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1 ABOUT THIS MANUAL

Read this manual carefully before operating the device. If you are not sure about something in the manual, contact the
manufacturer for clarification.

Always follow corresponding manuals while working with the SpectraPen device or doing the maintenance. It is forbidden to
interfere with the hardware or software of the SpectraPen device in any way without previous agreement with the

manufacturer.

The following table presents basic highlight symbols used in this manual:

Symbol Description

Important information, read carefully.

Complementary and additional information.

Table 1 Used symbols.
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2 GENERAL INFORMATION

2.1 DEVICE DESCRIPTION

SpectraPen LM 510 is a handheld portable spectroradiometer that is ideal as a general-purpose instrument for research and
for agricultural applications. The built-in rechargeable Li-lon battery, GPS module and splash-proof case make the device ideal
for outdoor use. The device is well suited for wide scope of environmental, agricultural and ecological applications such as
monitoring of artificial lighting used in horticulture industry or light source testing.

SpectraPen LM 510 measures in radiometric or photometric units intensity of electromagnetic radiation and is calibrated for
visible light in the range of 340 — 790 nm or for radiation in the range of 640 — 1,050 nm. The intensity can be measured
qualitatively as a spectrum intensity profile or quantitatively as intensity in a defined range of spectrum. When measuring in
visible light the device also measures light color and color temperature parameters.Each SpectraPen device is calibrated with
the certified light source Avalight - DH-BAL-CAL. Spectrapen calibration certificates are provided upon requests from individual
customers. The detector integration time can adjust automatically according to the ambient light intensity.When connected to
a computer several additional control and data management become available.

The SpectraPen device is switched ON or OFF with the power button (Fig. 1) and is controlled via color touch display and a
stylus. The optical sensor on top of the device has two versions: in horizontal version the cosine corrector is on the display side
and in vertical version the cosine corrector is on top of the optical head. For recharging or controling the device via computer
the device is connected to the connector at the bottom side of the device.

Cosine corector

Color touch
screen display

Power button

Connection for USB cable

Fig. 1 LM 510-H device description

A The sensor should be always clean and protected when not in use. Any scratches on the surface might
interfere with the measurement.
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No sharp objects should be used when operating the SpectraPen via touch screen. It is recommended to
use the provided stylus when making selections on the touch screen.

2.2 SPECTRAPEN VERSIONS

The UVIS version was designed for measurements in the visible part of the spectrum (range 340 — 790 nm) and the NIR version
for spectrum range 640 — 1,050 nm. Depending on the device version the cosine corrector is mounted on the display side of
optical head (horizontal version) or on top of the optical head (vertical position).

LM 510-H/UVIS Horizontal version for use in limited space

(Fig. 2A) Cosine corrector is on the display side, wavelength range 340 — 790 nm

LM 510-H/NIR Horizontal version for use in limited space

(Fig. 2A) Cosine corrector is on the display side, wavelength range 640 — 1,050 nm

LM 510-V/UVIS Vertical version for use in open field or greenhouse with tripod mount

(Fig. 2B) Cosine corrector on the top of the optical head; wavelength range 340 — 790 nm

LM 510-V/NIR Vertical version for use in open field or greenhouse with tripod mount

(Fig. 2B) Cosine corrector on the top of the optical head; wavelength range 640 — 1,050 nm
B,
i - -~

Sy
i
[

‘\‘xh

.‘;‘ \\ LR

Fig. 2 A) SpectraPen LM 510-H. B) SpectraPen LM 510-V
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2.3 LIST OF EQUIPMENT AND CUSTOMER INFORMATION

Standard version of the SpectraPen device package contains:

e SpectraPen

e Carrying Case
[ ]

[ ]

e USBcable

e Stylus

e Other Accessories or Optional Features (according to your specific order)

Textile Strap for Comfortable Wearing
SpectraPen Operating Manual and software (on a USB flash disc)

PHOTON
SYSTEMS
INSTRUMENTS

In case an item is missing, please, contact the manufacturer. Also check the carton for any visible external damage.
e If any damage is found, notify the carrier and the manufacturer immediately. The carton and all packing materials

should be retained for inspection by the carrier or insurer. For customer support, write to: support@psi.cz

2.4 MEASURED PARAMETERS

SpectraPen is especially useful for rapid measurements of spectral light quality and quantity in radiometric or photometric

units.

