable the program to get and set the optimized exposure time, which will enable the
camera rach 90% of saturation intensity (about 230 for Mono8 and 922 for Mono10),
under current light condition. Pixel saturation should be avoided during the image
recording. On the other hanghder exposure should also be avoided because it prevent
the imageto usethe fulldynamic range of the sensor

9 Camera gain is controlled by dropdown ligght condition. There are four options:
Very bright, Bright, Dim, and Very dim. For example, if the light source is very bright
and the user would like to have a éttbnger exposure time, the selection of Very bright
will set the lowest value of gain for the camera. However, please note: if the user sets the
exposure time too higf»5 ms) the camera may not be able to get the desired streaming
and saving frame rate.
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1 Thelight condition setup has to be consistent for white reference, dark background, and
raw image recording. For example, if the user recorded white reference and dark

background undeBright condition,raw image recording has to be recorded under this
condition as well.
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2.3.2 Acquisition Control

Acquisition Controlis to control how the images will be saved. Also it is used to generate the
predefined file systeawhich areready to be processed btherBaySpec hyperspectral image
processing software.

The name of a file system created by SpecGrabber contains information on the conditions the
image files when they were recorded. For example, a folder nah#e38¢
11RES1280_EXP0021_GANO0010_BIT08 _2EXPOOBAN0010_RES1280_BITOmBdicates

this setof image data was recorded a3&11 in theafternoon the width of the imagesf sensor

1is 1280pixels, the exposure time 21 milliseconds, and the images are saved at a format of 8
bits per pixel.Also it indicates the second sensor width is 1280 pixels and the images are saved
as 8 bit per pixelAll the information will be used bgther BaySpec hyperspectral image
processing software.

L

Do not rename the folder generated by SpecGrabber. For orgamizmgse, user can
move the whole folder under other named folders.

Within each folder, there are usually 3 sub folderseach senspWhiteRef, Dark, and
Rawlmages. WhiteRef and Dark contain the averaged white reference and dark background
image, whichwill be used to calculate the reflectance of each hyperspectral image saved in the
folder of Rawlmages. A copy of sensor calibration file in xml format is also saved under this
directory.

When the user clicks the butt&tart Recording, SpecGrabber willreate a file system under
the folder selected byocation to Save Imagesnd start to save images captured by the camera
into the sub file folders.

Every time when SpecGabber starts to record raw imadesk# forthewhite and dark
reference.If the program fails to locate the white reference or dark background, the following
message will appear.

|

! . Please record white reference and dark background first!
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The user can start record white reference or dark background by slectiipiteeeferenceor
Dark background from the dropdown list ocfave Images as

Acquisition Control

Save Images as Raw images v

I Delay recording [ypyte reference
‘ t Dark background
[V Auto stop after

" Minutes of recording |0.01

¢ Number of images 5
Desired saving speed (FPS) |so

It is always a good practice to record white reference and dark background before recording
raw images with hyperspectiaformation

BaySpec SpecGrabber 1100 EE I
Device Control Preview
Disconnect
Monod

r I¥ Auto exposure

Set Exposure Time || 0,638 (ms)
Light condition Bright =
Acquisition Contral

Save Images as White reference  +

™ Delay recording

After minutes ’D—
v auto stop after
{” Minutes of recording |0.01 k
LR 1 Resolution: 1280x1024, Max intensity: 213
Desired saving speed (FPS) ,40— Streaming speed: 40.4 FPS 424.0 Mbps
Acquisition time: 00:00:02
: i ing Statu

Process Raw Images

Location to Save Images

| C:\Users\BaySpec OCI\Pictures

Mode Selection UAY Raw Image Recording Trigger

Mon-UAV ¥ I Connect

The user can start and stop recording by clicldtayt recording/Stop recording button.
However, the start and stop recording can also be controled bsotram in a pralefined
fasion.For example, iDelay recordingis checked, after input a waiting time in the unit of

minutes. Clicking orstarting recording will prompt a count dwn clock At the end of waiting
time, the image saving starts.
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fr

oo e 8

=]
~Device Control - | Preview — . - . — _
. 00:00:09 == e

onnect Disconnect ‘

farmat |Mono8 h = 3 :;»

$ ¢

[T Use ext trigger ¥ Auto exposure A k=

W PO a ]
Resolution: 1280x1024. Max intensity:212
Streaming speed: 74.0 FPS 775.6 Mbps

Acquisition time: 00:00:03
| ~File Recording Status

Location to Save Images -

I C:\Users\BaySpec OCI'Pictures
Non-UAV ~ I~ Conrect .

