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1. SPECIFICATIONS

SpectralRange: 200to0 800 nm (240 to 800nm with cosine diffuser)
Monochromator Type: Double concave holographicgrating, f/1 100mm.
Bandwidth: 2nm (standard) 1 nm (optional)

Wavelength Repeatability: +0.25nm

Wavelength Accuracy: +0.5nm

StepperMotor Drive Resolution: 0.25nm

Filter Wheel: A4 positionfilter wheel is fitted inside the double
monoochromator with GG435 green high passfilter,
RG665 red high pass filter,and an open and shutfilter
position.

Light Input Optics: 1m, 1.8mor4.2m Quartz Flexible Light guides with
Sideviewing Cosine Assembly. (Otherlengths available)

Reflex Viewing Telescope forMeasurementof Radiance.
Various Diameter Integrating Spheres.
Customised Assemblies for Specific Applications.

Detector: Side window S20 multi-alkali photomultiplier tube.
Cockcroft Walton power supply with four PC set
voltagelevels.

Temperature stabilised to £2°C

Amplifier Stage: Fourgainrange amplifierunder PC control.
Integrating A to D convertor, up to 24 bits.
Programable integration time from 10ms to 30s.

Micro Controller: 11HMz, 8bit with RS232 communication.

Computer Interface: Standard RS232C Serial Interface to COM 1-COM 4
serial port of IBM compatible.

Software Compatibility: The software isdesignedtorunonany 100% IBM
compatible personalcomputer.
Recommended Hardware: 1GHz or higher processor
Colour or monochrome VGA or SVGA graphics.
4MB RAM Atleast 10Mb free Hard Disk space plus free
spacefordatafiles.

Calibration: Each spectroradiometerandaccessoriesis calibrated with
adeuteriumandtungstenhalogenlamp. Theselampsare
routinely calibrated by the National Physics Laboratory.

Operating Temperature: +10 to +40°C.
Storage Temperature: -10 to +50°C.



2. DESCRIPTION

2.1 OPTICAL INPUT OPTIONS.

The cosine corrected assembly connected to the end of the light guide is designed so that
the intensity of light detected at any angle is proportional to the cosine of the angle. The
standard cosine corrector is a good approximate cosine head suitable for measuring
irradiance and illuminance from point sources or from extended sources (such as daylight).
The cosine correctionis £3% up to 70°. The white PTFE diffuser may be cleaned with a soft
cloth and some mild detergent and water.

The SR904 reflex viewing telescope is focused on a pointon anilluminated surface and is
used to measure spectral radiance and luminance from that surface. When used with a
reference standard the telescope can be used to measure the reflectance and colour of a
surface.

2.2 LIGHT GUIDES.

The lightguides are constructed from high quality quartz opticalfibres. Please take care with
these asitis possible to damage them. Never bend them sharply or subject them to shocks.
Carefully draw the guide from the spectroradiometer while holding the metal parts. Do not pull
the flexible part of the guide. Try to avoid leaving the guides hanging loose under their weight.
Always try and support the guides as far as possible. Most decreases in sensitivity can be
attributed to fibres being broken.

2.3 SPECTRORADIOMETER

The Macam spectroradiometer comprises of a double monochromator with internal filter
wheel and stepper motor drive, cooled photomultiplier detector with amplifier and an
electronic control unit.

Lightincidenton the cosine diffuseris transmitted via aflexible light guide to the entrance slit
ofthe double monochromator. The entrance and exit slit widths of 0.5mm togetherwith the
dispersion ofthe monochromator gratings give a FWHM bandwidth of 2nm. Wavelength control
ofthe monochromatoris via a stepper motor coupled to the sine bar movement ofthe gratings.
Atthe intermediate slit a four position filter wheel, under PC control, is used to shutter the
detector or remove second order diffractions. The monochromatic light incident on the
second diffraction grating is further purified and directed to the exit slit and onto the side
window photomultiplier tube detector.

Toreliably and accurately measure the intensity of light by the PMT, the photocathode is
cooled. The Cockroft Walton high voltage power supply has four programmable voltage
levels to provide an extended dynamic range with good linearity. The output current from
the PMT anode is amplified by a four range transimpedance amplifier. The signal is
measured by an integrating analogue to digital converter with up to 24 bit resolution and
transmitted using the micro controller to the PC via an RS232 interface. Using the
calibrationfiles the data from the spectroradiometeris scaled and corrected withinthe PC
for presentation in radiometric or special function units.



2.4 ENCLOSURE & SUPPLY OPTIONS.

The SR9910is available in alaboratory enclosure forindoor use or arobust environmental
enclosure foroutdoor use.

In both enclosure options the spectroradiometeris powered from an external 12 volt supply.
Forindooruse a switch mode power unitis supplied. Foroutdoor use the 12 volt supply can
be a car or boat battery

2.5 SPECTRAL CALIBRATION

The combined spectral response of the photomultiplier tube and the transmission of the
monochromatorand lightguides gives each spectroradiometeran unique spectral response.
The spectro program automatically corrects the signal amplitude foreach wavelength. The
calibrationfiles are unique to each spectroradiometer and are generated when the instrument
is calibratedinthe factory or with the SR903 calibration source and software. The usualname
foracalibrationfileis STAND.REF.



3. SETTING UP

3.1 Equipment Checklist.
Your spectroradiometer should come with the following parts:

1. Spectroradiometer model SR9910 Version 7

2. Light guide(s) and input optic accessories in case.
3. RS232 computer interface cable

4. 25 way to 9 way serial port connector adaptor

5. Monochromatorinput port plug

6. 12v Switch mode power supply

7. Mains Lead

8. Software disk(s)

9. Handbook

3.2 Connecting to the PC

After unpacking the spectroradiometer, place iton aflat stable surface nearto the host PC.
Connect the external 12 volt pwer supply to the 12V input socket on the rear panel of the
spectroradiomter. Plug the power supply into the mains. With both the spectroradiometer
andthe PCturned OFF, plug the RS232interface cable into the rear panel connector ofthe
spectroradiometer and either COM1 or COM2 connectors of your computer. (The
spectroradiometer control software will support serial connections up to COM4). Ifin doubt,
consultyourPC's manual.

Leavethelightguidesintheirboxes forthe momentandturn onthe PC and spectroradiometer.

IMPORTANT: If you have to use the same serial port as your PC's mouse, make sure the
mouse driver is NOT active when using the spectroradiometer. Again, check your PC's
manual on details. The mouse driver, when active, can send signals viathe RS232 which
can cause the electronics in spectroradiometer to hang.
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5. SOFTWARE INSTALLATION

Insertthe floppy disk provided into your floppy drive (probably drive A:). If your drive is drive
B:thensimply read drive A: as drive B: below.
Where you see <RETURN>, pressthe carriage returnkey.

There are two ways to install the software:

1. Log onto drive A: by typing A:<RETURN> and run the INSTALL program by typing
INSTALL<RETURN->. The programwillask you which hard drive toinstall to. Simply press the
appropriate letter. The program will then ask you to enter a directory for the programs. Note
the defaultdirectoryis\SPECTRO. If youwish the programsto be installed on hard drive C:
under directory \SR991 simply enter the hard disk letter 'C' and enter the path
\SPECTRO<RETURN>

Theinstallation program will copy all the files from the disk for you.

2.Logontodrive A: by typing A:<RETURN>
Make the directory on your hard disk, forexample, type MKDIR C\SPECTRO<RETURN>
Copy allthefiles from the disk by typing the following: COPY *.* CASPECTRO<RETURN>

Ifyou have been supplied with the printing utility program Pizzaz Plus, itwill have to be installed
onto yourhard disk. The manual provided tells you howto do this. Remember, Pizzaz Plus has
to be run before you start SPECTRO if you wish to make use of the printing utility.

Rememberto store yourdisksinasafe place. Itisrecommended that you make a backup copy
ofthe original disks and keep this in a safe place also.
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6. USING THE SPECTRORADIOMETER SOFTWARE

6.1 RUNNING THE PROGRAM

Torunprogram SPECTRO, log onto the appropriate directory (eg. type C:<RETURN>then
CD\SPECTRO<RETURN>)andenter SPECTRO<RETURN>.

6.2 COM1 to COM4

SPECTRO willautomatically use the serial port COM1 unless you tell it to do otherwise. If
you wish to use other serial ports (COM2-COM4) then you must run SPECTRO by typing
forexample, SPECTRO 2<RETURN> for COM2 etc.

Make sure the interface cable is connected to the appropriate port!

