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1 About Mightex Spectrometer Sensor Engine

Mightex Spectrometer contains an Optical System and a Spectrometer Sensor Engine (SSE), the
SSE consists of two components:

1) Mightex CCD Line Camera (SSE-1304-U)

2) Mightex Spectrometer Software.

Mightex Spectrometer Sensor Engine

Spectrometer Optics

Spectrometer
Software

SS5E-1204-U
line camera

The spectrometer software provides a powerful set of spectrometer functions such as wavelength
calibration, dark/bright references, spectrum display, and file management. This is the same
software used for another product “Mightex Spectrometer Sensor Engine” (Mightex SSE, refer to
the figure above). Mightex SSE is a spectrometer engine and users might have their own optics.
SSE users might set up optics, such as a spectrograph, and place the line camera at the focal plane
of the spectrograph. This software can be used for all spectrometer functionalities which release
users from the burden of programming spectrometer functions, enabling them to build their
spectrometers much more efficiently and cost-eftectively.
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2 Connector Definitions

Mightex spectrometer has two connectors: one is the standard USB 2.0 Type B connector and one 8 pin Din

connector as seen below: (It’s the receptacle on the spectrometer)

Pinl : GPIO1
Pin2 : GPIO2
Pin3 : GPIO3
Pind: GPIO4
Pin5: TRIG+
Pin6: TRIG-
Pin7. GND
Pin8: GND

Mightex provides a Din8 cable which mates with the Din8 receptacle of the spectrometer. The Din8

cable has the following wire definition:

Pin

Pinl
Pin2
Pin3
Pin4
Pin5
Pin6
Pin7
Pin8

Signal

GPIO1
GP102
GPIO3

GP104
TRIG+
TRIG-
GND
GND

Wire Color

BLACK

DEEP BROWN
RED

LIGHT BROWN
YELLOW
GREEN

BLUE

PURPLE

Caution: For users who want to use those pins, user must be very careful not to shorten two different signals .

Doing so may damage the camera, in worst case, even the PC itself.

Note:

1). TRIG+ and TRIG- ----- External trigger signals are mainly used while the device is set in TRIGGER mode.

Internally, the controller has the following opto-coupler based design for each trigger input:

/N

:>C_

360Q
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The diode is expected to be working under :

Tforward = 6MA — 20mA

Viorward = ~1.2V
As we have a 360Q resister built in, we expect a 3.3 — 10.0V source with 6mA minimum current source capability
to be the trigger input. This device has a rising edge assertion, so an “L” = “H” edge will be a valid trigger signal.

However, it is recommended to be a positive pulse with its width more than 20ps.

2). GPIO: 4 GPIO pins are provided. Each GPIO pin provides LVTTL level and 8mA source/sink current while it

is configured as an output. It can also be configured as an input pin.
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3 Software Installations

Minimum Operating System/Hardware requirements:

Processor: Pentium I11,900M or above
Operating System: Windows 2000/XP/Vista/7/10
RAM: 256M or greater

USB 2.0 Host Controller required.

1) Spectrometer USB Driver Installation:
*_The following installation procedure is based on windows 7. For 2000, Vista, XP or 10, the GUI might be

slightly different.

The Mightex Spectrometer is based on the Mightex CCD Line Camera, which uses a high speed USB2.0 port
(480M) for data collection. A USB 2.0 Enhanced Host controller MUST be present on the host PC. To check this,
go to “Control Panel | System | Hardware | Device Manager | Universal Serial Bus Controllers”, the “USB

Enhanced Host Controller” or “USB2 Enhanced Host Controller” should be present as following:

File Action View Help

= T EBm E Fss

[ % Batteries B
@ Eiometric Devices
i+ ;M Computer
=] Diisk drives
& Display adapters
§ DVD/CD-ROM drives
1> 445 Human Interface Devices
|+ g IDE ATA/ATAPI controllers
554 Imaging devices
|+ = Keyboards
--ﬁ Mice and other pointing devices
-l Monitors
¥ Network adapters
B Processors
9 Security Devices
|+ -4 Sound, video and game controllers

=

m

-8 System devices
4§ Universal Serial Bus controllers
§ Generic USB Hub
eneric USE Hub . .

Vighica [EE CCD LD Mightex USB Device
' Standard Enhanced PCl to USB Host Controller
§ Standard Enhanced PCIto USB Host Controller
USB Composite Device
USE Root Hub
LISR Rant Huh

= USB 2.0 Controller

Windows Device Manager

On a PC with USB 2.0 installed, the camera can be plugged into one of its available USB2.0 ports. On the initial

plug-in, Windows will prompt the “Found New Hardware” dialog as below:

°i! Installing device driver software %
*  Click here for status.

Generally, Windows will do all the installation (of the device driver) automatically, however, in some cases,

-7-
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Windows might not be able to install a proper driver and it might show:

I8 Device driver software was not successfully installed * *
Click here for details.

In such case, user has to install the driver manually in the following steps,
a) User should go to the “Device Manager” with “Control Panel | System | Device Manager”, when the line

camera is being plugged (in this example, the line camera is TCN-1304-U).

File Action View Help

=@ Hmln
2 21 ITZ-PC

2 @ Batteries
% Biometric Devices
& Computer

| g Disk drives
Display adapters
) DVD/CD-ROM drives
1> ﬂg‘l‘. Human Interface Devices
| - IDE ATA/ATAPI controllers
5 Imaging devices
i <22 Keyboards
B Mice and cther pointing devices
B Menitors
MNetwork adapters
5 Other devices
([l USB-TCD1304-1
b B Processors
Security Devices
;4% Sound, video and game controllers

|- -8 System devices
U P a7

In the “Device Manger”, User can see the device “USB-TCD1304-1" is marked with a yellow exclamation

which means the device driver is not correctly installed.

b) User can right click the “USB-TCD1304-1" device and click the “Update Driver Software...” in its popup

File Action View Help

e mlEHE 8 E8S

4 g ITZ-PC
b% Batteries
5 %@: Biometric Devices
gl Computer
Disk drives
B Display adapters
) DVD/CD-ROM drives
2 fﬂs Hurman Interface Devices
. IDE ATA/ATAPI controllers
'>—!§‘ Imaging devices
b Keyboards
B ﬁ Mice and other pointing devices
f l‘:l. Monitors
Metwork adapters
y Other devices
USB-TCD1304-1

.: m Processor: Update Driver Software...
bJ5 Security D pisable
33\] Sound, vid) Uninetall
1»-7Ml System de
b- § Universal § Scan for hardware changes
Properties |

Launches the Update Driver Software Wizard for the selected device.
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¢)  When click it, it shows the following windows and user should choose the “Browse my computer for driver

software”.

.\..._) [l Update Driver Software - USB-TCD1304-1

How do you want to search for driver software?

= Search automatically for updated driver software

| Windows will search your computer and the Internet for the latest driver software
| for your device, unless you've disabled this feature in your device installatien

| settings.

[ = Browse my computer for driver software
Locate and install driver software manually.

d)  When clicking on the “Browse my computer for driver software”, windows will show

@ [l Update Driver Software - USB-TCD1304-1

Browse for driver software on your computer

Search for driver software in this location:

nera\MachineVision_binearCamers\Delivery\Brriver, WindowsT B0 B Browse...

[¥]Include subfolders

% Let me pick from a list of device drivers on my computer

This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

i Mext I Cancel

User should click the “Browse...” button and go to the path (sub-dir) in which the proper driver is stored, note

that the drivers (for different windows versions) are stored in the CD-ROM\drivers\ sub-dir, e.g. for Windows 7,
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Windows 8.x, and Windows 10, the drivers are under CD-ROM\driver\Windows7, for 32bit windows version, user
should use the driver under \x86 sub-dir, for 64bit windows, user should use the driver under \x64 sub-dir.
After browsing to the correct path (e.g. \driver\Windows7\x86 for 32bit Windows7, 8.x or 10), user can click
“Next” button and Windows will show
S|

'I\_"j [ Update Driver Software - USB-TCD1304-1

Installing driver software...

This might take some time and when it’s done, the following window may show up:
FLT._T] Windows Security m‘

Would you like to install this device software?

Mame: Mightex Universal Serial Bus controllers
J Publisher: Mightex Systerns

[] Always trust software from "Mightex Systerns”., [ Instal | [ Dan't Install

'g’ You should only install driver software from publishers you trust, How can [ decide
which device software is safe to install?

User should click the [Install] button then the following windows will show

e) After installation is finished, user can check the “Device Manager” again and it will show as following:

File Action View Help
TG

[ @ Batteries -
118 Biometric Devices

;M Computer

gl £.4

bR Disk drives
B Display adapters
b ey DVD/CD-ROM drives
[ % Human Interface Devices
| =g IDE ATA/ATAPI controllers
» &5 Imaging devices
[+ 42 Keyboards
[ ﬂ Mice and other pointing devices
B Monitors
i -m¥ Network adapters
[ E Processors
i+ ¥ Security Devices
[ &,! Sound, video and game controllers

[

m

-8 Systemn devices
a- ﬂ Universal Serial Bus controllers
- § Generic USB Hub
..... § Generic USB Hub

----- "] Stand-érd .Ehhanced-PCI to USB Host Controller |
.1 Standard Enhanced PCI to USB Host Controller
..... a USB Compuosite Device

..... § USBRoot Hub

..... & ISR Raot Hub
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2) CD ROM File Organizations:

The CD-ROM has the following sub-directories:

\Drivers
It contains 3 sub-directories for different Windows versions, each containing .INF and .SYS files for driver
installation.

\Application
It contains .EXE file and related .DLL files, and two pre-defined sub-directories as following:

\Appdata: contains five pre-defined files and one pre-defined sub-directory.

Para.ini : Main Parameter file for SSE.
Pixelmode.ini : Parameter file for SSE
WavelengthSets.ini : Pre-defined wavelength sets.
CalibrationFilel.cal : Example of calibration file.

\ModuleNo_SerialNo : This is a sub-directory storing an .XML based calibration file, which is
generated in factory when the device is calibrated.
\Data: This is an empty sub-directory. It can be used to store spectrum data files or a “Time Line” save/load
path.
\Documents
It contains two PDF files: Mightex Spectrometer User Manual.pdf (this manual) and Mightex SSE SDK
guide.pdf.

3) Application Installation

Copy all the files under the \Application sub-directory of the CD into a target directory of the PC’s local disk, and
run the “Mightex SSE.exe” file.

-11 -
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4 Getting Started

Connect the Spectrometer to the USB 2.0 port of the PC. If the spectrometer driver has been successfully installed,

the found-new-hardware information will be shown on the desktop for the first time plug in.

1) Start the Application
Start the application by running “Mightex SSE_App.exe”, the main window will open.

Note: If the setup is not calibrated, a warning message might appear or some functions are disabled. It is

recommended that wavelength calibration be performed prior to other wavelength related operations (refer to

“Wavelength Calibration” paragraph for details). There are several ways to have the device calibrated:

1> Follow the steps in “Wavelength Calibration” to do the calibration manually, using a standard light source
(with known peaks of certain wavelengths).

2> Import a calibration file, *.CAL. If the calibration file for this particular device is not present on startup, a
calibration file should be generated manually using the results acquired via the method <1> above (please
refer to the example CalibrationFilel.cal on the CD ROM for the format of the calibration file).

** [f there is no hardware connected to the PC, the software can still be run, but all device related features are

disabled.

2) Scan Spectrum Data

Click ‘Acquire One Spectrum’ button > , the spectrometer will acquire a spectrum ONCE. Note that one

spectrum might be the averaged result of multiple frames, and actual frame number depends on the frame average

number setting. See Figure 4.1 for a sample spectrum.

1ol
I File View Tools Setup Help H ty|

caaz2s|umb]>wrmmo % | |+ 0@

™ RawData View ControlPanel | wav Calib |
test Calibrated Data PO - Graph Contral
50,000 iz - .
23.000 | --- e igl
50001 --- @R =5 B}
44000}
! 4 (] :
42,000 4--- hd o p‘ai%l
ion
40,000 --- piayOp
~View
38000 -
" CCD Raw Data
35,000 |-
26000 & Calibrated Data
32Im.'rﬂ € DarkData
BDIDI}D L " Reference Data
i
o " Dark Subtracted
el € TR
5 26/
340004 --- " Absorbance
22000 4--- " Absolute Irradiance
20,000 & --- Spectrometer Control
18000 §--- ~Exposure Time Control—————
16,000 ¢ --- Max ExpTime {100ms  »
14,000 4 --- Expnsure‘l’lme[ms*‘_
65
120004 ---
T AU TTTCTTTTRN
10,000 §--- A
8.000 --- —_—
5000 Avag. Frame Numberl a0 3:
4,000 'Cnmpensaﬁnrvs‘tatus -
2,000 v ec
0 ™
0 ¥ CE Flag
Pixel “WorkMode————————————
 Normal " ExtTrig
| DrcOFF || Ref,OFF | 0C011 | |lesoon  |wormat [o |0 ([1sts  |[1=3s |33ss 5461
[ K |[HRS_NIR_025_13-100601-002 |[Frames: 1018 || II Il Il |
Figure 4.1
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The display is in “Graph” mode by default. To view the spectrum in “Table” mode, click the button

located on the tool bar. The application will display the spectrum in Table mode, Figure 4.2.