Scope as spectrum intensity profile as Irradiance [uW.cm2.nm"1] or Photon flux density [umol.m-2.s1.nm1]

Light intensity in defined range of the spectrum. The range can be adjusted by the user. Four calibrations are available

e Irradiance [W.m2] in user defined range of the electromagnetic spectrum
e  Photon flux density [umol.m-2.s1] in user defined range of the electromagnetic spectrum

e llluminance [Lux] - total luminous flux incident on a surface, per unit area

e  PAR [umol.m2.s1]*

Chromaticity Diagram CIE1931 - quality of color space and color temperature of the light source
e CIE color coordinates*

e Correlated color temperature — for LED *

e Color rendering index

* Valid only for LM 510-UVIS version of SpectraPen LM 510

2.5 TECHNICAL SPECIFICATION

Spectral range

340 nm =790 nm (LM 510 UVIS)
640 nm — 1050 nm (LM 510 NIR)

Spectral response half width

9 nm

FWHM bandwidth 7 nm
Wavelength reproducibility +/-0.5 nm
Spectral Straylight -30dB

Integration time

from 5 ms to 10 s, set automatically

Number of pixels 256
Dimension of pixel 0.5x 15.8 mm
Internal memory capacity Up to 16 Mbit

Internal data logging

Up to 4,000 measurements

Data transfer

USB cable

PC software

SpectraPen 1.1.0.22 (Windows 10 or higher)

Battery type

Li-lon rechargeable battery
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Battery capacity 2,600 mAh

Max. charging current 0.5A

Charging Via USB port - PC, power bank, USB charger, etc.
Battery life 300 - 500 measurements until low battery indication
Optical entrance Cosine corrector

Display Touchscreen 240 x 320 pixel; 65535 colors

. Ultra-high sensitivity down to -165dBm
Built in GPS module . . .
High accuracy of <1.5 m in 50 % of trials
Size 180 x 75 x 40 mm

Weight 300g

. . Temperature: 0 to +55 °C
Operating conditions ) o .
Relative humidity: 0 to 95 % (non-condensing)

Temperature: -10 to +60 °C

Storage conditions
& Relative humidity: 0 to 95 % (non-condensing)

2.6 MAINTENANCE AND CLEANING

The device should not come in contact with any organic solvents, strong acids or bases

The device water protection qualifies as splashproof, do not submerge the device in water

Do not use sharp objects for controlling touch display

Keep the cosine corrector clean and dry

To prolong battery lifespan do not store the device completely discharged or fully charged and avoid extreme
temperatuires

6 Recalibrating the device at least once every two years to maintain optimal performance is recommended.

Clean the surface witch soft and wet non-abrasive tissue. For cleaning the whole top chamber with clip can be removed.
Unscrew the bolts on the optical head and wipe the inner surfaces carefully with a wet cloth or cotton bud.
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3 GETTING STARTED

3.1 CHARGING DEVICE WITH USB CABLE

SpectraPen comes with a USB cable that is required for charging the battery. The same cable is also used for data transfer to
a PC after measurement. To connect physically the USB cable to the SpectraPen device follow the picture instructions below.
Please note that a lock in system is used to secure the USB cable to the SpectraPen and extreme caution has to be used when
setting up this connection to avoid damage to the cable pins.

When connecting the USB cable take extra caution to prevent damage to the cable connector pins. Ensure
correct orientation of the cable as shown in the pictures below so the circled portion of the plug and the cable in
photo A and B are perfectly lined up prior to pushing them together. Once this connection is achieved the cable

may be secured in position by turning the metal cover of the cable and locking the cable in position.

Take the round connector end of the provided USB cable

Insert the round connector end to the round USB socket at the bottom of the device (Fig. 3A-D).
Screw and tighten the connector on the cable side (Fig. 3E-F).

Connect the other end of the USB cable to a PC, power bank or a USB charger

The device starts to charge automatically

o v s w N R

When switched OFF large charging icon appears on the device display. When ON the battery icon on the display (Fig.
4) indicates the actual charge status.

;.'

Fig. 3 Picture instructions on how to connect the USB cable to the Spectrapen.A) connector on the SpectraPen device. B) Portion of the USB cable
with pins. C — E) Position the cable horizontally and line up the green circled parts of the cable and the connector, plug in the inlet and screw the
securing screw. F) Correct connection of the USB cable and Pen device.
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Fig. 4 Battery status indicator showing battery status: discharged A, charged B

Before starting a series of mesurements ensure the device is fully charged. When fully charged a maximum of
500 measurements can be done. Avoid using the device with discharged battery (red icon)

The device is switched OFF by pressing the power button again and confirming the dialog on the display by OK button.
Alternatively holding the power button for 2 seconds can also switch the device OFF.