6.3 MONOCHROME OR COLOUR

SPECTRO should be able to detect if you are using a genuine monochrome monitor.
However, some PC's use a colour screen butdisplay colours as shades of gray. If you find
thatthe screenis difficult to view, you can force SPECTRO to runin black and white mode
by typing SPECTRO M<RETURN>

Note:
To run using B&W and COM3, type SPECTRO 3 M<RETURN?> or alternatively type
SPECTROM3<RETURN>

6.4 ON OR OFF

SPECTRO will run whether the spectroradiometer is on or off. If the spectroradiometer is
off, you will be warned about this. If you continue, SPECTRO will allow you to use its graphing
and file handling options but you will not be able to control the spectroradiometer. Todorthis,
the spectroradiometer must be switched on and connected when SPECTRO is first run.

6.5 UP AND RUNNING.

Ifthisis the firsttime that SPECTRO s run, the program will check which drives are available
onyourPC. Itwilldetectdrives from A:to Z:. If you only have one floppy drive, you may see
the message 'Insert Disk ForDrive ..'appear. Ifthis happens, press akey. This procedureis only
carried outonce.

Youshould have atitle screendisplayed by now. Press akeytomove on. Ifthe spectroradiometer
isonyou willbe presented with achoice listof all the lightinput devices available. Choose the
option youwishtouse. Rememberto choose the option which matches the lightguide you are
using or else the calibration data will be invalid. Now wait until the calibration data is loaded.
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6.6 MOVING AROUND IN SPECTRO

You willnow see the spectroradiometer main menu presented on your screen (see below).
There are two ways to choose options in SPECTRO. The first method is to press the key
highlighted by square brackets foreach choice. Forexample, to choose [S]CAN, press the 'S’

key and this option willbe chosen.

The second methodisto use the cursorkeys to move the gray highlightbar around the options.
When you highlightthe desired choice, press RETURNto chooseit.

Thereisagray HELP baratthe bottom ofthe
screen. This contains a helpful commentrel-
evantto the choice currently highlighted by
thecursor.

The help bar can be turned off here at the
mainmenuby pressing F1andturned backon

| [Alnalysis of data | | [Flile | using thesame key

Ifthe spectroradiometeris on, all the options

onthis screen will be available toyou. Ifitis
Take spectral measurement from SRI910-PC. Off’ the SCAN! REAL’ BOOTUP and

DIAGNOSTICS options will be disabled.

Mostmenus in SPECTRO have a Quit or Escape option. Rememberthatthe ESC key will
always cancelthe operation you have chosen.

All the menus and choices work in a similar way. Each menu option is described in detail
in the next section and illustrated in the Tutorials & Examples section.

NOTE: Always end the SPECTRO program using the Quit option in the main menu. Avoid

using CTRL-BREAK or CTRL-C as this can leave the communications portactive. Ifyoudo
endinthisway, reset your PC to avoid unpredictable results occurring in other applications.

12



7. PROGRAM OPTIONS

The following section gives adescription of every spectroradiometer menu choice, howto use

itand whentouseit.

7.1 FILE

Choose by pressing'F' or choosing [F]ILES from the main menu.

This option is used to manipulate all your datafiles ina general way. You will be presented with

asecondary menu (as shown below)

By choosing DATAFILES, SPECTRO will
show a list of all the files in the current
directory.

This option can be usedto Rename, Delete,
Copy, Move, Printand View datafilesinany
directoryand onanydrive available.

SPECTROstoresscandatainfilesonthe hard
disk. Theseare usually named afterthe time of
thescanandhave anextensiontoindicatethe
type of scantaken. Forexample,ascantaken
at3:00PMwouldbecalled 150000.DTA. Other

FILE
[Alnalysis of data [Dlata Files [Dliagnostics
[Clal Files
[Eldit File
[S1preadsheet
DIDIS
[ESC1 Quit
[0Iptions | [Blootup | | [Quit |
F1:Help OFF | View,Print,Copy,Delete etc. any data file.

extensionsare *.DTI, *.DTR (used to differentiate irradiance and radiance files)and *.DT%

7.1.1 Changing File Mask

Youwillnotice the file maskis setat*.DT?. Thisis used by DOS to selectfiles depending on their
name. The*means anyword, the ? means any letter, sothe mask here is selecting all files which
have DT as the firsttwo letters of the extension, forexample FILE1.DTA, FILE2,DT% and

FILE2.DTlwouldall be suitable file names.

Youcanchange the maskintwoways:

1.

DATA FILES

~{ Data Files: +ts to choose, 4! to select upto @ files.

ROOT
RP50_2.DT2
SUNLIGHT.DTI

}7

HPA-LAMP.DTI
RP5O_ZUV.DTR

13165158.0TA
RPS0_2.DTA
TL-LAMP.DTI

23123108.DTh
RP50_20V.DTx
UUSUN.DTR

L Path:C:\SR-DEMD |

1
Alt-R Rename File
Alt-M Move File

F
Alt-U View File
filt-P Print File F1:File Mask
Alt-D Delete File Alt-C Copy File =17

Alt-N New Directory AIt-E Edit Title

F F2:Date Mask

All Files
F F3:Change Drive }—‘

13

If you press aletterornumberkey, this letter
ornumberwill be added to the file mask. So,
if you wish to see all files starting with 'A’,
press'A'. Thefile mask willhave changedto
A*.DT?. Ifyounow wishto narrow the choice
furthertofiles startingwith AB, press'B'. The
file maskwillhave changedto AB*.DT?. Press-
ing F1 willreturn the file maskto *.DT?.

2.IfyoupressF1first,youcannowtypeinany
file mask. Soifyou were looking forfiles such
asTEST1, TEST2etc, youcouldtypeinthe
mask TEST?.

PressF10toresetthefile maskto*.DT?.



7.1.2 CHANGING THE TIME MASK

Pressing F2 will cycle the time maskthrough ALLFILES, THISMONTHS FILESand TODAYS
FILES andthe choice to entera specificdate. This maskis very simple tounderstand. It simply
shows only thefiles that match the selection. Press F10toresetto ALL FILES.

7.1.3 CHANGING DRIVE

Pressing F3 allows you to change the drive choice. Just press F3 and then the letter of the drive
you wish to change to. Thefile list will always display the root directory of the new drive.

7.1.4 DIRECTORIES
Apartfrom showing the datafilesin the directory, the listalso shows any subdirectories. These
areindicated by a'\'preceding the name. If you choose one ofthese by pressing RETURN, the

listwill now show the files in this subdirectory.

The first choice in every listis ROOT. This will take you to the root directory for that drive.
From here you can navigate through all other directories on the disk.

7.1.5 RENAMING A FILE

When afileis highlighted, pressing ALT-R will allow you to rename thefile. You will be asked
to verify this action and thentypeinanew name. Ifyou wish to have the same extensionon the
file, simply type the new name onits own. If you wantto change the extension, type inthe new
nameincluding the new extension.

7.1.6 COPYING A FILE

Choosing ALT-C will allow you to copy afile to another directory. Again, you will be asked to
verify the action, and then enter a path (directory) to copy the file to.

7.1.7 DELETE A FILE

Choosing ALT-D will erase thatfile from the disk. You will be asked to verify this action. Take
care with this option, as SPECTRO does notautomatically back upfiles.

7.1.8 MOVE A FILE

Choosing ALT-M allows you to move the highlighted file to another drive or directory. This
operationis exactly the same as copying the file and then deleting the original.

7.1.9 EDIT OR ADD A FILE TITLE

Choosing ALT-E allows you to edit the title for the file with up to 79 characters of text .

14



7.1.10 SELECTING A BLOCK OF FILES

Toselectafile move the cursoroverthefile and press the space bar. Thefile is now highlighted.
Selectotherfiles as necessary and then thefile operation eg ALT-D to deletefiles. Allfilesin
the directory can be selected (fagged) using CRL-T orallfiles de-selected (untagged) using CTL-
U. When deleting ablock of files a choice is given whether or notto confirm each file deletion.

7.1.11 CREATE NEW DIRECTORY

Choose ALT-Nto create a New DOS directory. Enterfull path for a sub-directory.

7.1.12 REMOVE DIRECTORY

The command ALT-K (notlisted) will remove (Kill )an empty DOS directory.

7.1.13 PRINTING A FILE

Choosing ALT-P will printthe datafile to your printer. The printing procedure uses no control
codes apartfrom Form Feed, Line Feed etc, so it should work quite happily with most types of

printeron standard operation.
Thefileis printedin a tabulated format, with headings, page numbers and soon.