) Mightex Spectrometer =N
File View Tools Setup Help @
= R WEb | >W->riomO| % O+ =

Pixel Wwavelength| CCD Data_1 CCD Data_2 CCD Data_3 Calib Data_1Calib Data_z Calib Data_3 Dark Sub_1|Dark Sub_2|Dark Sub_3|%T/R_1 ®TIR_2 ®TIR_3 Dark Data |RefData |Absorb_1 |Absorb 2 =
0 32469 | 135837 0 0 135837 0 0 138837 0 0 0 0 0 0 0 0 0 [
1 838.35 13664.1 ] ] 13664.1 ] ] 13664.1 o 0 0 0 0 0 0 0 0
2 838232 13650.2 0 0 136502 0 0 136502 1] 0 0 0 0 0 0 0 [
3 83114 137488 0 0 13748.8 0 0 13748.8 ] 0 0 0 0 0 0 0 0
4 837.995 128658 0 ] 13665.8 0 ] 136658 O 0 0 0 0 0 0 0 0
5 837877 136448 0 0 13644 8 0 0 136448 1] 0 0 0 0 0 0 0 [
& 837.75%8 13862.2 0 0 123862.2 0 0 136622 ] 0 0 0 0 0 0 0 0
T 83784 13892.3 0 0 13892.3 0 0 13692.3 ] 0 0 0 0 0 0 0 0
8 837522 136931 0 0 13693.1 0 0 13683.1 1] 0 0 0 0 0 0 0 [
9 837.403 137718 0 0 13771.8 0 0 13771.8 ] 0 0 0 0 0 0 0 0
10 837.28% 13728.8 0 0 13728.8 0 0 13728.8 ] 0 0 0 0 0 0 0 0
" 837165 13767 4 0 0 13767 4 0 0 13767.4 1] 0 0 0 0 0 0 0 [
12 837.048 137188 0 0 13718.6 0 0 137186 ] 0 0 0 0 0 0 0 o
13 836,93 13799.8 0 0 13799.8 0 0 13799.8 ] 0 0 0 0 0 0 0 0
14 836811 138378 0 0 13837.8 0 0 13837.8 1] 0 0 0 0 0 0 0 [
15 836,693 13828.7 0 0 138287 0 0 13828.7 ] 0 0 0 0 0 0 0 o
18 836574 13868 0 0 13868 0 0 13888 ] 0 0 0 0 0 0 0 0
17 836456 138872 0 0 13887 2 0 0 138872 1] 0 0 0 0 0 0 0 [
18 836.337 13853.4 0 0 13853.4 0 0 138534 o 0 0 0 0 0 0 0 0
19 838.219 138386 0 0 13838.6 0 0 13838.6 ] 0 0 0 0 0 0 0 0
20 8361 138075 0 0 13807.5 0 0 13807.5 1] 0 0 0 0 0 0 0 [
21 835.982 137903 0 0 13790.3 0 0 13750.3 /] 0 0 0 0 0 0 0 ]
22 835.883 137423 0 0 137423 0 0 137423 ] 0 0 0 0 0 0 0 0
23 835745 13745 .4 0 0 13748 4 0 0 137494 1] 0 0 0 0 0 0 0 [
24 835627 13685.7 0 0 13685.7 0 0 136857 1] 0 0 0 0 0 0 0 [
25 835.508 13709.2 0 0 13709.2 0 0 13709.2 ] 0 0 0 0 0 0 0 0
26 83539 13699.3 0 0 13699.3 0 0 136893 1] 0 0 0 0 0 0 0 [
27 835271 13676 1 0 0 13676.1 0 0 13676.1 1] 0 0 0 0 0 0 0 [
28 835.153 137207 0 0 13720.7 0 0 13720.7 ] 0 0 0 0 0 0 0 0
Drk:OFF | Ref:OFF  DC.OFF | ETC.OFF P1 | Pixel. 2080 Wavelength: 586.548 Intensity: 42740 40100 Normal 0 0 63684 1388 | 729.08 8183
1 1 HRS-NIR-025_13-100601-003

Figure 4.2 Table Mode

3) Save Data.

Clicking the ‘Save’ button saves the scanned spectrum data to a specified directory as a Mightex spectrum

data file (*.mtd file). The saved spectrum file can be loaded back later. (The format of the spectrum data file is

described in details later).

-13-
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5 Software Main User Interface

The main window of the application is divided into five parts, see Figure 5.1

7= Mightex Spectrometer

File View Tools Setup Help

1

||

E R

DL > W20 08 [0+ I

I

test,Calibrated Data, PO

ControPanel | Way Calib |

Graph Control

PEl
4B = B}
M & b

DisplayOption

| & caibrated Data

IMax Exp Time |100ms =
: [ExposureTime(msHEs

i
View

€ CCD Raw Data

 Dark Data

" Reference Data

" Dark Subtracted 4
" %TR

(" Absorbance

(" Absolute Irradiance

Spectrometer Coniral

Time Control

FEOEEIEEEEREREITTER 31Ty IIIIIIIII[IIIIIH
AEAEEETHATELTE TP _STO T

Avg, Frame Number | 20 =]
e

“B00 00

1,000 1,200 1,400 1,600

2000 2200 2400 2800 2800 3000 3200 3400 3500

IV CE Flag
- WorkMode

(* Normal  {" ExtTrig

| Drk:OFF || Ref.OFF [DC 0l |[ETC:ON

|[RRC:OFE |[Po || 0;v:0

|[5261 [’

[1 [

|| HRS-NIR-025_13-100601-003

SJIBS'W [Wormal o o |1s1s  |[1535 | 3388
|Frames: 10,08 || I I |

1 Main Menu
2 Toolbar

3 Working area
4 Control Area
S Status Bar

Figure 5.1
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5.1. Main Menu

File: “iew Toolz Setup Help

There are a total five main menu items at the top level.
File
The File menu contains general options related to the spectrum loading, saving, printing, importing/exporting operations.

File “iew Toolz Setup Help

j&- Vaad | “Load’: Load the saved spectrum data (*.mtd) file.
Lﬁ g e ‘Save As’: Save current spectrum data to file (CSV, TXT or MTD).
Export To 3 ‘Export To’: Export Current spectrum data to a SPC file (‘See Appendix SPC file format”).
Sayve MainChart As L4 ‘Save Main Chart As’: Save main chart (graph view mode) to a file (which could be a picture file or txt data file).
S ‘Print Current Chart’: Generate a print report based on current chart.
=2 Print Current Chart

‘Print Current CIE View’: Open Chromaticity print preview form and print chromaticity view.

(Note: Only available in Chromaticity View Mode)
Exit . . L
‘Exit’: Exit the application.

View

Wigw Toolg Setup Help
e g e e et ‘Cursor On’: Enable/Disable Cursor in the main chart, and cursor information.
Cuszor On k

TaolFar , Toolbar’: Control which icons appear in the tool bar.

‘Wav. Cal. Coefficients’: Open wavelength and pixel calibration coefficient window.
_.I].i}f1 Waw. Cal. Coefficients

ETC Coefficients . . . . L . . . .
‘AIC Coefficients’: View absolute irradiance calibration coefficients (Only available when AIC cal. Coefficients exists).
ATC Coefficients

‘ETC Coefticients’: View ETC Calibration Coefficients (Only available when ETC cal. Coefficients exists).

-15 -
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Tools

Tools Setup Help L)
Fuposure Time Linear Calibration(EIC)
Bbzolute Irradiance Calibration(AIC)

Setup

Setp Hek o

Smooth Funection

Setup Chart
R0 Referencedllark File Setup
Fh? Pixel Monitoring Moede

CIE Parameters

Help

{ Help. L]

Exposure Time Linear Calibration (ETC): Invoke the ETC calibration form.
Absolute Irradiance Calibration (AIC): Invoke the AIC calibration form.

Smooth Function: Opens the smoothing function and parameters setup form.

Setup Chart: Open Chart editing form, used to edit chart settings such as coordinates, color... etc.

Reference & Dark File Setup: Opens reference spectrum and dark spectrum setup form.

Pixel Monitoring Mode: Opens the pixel editing mode form, allowing the selection of several different pixel editing options.

CIE Parameters: Opens the CIE chromaticity parameters setup form.

e T Online Help: Opens the help file (this file).

Vizit Mizghtex

Visit Mightex: Visit the Mightex Homepage at: www.mightexsystems.com

About. .. About: Opens the about dialog.

-16 -
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5.2. Toolbar

Sl = MEEYR Y Ry

8 |84+ -

C)

9

o] ] i8] lbofuhafis fiafis] fis J)i7 JfisJlo] fpo]prJp2]

The quick buttons on the tool bar can be divided into SIX groups according to their functions

Standard group: include the quick buttons 1, 2, 3, 4 and 5.

Data Viewing Group: include the quick buttons 6, 7 and 8.

Spectrum Operation Group: include the quick buttons 9, 10, 11, 12, 13, 14 and 15.

Chart Control Group: include the quick button 16, 17, 18 and 19.

Commenting Group: include the quick button 20.

Help Group: include the quick button 21.

The visibility of the above first 6 groups can be controlled by the ‘View’ -> Tool Bar’ button on the Main Menu.

The functions of the speed buttons of each group are listed as following:

1

2
3
4
5

: Open File.
: Save Data to a *.mtd File.
: Export Data to a TXT File
: Export Data to a CSV file.
: Print Data.

: Switch to Graph Mode: View obtained spectrum in graph mode.
: Switch to Table Mode: View obtained spectrum in table mode.

: Switch to Chromaticity Mode: View CIE parameters of obtained spectrum.

-17 -
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9: Acquire one spectrum

10:
11:
12:
13:
14:
15:

16:
17:
18:
19:
20:
21:

22:

Acquire overlay spectrum

Acquire continuous spectrum

Acquire Ref spectrum data

Acquire Dark data

Acquire Spectrum for Pixel Mode P4, PS5, P6 and P7.

Acquire TimeLine data.
Buttons 9 to 13 are only functional with the pixel monitoring mode set to PO, P1, P2, P3.
Button 12 and 13 obtain one spectrum and save it into Ref/Dark array, respectively.
Button 14 is only functional when the pixel mode is set to P4, P5, P6 or P7.

Button 15 is not functional when the pixel mode is set to P4.

Open Chart Setup Form

Main chart cursor enable/disable control.

Main chart cursor target series selection.

Main chart cursor behavior control, snap to point or not.
Show main chart cursor information in cursor position.

Commenting Tool, click to open a box used for personal comments.

Help Menu, click to show user guide.
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5.3. Working Area

The working area can be in either “Graph Mode”, “Table mode” or “Chromaticity mode,” described below:

1) Graph Mode:

This mode can have two charts, as seen in Figure 5.2. The upper chart is the main chart which displays the spectrum data according to the display option. The bottom chart, which can be set to
visible or invisible by checking or unchecking the ‘RawData View’ check box on the top right corner on the working area, only shows the CCD raw data. The default state of the bottom chart
is invisible.

[ RawData View
test,Calibrated Data,P1

40,000 4
35,000 4
30,000 4

25,000

Rel

20,000
15,000 4
10,000 4

5,000

T T T T T T T T T T T T T T T
0 200 400 600 800 1,000 1,200 1,400 1600 1,800 2000 2200 2,400 2600 2,800 3,000 3,200 3,400 3600
Pixel

test,CCD Raw Data

40,000 4
35,000
30,000 4
25,000
20,000
15,000 4
10,000 4 ---

5,000

+ + +
0 500 1,000 1,500 2,000 2,500 3,000 3,500

Figure 5.2
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2) Table Mode:

In this mode, the spectrum detailed data are shown in a table as Figure 5.3.

Pixsl [Wavelengtn |CCD Data_1 |CCD Data_2 |CCD Data_3 |Calib Data_1 |Calib Data_2 |Calib Data_3 |Dark Sub_1|Dark Sub_2[Dark Sub_3[%T/R_1  [%TR2 [%TR3 |Dark B
0 131887 0 0 131847 0 0 131847 0 0 0 0 0 o [
1 338.35 132705 0 0 132705 0 0 132705 0 0 0 0 0 0

2 838232 133815 0 0 133815 0 0 133815 0 0 0 0 0 0

3 838114 13361 0 0 13361 0 0 13361 0 0 0 0 0 0

4 837895 132728 0 0 1327289 0 0 132729 0 0 0 0 0 0

5 837.877 132583 0 0 132583 0 0 132583 0 0 0 0 0 0

8 837758 132167 0 0 132167 0 0 132167 0 0 0 0 0 0

7 83764 132009 0 0 132909 0 0 132009 0 0 0 0 0 0

8 837522 13327 0 0 13327 0 0 13327 0 0 0 0 0 0

9 837403 133824 0 0 133824 0 0 133624 0 0 0 0 0 0

10 837285  13352.1 0 0 13352.1 0 0 133521 0 0 0 0 0 0

11 337166 133405 0 0 133405 0 0 133405 0 0 0 0 0 0

12 837.048 1332086 0 0 133208 0 0 133208 0 0 0 0 0 0

13 836.93 133664 0 0 133664 0 0 133664 0 0 0 0 0 0

14 836811 133886 0 0 133886 0 0 133886 0 0 0 0 0 0

15 336603 134478 0 0 134479 0 0 134478 0 0 0 0 0 0

16 836574 134595 0 0 134595 0 0 134595 0 0 0 0 0 0

17 836456 134444 0 0 134484 0 0 134424 0 0 0 0 0 0

18 836337 134034 0 0 134034 0 0 134034 0 0 0 0 0 0

19 836219 134043 0 0 134048 0 0 134043 0 0 0 0 0 0

20 836.1 124181 0 0 12418.1 0 0 134181 0 0 0 0 0 0

21 335882 133435 0 0 133435 0 0 133435 0 0 0 0 0 0

2 835883 132705 0 0 132705 0 0 1232705 0 0 0 0 0 0

23 835745 132866 0 0 132366 0 0 132366 0 0 0 0 0 0

24 835627 133828 0 0 133829 0 0 133629 0 0 0 0 0 0

25 835508 133853 0 0 133853 0 0 123853 0 0 0 0 0 0

2% 33539 13207 0 0 13207 0 0 13207 0 0 0 0 0 0

27 835271 133402 0 0 133402 0 0 133402 0 0 0 0 0 0
[

Figure 5.3 Table Mode
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3) Chromaticity Mode
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FPiHM: 176,334
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Centroidy avelength:
ES5E.07E

Figure 5.4
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B

Clicking the speed button "" will switch to the chromaticity mode, see Figure 5.4. In this mode, the calculated CIE colorimetric coordinates ( 1931x, y and 1976u’, v’) of the current

acquired spectrum will be plotted on the 1931UCS chart and 1976UCS chart according to the selected display option. The CIE colorimetric parameters calculated are different in different
display options.