Image recording can be automatically stopped by checking the checkl#axaktop after.
There are two options on how the automatic stop is initiated. The first one is to define Mfnutes
recording. The second one is to define the number of images to be recorded.

The user can also control the image saving speed by debeisiged saving speech the unit of
frames per second (FP®#)the user wants to get the maximum saving speetisgis this value
to be high, for example, 50 frames per secéiwd OCI-F, Desired saving speedan only be set
for sensor 1. The saving speed of sensor 2 will be set automaticaly to be the same as sensor 2.

Once a file system is created and raw images are recorded, cRikiogss Raw Imagewvill

start BaySpe€ubeCreator program. The user can process/view the raw images and the
hyperspectral cube files over th¢see CubeCreator section)
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2.3.3 Preview

Onceenabled, peview panel providereaitime image streaming feed and the streaming
informationis displayed aBtatuspanel. The user carse mous&heelto zoomin or zoom out
thepreview imageThis would be helpful when focusing the lens and viewingstmaple.

[T Useext trigger WAumexpoere

Set Exposure Time || 0.638 (ms)
Light condition Bright o

—Acquisition Control
Save Images as

[V Delay recording
After minutes

0.1
[V Auto stop after
" Minutes of recording |0.01

& Number of images 2000

Desired saving speed (FPS) l40—

Process Raw Images

Raw images b

Resolution: 1280x1024. Max intensity:213
Streaming speed: 39.8 FPS 417.4 Mbps

Acquisition time: 00:00:12

|Sensor2 ;] I Preview ON

[~ File Recording Status

RECORDINC

~Location to Save Images

I C:\Users\BaySpec OCI\Pictures

Mode Selection

UAV Raw Image Recording Trigger
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3. CubelCsent Gui de
3.1 Set up

¢

Note: If a BaySpec computer is provided, the software is already installed and configured
properly for the imager.

BaySpeé €ubeCreator idlicrosoft Windows basedoftwareto processaw imagesecorded

by BaySpec hyperspectral imagar hyperspectral cubes.dtiows the user tdisplayand
checkthewhite reference, dark background aad images. Also the user can use it to view the
hyperspectratubes andbandimages This softwareis desgned for running under Windows 8, 7,
Vista, and XP operation system.

The software is recommended to be run as an administrator everjfteranstallation of
CubeCreator, highlight its shortcut icon on desktop, and right click to bring out progegy se
window. Click on Compatibility tab and check Run this program as an administrator. This will
enable the program to save and retrievpatmmeterfrom previous run.

- & BaySpec CubeCreator Properties

Security I Details I Previous Versions
General I Shorteut | Compatibility

If you have problems with this program and it workked comectly on
an earier version of Windows, select the compatibility mode that
matches that eardier version.

Help me choose the settings
Compatibility mode

[] Run this program in compatibility mode for:

Windows XP (Service Pack 3)

Settings
[ Run in 256 colors
"] Run in 640 % 480 screen resolution
[ Disable visual themes
[ Disable desktop composition
[ Disable display scaling on high DF settings

Privilege Level

[¥1Run this program as an administratort

[ @Change settings for all users ]

[ ok || cance ||
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L

—— Note: for heavyduty hyperspectral data processing (e.g., > 1000 raw frame<, @B
data set), it is recommended to use a powerful desktop computer.