7.1.14 VIEWING A FILE
Data file: C:\SR-DEMONTL-LAMP DTI
. . . . Wavelength W/m? /nm Wavelength W/m? /nm Wavelength W/m? /nm
ALT-V WI” prlnt the flle outon your screenina 300.00 nm  0.00E+00 304.50 tn  0.00F+00 369.00 nn  ©.00F+00
tabulated fi 30050 m 0000 30300 w 0.00LGO 20950  o00.00
. " 00E+ . "00E+ . "00E+
abulatearorm. 300.75 nn  6.00E+08 30525 nn  0.60+08 30975 nn  0.00+08
. 301.08 0.00E+60 305.50 0.08E+60 310.08 0.08E+60
Usethe PgUp and PgDn keyS tomovetheview 361,25 ©.00E-09 305.75 0 6,00E+08 310,25 mn  6.00E+08
301.50 nm  0.00E+00 306.00 nm  0.00E+00 310.50 nm  0.00E+00
301.75 0. 00F 80 306.25 0. 08K 60 318.75 0. 08K 60
baCk and fOI"th th rOUgh the pageS 302,60t 6.00+00 306,50 nn  0.00E+00 31100 109605
. . 302.25 mn 1.22E-65 306.75 nm  0.00E+00 311.25 mn 1.40E-65
302.50 1.43E-05 307,00 0.00£+00 311.50 14.94E-05
PreSS ESC tO return to the flle IISt 30275 wn 200605 307,25 tn 0.00+08 39175 wn 728008
Thisoofi be usedtofind veaksorparticul man ek mun tws  maw imo
. nm . ! . nm . + . nm . !
ISOp loncanbeusedatotin pea Sorpa ICular 303.50 wn  2.12E-05 308.00 m  ©.00E+00 312.50 wn 3.88E-04
. . 303.75 1.770-05 308.25 0.00E+08 312.75 4.67E-04
power |eve|S InNa flle 304,00 wn 127508 30850 un  0.005-00 313,60 wn  6.955-04
304.25 mn 1.12E-05 308.75 nm  0.00E+00 313.25 nn 7.56E-04
Page 1. Press Pgllp & Pgbn to View. [ESC1 to finish.

7.1.15 RETURN TO MAIN MENU

Press ESC while viewing the file listto return tothe main menu. You should familiarise yourself
with the operation of this system as itis used to choose files for most operations.

7.1.16 CAL FILES

Ifyou choose CAL FILES atthe files menu, you can view the calibration files supplied with
SPECTRObychoosingREADFILE.

Ifyou choose CREATE FILE by accident, return to the main menu by pressing ESC.
Eachlightinputaccessory willhave its own calibrationfile. Thesefiles hold information such as

the startup optocouplerwavelength and absolute calibration gain factors and the name ofthe
spectral calibrationfile.
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7.2 SCAN
7.2.1 POSITIONING THE LIGHT GUIDE AND INPUT ACCESSORY

When using the sideview cosine light guide accessory, mountit pointing towards the source
to be measured. When using the telescope, mountit on a tripod and pointit at the surface
to be measured. Look through the eyepiece and adjust the eyepiece focus until the black
spotin the centre of the image is in focus. Use the front lens focus adjustment to bring the
image of the surface into focus.

7.2.2 SCANNING

Thisis the main functional part of the spectroradiometer. It allows you to scan the wavelength
range of your choice and record the spectrumin afile.

You willbe asked for:
Startand Finish Wavelengths (from 240 to 800nm).
Step Size (any size from 0.25nmto 100nm). Entering a zero step size will initiate the
programmable wavelength option ref section 7.2.3.
Integration Time perreading. Typically youmay choose 100 msintegrationtime per
reading for a high intensity signal and 500 ms for a low intensity noisy source.

The default settings are used if you press RETURN for each option. See section 7.7.

You will then be asked how many scans you wish to take. If you choose more than 1 scan,
you can enter the interval in minutes between scans. This allows you to use the
spectroradiometer as a simple spectral data logger. If you enter the interval as 0 then the
programmable multiple scan optionisinitiated, ref section 7.2.4. The usual defaultnumber
is one, ref section 7.7.

Before the scan starts, a data file will be opened to store the spectrum in. This is
automatically named using the time of scan. For example, a scan taken at 4:05pm will be
named as 1605--.DTA. The lasttwo digits are seconds. This ensures thatthe chance of two
files being named identically is very small. Use ESC key to halt during a scan.

Data is collected and stored in the file at

each wavelength while the

spectroradiometer steps through the wave- g step size sbove .25 m w4 I0E 64 bt
length range. This data is scrolled up the Frogramable A Tilter e
right side of the screen. sitielty b E?E iggggg E
Forspectralirradiance scans with a cosine gt;t?"g:;ﬁﬁh §3§033 Egg %3% E;;
corrected light guide the file extension is G Samples per reading. 208 i
.DTA, spectral radiance scans with a reflex Musber of Seans 1 om 3.080-01
viewing telescope or field of view acces- zgé 3%‘;’%%3 E;;
sory, the extensionis .DTR. Otherfile exten- 7o 3.401-03 W
sions are used for normalised relative spec- o
tral scans and spectral transmission, trans-

mittance, reflection & reflectance.

16



7.2.2 SCANNING (continued)

If the light intensity is too large then the message "Anode current exceeds 1% of dynode
current" will appear. This will not corrupt the file, however the photomultiplier is not
responding linearly to the lightintensity. Try scanning again with alower lightintensity.

When the scanis complete, the monochromatoris driven back to the start wavelength and
you will be presented with the following options.

Max range 240 - BOO nm C:\SR-DEMONTL-LAMP . DTI
fmy step size above ©.25 nm 555mm  1.07E-62 W/n®/nm
Programmable ADC Filter 566mm  1.21E-62 W/n®/nm
565m  1.35E-62 W/nt/om
Sensitivity High 5%0mm  1.45E-02 W/n®/im
575m  1.66E-62 W/mt/nm
586mm  1.77E-62 W/mt/m
[1] Graph Data First Wavelength 300.00 585mm  1.52E-62 W/n®/nm
i Last Wavelength §60.60 5960m  1.46E-02 W/n®/im
[2] Prlnt Data Step length 1.00 595mm  1,37E-02 W/nt/im
668  1.27E-62 W/mt /mm
[3] Repeat Scan ADC Samples per reading. 200 665mm  1.18E-62 W/n®/nm
H 616om  1.07E-02 W/n®/im
[4] RenameFile 615w 9.56E-03 W/wd/mm
5 Add Ttl [1] Graph data 620mm  8.37E-63 W/n®/m
[ ] Ite [21 Print data 625m  7.33E-03 W/’ /om
. [31 Repeat scan 636nm  6.24E-63 W/n?/m
[ESC] Quit 141 Renane file 635m  5.37E-03 Wnt/mn
[51 fdd Title 646mm  4.48E-63 W/nt/m

[ESCT Quit
Stop Scan (Y/N)7
F1:Help OFF | Plot the new scam on the screen.

[11GRAPH DATAdraws agraph of your new spectra using Spectros graphing capabilities.
More detailed information about the graphing options is given in the graphing section(7.4).

[2]PRINT DATA prints outthe scan in tabulated form as described above in section7.1.12

[3]REPEAT SCAN simply repeats the same scan and returns to these five options. Anew
datafile is created with the current time as its file name.

[4] RENAME allows you to choose a different name for your file.

SPECTRO's feature of automatic naming is good at ensuring that a file doesn't overwrite
anotherand may save you having to think of aname forevery scan butis not very helpfulwhen
you have alarge list of files and starttoloose track of which is which. This option allows you
to give the file a name which may be more indicative of the files contents.

If a file with the new name already exists, you will be asked to choose another name or
overwrite the existing file. BE CAREFUL as there is no way of retrieving the overwrittenfile.

[5]JADD TITLE This option allows you to add up to add up to 79 characters to the top of
graph screen. The file name is omitted from the graph but data file retains its name.

[ESC] Returns you to the main menu.

Ifyou press ESC during the scan, you will be asked if you want to terminate the scan or not.
The scan will still be stored in a data file.

17



7.2.3 PROGRAMMABLE WAVELENGTH INTERVAL

Sometimes it is convenient to only measure part of the spectrum in detail and the rest in
larger steps, eg scan 300 to 350 in 0.25nm steps and then 350 to 800 in 2nm steps.

If you enter 0 when asked for wavelength step the word "Variable" will appear. (This also
works inthe OPTIONS screen.) After entering the other scan options the program will ask
if you wish to load an existing wavelength step file or create anew one. When you create a
new one, data starts at240nmand you are asked what step size to use from thatwavelength.
Youthen enterthe nextwavelength and step and so on until youreach 800nm. The reason
thatthe entire 240-800 regionis required is so that this new file can be used for other scans.
You can then save this file if you wish for future use.

For example, the example above would be entered as:

From 240nm Step? 0.25
Until? 350

From 350nm Step? 2
Until? 800

Save thisasa *.STP file ? [Y/N]

Note that you can have upto 20 different step sizes in eachfile. If you try to enter more than
20, the program will take the last step upto 800nm.

7.2.4 PROGRAMMABLE MULTIPLE SCANS

Ifyouenter 0 whenasked"Howmany scans?"you can create aone daytimetable forscans. This
canbesavedandusedagainasa*. TMEfile. (Thisalsoworksinthe OPTIONS screen.)
The screenwill show:

Scan1:--:--

Enter the required time in 24 hour notation (you do not need to enter the : symbol). If you
make amistake, backspace willmove back tothe lastdigit. Once you have entered thefirsttime,
enterothertimesinthe same way. Alternatively, if you press "+"first, you can add a time step
in minutes fromthe lasttime entered.