If ‘Dark Subtracted’ is selected, the two colorimetric coordinates will be calculated and shown on the text pad.

If “%T/R’ is selected, the two colorimetric coordinates along with CIE 1976Lab coordinates will be calculated and shown on the text pad.

If ‘Absolute irradiance’ option is visible and selected, in addition to the two colorimetric coordinates, the CCT (correlated color temperature) and CRIs (14 color rendering index together

with CRIa) defined by CIE will also be shown on the text pad.
The normalized spectrum (wavelength range 360 to 830) will be shown on the bottom chart for all options.

Notes: 1) The Chromaticity Mode will be available if current connected spectrometer is wavelength calibrated.

2) For the CIE parameters to be calculated, check the [CIE Flag] box of the [Spectrometer Control] group on the [Control panel] before clicking the Acquire One Spectrum data.

3) The CIE parameters will only be calculated in ‘Acquire One Spectrum’. Clicking other acquiring actions, e.g. ‘Acquire Overlay’, ‘Acquire Continuous’, ’Acquire Dark’ or ‘Acquire
Ref’ will not calculate the CIE parameters.

4) The CIE parameters will be calculated in Pixel Mode PO, P1, P2 and P3 but not in P4, P5, P6 and P7. Even in P1, P2 and P3, the original spectrum is adopted for calculation just as
in PO mode.

5) The colorimetric coordinates is confined to 4 valid digits and CCT is confined to one digit.
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5.4. Control Area
The control Area contains two tabs: “Control Panel” and “Wavelength Calibration”. The control Area will only be visible in Graph mode and Chromaticity Mode.

“ControPanel | Vav.Calb
Graph Control
PO TG ol
k= B
&M b
DisplayOption
View
(" CCD Raw Data
(¢ Calibrated Data
(" Dark Data
" Reference Data
(" Dark Subtracted
™ %TIR
" Absorbance
" Absolute Irradiance
Spectrometer Control
Exposure Time Contral

Max Exp Time [100ms

ExposureTime [ 359.6 ms)

Avg. Frame Number | 40 2

Compensation Status
[T oc [ ETC

S.BL 03: [+ CIE Flag

Work Mode
(¢ Mormal " Ext.Trig

Figure 5.5 Control Area
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1) Control Panel Tab
This Tab, figure5.5, contains three control groups: Graph Control, Display Option and Spectrometer Control.
B Graph Control contains 13 quick buttons for controlling the chart viewing.

Graph Control

PN I
4= R = {ﬂ
4 4 M if:’_

<_I: Zoom Out the Graph;

" Zoom In the Graph;

|ﬂ: Move graph Up;
¥ |: Move graph Down;

* : Move the graph Left;

2. Move graph Right;

M : Expand the graph to the left;

|ﬂ: Expand the graph to the right.

19

: Reset the chart to its standard format.
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!_t_J_I_r_: Clear Chart, clear all chart contents.
=#: Change the unit of x-axis between pixel and wavelength (This button will be enabled if wavelength calibration is available).

tz Bring up the smooth module on current display choice.

Note: When switched to [Chromaticity Mode], the graph control will be invisible.
B Display Option contains controls of the data to be displayed on the chart.

CCD Raw Data: Display the acquired RAW spectrum directly
Calibrated Data:  Display the spectrum after ETC if ETC is enabled, otherwise it is the same as CCD Raw Data.
Dark: Display the current obtained/loaded dark spectrum, if no dark spectrum has been obtained or taken, dark data will be 0;
Ref: Display the current obtained/loaded reference spectrum.
Dark Subtracted:  Display the spectrum which has subtracted the Dark Data from the current Calibrated Data.
%T/R: Display the spectrum ratio which is defined as (Dark Subtracted/Reference Data);
Absorbance: Display the spectrum of absorbance which is defined as: Log;o(Reference Data/Dark Subtracted);

Absolute Irradiance: Display the spectrum of test light in absolute irradiance units (Only available when absolute irradiance calibration coefficients exists), See appendix 4 AIC for details.

Note: 1) In [Chromaticity Mode], there are no CIE parameters calculated for [CCD Raw Data], [Calibrated Data], [Dark], [Ref] and [Absorbance].

2).When no wavelength calibration information was found for the device that is connected, the [Absolute Irradiance] will be disabled.
B Spectrometer Control: Contains Controls of the working parameters of spectrometer, e.g., exposure time, Average frame number, and compensation flags, etc.

Exposure Time: This is the integration time for each frame, the minimum exposure time and the exposure time step is 100us, which means the set exposure time is a multiple of 100ps.
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Avg. Frame Number: Set the frame number for each acquiring action.

Compensation Status: Set the auto dark status and ETC status of the grabbed frame.

CIE Flag: Set the CIE flag to enable or disable calculation of the CIE parameters.

Work Mode: Switch spectrometer working mode between Normal Mode and External Trigger Mode. In Normal Mode, the spectrometer does the scanning whenever the software acquires the
frame data. While in External Mode, the spectrometer won’t do scanning until there’s an external trigger assertion. Note that there must be an external hardware trigger signal input via the
Din8 connector while it works in this mode. In most cases, the spectrometer should be in Normal mode only (even with the external Trigger/pace features in “Time Line” function, the

spectrometer should be kept in “Normal” mode).

Note: Setting new spectrometer control parameters will affect next grabbed frame, and have no effect on the current or previous frames.
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2) Wavelength Calibration Tab

Important Notice: To get into this tab, the Pixel Mode has to be set to PO and X-axis unit has to be in pixels.

When wavelength calibration is needed, the wavelength calibration tab can be used to perform the calibration. When the “Enable Data Table” checkbox is not checked (shown in the left side),
there are only two buttons on it (Cal. Set and Coeff). Checking the ‘Enable Data Table’ check box will enable the wavelength calibration functions (shown on the right side). See appendix 1

wavelength calibration for details.

E : When checked, the full calibration table is visible.

Contral Panel | Calibration Control Panel | Calibration

[* Enable Data Table Lal3et: Opens the wavelength set management window.

Calib. Set Full Range(Fixed] + 00

Coeff Opens a new window to view or edit the calibrated wavelength-pixel coefficients.
Faoly.Dearee 3
e = X 4] _zllz S EED_SBDnm[PrED'ﬂ: Selecting the predefined wavelength Sets and the wavelengths in the selected set
‘.?_,‘t u& uﬁ] %:} will be shown in the Calibration Table below.
[ AuteeFil r ol Lz 2 | 3 ZI: The polynomial degree of the fitting curve. It is fixed to 3.

Calibration T able
Weelereb i el Vel ~  The 8 buttons on the next panel are used to control the behavior of the following calibration table.

* : Insert a row. - Save wavelength-pixel data to a calibration file.
296,724 = : Delete current selected row; L: Load a previously saved wavelength-pixel data.
20215 X Clear the ‘Pixel Value’ column. # : Calculate the coefficients using least square method.
113155 #}. Sort the table by wavelength in ascending order. k2 : Save coefficients.
334.148 [ AuterFil : When checked, a cursor will show on the main chart which is used to help locate the position of the
365015 spectrum peak. When user right clicks the cursor, the corresponding pixel value is filled in the current row
404 656 automatically.
407.783 v *‘i"'“t':'F'” M el (A : When the check box ‘Auto-Fill” is checked, the check box ‘Peak Finder’ will be
435,833 enabled. Check this to activate the peak finder tool. When it is activated, the cursor only needs to be placed near the
54E.074 spectrum peak and the application will find the peak and fill the pixel value in the table automatically.

e w7 :
Cal Set Coeft < ¥
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5.5. Status Bar

] (2] [3] (4] [5] [6] 8] [9] |10||11||12| -- -

Dk ON | Fef OM | DCON | ETCON | RRCOFF PO x030 300 Marmal 43410 675
FRO-0400-41_13-100705-001 Frames: 1.1

- - [18 |
1: Dark Data Status: ‘Drk:ON’ means dark data has been loaded; ‘Drk:OFF’ means dark data has not been loaded.
2: Reference Data Status: ‘Ref:ON’ or ‘Ref:OFF’ status means reference data is loaded or is NOT loaded.

~

: ETC Compensation Status: refer to Appendix 2 ETC

: RRC Compensation Status, obsolete.

: Current Pixel mode, refer to Pixel Mode description.

: Current Cursor Information: displays cursor information such as pixel index, wavelength value and y value of the main chart when cursor is enabled.

: Exposure Time of current frame, in ps.

O 0 3 N W

: Saturation status of current frame. ‘“Normal’ or ‘Over Saturated’. If it is ‘Over Saturated’, reduce the exposure time.
10: Triggering status of current frame.

11: The total triggering count of current frame.

12: The time stamp of current frame.

13: The factory debugging information.

14: If AIC file of current spectrometer exists and CIE Flag is on, this area shows the total irradiance.
15: If AIC file of current spectrometer exists and CIE Flag is on, this area shows the total Illuminance.
16: The total count of currently connected supported Mightex spectrometers.

17: The index of current working spectrometer.

18: The module information of current working spectrometer.

19: The grabbing information.

Note: The grey items are only for factory usage.
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6 Software Operations

6.1 Acquire Spectrum

Note: Before acquiring the spectrum, be sure to connect the Mightex spectrometer to the computer properly.

Acquire One Spectrum

>

By clicking the ‘Acquire One Spectrum’ quick button on the toolbar, the Spectrometer will scan the spectrum

ONCE and transmit the data to the application.

Acquire Spectrum Continuously

“®on the toolbar, the spectrometer will scan the

By clicking the ‘Acquire continuous spectrum’ quick button

frame and transmit the data to the application continuously. The icon of the speed button will change to ‘Stop’

Clicking again, the spectrometer will stop scanning/transmitting data.

Acquire Overlay Spectrum

When clicking the ‘Acquire Overlay Spectrum’ quick button » multiple spectrums (up to 3) can be saved to the

main chart.

cHHS B MWD riok® || MR || o

Figure 6.1. Multiple spectrums obtained with the ‘Acquire Overlay Spectrum’ button

6.2 Acquire Dark Data

Subtracting dark data is a way to eliminate ambient light from the spectrometer readings. To acquire dark data:
Make sure the spectrometer is connected to the PC properly.

Run the application.

B

Turn off the lamp or (light source) and click the i button on the toolbar.

The spectrometer will acquire a spectrum and this spectrum will be saved into software’s internal dark data array.
At the same time, the spectrum is saved to the specified dark file. The file name is specified in the “Reference,

Dark Setup” dialog box, which is described in Reference Data & Dark Data Setup.

The Dark Status on the status bar will be in RED and shown as ‘Drk: On’, which indicates that the dark data array
is already available, and the display option will be automatically shifted to ‘Dark’, which shows the dark data just
acquired.

Note: Dark status can be set by either using the ‘Acquire Dark Data’ button, or by loading a pre-saved dark file.

Acquiring dark data will only make the dark data available to the following acquiring actions, which means that
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acquiring dark data will overwrite the current spectrum data.
For more accurate measurements, a new dark spectrum should be taken whenever exposure time is changed.
After acquiring the dark data, the display option will switch to ‘Dark’ automatically, and should be manually

changed in the display option if wanting to view other plots.

6.3 Acquire Reference Data

Some applications may require the display option to be set to “%T/R’ or ‘Absorbance’. In this case, a reference

Ref

spectrum is needed, which can be acquired by clicking the ‘Acquire Reference’ quick button on the toolbar.

Similar to the “Acquire Dark Data™ above, the reference data array will also be saved to specified reference file.

After reference spectrum data has been acquired, the display option will be automatically set to ‘Reference’, and

the reference data status on the status panel will be shown ‘Ref: ON” in red.

6.4 Edit Frame Average Number

The acquired spectrum data might be averaged from multiple frames if the average frame number is greater than 1.
E.g., if the average number is set to 2, the spectrometer will actually acquire 2 frames and get the average from
these two frames then send it back to application. The average frame number can be edited through the

Spectrometer Control section of the Control Panel tab.

-
=4

Ay Frame Mumber |1

Note: When ETC flag is turn on, the application will spend much of CPU time on the ETC calculation which may

slow down the application and GUI response will also be delayed.

6.5 Customizing Chart
The appearance of main chart or bottom chart can be customized through ‘Main Menu | Setup | Setup Chart’ or

the [Setup Chart] quick button g on the toolbar, which will open a new window to edit the charts, Figure 6.2.

Graph Title:

Edit the title of the graphs in the ‘Graph Title’ group, which will take effect for both charts.
Charts:

Choose which chart to customize by selecting either Upper Chart or Lower Chart.

Note: ‘Main menu | Setup | Setup Chart’, means to open the Setup chart menu item of the Setup menu on the main

menu area.
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" Chart settings =] @ s

Graph Title XAxis | Y Axis | Color

®-Axis Unit
Apply

{* Pixel "

|test

Chartz

Axiz Range Type

(* Automatic
{* LUpper Chart
" Manual

Apply
" Lower Chart 4

Figure 6.2

For each chart, the parameters of X-Axis, Y-Axis, and the color of chart elements can be edited.