In case the device has Button measure enabled switching the device OFF is possible only by pressing and
holding the power button for 2 seconds.

Take the dark spectrum reading everytime the device is switched ON or before each series of measurements. The dark spectrum
scan is equivalent to zeroing the instrument and no readings can be taken without this step.

1. Select Get Dark Spectrum -> tap OK (Fig. 5).

2. Cover the cosine corrector and tap OK (Fig. 5). Use dark cloth to ensure that the cosine corrector is covered
completely. No ambient light should reach the detector during calibration.

3. Wait until Getting dark spectrum changes to Dark spectrum saved.

4. The Dark spectrum calibration step is completed and automatically stored in device memory. For future
measurements the dark spectrum calibration scan is normalized to the surrounding temperature and relative to the
detector integration time.

Trradiance[uW/cmzjnm)

4 660 40

20 500 580
Wavelength{nm]

| Get Spectrum || Get Dark Spectrum |

Fig. 5 Dark spectrum calibration

In case surrounding temperature is rapidly changed during the calibration step or during the measurement, the
SpectraPen will automatically ask for new dark spectrum calibration.
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1. Select a type of measurement under Measure menu (Fig. 6). Three options exist: Scope is spectrum intensity profile
quantified as Irradiance [uW.cm-2.nm!] or Photon flux density [umol.m2.s1.nm1] Light intensity is total intensity
value in a spectrum range defined in the Options settings. Chromaticity diagram is light color and correlated color

=0T

temperature (CCT).

2. Position the device the cosine corrector level should be perpendicular to the light source.

3. Tap the Get Spectrum button. Hold the device until the Spectrum Saved allert appears. If the Button measure feature

is enabled optional use of ON/OFF button instead of tapping Get Spectrum button is enabled.

4. Confirm the Spectrum Saved ID# ** allert with OK button. The ID number is unique for the actual series of

measurement. The actual (last) measurement can be erased in Data -> Erase last.

¥ Scope
Light meter

Irradiance[utwfcm fnm] |

340 420

SN Data Options Help LI

Chromaticity diagram k

500 530 660 T40
Wavelength[nm]

Gek Speckrum

Get Dark Spectrum

Fig. 6 Selecting type of measurement

Each reading is stored with a unique ID irrespective of erasing a measurement. After erasing the last reading
the erased ID is not reused for a next measurement. This applies when erasing measurements in the
Spectrapen software after data download.
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4 DispLAY MENU

4.1 MEASURE

4.1.1 Score

Scope is spectrum intensity profile quantified as Irradiance [uW.cm2.nm1] or Photon flux density [umol.m2.s1.nm1].

To take the Scope measurement select Scope in the Measure menu (Measure -> Scope -> Get Dark Spectrum/Get Spectrum).
The spectrum data is stored to the device memory, dark current is subtracted and and displayed in a graph.

6 Select the units displayed on the graph in Options -> Settings.

4.1.2 LIGHT METER
The light meter is used for measurements of light intensity at defined range of wavelengths (Fig. 7).
Three calibrations are available:

1) Irradiance [W.m2] in user defined range of the electromagnetic spectrum
2)  Photon flux density [umol.m2.s1] in user defined range of the electromagnetic spectrum
3) lluminance [Lux] - total luminous flux incident on a surface, per unit area

To take the measurement, select Light Meter in the Measure menu (Measure -> Light Meter -> Get Spectrum).
Light intensity of the light source is displayed and stored to the device memory.

The Light Meter integrates the value based on the wavelength range defined. For LM 510/UVIS this is in range 340-780 nm. The
user can redefine the wavelength range in the Options -> Settings -> Graph section. To measure photosynthetically active
radiation (PAR) change the settings to 400 to 700 nm.

easure Data Options Help

Get Spectrum

Fig. 7 Light meter screen

4.1.3 CHROMATICITY DIAGRAM

Chromaticity diagram is used for determination of light color and correlated color temperature (CCT) using the International
Commission on lllumination (CIE) techniques (Fig. 8). All light colours can be uniquely identified standard coordinates of the
1931 CIE colorimetric system. A color space is a uniform representation of visible light. It maps all of the colors visible to the
human eye onto an x-y grid and assigns them measureable values. This allows us to make uniform measurements and
comparisons between colors.