Note thattimes entered mustbe sequential, forexample, you cannotenter Scan 1as 13:00
andthenscan2as 10:00.

Whenyou have finished, press RETURNonanewline.

Oncethetimetableis created, you cansaveitifyouwish. SPECTRO willthenask you how many
daystorepeatthetimetable for. This enables you to program scan times and then take these
scansoveraperiod of days orweeks.

Note that both the programmable step size and programmable scan time can operate atthe
sametime.
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7.2.5 REFLECTANCE / TRANSMITTANCE

Ifyou have the extrareflectance / transmittance software, when you choose SCAN, anew
sub-menu will appear allowing you to choose Normal Scan, Reflectance or Transmission

measurements.

To measure transmission, SPECTRO
takes a 100% reference file and thenascan
ofthe sample. Transmission is then calcu-
lated and stored in adatafile. These meas-
urements are usually carried out using an
integrating sphere.

The user should ensure that the sphere,
light source, sample etc. are all set up cor-
rectly forthe measurement.

Measuring reflectance is similar, except

that the program takes a third scan as a
zeroreference level.

7.2.6 FAST SCANNING

SCAN MENU

[S1can Normal

[Tlransmission

[Rleflection

[0]ptions

F1:Help OFF | Use the integrating sphere to measure transmission.

[Flile

[Blootup

[GIraphs

[Dliagnostics

[Qluit

Typical scan times can take minutes to complete, especially when small steps are taken
over a wide spectral range. An option to scan a user defined (within the limits 240nm to
800nm) spectral range and step size in a fast scan mode is available. In this case
significantly reduced scanning times are possible but at the expense of sensitivity and
increased noise levels. Contact Macam for further information.
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7.2.7 COLOUR MEASUEMENT

The measurement of correlated colour temperature from previously acquired data is
possible using the menu option Analysis of Data and then Colour Values. The program
displays the files available for selection. Choose the appropriate file and press return. The
program displays an estimated colour temperatue accurate to £+50K and the colour
coordinates x,y,zand u,v for more accurate determination. The useris presented with an
option to print the results to an appropriate LPT port, before returning to the main menu.

DataFile:C:\PROJECTS\SPECTR~1\V7_06\DOS\POLARON.DT%

Correlated Colour Temperature : 2858 K

WARNING: This value is an estimated value. If you require accuracy
of better then +50K, use the X and Y coordinates below and look
up the colour temperature on a x-y chart.

Colour Coordinates: x :0.4479
y :0.4086
z:0.1435

u:0.2557
v :0.3499

Print Results ? [Y/N]

Choose LPT[1]LPT[2] LPT[3]LPT[4]
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7.3 REAL

This option allows you to set the spectroradiometer at a single wavelength and either
monitor the signal manually with control over the wavelength or store the signal versustime
in a data file. When you choose this option, you will be asked to enter the wavelength you
wish to monitor. You willthen be presented with the choice of Manual control or Log toFile.

7.3.1 MANUAL

Inthis mode, you will be shown areal-time

display ofirradiance orradiance atthe chosen
wavelength. You canchange the wavelength

by pressing the cursorkeys. (31can Real Tine (G raphs

« + to move t1Bnm
1 1 to move *inm

[ESC] to quit.
[Alnalysis of data [Dliagnostics

S8dnm  0.86E+B8 W/m®/nm
B.0BAE+AB A

[D1ptions [Blootup [Qluit

F1:Help OFF

7.3.2 LOG TO FILE
This mode will monitorthe signallevel atthe chosen wavelength and store the readingsinadata
file versustime.

Youwillbe askedto enterthe interval between readingsin seconds, minimuminterval 5 seconds,
andthenthe numberofreadings, maximum 1000 readings. While the datais being collected, you
will see atime counter and the filename displayed beside the reading. Note the filename for
graphinglatter. Use the ESC key to haltrecordings.

Enteringa'0'time interval willinitiate the spectroradiometerto record continuously atafixed
gain, with the delay set by the integration
time. Use the ESC key to terminate record-

ing.

At the end of the logged time period the
screenchangestothe mainmenu. Toviewthe — pE— r—

H at 500.00 mm
realtimelogged data, select Graphmenuand Tiwe interoal (5)7 5

Readings (max 1000)7 10

graphthe storedfile (section. 7.4). | 5500 to abort. p—
16:13:47 26161344.DTA

500nm  1.06E+00 W/m? /nm

The data file can be viewed after graphing
(section7.4.2) orinthe File menu (section.

8.1.13) 0%ptions

F1:Help OFF
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7.4 GRAPHS

The GRAPHS menu contains some op-

tions which you can change by selecting

them either by pressing the key indicated or

by using the cursor keys to move the bar. . e
There are default settings for all the options Com o] [ ] (51 7l afo
in GRAPH, so that you can select GRAPH

quickly, (see also section 7.7)

[DIptions [Blootup [Qluit
i raph it using the above parameters.

The graph options are: IESITETETTIES

[1]SINGLE or MULTIPLE graph.
Allows you to plotonefile withintegrals (section 7.4.1) or plot up to five files on the same axis.

[2] GRAPH BOX/NO GRAPH BOX
The graph box provides a frame for the graph & integrals.

[3]FILEINFO/NOFILEINFO
Additionalfile information can be displayed at the bottom of the graph screen, thisincludes
file name, file size and date & time of scan.

[4]LINEAR/LOG
Graphs can be plotted with either linear orlogarithmic scalingonthe Y axis. Forlogarithmic
graphingthe number of decades can be set using the options menu section 7.7

[GIRAPH

Continuesto the file selection screen. Thisis functionally the same as the file handling screen
describedin section 8.1 above. Selectthefile you wish to plotand press RETURN. Ifyou are
plotting multiple graphs, you will see the File Selected list containing the files you choose. Keep
choosingfiles untilyou have pickedfive or press TAB tofinish the selection. Pressingthe DEL
key willremove the lastfile from the selected list.

Thefile(s) you have selected willnow be plotted. The title placed atthe top ofthe graph screen
will be the data file name or the optional text title, see Edit File Titlein section 7.1.9 or ADD
TITLEinthe scanningmenusection7.2.2.

HELP

Press F1 for a help menu of the key func-
tions on the graphing screen. Press the F1
key again to remove the HELP menu.

nnnnnnnnnnnnnnnnn
mmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmm

Single Graph
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Lineargraph

@

O

v

EFpectral Irradaince of HPA 400H Hetal Halide Discharge Lanp.

6.140E+01 HW/Re

Caldwell :2.934E+00 H/ M2
HA/mE /i

9.00x10” L
.50x 104
.0Dx10~ 4
.50x10~ 4
.00x 104
.50x 104
.0Dx10~ 1
.50x10™ 4
.00x 104
.S0x10~ 4
.00x10~ 4
.S0x 104
.00x 104
.50x10" 1
.00x10~ 1
.50x 104
.00x10~ 4
.00x 102
.00

o = = NN W WA & DD DS @@

5.7T45E+03 Lux

2.120E+02 pProlsmiss
Setlow:2.069E-01 H/nZ

2350
275
300
325+
3350
375
400
425

.

450
4TS
S00
525
550
5791
00
625
650
&57TS
7o0

Havelength (nn)

Full Name: C:“3SRB-DEMO“~HPA-LAMP.DTI
Created: 12:00:00 2/3/94

Eize: 10456 bytes

e

Auto-scaling Y axis (Irradiance).
Auto-scaling X axis (Wavelength).
Datafile information.

Graphbox.

OOO®OOO

o

DOS file name orfile title information if written.
Three standardintegrals: Irradiance (W/m?2), llluminance (Lux), PAR (umol/m?/s).
Upto six user programmable integrals, examples here are Caldwell and SetLow.

Example scan of metal halide discharge lamp type HPA400/30S.

Graph settingsin Option menu:

Graphtype: Linear
Graphlines: No
GraphBox: Yes
File Information: Yes
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Log./Linear Graph

EUNLIGHT .DTI

3.992E+02 H/ni 1.043E+035 Lux 2.992E+03 MnolsnEss
aldwell:1.767E-01 H 1z Fetlow:2.073E-03 H/Nni
HAME A nn
10tl
1D+D : : ] : :
i F‘.‘-"“J:“”: : “
1 4]
L 1
7
10~1 f
-
it
[
1072 L
i
|
[
[
1073 !:
i'
| v | v v
i T T T T
l 5 5 -
1D_4 |J| Il ! i ! Il Il Il ! Il ! Il i Il ! Il i i
=] =} Q =} =] ] =] =} =] ] =] =} Q Q2 =] ] =] ] =] ]
n 1] - % [ m] 7] 0 T Iy e} m - Ly [ m] yl W\ [l 0]
] 3] y] m [yl L3 ¥ L3 Lo In n e} ] i} [l] [ [ [ [ ju}
Havelengath (nn)
Full Hanme: C:“ER-DEMO~EUHMLIGHT .DTI
File Tine Stamp: 11:44:08 19/ 5-/1994 Fize: 83711 butes

®  Horizontalgraphlines. LogarithmicY axis scaling.
@  Verticalgraphlines.