X-Axis Tab: the unit of the X-Axis can either be the wavelengths (A, in nm) or pixels. For both units, the
application can be used to define the minimum and maximum of the X-Axis automatically or manually. By
choosing automatic, the application will define the minimum and the maximum according to the spectrum data. By
choosing manual, an edit panel will be shown to allow minimum and maximum values to be inputted manually.

Important: X-Axis Edit mode will only be available when the Pixel monitoring mode is set to PO, at other pixel

monitoring modes, the X-Axis may not be edited. (Refer to the details of Pixel Monitoring mode later)

Y-Axis Tab: The units of the Y-Axis are automatically controlled by the application. The minimum and maximum

can be controlled either automatically or manually.

Color Tab: Use this option to edit the color of several chart elements, including background color, foreground color,

chart title color, axis color, axis text color, axis grid color, axis tick color and the series color.

6.6 Reference Data & Dark Data Setup

The reference and dark data can be acquired through the quick button on the tool bar. To manage the reference and
dark data, the application provides a handy tool to save or load the reference and dark data which can be opened

through the Main Menu ‘Setup | Reference&Dark File Setup’, Figure 6.3.

Save Current Spectrum into Reference Array’: By clicking this button, the current Calibrated Data (the first

spectrum obtained if GrabOverlay is clicked) will be set as the Reference Array.

‘Save Reference Array to Text File’: Clicking this button will pop up a ‘Save As’ dialog, which will save the

current Reference Data to a reference file.
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Load Reference File’: This button allows a pre-saved reference file to be loaded as the current reference data. The
file path is shown in the edit box below the button. When the ‘Load Reference File on Application Starts’ box is

checked, it will load the selected reference file automatically when starting the application.

The ‘Dark Spectrum Setup’ section has the same functions as the ‘Reference Spectrum Setup’.

’@' Reference, Dark Setup E' [=] @ﬁ

Reference Spectrum Setup

B Save Curent 5 pectrum into Beference Array

#&) Save Refrence Aray to T ext File

[ Load Reference Fil

[ Load Reference File on Application Skarts
|D ADewelopmenthhightexh S pectrometertLinear 5)

D ark Spectum Setup
B Save Current Spectium inka Dark Array

#&) Save Dark Aray into text File

[ Load Dark File

[ Load [ark File on Application Starts
|D ADewelopmenthhightexh S pectrometertLinear 5)

J oK ¥ Cancel

Figure 6.3 Reference and Dark setup Dialog

IMPORTANT: When the software starts, it will load the dark and reference spectrums according to the settings in
this dialog box. If the “Load Reference File On Application Starts” (or “Load Dark File On Application Starts’) is

not checked or if they are checked but the specified files are invalid, the software will not load the files.

6.7 ETC (Exposure Time Linear Calibration) Compensation

ETC compensation status can be controlled by the ETC check box in the spectrometer control group in the control
pamelltIlF ETC .
After ETC is turned on, the compensated frame data can be seen by choosing the [Calibrated Data] option in

display option.

Important: When ETC Compensation is enabled, the spectrum display from the spectrometer will be corrected
with the ETC calibration data if “Calibrated Data” is selected in Display Options. Selecting “CCD Raw Data”
will display the raw spectrum without the ETC calibration. When ETC is OFF, “CCD Raw Data” is essentially the
same as “Calibrated Data”. If using “Dark Subtracted” or “%T/R” ...etc., obtain the Dark or Reference spectrum

first. Please note that after ETC options have been modified, Dark and Reference spectrums should be obtained
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again under the current compensation status.

For details of ETC, please refer to the “Appendix 2 ETC Compensation Details”

6.8 Pixel Monitoring Mode

Introduction
Although the software acquires frame data from all pixels, the application provides the options to view
those data in different formats. There are a total of 8 pixel monitoring modes from which to choose.

Click the main menu ‘Setup|Pixel Monitoring Mode’ to open the ‘Pixel Monitoring Mode’ form, Figure 6.4:

1) Pixel Monitoring Mode: P0

@Pixeannitoring Mode E\ = @

Pixel Manitaring bode

* PO.&I Pixels Fixel Mode: PO

" P1:Every M[th] Pixel with no averaging Fixel range W
" P2:Every M(th) Pizel with binning averaging

" P3:Piel ¥ through v every Mith) Pixel

" P4:Select E Pixels from all Pizels[Scan 256 Counts)

" PESelect B Pizels from all Pixels with time monit oring

" PE:Baseline Monitaring

" P¥Variable & B calculation

v 0K K Cancel

Figure 6.5 Pixel Monitoring Moe PO
In this mode, the application will show all the pixel data on the chart, and the unit of x-axis can be defined as pixel
or wavelength (if the spectrometer is wavelength calibrated).

The Pixel range on the right side always shows the maximum pixel range of the spectrometer.

2) Pixel Monitoring Mode P1:
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@PixelMonitnringMode E\ =] @

Fixel Monitoring Mode

" PO:AN Pisels Pixel Mode: P1

& P1:Ewvemn M(th) Pizel with no averaging M[th] lim
" PZ:Ewvemn M(th) Pizel with binning averaging

" P3:Pixel ¥ through Y every Nth] Pisel

" Pa:Select B Pixels from all Pixels(Scan 256 Counts)

" PHSelect B Pixels from all Pixels with time maonitoring

" PE:Bazeline Monitaring

" P7¥Vanable 4B calculation

O X Cancel

Figure 6.6 Pixel Monitoring Mode P1
In this mode, the application will show the pixel data every N(th) pixel.

3) Pixel Monitoring Mode P2:
@ PixelMonitoring Mode EI =] @

Firel Monitoring Mode

P04 Pisgls Pixel Mode: P2

" P1:Every Mith] Pixel with no averaging N[th]
* PZ:Ewverny MN(th) Pizel with binning averaging

7 P3:Pizel ¥ through v every Nith] Pixel

" P4:Select B Pi=els from all Pizels(Scan 256 Counts)

" PESelect b Pisels from all Pizels with time monitoring

" PE:Bazeline Maonitoring

" P7Wariable 4B calculation

0K X Cancel

Figure 6.7 Pixel Monitoring Mode P2
In this mode, the application will show pixel data every N(th) pixel, the N(th) pixel value is the arithmetic
averaging value from N(th) to N+N-1(th). That is:
N(th) := [(N)th+(N+1)th+(N+2)th+(N+3)th+...+(N+N-1)th ] /N
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4) Pixel Monitoring Mode P3:

@Pixelfv’lonitoring Mode EI [=] @

Pixel Monitoring Mode

" PO:AN Pixels Pixel Mode: P3

" P1:Ewvery Nith) Pizel with no averaging StartPixel lig
" PZ:Ewvery M(th) Pizel with binning averaging End Pixel ligg
* P3:Pizel ¥ through v every Nith] Pixel M[th] lim

" P4:Select B Pi=els from all Pizels(Scan 256 Counts)
" PESelect b Pisels from all Pizels with time monitoring
" PE:Bazeline Maonitoring

" P7Wariable 4B calculation

0K X Cancel

Figure 6.8 Pixel Monitoring Mode P3
In this mode, the application can display a section of pixels by editing the Start Pixel number and End Pixel
number. Also, editing the N(th) box will display every N(th) pixel in the range defined by Start Pixel and End

Pixel.

5) Pixel Monitoring Mode P4:
@ PixelMonitoring Maode EI [=] @

Pixel Monitaring Mode

" PO:Al Pixels Pixel Mode: P4

" P1:Ewemy Mth) Pixel with na averaging Pixel1 q
Pixel 2

" PZ:Ewvery Nith] Pixelwith binning averaging e 10
Fixzel 3 a0

" P3:Pixel ¥ through Y every Mith) Pizel Pixel 4 ’740

(¢ P4:5elect 6 Pixels fram all Pixels(Scan 258 Counts) Pixel & 50
Pixel 6

" P5:Select £ Pixels from all Pixels with time monitoring e E0

" PE:Baszeline Monitaring

" PFMariable 4.8 calculation

v Ok K Cancel

Figure 6.9 Pixel Monitoring Moe P4

In this mode, the application can select 6 specific pixels to view from the data in 256 scans.
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After clicking the ‘OK’ Button, the control goes back to the main application and the UI will be changed to

the following graph:
2 Mightex Spectrometer =% EcR ==
Fie View Tooks Setup Help (7]
SRS |||WE b © B[] =
¥ Raubata View|| | cControPanel | wWav.Caib
test,Caliborated Data,P4 e
W - S0 i
I - 5210 R Wl =
W 5330
[ - 54:40 * B = LCgCHd
W - 5550 &M
[ - S6:60 DisplayOption
View
_ " €CD Raw Data
T (] - - o r oo b i
o @ Calibrated Data
¢ DarkData
" Reference Data
i| ¢ Dark Subtracted
€ %R
" Absorbance
¢ Absolute Iradiance
0 Spectrometer Control
Time/Count Exposure Time Control
Max Exp Time [100ms
test, CCD Raw Data +| ExposureTime (29,5 ms)
40,000
35,000
30,000
= 25,000 Avg. Frame Number 405
& 20,000 c Status:
15,000 [ bc [vErc
10,000
5,000 sel[ 0=
3500 Work Mode
& Normal (" Exi.Trig
Drk:OFF | Ref.OFF | DC.QFF | ETC.ON P4 || x0,y:0 38500 Normal | 0 0 58418 1471 || 72655 &l
1 1 HRS-NIR-025_13-100601-003

Figure 6.10 GUI for Pixel Monitoring P4T7

o)
The ‘Pixel Mode 4T7 Grabbing’ button ﬂ is enabled in this pixel mode (and for the following PS5, P6

and P7 modes). The other acquiring action buttons are disabled. The main chart title has been changed to show the
current pixel mode (e.g. P5), and the legend of the main chart depicts the selected 6 pixels differentiated by the
series color. At the top of the status bar, the pixel mode status also shows the selected pixel mode. By clicking the

‘Pixel Mode 4T7 Grabbing’ button, the application will scan these selected 6 pixels 256 times.

6) Pixel Monitoring Mode P5:
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@PixelMoni:oring Mode EI =] @

Pixel Monitaing Mode

" PO:AN Pixels Pixel Mode: P5
" P1:Ewery M(th] Pizel with no averaging Fixel 1
Pixel 2
" PZ:Ewery M(th] Pixel with binnirg averaging e
Fizel 3
" P3:Pixel % through " every Mith) Pixel Pixel 4

" Pd:Select B Pixels fram all Pixek[Scan 256 Counts) Pixel 5
Fizel 6

L

* PSSelect & Pixels from all Pixek with time monitoring
" PE:Bazeline Monitoring

" P¥Warable A B calculation

v K X Cancel

Figure 6.11 Pixel Monitoring Mode P5
This pixel monitoring mode is similar to P4 mode, except that its scanning process is continuous until a command
is given to stop it. (Note: the software will stop it if the scanning count becomes very large, otherwise there might

be issues due to limited PC resources).

7) Pixel Monitoring Mode P6:

@ PixelMenitoring Mode E\ = @

Pixel Monitoring Mode

" PO:AN Pixels Pixel Mode: P&

" P1:Every Mith] Pixel with no averaging Baseline From | T 0 | 0
" P2Ewvery Mith) Pixel with binning averaging

" P3:Pixel % through 't every Nith] Pizel

" Pa:Select B Pizels from all Pixels(Scan 256 Counts)

" PR:Select B Pixels from all Pixels with time monitoring

* PE:Baseline Monitoring

" P7Wanable A B calculation

v 0K K Cancel

Figure 6.12 Pixel Monitoring Mode P6
In this pixel monitoring mode, a range of the pixel number can be specified and the application will calculate

the arithmetic average value of these pixel data. The result will show in the main chart as function of time. The
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scanning is continuous until commanded to stop.
Click the ‘OK’ Button to accept the selection and settings. The control will go back to the main application

and the UI will look like the Ul of P4.

8) Pixel Monitoring Mode P7:
@ PixelMonitoring Maode EI [=] @

Pixel Monitaring Mode

" PO:AN Pisels Pivel Mnde P7

" P1:Ewvery N(th] Pixel with no averaging Wavelength of Yariable &(nm] (N

" PZ:Ewvery Nith] Pixelwith binning averaging "W avelength of Yariable Blnm] ’W
" P3:Pixel ¥ through ¥ every Nith) Pixel Calculation Type

" P4:Select £ Pixels from all Pixels(S can 256 Counts] o a+b " A'B

" PH:Select 6 Pixels from all Pixels with time maonitaring
~ AB ~ AR

" PE:Baszeline Monitaring

. ) Gab Raw Data Once and Enable
f* P7Wariable 4B caloulation Cursors

v Ok ‘ K Cancel |

Figure 6.13 Pixel Monitoring Mode P7
In this mode, the application will ask for the two wavelengths at which the scanning data are calculated in the form
of the selected calculation type. The two wavelengths can be input manually in the edit boxes as shown above
(400.00 and 500.00) or input using the application to position the wavelength. The result will be monitored
continuously until manually stopped. The desired calculation method can be chosen for the two wavelengths’ data.
Grab Raw Data Once and Enable

By clicking the button Cursors , the application will open a form called ‘Pixel Mode P7:

Variable AB’. At the same time, two cursor lines are visible on the main chart, the unit of abscissa on the main
chart will automatically be set to wavelengths, and the position of the these two cursors will be directly shown on
the two edit boxes ‘Pixel Mode P7: Variable AB’.