Root directory 4 I I _'] Cube file l ...2_GANO0010_RES1280_BIT08 30slit-0-300.hdr
Mode Creator & Viewer v [
| I D:\Data\2016-08-10115-06-48RES1280_EXP0025_GAN0010_BIT08_2EXP0002_GAN0O010_RES1280_

View Raw
Process
View Cube
Classify
Options
Save Spectra
kil
(782, 882)-(873, 919)
801~
80
g 70
o 60
Q
S 50
g
= 40
o
30
20 1%

—_
=}

450 500 550 600 650 700 750 800 850 %00 950
Wavelength (nm)

The GUI elements and their functionalities are describhegctiondelow.
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3.2 Application Mode

CubeCreator is designed to work under 2 modes:

Application
Mode |Creah:ur&1.-'ie'n'erﬂ

Creator & Viewer
Viewer only

Creator & Viewer

Under this mode, the program will allow the user to view the recorded raw images, process the
raw images to create hyperspectral cube files, display the spectra from the cube files, and
perform classification calculation from the spectrum data.

Viewer Only

Under this mode, the program will work as a hyperspectral cube file viewer only. All the
functionalities associated with hyperspectral cube file creation will be disabled.

CubeCreator is capable to take 16 bit images as input. But all the owpuwtifilbe displayed
and saved in 8 bit format.
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3.3 View Raw Frames

In order to view raw images, the user has to click the top right bm

to locate the root

directory of a file system recorded by BaySpec hyperspectral imagers.

Processing root directory

Application
Mode ICreator&'u"lewerj

| Cridataltest|2014-05-09\05-41-41RES2048_EXP0032_EITOS

=

The name of a filaystem created by BaySpec hyperspectral imagers contains information on the
conditions the image files when they were recorded. All the information will be used by the
program later in the processing procedure. Therefore the user is not supposed tthehange

folder names.

o BaySpec CubeCreator 2100
- Application

Root directory
|| Mode  |Creator & Viewer v]

I D:\Data\2016-08-10\15-06-48RES 1280_EXP0025_GAN0010_BIT08_2EXP0002_GAN0010_RES1280_
View Raw I

Process

View Cube I

 semsor1 @ gensor2

Image index: 0-293, 300 raw image files have been found
8 bit raw image: width=1280, height=1024

Calibration file name:

Location:

Within eachdata setthere are usually $ub folders, WhiteRef, Dark, and Rawlmafmssensor
1, andWhiteRef FS2 Dark FS2 and Rawimages$-S2 for sensor.2VhiteRef and Dark contain
the averaged white reference and dark backgramade, which will be used to calculate the
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reflectance of each hyperspectral image saved in the folder of Rawlmages. A capyeoh
calibration file in*.xml format is also saved undire data set directory

Once clicked the folder selection button or clicked\fiev Raw button on thdeft, raw images

saved in the file system will be displayed at top and the information about the file system will be
displayed at bottoron right side If thereis more than oneaw image in the file system, the user
can use the scroll bar to display the other images.

Right click on any raw image will bring out a popup menu for user to disgpidycheck the
quality ofwhite reference and dark background images

—
[@ BaySpec CubeCreator 21( tglﬂlg
Application
Root directory ' Sensor 1 " Sensor 2

Mode  [Creator & Viewer v
! 4 ] D:\data\OCI-F\2016-09-26\11-28-45RES 1280_EXP0021_GAN0020_BIT16_2EXP0003_GAN0010_RES
View Raw
Process
View Cube
View Raw
—] View White Ref
Options View Dark
Use Spectrometer Data
to Correct White Ref
ki o
Image index: 0-765  image files have been found
ht=1024
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3.4 Process Raw Frames into Hyperspectral Cube

Clicking theProcessbutton will start to process tliawimagesinto hyperspectral cube file, and
display the results of band images at different wavelelaytias If the file system had been
processed before, a mage would show up and ask the user to confirm whether the user wants
to reproces$o overwrite previously processed cuBasweimng No will prevent the program to
process the images and display only thistexg hyperspectral cube file.

The user may udeorizontalscroll bar to view band images at different wavelengths, or use
mouse to create a rectanl®I (region of interestarea on thelata cubeo display the spectrum
averaged from thpixels in theROI. A total number of 8 ROIs can be viewed together.

Clicking on theClear button will clear the selection of the areas and clear the spectra diagram
also.Clicking on theSave Spectreébutton will prompt dialog box for the user to save the spectra
data in.csv format{ASCII format)
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