Toreproduce above graph change to the followinginthe OPTIONS menu, ref7.7.

Graphtype: Log
LogDecades: 5
Graphlines: Both
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7.4.1 INTEGRALS

SPECTRO calculates 3 standard integrals and displays them close to the top of the graph
(single graphonly). These integrals are total irradiance or radiance (W/m?or W/m?/st), total
illuminance orluminance (Lux or Cd/m?) and total quantametric flux (umol/m?/s)from400 to
700nm.

SPECTRO canalso calculate up to six user define integration functions. Details on how to
do this are given in section 11.

7.4.2VIEW DATA

2.026E+00 H/n? 7.398E+02 Lux
Caldwell:4.417E-05 H/ni

Zoom fron_330nm to 560nm

9.346E+00 pProls/ni/s

Setlow!l.073E-06 H/n?
M/ snm

6.00x107%

The data being plotted can be viewed in a
tabulated form by pressing 'D'when viewing
the graph (singlegraphonly).

5.50x107 3

5.00x1073
4.,50x107 3
4.00x1073
7.4.3 ZOOM + a2

3.00x1073

2.50x10™ 3

By pressingthe'Z'key youcanzoominona
smaller part of the spectrum.

2,00x1073

1.50%1073

1.00x1073

Movetheline cursoralongthe wavelengthaxis | s.coo-d )

0.00

=]
Q
o

using the left and right cursor keys for fine N

=} =} =} =] =]
Q " o o n ) -
n o 9 ~ ~ ~ @

movementandthe up and down cursors for
largermovement. Press RETURN when you

Havelength (nm}

1 Nane:
Time Stamp: 14:55:20 26/ 771994

C:NSR-DEMONTL-LAMP . DTI

fize: 76050 bytes

have positioned on the firstwavelength ofthe

range you want to zoom in on. Move the cursor to the other end of the range and press
RETURN again. The graph will now be redrawn to include only the wavelength range you
have chosen.

The zoom function can be carried out indefinitely, until the graph is reduced to one point.

The integrals are recalculated and displayed for the zoomed wavelength range.

Pressing the 'B' key will take you back to the original graph. (Single graph only.).

3.309E-01 HW/n? 2.195E+02 Lux
Caldwell:0.000E+00 H/n?

1.511E+00 prolin?/s
Setlow:0.000E+00 HW/n?

7.4.4 SAVE ZOOM

You can save the zoomed spectrum as a
separate data file by pressing 'S'. Enter a
file name and the zoomed part of the spec-
trum will be stored in this data file

H/nz/nn
5.00x107%

4.50x1074
4.00x1073
3.50x1074
3.00x1072
2.50:1072
2.00x107%
1.50x1073
1.00x1073

5.00x103

0.00

a 1] o ] n
a ] g n 0
n w n n I'd

S60

Haveleng

“SR-DEMONTL-LAMP.DTIL
i 14:95:20 26/ 7/1994

th (nm)

Full Hame: C:
File Tine Stamp: Size: 76050 hutes
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7.4.5 CONVERTING GRAPHS TO OPTIONAL UNITS

Graphs are normally plotted with the radio-
metric unit, forexample with irradiance meas-
urementsthe Y axisis scaledin W/m?2. Alterna-
tive Y axis scalings are available fromthe CON-
VERSIONtable (key press C,ongraphdisplay).
Choose from up to five options listed on the
menuby pressingthe numberedkey. PressESC
toreturntoradiometricgraphing. Conversion
isalsoavailable withinazoomedgraph screen.
Itis possible to overlay the converted graphs
onthe radiometricgraph usingthe SHIFT key
with the appropriate number (1to5).

7.4.6 SAVING A CONVERTED DATA
FILE IN CSV FORMAT

Wonz snm
6.00x107%

5.50x1073
5.00x1073
4.50x1073
4.00x1073
3.50x1073
2.00x1073
2.50x1073
2.00x1073
1.50x102
1.00x103
5.00x10"3

0.00

2.026E+00 W/n
Caldwell:4.417E-05 H/n2

7.39BE+02 Lux

CHOOSE CONUERS [ON
[1] Photopic (Lu:
[2] Quantane
[3] Caldwell
[4] Setlow

5 Mot Available

ESC Cancel Conwersion.

33
tric (Mmol/ni/s)

9.346E+D0 pmol/nt /s
setlow:1.073E-06 H/m?

=]
f

= -] Q - Q 2
@ @ @ & b @
[T T S

510-

= Q 2
§ & B

UWavelength <n

Q
a
']
Ch

e © o o
@ & 8 B
© 8 o~ &

=
@
9

=l
=
[l

ame: C:NSR-DEMONTL-LAMP.DTI
Stanp: 14:5

5:20 26/ 7/1994

Siz,

e: 76050 bytes

By pressingthe S keywhendisplaying a converted data graph afile canbe savedin CSVformat
listing the wavelength and converted data. This file can then be imported to a spreadsheat

programme for furtheranalysis.

7.4.7 MONOCHROME MONITORS AND MULTIPLE GRAPHS

The multiple graphs are plotted in different colours and their file names keyed in that colour.
IfSPECTROisruninmonochrome mode, each plotcan be highlightedinturn by pressing SPACE.
The highlighted plot and file name will flicker to aid identification.

7.4.8 PRINTING GRAPHS

Graphs can be printed directly to alaser printer by pressing the P key when displayingagraph
onthe screen. Amenubox appears with printer options including orientation, landscape or
portraitand the printerport, LPT1,LPT20orLPT3.

POLARON .DTA

2.327E+01 W/ nZ

3 .300E+03 Lu

6 .535E+01 prmolsmZrss

H/ M2 nim
1.10x10 %

1.00:x10" L
9 .00:10 2
8 .00x10 &
7 .00x10” &
& .00x10 &
5.00x10 &
4.00x10 3
3 .00x10 &
2 .00x10 &

1.00x10 2]

0.00

Printer HELP. Choose laser printer options.
[11 LPT1 (Default)

ait
[5]1 Landscape (Default)
[F1 To print to laser.

[Esc]l To cancel print.

Port: LPT1 Orientation: Landscape

T
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7.4.8 PRINTING GRAPHS with PIZAZZ PLUS

The DOS command GRAPHICS andthe Print Screenkey canbe usedto printthe graphics screen
butdoes notgive very goodresults. (See your DOS manual about GRAPHICS).

Youmay have purchased the Pizzaz Plus printing utility with your spectroradiometer. If Pizzaz
Plus has been activated then use SHIF T-PrintScreen torun Pizzaz Plus. You should read the
manual for extrainformation but the basic steps for printing are shown here.

for indows

Copyright (c) 1993, Application Techniques, Inc.

Whenthegraphsaredisplayed, press SHIF T-
PrintScreen to run Pizzaz Plus. If nothing
happens, youwillhavetoactivate Pizzaz Plus
by returning to the DOS prompt and run-
ningitby typing PZP<RETURN>andthen
re-runSPECTRO.

When you see the Pizzaz Plus screen and
menu displayed, simply press [P] for print
andthen [P]for printer. When done, press
ESCandanswer[Y]estoretumtoSPECTRO.

NOTE: Forbestresults, setthe printshades
inPizzazPlustoREVERSED. Thisensures

thatyou getablack on white printout. See the Pizzaz Plus handbook for details on this. Colour

printingis also possible onink jet printers.
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7.5 ANALYSIS
This menu option allows you to carry out
numerous mathematical operationsondata
files, suchas averaging, subtraction ofonefile
fromanotherand calculating colourvalues. [ warests o wer |
o | Lo
(Cotour Uelues
[Dliv () Files
[Mlultiply File
[R1ef lectance ]
[ESC] Quit
Return to Main Menu.

7.5.1 AVERAGE FILES

This option allows you to take up tofive datafiles and average them. You will be asked for afile
name to store the resultsin.

Thefiles are choseninthe same way as the files fora multiple graph (section 7.4).

Note thatall the data files must have the same wavelength range and step size orthe operation
willbe aborted.

7.5.2 SUBTRACT FILES

This option allows you to subtract one file from another. This can be used to subtractambient
lightfromascanforexample. Choose thefiles as before and enteranewfile name forthe results.

7.5.3 NORMALISE FILE

This option willtake the file you selectand normalise itto achosen value atthe peak wavelength
oratachosenwavelength. The results will be stored in afile of the same name as the original
butwith the extension .DT%

7.5.4 COLOUR VALUES

This option will calculate the x,y,z and u,v values for the chosen file. It will also attempt to
calculate acorrelated colourtemperature. The results willbe shown on the screen.