Obtain one spectrum raw data by clicking the ‘Acquire One Frame’ button then manually drag the two cursor lines
to set the wavelengths. After two wavelengths have been set, choose the calculation type, and click the ‘OK’ button

to close the form ‘Pixel Mode P7°.
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@ Mightex Spectrometer ‘?I|_|-E|_\|:E§_|

File Wiew Toole Setup Help

B2 ||wab >m

5| |8+ -InB| |=®
¥ RawDats View ControlPanel | Wav. Calib

teet,CCD Raw Data,PO Graph Control

e PG
R = B
(14 & »1 B

DisplayOption

2%
z

CCD Raw Data

L @ Pixel Mode P7: Vaniabl... LE..“TE”.;;_I (" Calibrated Data
_ ™ Dark Data
E | Piel Mode: BT {" Reference Data
|| “Wavelength of Yariable 4(nm] BOE.426 (" Dark Sublracted
- € %TR
| | Wavelength of Yariable B(nm] E58.954 " Absorbance
(" Absolute Irradiance
~Calculation Type
Spectrometer Contral
& A CAB Exposure Time Controt
Max Exp Time {100ms
ExposureTime { 100 ms)
1,000 e _ et et F s o
400 420 440 450 430 500 520 540 560 530 60O 620 640 66 - —— 1|
Wavelength{nm) —— =
-DK Gares| J Avg. Frame Numbari 1 5:
test CCD Raw Data | Compensation Status |
oC ETC
- E,000 | C C
2 40004 ---- =
o) [ |seL uav [~ CEFlag
0 €00 1,000 1500 2,000 2500 3,000 2500 Dok
k= : o - * S S 5 |& Normal " ExtTrig
el
Drk:OFF || Ref:OFF|| DC:OFF | ETC:OFF ||RRC.C PO || x:0;y:0 100000 Normial o 0 41247 1010 || 0.0E+00 =
1 1 HRS-NIR-025_13-100601-003 Frames: 40,40 1

Figure 6.14 GUI for manually selecting wavelengths of P7
After pixel mode P7 has been chosen, select the two wavelengths and calculation type The main chart’s title

will include the two wavelengths value and the calculation type. The application looks similar to pixel mode P4.

Note: As Pixel Mode 7 is based on wavelengths, user can only select this mode after the wavelength calibration is

performed.

6.9 Smoothing

The smoothing function can be used for spectrum data processing (For Pixel modes PO only). The data smoothing

method can be selected from the main menu ‘Setup | Smooth Function’.

Data Smooth Settings =)

Smooth M ethod BoxCartMoving Average] Settingz

{* Bowcar[Moving Averagef

Smoothing Deagree
[Odd. 3-15]
(" Savitzky-Golay 5=

CFFT

'  Set | x Eancel|

Figure 6.15 Smoothing Function Dialog
The smoothing method can be ‘Box Car’ method, ‘Savitzky-Golay’ method, FFT method. The parameter of the
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selected function can be edited in the right panel. After selecting the smoothing method and proper parameters,

click the “Set’ button to accept the settings.

Clicking the ‘Open Smooth Module’ button ﬂ on the Graph control in the Control Panel will open a smooth

module which takes current display option data as source and displayed as the blue series, see figure 6.16. The

previous selected smooth method is displayed in the right control panel. Click the speed button

N

on the right

panel will apply the smooth with selected smooth setting. The smoothing history is recorded in the grid. The speed

button

is used for reverse the latest smooth data back to previous one.

@ Dark Subtracted Data Smooth

[E=N R )

40,000

2,000

THETTA bon oo s 0s cocf aomon oo o s easscacsan of Ry peasas
340004---------- :. = ........:.. cocsasas E.. cocoadpadsctles scdb
3000
30,000 4-- -+ -- -

A O] SRR PR B —

8,000 e
24000 J - - - ool e

ENETIA bessoossooac]
13,000 |
16,000 f-- - -----=-f--
14,0004 -------- -t
120004
10,000 4
5,000 |
gooof
40004 - -+

oo

Smooth Settings

I'o Moving Average vl

Smoothing Degree
(Odd, 3-15)

| 7=

No. |Description - |

1,500 2,000 2500 3,000
|W — Original Value ¥ — Smoothed Value |

3,500

Figure 6.16 Smoothing Module
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@ Dark Subtracted Data Smooth EI@
40,000 § @ ok
23,000 Smooth Settings
36.000 4 |Savitzk3--GDIay j
34 000
32,000 .
! DataPeints =
1 Elv
30,000 (odd,3-15) | 7
28,000 PolyDegree 5 =
25 000 (2-5)<0P =
24,000 4
22,000 No. |Description ~ |
20.000 | o FFT-30
18,000 | 1 ?F:—?’
2 Laf i, | = =4 |
UBLrDs — Roll back to Smosth F
14,000
12 000 Save Smooth Data (2)
10000 4 Save AllHistory Cata £
2,000 Apply Smooth Deta (2
5,000 .
4,000 : 5
2,000 : ;
o 500 1,000 1,500 2,000 2500 3,000 3,500
[~ — Original Walue [w Smoothed VWelue l

Figure 6.17 Smoothing example
Figure6.17 is an example of smoothing dark subtracted data, which is first smoothed using FFT with level 30, then
again smoothed with box-car with car size 7 and finally with Savitzky-Golay method. Right click the smoothing
history data will bring up a popup-menu which allows user to roll back smoothed data to a previous point, to save

smooth data to a file or apply smooth data to source.

6.10 Time Line:

Notes: Acquire timeline is only be available in the pixel monitoring modes PO to P3.

The application can continuously grab spectrums in predefined moments and save them onto the disk.

In the pixel monitoring modes PO, P1, P2, and P3, the ‘Time Line Function’ quick button g on the toolbar

is enabled. When clicked, an ‘Acquire Time Line’ dialog box is shown as following.

The form has two tabs: one is for the settings of saving data and the other is for the settings of loading data.

1) Save Data:

@ Time Line EI

Save | Load | Timeline Toals

Save Path |E:'xLlsers'xmighte:-:'xDesktu:up" 2 Prefix Mame |timeline Tatal Mo, 1]
£ Sk

| Setting
[ Show Data On MainChart i Palette

v

i

> m | i
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Show
hare
Settings
The button reveals additional settings when clicked.
Time Line @
Load | Timeline Toolz
Save Path |E:'xU zerzvmightexDeskiopt 2 Prefix Mame |timeline Tatal Mo, 1]
Hide
= Cetting
> H | o [~ Show Data On MainChart Paletts
o

Start Signal Type

f*" Start Immediately

Pacer Setting

Ll Pacer Selecion Internal Pacer Setting

1 Seconds

i+ |ntermal Pacer

(" Esternal Signal i External Pacer

Figure 6.18 Time Line saving dialog

e
Save Path: Click the button “*= and choose a directory in which the grabbed spectrum data are stored.

Prefix Name: Choose the prefix of the saved file name. If the name is ‘test’, for example, then the saved file name

for the ny, collection of data is test_n.txt under the saved path.

Total No: Total number of the collected spectrum.

At the bottom panel, there is an option to choose the start signal type and pacer type, which are described later.

After all settings have been set, click the button “? . The spectrometer will start to collect the Total No spectrums

with the selected start signal and pacer. The status of the collecting will be shown on the Status edit box.

Start Signal

Pacer Type

Description

Start Immediately

Internal Pacer

The spectrum will be grabbed immediately when
clicking the Start button " 4 , and the sequential
collections are controlled by the internal pacer. The
internal pacer interval can be edited in the box ‘Internal

Pacer Setting’.

Start Immediately

External Pacer

The spectrum will be grabbed immediately when cling

the start button "}, but the actual spectrum collecting

can only be triggered by the external trigger signal.

Time Signal

Internal Pacer

After choosing “Time Signal’ as the start signal, the
start time panel will be visible on the right.

Start Signal Type:

Starting Time: H:| 21 El: Minute: 1?3: Second| 31-3

Pacer Setting
Pacer Selection

" Start Immediately

(% {Timer Signaf Internal Pacer Setting
¥ Intemal Pacer

£ Evtemnal Signal 1

Seconds
(" External Pacer

The spectrum will be grabbed when the timer reaches
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the time specified after clicking the start button w4
And the following collections will be controlled by the

internal pacer.

Time Signal

External Pacer

Similar to the previous case, the collecting is started at
the designated time setting, but actual grabbing can

only be triggered by the external trigger signal.

External Signal

Internal Pacer

At this setting, the spectrum will be grabbed when an
external signal has been detected after clicking the start
button " . The sequential collecting are controlled by
the internal pacer. The external signal is ignored for all

the sequential collections.

External Signal

External Pacer

The first spectrum grabbing will be initiated when an

external signal has been detected after clicking the start

button } The sequential grabbing is also controlled
by an external pacer.

*. For internal pacer, if the pacer is smaller than one spectrum time (e.g. if exposure time is set to 100ms and

average frame number to 4, the minimum spectrum time is 400ms), the software will use the minimum frame time

instead internally.

IMPORTANT: For all time line features, including the ‘External Signal’ starting and ‘External Pacer’, user should
set the camera mode to ‘NORMAL’. It is NOT necessary to set mode to ‘EXTERNAL’. Also, the Frame average

number should be set to 1, as the device only generates one frame upon each trigger.

2) Loading Data:

’@' Time Line

Save | Load | Timeline Tools

Load Path |Iicatiu:unW2.2-1EEI?EEI"\Data"u = PreFix Mame |timeline [ Show On M ainChart
#uta Load Time Interval 10 3 M LoadData Manualy € >

-

(Sl

Status |D:"-.D eveloprmentykdightexhS pectrometertLinear SpectrometerApplication'2. 2-1807

timeline_2Z.dat Raw

40,000
35,000
30,000 4
25,000 1
20,000 1
15,000
10,000

5,000

2,000 2,500 3,000 3,500

Figure 6.19 TimeLine Loading dialog

Load Path: Select the directory from which the spectrum data will be loaded.

Prefix Name: Edit the prefix of the loaded file.
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Auto Load Time Interval: Edit the timer interval to load the files.

4 : Load the data continuously according to the timer.
H : Stop loading the time

> : Load the file manually.

Note: a) To view the loaded spectrum, the main chart bottom axis unit has to be set to pixel.

b) While ‘Auto Load Time Interval’is set, clicking the 4 button will load files one by one in the setting time

interval. The spectrum can be observed in the main chart, and the loading progress is shown on the Status bar.

3) Timeline tools

’@' Time Line @

Cave | Load | Timelne Tools
Timeling File Corvertion

i+ Convert all timeline [7.dat] files in a folder to text file]” ket

" Convert one timeline*.dat] File to text Fle[® txt) Select and Start

The timeline function saves all recorded data in binary files (*.dat). For convenient data analysis, a tool is provided
to convert the saved binary timeline data file to text file, which can convert a single binary file or all binary file

within a folder.

6.11 Spectrometer Control

1) Exposure Time

Camera Control s

Exposure Time The ‘Max Exposure time’ combo box opens a drop down menu to choose the

Max Exp Time |1 Omz -

ExpozureTime [ 1]

maximum exposure time of the tracking bar. After dragging the sliding bar to a
new location, the new exposure time will be effective in the next acquiring

action.

s [}
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2) Working Mode

The spectrometer has two working modes:

Normal Mode (also called Continue mode). In this mode, the spectrometer is grabbing spectrum data continuously.
External Mode, in this mode, the spectrometer grabs spectrum data while there’s an external trigger signal.

The working mode of the spectrometer can be controlled via the Work Mode section in the Spectrometer Control

group in the control panel. The default working mode of the spectrometer is normal mode.

Whork, Mode
i Momal {7 Ext.Trg

Note: In almost all applications, Normal mode should be used

6.12 Commenting

The application allows for comments after acquiring a frame. The comments will be saved together with frame

data.

Simply clicking the ‘Comment’ quick button on the toolbar @ will open a comment window.

6.13 Saving and Loading Data

1) Saving Data

The spectrum data can be saved to disk by either clicking the E on the tool bar or clicking the ‘File | Save

As...” menu item. After the file save dialog is opened, choose the directory and input the file name. The data will
be automatically saved to this directory.

The saved data has the following format (the words in the parenthesis marks are notes that are not saved in the
file).

@mightex_spectrum_save 2 2 0 (File Header and data file version)

2008-03-25 21:49:02 (Data and time when the file is saved)
TCN-1304-U (the spectrometer module no)

13-071011-001 (the spectrometer series no)

100 (the minimum spectrometer’s exposure time)

0 (the spectrometer’s work mode, 0 for normal mode 1 for Ext. Trig.)
3648 (the spectrometer’s pixel amount)

1200 (the exposure time)

8.38295738431254E+0002 (the pixel to wavelength calibration coefficients AQ)
-1.18050277757737E-0001 (the pixel to wavelength calibration coefficients A1)
-2.28504849803754E-0006 (the pixel to wavelength calibration coefficients A2)
1.22108982484139E-0010 (the pixel to wavelength calibration coefficients A3)
6.58942631406947E+0003 (the wavelength to pixel calibration coefficients BO)
-7.74318084552069E+0000 (the wavelength to pixel calibration coefficients B1)

- 45 -



Mightex Systems

4.40312073483289E-0004
-6.91953090953480E-0007

(the wavelength to pixel calibration coefficients B2)

(the wavelength to pixel calibration coefficients B3)

0 (the unit of absolute intensity)

2 (the average frame number)

0 (the dark compensation status)

0 (the ETC flag)

PixelNo  Wavelength CCD 1 CCD2 CCD 3 Calib 1 Calib2 Calib 3 DarkSub 1
DarkSub 2 DarkSub 3 %T/R 1 %T/R 2 %T/R 3 Ref Dark Absorb 1 Absorb 2 Absorb 3

Abslrrad 1 Abslrrad 2 Abslrrad 3
0 8.38295738431254E+0002 1.15000000000000E+0001  0.00000000000000E+0000

0.00000000000000E+0000
0.00000000000000E+0000
0.00000000000000E+0000
0.00000000000000E+0000
2.63905106926053E+0000
1.00000000000000E-0003

1.71994247225183E+0001
1.71984247225183E+0001
2.29587835035620E-0003

7.49100000000000E+0003
0.00000000000000E+0000
0.00000000000000E+0000

0.00000000000000E+0000
0.00000000000000E+0000
0.00000000000000E+0000
1.00000000000000E-0003

0.00000000000000E+0000
0.00000000000000E+0000

CIE Parameters

0

0
3.83297018443503E+0002
8.38295738431254E+0002
3.83297018443503E+0002
8.38295738431254E+0002

3.83297018443503E+0002
8.38295738431254E+0002

User Comments

2) Loading Data

The saved spectrum data can be loaded by either clicking the ' button on the tool bar or “File | Load” menu

item. After clicking, an open dialog will be shown, choose the directory where the data is stored and select one file,
then click ‘Open’ button. The saved data will be automatically loaded and the spectrum data will be shown on a

standalone widow like the following figure.