7.5.5 DIV (%) FILES

This option allows youto presentone datafile as a percentage of another (ie. onefile is divided
by anotherand multiplied by 100). This can be used totake simple transmittance measurements.
Forexample, scanasource and then scan the same source with afilter or specimen introduced
betweenthe source and the head. Ameasure of the transmittance can be made by dividing the
scanfile by the originalfile.

7.5.6 MULTIPLY FILES

With this option two files can be multiplied together or a single file can be multiplied by a
numerical constant.
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7.6 DIAGNOSTICS
The diagnostics menu is used mainly to
check various functions of the
spectroradiometer.
It displays the current wavelength and the TR e
signalthatisbeingread. Thissignalisdisplayed
in bits. This is the number of bits of data i o

H . . ens: Hig
coming from the ADC inside the ooty fead: 0 its
spectroradiometer. IR

Also shown is the Gain setting that the

spectroradiometer is currently set at. Gain 6 is the most sensitive, Gain 0 is the least
sensitive. The current setting of the sensitivity switch is also shown.

Inaddition to the display of wavelength, number of bits, gain and sensitivity, you can choose
the following operations: Initialisation, Calibration and Signal Zero.

7.6.1INITIALISATION

This option re-initialises the wavelength counter inside the spectroradiometer.

7.6.2 SIGNAL ZERO

. . Executing C:\SPECTRONAUTOZERD.EXE
This option runs a separate program called foin Mena
AUTOZEROEXE Thls program blOCkS the Carry out this procedure with the Spectroradiometers
entrance port to the monochromator and Friveres port BOC, - fress ke

. Set Sensitivity to HIGH if it is not already.

then goes through the ga|n ranges on a" Okay. Now setting zero level. Please wait.
PMT voltages. The dark currentreading is faln 6 -1

Set Semsitivity to Low. Okay..

measured on alltheseranges. Thisfigureis
always subtracted from the readings when N .

. . B Now Finished. Plt?ase se? Sensitivity back to HIGH
the spectroradiometeris scanning. and replace the Lght guldet

Set T: nsa
[0Iptions [Blootup Mon: nsa

T1:Help OFF | AUTOZERD. Follow the instructions on the screen.

Gain 6 :-3

This operation should be carried out periodically. If spectroradiometer is being used at
differenttemperature ranges, this program should be run more frequently to take account
of the changesindark current.

AUTOZERO canalso be run fromthe DOS prompt by type AUTOZERO<RETURN>
7.6.3 CALIBRATION

This option is dealt with in a separate manual and is used to commence the automatic
calibration of the spectroradiometer.

29



7.7 OPTIONS AND DEFAULTS

Selecting [O]PTIONS from the main menu displays the option and defaulttable. Defaults are
usedwhenthereturnkeyis pressedinreplytoaninput. This saves time whenrepetitive inputs
arerequired.

Defaults [A]through to [L] referto the spectral scanning options.
Defaults [M] through to [X] refer to graphing options.

Default[Y]is the directory that data files will be stored in after scanning.
Default[Z] is used to compensate for the various computer speeds.

Select the option you wish to change by pressing the key highlighted [1.
The available settings will cycle or you will be prompted to type in the
option. Modified settings will be used during this session.

[Al Start Wavelength : 350.00 [G] Number Of Scans : 1

[B] End Wavelength : 750.00 [H] Scan Interval(mins) : @

[C] Step Size : 5.00 [1]1 Ext. Sync Of Scans Donsa

[D] Integration Time : 100 [J]1 Ext. Sync Of Readings: nra

[E]l External Monitor : wrsa [K]1 Zero before Scan : ND

[F1 Flip Mirror Scan : nsa [L]1 I/0 status messages : YES

[M]1 Multiple Graphs : NO [53]1 Graph Title : Filenane only

[N] Graph Shading : NO [T] Show Parameters ! Integrals

[0] Graph Lines : Both [U] File Information L (1]

[F] Graph Smoothing : NO [U] Graph Box (1]

[Q]1 Iteratioms P05 [W]1 Graph Type : Linear

[R] Shade Colour : Light gray [¥]1 Log Decades L

[¥]1 Working Directory: C:\PROJECTS\SPECTR™15U7_865DDS
[Z]1 Speed Setting I | ESC Quit [1] Load [2] Save

7.7.1 CHANGING DEFAULTS

Whenthe options screenis displayed, simply press the bracketed key for the default you wish
tochange. This will either cycle through the available settings orallow you totype ina number
orname. Press <RETURN>to select.

The computerwill notacceptavalue thatis outofrange.

The optionmenu canbe saved by pressing [2] and it willalways be loaded with the main program.
LOAD willreplace any customised defaults with the saved defaults.
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7.7.2 GRAPH SMOOTHING [P] & [Q]

When the lightintensity falls or if the source is unstable the spectral graphs can look quite
noisy. Using the technique of three point averaging the noise on the graph can be reduced,
without generally affecting the integrated values. The process of three pointaveraging can
be repeated on the data, Iterations [Q] to successively smooth the graph.

Note that the stored data remains unchanged by this process.

7.7.3 WORKING DIRECTORY

This directory where datafiles will be stored after scanning. Inthe Graphing or File screens
the Working Directory data files are first displayed on the screen.

Setting the Working Directory to Current will add new data files to the program directory.

If SPECTRO is unable to find the named Working Directory it will create a new directory.

7.7.4 DEFAULT [Z] SPEED SETTING

SPECTRO includes avariable delay [Z], inthe options menu, to adjustthe program delays
to suit the speed of the computerin use.

Avalue of 10 (miniumum value allowed) has been tested successfully onan 1.8 GHz laptop
and a 2.8GHz PC.

It should only become necessary to change this number to a higher value if PC speeds
become extremely highin the future.

Ifyou experience TIMEOUT problems onaveryfast PC, try increasing this numberto solve
the problem. Save the defaults and rerun spectro.

7.8 BOOTUP

Operating Conditions Menu

Choosing this option restarts SPECTRO
withoutthe need to wavelengthinitialise. . i, Standard Cosine

The defaults, calibration and referencefiles
areallloadedintothe PC's memory.

This option should only be necessary if you
wishtochangethelightguide assembly being

Please wait - loading up calibration data
used. g up
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8. TUTORIALS AND EXAMPLES

This section takes you through mostof SPECTRO's functions step by step. Use this section
while you are familiarising yourself with the program.

Connect the computer to the spectroradiometer (section 3.2) and run the SPECTRO
software program (section 6).

8.1 SCANNING
From the main menu, select SCAN by choosing it with the cursor or by pressing 'S'.

Enterthefirstwavelength as 300<RETURN>, enterthe lastwavelength as 800<RETURN>.
Enter 5<RETURN> for step size and '100' for integration time.

Press RETURN to choose 1 scan and sit back and watch.
The actual scan time depends on the PC used but typically the scan from 300 to 800nm in

5 nm steps should take approximately 60 seconds.

Showthe graph of this file by selecting [1] Graph Data. Return to the menu by pressing ESC
and press again to return to the main menu.

8.2 GRAPHING

From the main menu choose option [G]RAPHS.

Make sure the options are setfora Single Graph. If Multiple is shown, toggle it to Single by
pressing[1]ormovingthe cursoroveritand pressing RETURN.

Setthe otheroptionsinasimilarway.

Select[G]JRAPH and you will see alist of all the files inthe directory.

Use the cursorkeys to highlight HPA-LAMP and press RETURN to plot the graph.
Press'D'to showthe datain tabulated form and press ESC to return to the graph.
Press'Z'tozoomin onthe graph.

Move the line cursor with the cursor keys untilitis around 300nm.
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8.2 GRAPHING TUTORIAL continued

Press RETURNand movetheline cursorto around400nmand press RETURN again.
The graph will be redrawn between 300 and 400nm.

Press'S'to save thiszoomed part. Enterthe name ZOOMED<RETURN>.
Press'B'to gobacktothe original graph.

Press ESCtoreturntothe main menu.

Choose [G]RAPH again and this time setthe options to Multiple Graph.

You will notice the file ZOOMED is now also in the file list
Fromthefilelist, choose HPA-LAMP and TL-LAMP andthen press TAB tofinish the selection..

Experimentwith the zoom feature. Rememberthat you cannot save azoom of amultiple graph
orview datainamultiple graph.
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9. EDITFILE

EDITFILE is a handy fix-it program for scan data files.

Select FILES from the main menu then [E] for EDITFILE.

Note: Itmay notalways be possible to run Editfile within the SPECTRO program dueto DOS
memory restrictions and the configuration of your PC. Quitthe SPECTRO program and try
running EDITFILE from the program directory.

EDITFILE allows youto graph your scan and then modify individual points while itis on screen.