Following the window title, there are two lines showing the file name, spectrometer information, date and time
when saved.

The saved data can also be viewed in three modes: graph mode, table mode and chromaticity mode which can be
selected using the tab controls at the bottom.

The right panel has two quick buttons which allow for the selection of the x-axis units and viewing the comments
saved. Additionally, there is a “Viewer’ section which can be used to change the type of data displayed on the main

window.
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D) Wightex Spectrometer Dats Viewer EI
D:“DevelopmentstightessSpectometersLinear S pectiometer\R sleasetMightes SSE 181 020%Portable’A pplicationDatabls01 1,094, mid
HR 5 -MIR-025_13-100601-003 @2018-12-11 10:26:31
Calibrated Data Py i -
44,000 T i =
2l n e
40,0004 -- " CCD RawData
38,000} --- @ Calibrated Data
38,000 - -- ¢ Dark Data
34,000 --- " Reference Data
32,0004 --- & Dark Sublracted
30,0004 --- o %TR
28000 - £ Absmbance
26,0004--- " Absolute nadiance
240004---
22,000} --- =
' wiorking Parameters
20,0004---
18000t EvpTie{us} 100000
18,000 4---
AwgMum: 40
12,0004 ---
12,000 e - - DrkStatus:  ON
PR e ETC Status  OFF
80001 ---
oy [
4,0004---
L e St LD SRt s St i s A SRS ot Gt st Ut
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] 200 400 800 800 1,000 1200 1400 1600 1800 2,000 2200 2400 2600 2300 3000 3200 3,400 3,600
PixelMo
‘|7 — Calib Data 1] — Calib Data 2] — Calb Data 3 I
CIE Parameters

Figure 6.19 View data GUI

6.14 Exporting data to SPC file

The Acquired Spectrum and calculated CIE parameters can be exported to an SPC file by clicking main menu
[File]|[Export To][SPC File], figure 6.20

File Wiew Toolz Setup Help || @)

[Lﬁ Save As..

]
SPC e

Save MainChart As H

=3 Print Current Chart

Exit

Figure 6.20 export to spc file
Note:

1) please refer to https:/ftirsearch.com/features/converters/SPCFileFormat.htm for the general definition of

thermal scientific SPC File format.

2) Please refer to the Appendix, Mightex SSE SPC File format for sse related SPC file format.

6.15 Printing and Exporting Report

The acquired spectrum and calculated CIE parameters can be printed export using print functions provided.

1) Graph mode printing and exporting

When in graph mode, clicking the quick button @ or [Print Current Chart] on the [File] menu, application will
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generate a report based on current display option and printing dialog see figure 6.21 and figure 6.22.

ightex Spectrometer

| ¥ Print Working Parameters

| W Pririt Current Chark

Cancel oK

Figure 6.21 Graph printing dialog

Do Elaks
SR ww- 3| @[ 14«1 v oM Qose

Mightex Spectrometer @ MIGHTEX

HRS-NIR-025_13-100601-003

Werking Paremeters ExpTime: 23.6 ms . Asg Mum: 40 | Comp Flag: DC:OFF; ETC:ON;

tzat Absoutz Frediance,P)

LEm 2, )
ra
i

4230 440 48) 4B S0 SI0 540 SS0 SB0 800 S20 £4) S8 830 700 FI0 T40 70 T30 200
Weveeagthinm)

Notas:

4 nr ] »
[Pagel of L [ P

Figure 6.22 Graph mode printing preview

2) Chromaticity mode printing and exporting.

When in Chromaticity mode, clicking the quick button @ or [Print Current CIE View] on the [File] menu will

generating a chromaticity report, see figure 6.23 and figure 6.24.

ightex Spectrometer 3]

]:7 Print \Working Parameters

¥ Print CIE Color Charts

¥ Print Relative Spectrum Chart
W Print Calculated CIE Parameters

W Print User Commnets

Figure 6.23 Chromaticity Print dialog
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HRS-NIR-025_13-100601-003
Mightex Spectrometer  Ahsolute Irradiance Data @ MIGHTEX
Working Parameters ExpTime: 39.6 ms . Avg Mum: 40 | Comp Flag: DC:OFF; ETC:ON,
) — R

04

03

oz

! o
06 0Of i E] ]

Ralate Spactrum

[
W B & oA

L

&~ &N ML

L5

[ %]

400 450 500 550 800 850 700 750 B0

CIE 1931 Colorimetery Coordinates(x , y): | 0.4808 , 0.4041 )
CIE 1976 Colorimetery Coordinates|u’, v'): { 0.2792 , 0.528 )

CCT :2384.1

Color Rendering Index:

CRia:97.1 CRI5:9.6 CRHO:33.0
CRIM :968 CRIG:95.4 CRN1:967
CRIZ:871 CRIT:985 CRNM2Z:88.9
CRI3:96.5 CRI8:97.9 CRN3:96.6
CRM: 976 CRI9:926 CRN4:979

Dominant Wavelenglength and Excitation Purity: DW: 587.151nm, EP; 0,656
Absolute Parameters: Wavelength Range(400 , 838.46)

Absolute Irradiance : 739.9%uW/cm™ 2 nm})

Nluminance : B62.12{1x)

Mono-Spectral Quantities: Wavelength Range (400,838.46)
Peak : 780.095 nm ;FWHM : 112.429 nm;Center Wavelength : 723.88 nm ;Centroid Wavelength : 677.17 nm;

Notes:
Z018-10-23-15:42.37 pi

Figure 6.24 Chromaticity Print preview
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3)  Print and export the report

=

The generated reports can be printed by clicking the print button' on the top left corner of Preview Dialog

which will invoke the system s print dialog to choose the printer and setup page.
N |
By clicking the export button =+ next to the print button, the report can be exported to BMP, JPEG or PDF file.
)| B gmomi~ @
| POF file ..
JPEG image. . .
ENE image. ..

-50 -



Mightex Systems

Appendix 1 Wavelength Calibration

Before doing the wavelength calibration, make sure:
Connect the spectrometer desired to be calibrated to the computer and start the application.

Have a lamp or light source with peaks of known wavelengths whose peaks properly cover the spectrometer

wavelength range.

Connect the light source or lamp to the spectrometer.

1) Setup Wavelength Table
Before starting to do wavelength calibration, it is suggested to define a wavelength set which contains multiple
wavelength points. This set can be given a name which can be used later on for another wavelength calibration.

The “Calibration Setting’ box is used for this operation.

To open the ‘Calibration Setting’ box, go to “Wav. Calib’ Tab, uncheck the box ‘Enable Data Table’, and at the

bottom of this tab click the =338 pytton.

The “Calibration Setting’ box is as follows:

)} Wav Calib Setting [ >
[ Exit
Cal Sel g

Sk Mame Sel Index f” -

(Fivec) Calbialion Set 23,728 il
U Pat[=ized) Calbialion Sett [ 10215
Vis-Fait(Fired) Calbuation Sett |4 313195
bzt Lalbiahon Sett |\W/h A3 148
Ocearlaticedrlg  Calbialion Sett W5 338015
200-020 Calbiation Sett |7 412 606
a2 Calbialion Sett | w3 417783
Wi 43R /33

= b i Rk 174 i

|

The left side table lists the existing Wavelength sets. The table in the middle shows the wavelengths of the selected
wavelength set. By clicking [+] button, a new wavelength set is created. Clicking the [-] button deletes the current
selected wavelength set. Note that the first 3 wavelength sets are predefined, for which editing is NOT allowed.
The following sets are customer defined, so when those customer defined sets are selected, the [Edit] button is

enabled to allow the user to edit the wavelengths in this set.

After clicking the [+] button (or the [Edit] button on a customer defined set), the ‘Calibration Setting” Form will
change to the following:
12 Wav Calib Setting ol @ =]

e Edt

Set Index Calibration 5et Name

Larmp Type  (Mercury -

Calibration Set
Calibration Sett

w2 238,728 |
Vis-Pait(Fired) Calibration Sett ﬂ Wl 0215
test Calibration Sett wi 3158
OceanOpticstHg | Calibration Sett wh 334148
400-830 Calibration Sett j wh IE05
tst2 Calibration Sett wi 404,656

Save Cancel ue 7783
<« [ » w3 435,833
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This new wavelength set can be named in the edit box below ‘Calibration Set Name’.

A lamp type can be chosen from the pull-down list box. There are two predefined lamps, and the table below lists

the characteristic wavelengths of the selected lamp chosen. By double clicking a certain wavelength, or clicking

4=

the button after choosing a certain wavelength, this wavelength is added to the wavelength set. For a certain

wavelength in the set, use the il button to remove it from the set. (Note, wavelength values can also be

manually edited.)

After proper adding of the wavelengths, click ‘Save’ Button to save the settings. The new added wavelength set is

added to the existing set table on the left.

2) Wavelength Calibration

Note: The wavelength calibration adopts the polynomial equation to | s m——
° ’ P ! | “Teniral Panel | —olbaton

express the relationship between ‘pixel number’ and ‘Wavelength’ in the

form of Calib. Set  |Full Range(Fiked) - |
Wavelength(nm) = AO*Pixel+A 1#Pixel [ +A2*Pixel 2+A3*Pixel 3. Fol Degies | a5
(max polynomial degree is 3) = = M 2]

After the pixel numbers and related wavelengths have been defined, the &y o R i

application will use the least square error method to find the best — AuteFil =P bngs

coefficients. Calibration T able

a) Acquire a ‘Raw Data’ spectrum when light source is ON SRR R -
Run the Application, set to PO mode. SHE [
Change the units of the X-axis to Pixel. e

Select ‘CCD Raw Data’ in the “Display Option™ on the “Control Panel”. 313155

Click “Acquire One Frame” Button to scan one spectrum. 34148

b) Select ‘Calibration” Tab in the ‘Control Area’, and check the ‘Enable 1

Data Table’ checkbox. The ‘Calibration’ tab will show content as seen on :E::::g

the right. The drop-down box for °Calib. Set’ lists the predefined 455 B
wavelength sets described above. Choose a Calib. Set, and select a 545 074
Polynomial degree (currently fixed to 3). Here is an example spectrum: 57696

E7FO NS

£
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65,000

60,000

55,000

50,000

45,000

40,000

10,000
5,000
0

200 400 600 800 1,000 1,200 1,400 1,600 1,800 000 2200 2400 2600 23800
Pixel

Activate the cursor on the spectrum by checking the ‘Auto Fill” check box.
Place the cursor on one spectrum peak which is corresponding to the known wavelength selected in the calibration
table. Right clicking on a peak will send the relative pixel value to the corresponding pixel value cell. These steps
can be repeated for all wavelengths in a set.

a. Select a wavelength on the table

b. Enable the ‘Auto Fill” checkbox.

c.  Move the cursor to the peak which is corresponding to the wavelength selected in step (a) and click. The

pixel value will be filled automatically on the space beside the wavelength in the table.

The software is also able to find the exact pixel value of the peak. By checking the ‘Peak Find’ checkbox, moving
the cursor near the peak and right clicking, the software will find the peak automatically and auto-fill the table.

When finished filling the calibration table, the wavelength-pixel pair data can be saved in a standalone file by

&
clicking the ‘Save calibration table data’ button — . It will save the calibration table in a text file with the

extension *.cal. Use the ‘Load calibration table data’ button to load the previously saved calibration table

files, which can be used to re-calibrate the spectrometer without using a standard lamp in case the standard file

data is lost.

FI
By click the ‘Calc. Curve Fitting’ button "' the software will calculate and try to find the best coefficients. If

the bottom chart is enabled (checking the spectrum view check box on the tool bar), the original wavelength-pixel
graph and the fitted wavelength-pixel graph will show on the bottom chart. An additional message box will show

the calculated coefficients and the errors as following:
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Calibration Coefficients

Al 842013

A1: 0135043

A1: 8684336008
A1 1 7333EE-009
Deltad: 266133
BO: 5133.04

B1: 0 226623

B2 -0.0136084
B3: 7.25683E-006
DeltaB: 21 6308

Note: While the fitting curve is displayed on the bottom chart, its x-axis will be forced to be in ‘Pixel’ units. If it

was in ‘Wavelength’ units previously, use the = =% button to let the bottom chart display the spectrum in

wavelength mode correctly.

Save the calibration coefficients by clicking the E button, which will store those parameters in the calibration

file to the device’s specific folder. If the spectrometer is equipped with e2prom, this will also save the calibration

coefficients to the e2prom.

3) Manually input Wavelength Calibration Coefficients
After the curve fitting, the fitted coefficients are automatically saved to the spectrometer’s parameter file. It is
possible to manually fine tune the coefficients in the *Calibration Coefficients’ form by clicking the “View | Wav.

Cal. Coefficients” menu item.