Once yourgraphis shown, you can position a line-cursor up and down the wavelength axis by
using the cursor keys until it highlights the point you wish to edit.

Pressing SPACE now highlights the pointand the lines joining toiit. You can move this pointup
ordownusingthe cursorkeys until itfitsin with the rest of your graph. Pressing SPACE releases
the cursorwhich can now be move elsewhere.

Pressing ESC leaves the graph and you will be asked ifthe modified file is to be saved or not,
pressingESCagainleavesthe EDITFILE.

10. SPRFILE

SPRFILE can be used to convert the SPECTRO data files into EXCEL, LOTUS123 and
other spreadsheet compatiblefiles.

Select FILES fromthe main menuthen [S]preadsheetfor SPRFILE. Yourentire scancan
then be imported into the spreadsheetand manipulated in any number of ways. You will be
asked if you want to include microEinsteins and Lux in the conversion.

A normal file will be imported as follows:
Wavelength data(W/m?/nm)
Wavelength data(W/m?#*nm)etc

An extended file will look like:

Wavelength data(W/m?nm) data(uE/m?/s/nm) data(Lux/nm)
Wavelength data(W/m?nm) data(uE/m?/s/nm) data(Lux/nm)
etc.

Note that SPRFILE does notdistinguish between an Irradiance file and a Radiancefile. The
integrals and values will be correctbut will have the wrong units. This can easily be changed when
the newfileisloadedintothe spreadsheet.

Converted files have the extension .CSV and can be imported to many PC and Maclntosh
spreadsheetsoftware packages.
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11. FUNCTION

Toruntype FUNCTION<RETURN> atthe DOS prompt.

As you haveread, SPECTRO calculates and displays 3 spectral integrals on a graph: W/
m?, Lux and pmol/m?/s.

You can also add upto six user defined integrals to the graph using this program. The
functionsfiles are tables of spectral weighting factors defining a specific response (eg, the
Luxintegral uses atable ofthe CIE photopic response, the W/m?integral uses a weighting
factor of 1 over the entire spectrum).

Function will ask you which integral you wish to create, number 1,2 or 3. These correspond
tothe files USER1.FNC, USER2.FNC and USER3.FNC. These files are used to hold the
weighting factorinformation.

If you wish to remove an integral simply delete the file which containsit.

There are some pre-defined integrals supplied on the disk with the extension .FNC. Touse
these, simply copy the desiredfile into any one of the USER.FNC files using the DOS COPY
command.

Forexample: COPY SETLOW.FNC USER5.FNC

You can give the integral both a title and units which are displayed on the graph screen.
You will be asked forthe wavelength range and wavelength step interval between the values
of the data you will be entering. You should have the values you wish to use in a tabulated

form beforehand to make this process easier.

Note: Forabsolute integral values, the spectral weighting values must be relative to W/m?/
nm.

EXAMPLE OF USE

To create a simple bell-shaped function from 300 to 400nm and peaking at 350nm called
MY-UVAwith units of UV-UNITS.

Run FUNCTION and selectfunction 1.

Enterthe wavelength range: 300
400
Enter the Step Size: 10

Enterthetitle: MY-UVA
Enterthe units: UV-UNITS

Now, assuming we have our function tabulated as follows, we just enter the data as
prompted.
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Wavelength Weighting Value

300 1
310 2
320 4
330 4.2
340 )
350 5.5
360 )
370 4.2
380 4
390 2
400 1

If you make a mistake, press ESC to go back to the last number.

Now run SPECTRO and plotagraph. You will see the new integral calculated and displayed
along with the three usual ones.

Currently supplied on the disk are:

CALDWELL.FNC : Function ofthe Caldwellgeneralised UVB plantaction spectra.
SETLOW.FNC: Function of the Setlow UVB DNA damage action spectra.

EPLANT28.FNC: Function ofthe plant UV action spectranormalised at280nm.
EPLANT30.FNC: Function ofthe plant UV action spectra normalised at 300nm.

UVEFF.FNC: Function of the UV effective hazard action spectra.
UVERY.FNC: Function ofthe UV erythemal action spectra.
EDNA.FNC: Function of the UV DNA damage action spectra.
IRPA.FNC: Function of the UV damage action spectra.
ACGIH.FNC: Function of the UV damage action spectra.
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APPENDIX A

SPECTRORADIOMETER ERROR CODES

We have tried to make SPECTRO as easy to use as possible and have trapped many of the
possible program errors. In any program of this size and complexity, it is impossible to
completely debugaprogram successfully. Thelistthatfollows shows the RUN TIME errors that
may be reported ifthe program crashes and possible causes forthem. This may help you solve
the problem quickly and with minimum fuss.

Run time errors are reported as: "Run-time error NNN at xxxx:yyyy"

The code NNN is the error code.
"xxxx:yyyy" is the positionin the program's code that the error occurred at.

Error Code Possible Causes and Remedies

002 "File notfound"
SPECTRO has tried to open afile on your disk which doesn't exist.
Make sure thatall the files on your original diskette are on the hard drive.

003 "Path notfound"
SPECTRO hastried tolocate afile in adirectory which doesn't exist.
004 "Toomanyopenfiles"

Make sure youhave aline like FILES=xxin your CONFIG.SY Sfile.
Make sure xxis ata suitable number (20 is a good start).

005 "Fileaccessdenied"
Eitherthe diskis full orthe file SPECTRO is trying to write tois aread-
onlyfile.

017 "Cannotrename acrossdrives"

SPECTROistryingtorename afile on one drive withaname thatsays
itison another, forexample tryingtorename A:TEST.DTAto
C.TEST.DTA

100 "Disk read error"
SPECTRO has attemptedtoread pastthe end of afile. Check thatthe
fileyoulastlookedatis avalid SPECTROfile.

101 "Disk write error"
Thedisk has becomefull.
106 "Invalid numericformat"

SPECTROistryingtoread numbers from afile that holds text.
Make surethefileisavalid SPECTROfile.

150 "Diskis write-protected"
SPECTRO istrying to copy or move afile onto a disk which is write
protected. Use another disk or remove the write protection.

152 "Drive notready"

The diskis notin the drive correctly or the disk is not IBM formatted.
157 "Unknown mediatype"

Sameas152
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APPENDIX A (continued)

SPECTRORADIOMETER ERROR CODES

Error Code
158

159
160

161

162

200

202

203

205

209

Possible Causes and Remedies

"Sectornotfound"

Sameas 152 oryourdiskisdamaged. Try DOS commands onthe same
diskto see ifitis okay.

"Printer out of paper”

"Device write fault"

Thedeviceisnotresponding. The only device ofthis sortthat SPECTRO
usesisaprinter.

"Devicereadfault"

Sameas 160

"Hardware Failure"

Sameas160

"Division by zero"

SPECTRO has attempted to performacalculation whereitis dividinga
number by zero. This could happenwhen you choose [N]Jormalise ifthe
value you enteris zero (or atthe wavelength you choose) orif you
choose [D]ivide files and one of the files contains zero values. Ifitoccurs
duringascan, the calibration values held in the REF file have been
corrupted. SPECTRO divides the signalfromthe PMT ateachwave
length by these numbers. Ifitis told one of them s zero, the program
willcrash. Try rebooting toload thefileinagain. Next, run EDITFILE and
choose [R]EF files and load the relevantfile. Scan the cursor slowly
across the graph keeping your eye onthe value displayed atthe top left
ofthe screen. Ifthis ever shows zero between 240 and 800 nmthenthe
programwillcrash atthatwavelength. Ifitisjustone place, use EDITFILE
tofixthe point, setting the value to betweenits neighbouring points. If
the wholefile looks damaged, copy the reference file from the original
disk.

"Stack overflow error"

SPECTRO: s trying to do too many things atonce and has run out of
space. Thismay happenifyou have many graphs zoomed. Also, check
thatyou have notusedthe DOS shellcommandinthe FILE menuand
thenrerun SPECTRO using SPECTRO instead of EXIT (this willload two
ormore programs of SPECTRO into memory, using up the space
SPECTRO needsforits variables)

"Heap overflow error"

Similarto 202

"Floating point overflow"

SPECTRO s calculating numbers which are too large forittoo
understand. Check the datafiles you are manipulating are valid.
"Overlayfileread error"(

Thefile SPECTRO.OVRIis corrupt. Copy thefile from your original disk.
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APPENDIX A (continued)

SPECTRORADIOMETER ERROR CODES
Other Errors
"BGlI Error. Graphics not Initialised"
Thefile EGAVGA.BGlis missing. Copy itfrom your original disk. Oryou may be usingan

incompatible display such as a Hercules or CGA monitor. Contact us for drivers for other
displaytypes.
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APPENDIX B

WAVELENGTH ACCURACY CALIBRATION

Tocalibrate the spectroradiometerforwavelength accuracy the mercury emissionlinesinany
fluorescentlightmay be used. Theselamps show sharp peaks atthe following wavelengths. Note
some peaks have verylowenergy.