-'@ Calibration Coefficients E' [=] @

-

Polymomial Equation
W=A0+AT"P+A2"P 2+A3"P 3
W W avelengthlnm) F: Pisel

AD 538.455311956515
A1 011837367062443
A2 -2.07810141445524F -5

As  5.6417410514504E-11

Ok Cancel
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This form displays the two fitted functions’ coefficients: from pixel to wavelength and from wavelength to pixel.
The coefficients can be manually adjusted by clicking any coefficients that needs modification, and an edit box
with ‘tick’ and ‘cross’ buttons will pop up allowing current coefficients to be changed. In order to apply the

changes, restart the application. This feature is mainly for technical services.
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Appendix 2 ETC (Exposure Time linear Calibration) Compensation Details

The linear response of a spectrometer is often required for quantitative studies. Linear response is also critical
when comparing two spectra measured with different exposure times. The response of a CCD pixel is not strictly
linear with incident optical power or exposure time. Therefore, a linearity calibration is necessary when a strictly
linear response is required.

Linearity calibration may be performed with a series of linearly increasing optical powers or a series of linearly
increasing exposure times. Exposure time calibration (ETC) is much easier to implement. All that is required is a

highly stable light source set at a constant output level.

ETC Calibration Procedure (A highly stable source is required)

1) Turn on the light source and let it warm up to stabilize.
2) Acquire spectrum and adjust exposure time so that the maximum pixel value is not saturated. Make sure

no pixel value is saturated. Record the exposure time and pixel number of the peak.

'a Migntex Spectrometer EI

Fil= View Toolz Seluz Help (7))
SHAE D ||| | > DR » Gl -|ln@| =

ConfrelFatel | Way. Calib

icat CCD Raw Data,™C Graph Central
oK W =
e 2
M3 ML

DisalayOption

a0, 000
25,000
46,000
24,000
42,000
20,00
36,000
36,000
34,000

¥ CCDRaw Data
Caibreted Dala

~
Jz,000 (" DakData
30,000 " Referen~e Nata
28,000 " Da-k Subtroctzd

o 26,000 O wTR

£ 24,000 " Abseraznze

22,000
20,000
18, L0

" Abeoluts Iracianze

Saectrometer Contral

Expoeurs Time Contral

16000 Max Exp Time |10z~
14,000 _
\ | FapnzuraTine { 170 ms)
12,000
1C,000
&,co00
- x
B.LUU Awy. Frame Nimbe: 105
4,000 Cumpenselivn Slalus
2,000 v oC ETC
0 soL[ 02 I CEFig
Winrk Mnd=

¥ Normal {7 Ex.Triy

Crk ON ||R2T.OFF)| DC.ON | |ETC:OFF P ||Pleel: 2326 Wavelenjth: S30.822 nlesity: 44452 | 103000 Jermal a 1} 6582 1028 | 0.0E+)C ey
1 1 HRS-NIR-175_13-101601-003 Frames 40 40 10

Invoke Exposure Time Linearity Calibration from the Tools menu.
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) MT_ETLinearCalib [z

. Exposure Time Linear Calibration(Raw Data View)
PraTest Options F )

-
Fieference Pixel range: l—‘ID to 20

Step 1
" Automatically Set Exposure Time S ection

4,000

+ Manully Set Expozure Tirme Section

Ma. CCD Output | ExposuraTime(us] & I
1
2
3
4
5
g
7 :
8 = a
||7 - leasured Datalv = Expected Data W — FitedData I

Step 2

. Step 3: Polynomial Fit measured Intensity-LightQuantity Curve
Step 4 Set PolyDegree SEl

A[0] A1 A2]

Coeff
¢ RawDatatiew " Coeff View -

3) Use pixels near the peak found in step 2 for Reference Pixel Range. Select the Manual Set Exposure Time
option. Enter 100us, which is the minimum exposure time supported by the spectrometer, into the first
exposure time. Enter the exposure time recorded in step 2 into the last exposure time. The exposure
times in between should approximately be uniformly distributed. Click [Start ETC Calibration] button

to start the calibration process.

E[ET est Options ; Exposure Time Linear CalibrationiRawe Data isw)
W AutoCompensation . £0.000 -
Reference Pixel range; | 1.521 ta | 1.530 '
Step 1 55,000 -
(" Automatically S et Exposure Time S ection 50,000 4 -
| 45,000 :

o Manully Set Exposure Time Section 401,000 -

éNo CCOD Output |ExposureTime(us 35,000 -

i1 51 100 :

! 30,000 F

2 E5E0.44 16000 i

3 1380021 32000 |

{4 2200335 O 20,000 4

5 2900215 | 5000 15,000 4 -

3 2943979 87000 10,000

7 456608 (100000 sa00 -

|8 5283811 115000 Q. |

|2 SHiE S (130000 0 20,000 40,000 50,000 80,000 100,000 120,000
Step 2 |v —& Meazured Data [ —= Expected Data W — FittedData

‘ £ 1E Calluation Finished Step 3: Polynomial Fit measured Intensity-LightQuantity Curve
Step 4 {
Save ETC Coefficients

e RawDataView ¢ Coeff Yiew

4)  Set Polynomial Degrees for curve fitting. Usually three is sufficient.
Click Save ETC Coefficients to save the calibration coefficients. This completes the ETC calibration
process.

Note: The calibration file should be under the \app_data\ModuleNo_SerialNo sub-directory.

Applying Exposure Time Calibration
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Check ETC Compensation in the Compensation status group in the Spectrometer Control in the control panel.
v ETC
Acquire one frame, and then select the ‘Calibrated Data’ option on the right panel under Display Option. The

Calibrated spectrum will now be displayed.

'3 Migntex Spectrometer EI
I Fil= View Toolz Seluz Help “ k_))|
lcaacs|||uab|>w3mwo|y | |8+ Jnia|| 9|
¥ Hawvata View ContrelFatel | W I
{est Calb-ated Data PO | ‘r""ca"b]
50,000 - - - - - - Graph Contral
c = P
15,000 ol B
20,000
25,000 ens
B & H
30,000 A &
DiszlayOption
T 35 0 .
& Wiew
20,000 | £ ccoRaw Data
15,000 "| & iCaibrcted Data
1,000 ¢~ Da'kDala
£, 000 " Referen=e Nata
0 {~ Dok Subtractcd
%R
{7 Absoraznze
" Abeoluts Iradianze
1E,000 Saectrometer Central
40,000 Expoeurs Time Contral
35,000 MuxExpTlrrclens vl
an,onn \ | FapnzuraTine { 170 ms)
3E,C00 o |||||||||||||||||||||||||||||||||||||||||D
E 20,000 AEIITREIEHETHE e ere v
15,000 : Ay, Frame Namber [ 40 -3
1o, eon T Cumpenselivn Slalus
£C00 ) W oc W =TC
ot .
| | | | | | | | | | | | | | i i | sHL] 0= [ CEFkg
f f f f f f f f f f f f f f f f f =l
0 200 400 €01 800 1,000 1,200 1400 1600 4,500 2,000 2230 2400 2,600 2,300 2,000 2,200 2,400 2,500 Winrk Mnd=
Pixel @ Normal 7 BxTrig
Creon ||RetorF|ocion |[eTcon |[RrC:oFF (P2 |[xoy:0 103000 dormal |0 [} 9237 1019 | 0.0E+3C
1 1 HRS-HIR-N75_13-101601-003 Frames 40 40 10

A sample of Raw Spectrum and Calibrated Spectrum, with ETC ON.
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Appendix 3 AIC (Absolute Irradiance Calibration)

There are two types of applications of spectrometers. One is for relative measurements such as spectral
transmission, reflection and absorption where a standard sample with known spectral property is used as a
reference. The other type of application is to measure various radiometric quantities such as spectral radiant
existence of a source or spectral irradiance on an object. One example is spectral radiant intensity
characterization of a LED source. For this type of measurements it is essential that any spectral dependence of
spectrometer response is calibrated out.

Many factors contribute to the spectral response of a spectrometer. Quantum efficiency of the sensor, optical
interference of thin films on the sensor, diffraction grating efficiency, mirror reflectance, transmission of order
sorting filters, optical aberration and vignetting if any, all have spectral dependence and in some cases fairly strong
spectral dependence. Other components outside of the spectrometer, such as optical fiber/light guide, collecting
optics and windows, may also introduce additional spectral dependence to the measurement system.

In order to perform a radiometric calibration one must have a radiometric calibration source with a known
output spectrum. The calibration source is coupled into the spectrometer through various means such as an optical
fiber. It must be noted that the radiometric calibration is for the entire system immediately after the calibration
source, not just for the spectrometer. For this reason any change of the coupling optics outside of the spectrometer
after calibration can alter the spectral response of the system and thus invalidate the radiometric calibration.

Mightex spectrometer software supports absolute irradiance calibration (AIC). After AIC, the spectral
response of the system is calibrated out, and when the absolute irradiance option is chosen, the software will
display spectral irradiance data in unit of pW/cm’nm. Additionally, integrated irradiance (pW/cm?) and
illuminance (lux) are also displayed in real time. The wavelength range of integration may be specified.
Furthermore, colorimetric parameters such as color coordinates, color temperature, and color rendering index are

also computed based on the measured spectral irradiance.

AIC Calibration Procedure (A radiometric calibration source is required)

Wavelength calibration and exposure time linearity calibration (ETC) must be performed before AIC. ETC
should be enabled.
1) Connect the radiometric calibration source with a known spectrum to the spectrometer.
2) Turn on the radiometric calibration source and let it warm up to stabilize. Acquire a spectrum and
adjust the exposure time so that the maximum pixel value is above 40,000. Make sure no pixel value is

saturated. Write down the exposure time for later use.
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™ Mightex Spectrometer =5 =R =%

File View Tools Setup Help H Q9 |
N — 0
CHAES | [wnb|[>Ww2ronO|y | 8+ IniB |
[ Rawbata Viewi| [ controPanel M
test Calibrated Data,P0 Graph Control
50,000 T T T T T T T T .
48,000 oy
45,000 4= B B
44,000
' L] L]
42,000 + 5 m%m
{=] on
40,000 os
View
38,000
|  CCD Raw Data
oo "| & calbrated Dat
24000 allbrated Data
i € Dark Data
20000 ° Reference Data
28,000 € Dark Subtracted
— 26,000  %TR
T 25
= 24 000 " Absorbance
22,000 " Absolute Irradiance
20,000 Spectrometer Control
18,000 Exposure Time Control
18,000 Max Exp Time [100ms  ~
14,000
: || ExposureTime ( 100 ms)
12,000 4
IR
10,000 I
8,000
5000 Avg. Frame Number 493;
2000 Compensation Status
2,000 I oc [ ETC
0 - - T T T T T T T SBL ua‘ CE F
400 450 500 E50 €00 650 700 750 200 T O =
Wavelength(nm) “Work lods
(& Mormal ™ Ext.Trig
DrkON || Ret.OFF||DC:ON |[ETC:0N ||RRC:OFF ||Po |[x:03:0 100000 | Wormal |0 0 9237 1019 || 0.0E200
1 1 HRS-NIR-025_13-100601-002 Frames: 40,40 10

Invoke AIC from the Tools menu.

Exposure Time Linear Calibration{ETC)

Tools Setup Help “

AIC User Interface

Step 1 -Standard Light Source Type Step 2 - Unit Wavelengih Intensity
i+ Standalone light source L /(em™2 nm) - H—l

" Combined light source

Joint Wavelength value[nm]| 400.0 EI 0K

First Standard Light Source

Step 3
Load Standard Lampltab delimited bt fle] Load 82] PolyFit
Step 4
St Exposure time(ms] 01 3: St
Sten 5 Step 7

Acauire 12w data {Boscar smoting]

tafter] 0%]mins) St Bosizs[ 32| [ =
Step b

Acquire Dark Stat Cale Cosffisients. ~ Cale

Second Standard Light Source—[>400.0nm}

TChart
Step 3 :
Laed Stardard Lampitab defimitzd 14 fle] Losd | [  PolyFit = |

£ :
Step 4 § :
St Exposure tinefrms) = g

- I
Step & Step 7 % i
Boquire raw iata.- (Boxcar smooting] E
@hter[ 0] mins)  stan Butize] 32 B © 7 g
Sten o ;
e Stet| || Cale Coefficients  Calc

wavelength(nm)
Step 8 - 5. R esult:
= ave Hesulls ¢ — FirstLamp ¥ — FirstMeasured Data [ —— FirstFit

Save the absolute iradiahee calbration coefficients I~ — Second Lamp [~ — SecondMeasuredDatal —— SecondFit
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]

3) In most cases only one light source will be used for calibration. In these situations select Standalone
light source. The following steps show the case where two separate light sources are used, each
covering a segment of the wavelength range.

4) Select Combined light source. Enter joint wavelength. This is the wavelength where the two light
source spectra meet. Click OK. In Step 2 select irradiance unit according to the data file of the light
sources. Click OK.

5) Click Load in Step 3 to load the irradiance data file for the first calibration light source. Data should be
in a text file with wavelength in one column and irradiance in the other column. Wavelength unit should
be nanometers.

Interface
File: ChmightesispectrometershSpectrometer
Frminalctandard okt crneeo
i~ Delimiter-

w >0 2 0 20 k0 20 280 290

@ Tab O Comma | Y _4.85E+E 4 4BE+ 3.94E +0 357 +0 3.21E 40 2. 89E +[ 2. 45E +( 2,09+

Ciata Start At o 0 "33 [B.1.23456..]

v

RowHo:  #Value | L YWale | weights ke Cared |
| 220 Py
230 4 46E +011 =
240 3.94E+01

2h0 3.67E+0

260 3 21E+01

270 2.89E+M

280 2 45E+01

290 2.09e+M

300 1.81E+01

0 1.60E+01

320 1.40E+01

330 1.23E+01

340 1.08E+01

3a0 9. 7EE+00

360 5.83E+00 ! i
6) Select the proper delimiter according to file format. Data start row equals the number of rows occupied

7)

8)

by non-data text. Click the first wavelength data and then click the XValue button to import wavelength.
Click the first spectrum data and then click the YValue button to import the spectrum data. If weights
are assigned to wavelengths, import the weights. Click OK button to finish. The imported calibration
spectrum will be shown in the data window as well as in the chart.

In Step 3 in the AIC window, increase the terms of polynomial to at least 8, and then click [Polyfit] to
generate a polynomial fit of the irradiance data.

Enter the proper exposure time in Step 4. Click [Start] in Step 5 to acquire a raw spectrum.
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Step 1 -S5tandard Light Source Type

Step B - Save Hesults

Step 2 - Unit

Second Standard Lioht Source [>400 0nm]

Save the absolute iradiahce calibration cosfficients

ok |

ik ndard Lamp Clata | |42 44.3219942571528
" Standalone light source fuwifem™zom] v 20 485 [= |43 08587226957 48115
¢* Combined light ! ; — A4 0.00839167204400059
PSSt 230 445 A5: -3.03310355357557E 5
Joint Wavelength value[nm)| 400.0 DKI K | 240 39.4 ig ?’9.348504%42031939?801359?3%_811
= e e ———— = 250 el A8 B.0183793873076E-14

First Standard Lioht Source [<400.0nm]
Step 3 = e 260 121 .[.)El.tf:.?.'zﬁ 050832796198
Load Standard Lamp(tab delimited tet file]  Load I | 8 :;_-J Polyﬂi 270 289
Step 4 o Step 7 = 280 245
Set Exposure time[ms] | 150.0 _j Set | | [Boxcarsmooting) | 290 2049
Step 5 - BoxSizeE_-:—g 300 181

i =1 i 0 16
Acquire raw data. [JﬂmmI 1] _;j ming !::\; o =
Step & ; 1 2. <l
Aicquire dark field data Get Dark | Cale Coefficients CalCl B =

Step 3 =

o ; WS ; E X
Load Standard Lampltab delimited kst file]  Load I | 8 d;_, PolyFit | £ 35,000
Step 4 ; Step 7 E 0,000 4
Set Exposure time(ms) | Set | | (Bowcar smacting) g 25,0004

BowSize| 8-3| 20,000 ]
Step b —— - = &
Acquire raw data [Aﬂer| ] mins)  Start | 2t
i =2 S e 2 &= Z 10,000

Step b > . | 5,000
Acquire dark field data Get Dark } Calc Coefficients Calc | g -t

N L L L B R R e i L
220 230 240 250 260 270 280 230 300 310 320 330 340 350 360 370350 330 400

weavelengthinm]

— First Lamp

— Second Lamp

— heazuredData

=8

— Measured Data

riesFirstFit — SeriesSecondFit

Disconnect the fiber or Cosine corrector from the light source, and cover the fiber or Cosine corrector with a black
cloth. Then click [Get Dark] in Step 6 to acquire a dark spectrum. Step 7 can be used to smooth the data.
Please click the smooth function only once. Click Calc button to calculate the calibration coefficients. The chart

should show that the calibrated measurements closely match the imported irradiance data of the light source.

Second Standard Lioht Source 1>400.0nm]
Step 3

Step 8 - Save Results
Save the absolute imradiance calibration coefficients

ok |

Step 1 -5tandard Light Source Type Step 2 - Unit : T .:5\2: 44.32109429719240
" Standalone light source [iwdem™zom) =] | 500 T [=][#3: -0.858722693748115
# Combined light : —lad: 0.00639167204400059
S e 230 445 A5: -3 0331035535755 7E 5
Joint Wavelength !.I'alue[nm]jr 400.0 DK! oK | 240 204 ig _?9.348504%4515;1938?50%59?3Eé-811
- O Y I o s o g T 1 1 T 250 35.7 A% 5016379307 3076E-14

First Standard Lioht Source [<400.0nm]
Step 3 — - e 260 221 Delta=D2?1 050832796198
Load Standard Lamp(tab delimited tat file]  Load J | 8 :;_-J Eij_lti 270 789
Step 4 R | Step 7 = 280 245
Set Expasure time(ms) | 15I]_l]:§j Set | | | [Boxcarsmooting) | 290 209
Step 5 = = . BoxSizeE—j:—g 300 181
Acquine raw data, (After] D ‘3—" mins) Start | 10 18
- e U 320 14 a

L : 1 290 172 [
Aequire dark fisld data Giet Dark | Cale Coefficients ]

Load Standard Lamp(tab delimited t<t file]  Load J I_Bd:g PolyFit |
Stepd4 Step 7 :
Set Expasurs time(ms) | 013 Set [Boxcar smoating] |

BoxSize] 82
Step 5 . A i >l

: e {
Apquire raw data, [.Mlet| "~ ming] Start ‘ a o
Step 6 ; y
Acquire dark field data GetDark} Calz Coefficient . - -
alc Coefficients Calcl t t t t T

220 230 240 250 260 270 250 290 300 310 320 330 340 350 360 370 350 350 400
wavelengthinm

— First Lamp
— MeasuredDats

— Second Lamg
SeriesFirstFit

— Measured Data
— SeriestecondFit

Connect the fiber or Cosine corrector to the second light source. Repeat above steps for the second light source.

Note that the proper exposure time is generally different from that for the first light source.
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- 44.3719942971928

Step 1 -Standard Light Source Type Step 2 - Unit dlard Lamp Data

" Standalone light source [aiem®2eom] =] |55 e : (.058722693748115

&' Combined light source - = 5 : 0.00639167204400053

: q | 230 446 s -3.03310355357557E-5

. 4000 : 7.36064051336457E -8

Joint Wavelength value(nm)| 400.0 EIK] ak ! 240 9.4 BT 41 ORI
- e R IR - =1 250 /7 : B0183793873076E-14

First Standard Light Source [<400.0nm]

ton 3 - o 2 Deta = 0.271 50832736158

Load Standard Lampltab delimited bt fie)  Load | | 8 :::-] PolyFit | 270 289

Step 4 Step 7 : 280 245 44 -3.63022751 230983 &

Set Expozure time(ms] | 15I]_I]_:_-! Set | | [Bowcar smooting] 290 209 ig 81.81%4888832?%588835114854%811

Step 5 Boxdizs] 33} 300 181 AT 609106451 205075E-15

Arauire raw data. [A[leﬂ; 1] éj ming) Start !E: i a0 18 gae:lt;jﬂg‘g?g;gé18313;?256188

Step 6 = (s 320 14

: ) 290 172

Acquire dark field data Get Dark. ] Cale Cosfficierts Calo | I '.< ]

Second Standard Licht Source [>400.0nm] [

Step 3 — = TChart

Load Standard Lampltab delimited bt fle]  Load I 8 :::-] PolyFit

Step 4 Step 7 — : : : : e

Set Exposure time(ms) | 15|l|]_—_;'_-'! Set | [Barcar smostin _] T o T T T e T

BoxSize| 8=
Step 5 2

Acquire raw data. [A[lel| |]_
Step B

Timins)  Stat B e il R e R e S R R e

Acquire dark field data Get Dark ] Calc Coefficients Calc + t t
| = GO0 500 1,000
| ‘Step 8 - Save Hesults wavelengthinm)
Save the absolute imadiance calibration coefficients
—— First Lamp — Second Lamp — Meazured Data
— MeasuredDsata SeriesFirstFit — SeriesSecondFit

Save the calibration coefficients by clicking the [OK/ button in Step 8. This completes the absolute irradiance

calibration process.
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Appendix 4 Mightex SSE SPC File Format

1. The file structure of the Mightex SSE SPC file format

[SPCHDR ]
[0 SUBHDR ]
[0 SUBFIle-Wavelength Data Value ]
[l SubHDR ]
[l SUBFile CCD_I ]
[2 SUBHDR ]
[2 SUBFile CCD_2 ]
[3 SUBHDR ]
[3 SUBFile CCD_3 ]
[4 SUBHDR ]
[4 SUBFile Calib_1 ]
[5 SubHdr ]
[5 SUBFile Calib_2 ]
[6 SubHdr ]
[6 SUBFile Calib_3 ]
[7 SubHdr ]
[7 SUBFile DarkSub_1 ]
[8 SubHdr ]
[8 SUBFile DarkSub_2 ]
[9 SubHdr ]
[9 SUBFile DarkSub_3 ]
[0 SubHdr ]
[0 SUBFile %T/R_1 ]
[I1 SubHdr ]
[I1 SUBFile %T/R_2 ]
[12 SubHdr ]
[12 SUBFile %T/R_3 ]
[13 SubHdr ]
[13 SUBFile Ref Data ]
[14 SubHdr ]
[14 SUBFile Dark Data ]
[I5 Subhdr ]
[15 SUBFile Absorbance 1 ]
[16 SubHdr ]
[16 SUBFile Absorbance 2 ]
[17 SubHdr ]
[17 SUBFile Absorbance 3 ]
[18 SubHdr ]
[18 SUBFile Absolute Irradiance 1 |
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[19
[19
[20
[20

SubHdr
SUBFile
SubHdr
SUBFile

[LOGSTC
[LogData

[LogText -

User Comments

Absolute Irradiance 2

Absolute Irradiance 3

S T

2. SPCHDR definition and typical Value

typedef struct

{
BYTE  fiflgs;
BYTE  fversn;
BYTE  fexper;
char fexp;
DWORD fnpts;
double  ffirst;
double  flast;
DWORD fnsub;
BYTE  fxtype;
BYTE  fytype;
BYTE  fztype;
BYTE  fpost;
DWORD fdate;
char fres[9];
char
WORD fpeakpt;
float  fspare[8];
char

femnt[130];/*fcmnt[0..15]

//0x04

//0x4B

/10

//0x80

//Max CCD Points
/10
/IMAXCCDPoints-1
/121

/122

/10

/10

/10

fsource[9]; /"MTSSESPC’

holds the module No, space padded.

femnt[16..31] holds the serial No. space padded.

femnt[32.37] holds the mightex spc file version, current is 02.01.00
fcmnt[38..129] must be zero */

char  fecatxt[30]; //0

DWORD flogoff; //the offset of Log Sect
DWORD fmods; //0

BYTE fprocs; /0

BYTE flevel; /10

WORD  fsampin; //0

float  ffactor; /10

char  fmethod[48]; //0

float  fzinc; /10

DWORD fwplanes; //0

float fwinc; /10

BYTE  fwtype; /10

char  freserv[187]; /* Reserved (must be set to zero) */

} tSPCHDR;

3. SUBHDR and subfile

typedef struct

{
BYTE subflgs;
char subexp;
WORD  subindx;
Float  subtime;
float  subnext;
float  subnois;

DWORD subnpts;
DWORD subscan;
float  subwlevel;
char subresv[4];

} tSUBHDR;

/10
/10x80

/*Used as the unit of corresponding subfile, value see fxtype, fytype.*/
/10

/10

//0

/* Reserved area (must be set to zero) */
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Note: There are a total of 21 sub-files (see file structure) so the sub-index has a value from 0 to 20. “subnois” is

used as the unit of the corresponding sub-file. A Sub-file with sub-index 0 stores the wavelength value, the value
of “subnois” is 3 which is defined in fxtype as namometers. Other sub-files with sub-index from 1 to 20 sets the
“subnois” from the value defined for fytype. E.g, sub-file 10 stores the %T/R value, the value of “subnois™ is 11

which is defined in fytype as percent.

4. Log Block

We put working parameters and calculated CIE parameters (if Calc CIE Flag is turned ON) into the log binary
block and put the user comments into the log text block if there are any user comments.

Thus when calc CIE flag is turned on, the Log binary block is divided into two section: working parameters
section and CIE parameters section. Otherwise the log binary block stores only working parameters.

1) Working parameters section.
typedef
{
WorkMode
AutoDarkFlag ;
ETCFlag ;

byte RRCFlag :

byte Reserved[4]

Int  ExposureTime;

Int  AvgFrameCnt ;

Double A[4] ;

Double B[4] ;

Int  Reserved|[31];

Int  CIEInfo ; /0 if CalcCIEFlag is OFF or Byte size of CIE Binary Block
} tSSEWorkPara;

byte
byte
byte

CIE parameters Section

typedef
{
Byte CIEStandardObserver; //31 for 2 degree or 64 for 10degree
Byte Reserv[7];
int drksubx ; //(int)10000* 0.XXXX)
int drksuby ; //(int)10000* 0.yyyy
int drksubu'; // (int)10000* 0.uuuu
int drksubv'; // (int)10000* 0.vvvv

int CIEStandardLightSource;  //

int tvrx; //(int)10000* 0.xxXxX
int tvry; //(int)10000* 0.yyyy
int tvru'; //(int)10000* 0.uuuu
int tvrv'; //(int)10000* 0.vvvv
int TVRL; //(int)10 * L"

int TvRa; //(int)1000 * 2"

int TVRb; //(int)1000 * b°

int StandardIllux;

int Standardllluy;

double TvrStartWav;

double TVREndWav;

int AbsIntenx; //(int)10000* 0.xxxX
int AbsInteny; //(int)10000* 0.yyyy
int AbsIntenu'; //(int)10000* 0.uuuu
int AbsIntenv'; //(int)10000* 0.vvvv
int CCT;

int CRIa; //(int)10 * CRIa

int CRI[14]; //(int)10 *CRI[1..14]

int Irradiance;

int [lluminance; ;
int Reserved[31]; ;
int Purity;

// (int)1000 * purity
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double DominantW;
double AbsMeasStartWav;
double AbsMeasEndWav;

double MonoSpectralStartWav;
double MonoSpectralEndWav;
double PeakWavelength;
double FWHMWav;

double CenterWav;

double CentroidWav;

Int Reserved[100];
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