253.7nm This peak will notbe seen from a domestic fluorescentlamp.

295nm Weakemission.

313nm Combinationoftwolines.

334.1nm Weakemission.

365nm Combinationoftwolines.

404.7nm Visible violetlight.

435.8nm Strongblue emission.

546.1nm Stronggreenemission.

577/579 Yellow lightdoublet oftwo lines. Can be resolved with 1Tnm bandwidth.

The compactfluorescentlamp type PLC-11is acompact source which can be usedto verify the
wavelength accuracy ofthe spectroradiometer.

Scanthelamp with the lightguide as close as possible from 290 to 600in 0.25nm steps.

Usezoom graphtoisolate the various emission lines and the data tables to precisely identify the
peaks. Compare the measure peaks with the mercury emission lines, recording the errors. Note
the wavelength accuracy specification of +0.5nm. A small general wavelength erroracross the
spectrum can be remove by adjusting the optocouplerreference inthe calibrationfiles. Ifthe
specrtoradiometeris showing alarge wavelength error (>10nm)the spectroradiometer should
be returned to Macam forinvestigation, repair and calibration.
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APPENDIX C

FILE NAMES AND EXTENSIONS

FILESSUPPLIEDONSPECTRODISK

TYPE/NAME DESCRIPTION

*EXE Allprogramfiles.

SPECTRO.OVR Overlay codefor SPECTRO.EXE

*REF Spectral calibration foreach head and othertables
ofinformationused by SPECTRO.

*.CAL Files holding calibration data for differentaccessories.

*.COL CIE colour coordinate data

LOOKUP.TBL Lookuptable usedtocalculate CCT

*FNC Userdefinedintegralfunctions.

*CHR Graphicfontfiles.

*BGlI Graphicdisplaydrivers.

REFLECT.STD Spectral reflectance of reflectance standard (if supplied)

START.OPT File holding all SPECTROs defaultand options.

FILESWHICHSPECTROWILLCREATEAND USE

*DTA/*.DTI Irradiance datafiles. W/m?

*DTR Radiance datafiles. W/m?/st

*DTB Broad band sensordatafiles (if supplied)

*DT% Relative % datafiles.

*TME Files which hold data for variable time programmed scans.
*STP Fileswhich hold datafor variable wavelength step scans.
*CSV Comma Separated Valuefiles created by SPRFILE for

importinto spreadsheets.
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APPENDIX D

SPECTRORADIOMETER ACCESSORIES
D.1 UPWELLING / DOWNWELLING INPUT ACCESSORY

Anautomated light guide inputaccessory can be attached to the spectroradiometer when
applications require the measurement of reflectance for a surface or object. Both the spectral
irradiance (downwelling) onto the surface and the spectralradiance (upwelling) fromthe surface
aremeasured. Thereflectance s calculated by ratioing the scans and scaling. Alternatively the
spectroradiometer can be calibrated on site using a calibrated reflectance plaque.

The Flip Mirror Input Accessory comprises of aquartz of glassfibre light guide of up toten metres
in length coupling the spectroradiometer to a waterproof enclosure which has two input
accessories, one on the top lid the other on the lower surface. A motorised mirrorinside the
enclosure directs the light from one of the inputs towards the light guide for spectral
measurements, rotating the mirror selects the otherinputaccessory. The inputaccessories can
be either cosine corrected diffusers for visible or ultra-violet and visible measurements or
narrow field of view probes. The accessories can be interchanged provided the systemisre-
calibrated.

Computer control of the mirroris via a waterprooflow voltage cable and connector form the
spectroradiometertothe enclosure.

The scanning options available are selected in the Options menu key [F]

ASKAT SCAN - The useris asked atthe beginning of the spectral scan for either upwelling or
downwellingmeasurements.

UPWELLING -Onlyupwelling scans are measured.
DOWNWELLING - Only downwelling scans are measured.

UP/DOWNWELLING - During ameasurement scan the spectroradiometer will record afull
spectral scan on upwelling lightthen repeatthe scan on downwelling light.

Use the ANALYSIS of data menu options to perform the required DIVIDE and MULTIPLY
calculations.

The mirror canbe manually selected inthe DIAGNOSTIC menu by keying [U] forupwelling and
[D]for downwelling.

Note thatif an external monitor is fitted to the spectroradiometer this can be enabled during
allscans, ref. appendix D 2.

ContactMacam's engineers abouttailoring the software to your specific requirements.
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APPENDIX D (continued)

SPECTRORADIOMETER ACCESSORIES
D.2 EXTERNAL MONITOR(S)

During a spectral scanthe lightlevels may change when forexample a cloud passes in front of
the sun. In practice this would require the scan to be retaken under more stable lighting
conditions. With the use of an external monitor, ambientlightlevels can be recorded in parallel
with the spectral scan. The spectrum canthen be adjusted tofollow these lightlevel variances.

The Macam spectroradiometer can be equipped with several broad band detectorsand asignal
multiplexor module, to provide spectral and external monitoring. An AUXILIARY channelmay
also be installed for further external sensors. When the spectroradiometer has a PAR
(PD204Q-Cos)anda UV (PD204A-Cos) detectorthe monitor signal can be recorded from
eitherthe UV and/orthe PAR sensor. The external monitors fitted to the spectroradiometer
are selected in the Options menu by cycling the [E] key. The order of appearance of the
detectors following the option OFF specifies a value of n, which starting atand incrementing
by one, identifies the appropriate monitor file extension.

D2.1 EXTERNAL MONITOR = OFF
When OFF is selected signals from the external monitors are not measured or recorded.

D2.2 EXTERNAL MONITOR = FILE: sensorname

Selectingthe option FILE: sensorname will enable the external monitor specified, witha signal
recorded atthe startofeach scan. Thereafter, ateach wavelength stepameasurementistaken
fromthe externalmonitorand s stored in adatafile. Thefile takes the scan data file name but
with afile extension *.dtnwhere ncorresponds to the number ofthe sensor, as described above.
Data obtained from the external monitors can be viewed orgraphedina manner similarto scan
(*.dta)datafiles.

D2.3 EXTERNAL MONITOR = MULT: sensorname

Selecting the MULT: sensorname option will record a value from the specified external monitor
atthe startofthe scan. Fromthis pointon the spectral data ateach wavelength will be adjusted
toreflectany changeinthe external monitor signal atthat wavelength, compared to the initial
signal. The external monitor datais also stored ina *.dtnfile.

Forexample, ifthe monitor signalis constantthroughouta scan, no adjustmentis made. If
however, the monitor signal is half of its original value, the spectralirradiance at that point will
be doubled to compensate for the reduction inambientlightlevel since the start of the scan.

The external monitoris able to compensate formostambientlight level fluctuations, however,
accurate compensationis not possible when significant spectral changes occurinthelightsource.

D2.4 EXTERNAL MONITOR = FILE: All

Selecting the option FILE: All will store measurements from all the external monitorsinamanner
identical to the option MONITOR=FILE: sensorname. The recorded signals are savedto *.dtn
files, as previously described.
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APPENDIX D (continued)
SPECTRORADIOMETER ACCESSORIES

D2.5 ZEROING THE EXTERNAL MONITOR BEFORE A SCAN

Selecting key [K]in the Options menu will cycle through the zero before scan options that
are available. When the external monitor switch [E] is in one of the active modes (File: or
Mult:) the options available differ somewhat from those that are available when the external
monitors are deselected.

D2.5.1 NO

When this optionis selected no zero before scan occurs and zero levels are unchanged from
the lastzero measurementthatwas made. Itis availableirrespective of whetherthe external
monitors are active or not.

D2.5.2 YES

This optionis only available when the external monitor switch [E] is offand no monitors have
been activated. Inthis case, the zero before scan only nulls the background inputfrom the
optical accessory being used.

D2.5.3 YES:No Mon.

When the external monitor switch [E] has selected an external monitor, this option allows a
zero before scan for the input optical accessory only. In this case, the external monitor(s)
being used are not nulled, even though data is to be taken. This option is useful when itis
impractical to fit/remove the blanking cap(s) on the monitor(s) in use before the scan.

D2.5.4 YES:Sensorname

With an external monitor activated, this selection provides the user with the option to zero
before scan both the input optical accessory and the external monitor that is named in
Sensorname. The sensor cap must be fitted onto the named external monitor prior to
nulling, and removed when nulling has finished. The program pauses to allow forremoval
ofthe sensor cap before continuing with the scan. This would be the typical selection when
an external monitor is being used to adjust the readings from the input optical accessory.

D2.5.5 YES:All

This option allows both the input optical accessory and all external monitors to be nulled prior
toascan. The sensor caps mustbe fitted onto all the external monitors prior to nulling, and
removed when nulling hasfinished. The program pauses to allow for removal of the sensor
caps before continuing with the scan.This optionis typically used when readings are to be
taken from all external monitors.
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