To perform the measurement, select from the top menu of the main screen: Measure -> Chromaticity diagram -> Get Spectrum

The color of the light source in the CIE1931 colorimetric system is marked by black cross. The x- and y- coordinates of the
measured light source will be determined and the CCT value will be calculated and displayed on the screen. The CCT values are
not stored automatically.
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Each measurement gives the folowing parameters:
e CIE1931 color coordinates *
e Correlated color temperature - for LED *

e Color rendering index

* Valid only for LM 510-UVIS version of SpectraPen LM 510

CIE1931 2-degree observer

0.00 | | | | H
000 010 020 0.30 040 050 0EO0 070

Get Spectrum Gek Dark Spectrum

Fig. 8 Chromaticity diagram

In Data menu 4 options are available (Fig. 9):

PHO

SYST
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U !'\gw; ;'.T [\

Browse displays data browse dialog box. The user can browse the list of data in two tables: Scope and PAR. Each row starts
with the unique ID number followed the date and time of measurement. In the Scope table the readings selected in the
checkbox in the column on the right side the data can be viewed in a graph on the display. In the PAR table PAR intensity values

are shown on the right side.
Memory info displays info on current status of device memory
Erase all is used to erase internal data memory

Erase last marks the actual (last) reading as invalid and removes the reading from the data table

A Fe‘m Options_Help
Browse
Memory Info
Erase all

Erase last

Irradiance{uW/cm2/nm)

CIE1931 2.

420

00 580 660
Wavelength{nm]

Get Dark Spectrum

Get Spectrum

Fig. 9 A. Data menu and B. Data browse
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4.3 OPTIONS
Select Options -> Settings to open the Settings table (Fig. 10). The table menu contains four settings groups.

4.3.1 GRAPH

Graph displays options for setting the wavelength range and graph features (Fig. 10A)

Zoom enable — enables the zoom feature. Select a rectangle by moving the stylus over the graph obliquely in left to right
direction. To zoom out back repeat the movements in right to left direction.

Marker enable — enables to display exact numeric value for the point selected in the Scope graph window. Exact wavelength
and light irradiance are displayed for the point touched on the graphical display. In top right corner of the LCD display the exact
value of wavelength in nm is displayed for the user selected position of the spectrum. In addition, light irradiance for the given
nm is shown.

Smoothing —enables noise reduction of the graphical display by Smoothing the noise in the spectrum at the expense of spectral
resolution.

Wavelength range — defines the range of wavelengths considered for light meter measurements of Irradiance and Photon flux
density. Desired wavelength range can be adjusted by selecting the wavelength and by using the arrows up and down.

Fig. 10 A) Graph settings B) Time setting.

The wavelength range setting applies only to the light meter mode of measurement and for direct viewing or
A browsing the intensity values in the Spectrapen. For data upload the device allways saves the whole spectrum

and the light intensities are calculated from the whole spectrum.

ﬁ The wavelength range setting is not active for llluminance.

4.3.2 TIME

The time feature is used to date all measured data. To set the time and date use the up and down arrows on the right side of
the settings window (Fig. 10-B).

43.3 LCD

Two parameters can be adjusted on the LCD display (Fig. 11-A):

Backlight intensity — move slider to adjust back light intensity in percentage

Backlight time-out — move slider to adjust backlight time-out between 5 and 60 s (time of inactivity required before backlight
will dim out to save battery life).
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4.3.4 DevICE

The Options - > Device menu has 3 items (Fig. 11)

GPS enable activates the GPS built-in module. The GPS coordinates cannot be displayed on the device display, but they are
exported together with data and visualized in SpectraPen software on the computer after download.

Button measure The power ON/OFF button can be used for taking measurements same way as the software Get Spectrum
button.

Average —Average function is used for adjusting the number of scans for each reading. Averaging of more scans results in a
higher signal-to-noise ratio but increases the time required for each reading that appears on the screen. Move slider to set the
number of measurements to be acquired for averaged values.

Fig. 11 LCD settings Fig. 12 Device settings

4.4 HEeLp

In the Help menu select About... to view information about the device

name and type
serial number
hardware version
software version

4.5 USB DRIVER UPDATE

In case of any connection problems first check that the USB cable is properly connected (for instructions see paragraph 3.1,
page 12).

e Updating the USB driver is not required if the SpectraPen package installation was completed sucessfully.

If the problem persists update the USB driver with these steps:
1. Insert the USB stick provided with the device to a PC and copy the Software -> driver folder to the PC
2. Press Windows Start and Select Device Manager (Fig. 13)
3. Connect the SpectraPen device to the PC and switch the device ON
4. Inthe Device Manager find Ports (COM & LPT) and right click the item
5

Select Update Driver
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% Device Manager — [m]

File Action View Help

e m | EH Bm B BEX®

58 MNetwork adapters

E? Other devices

& Ports (COM & LPT)
& Communications Port (COM1)
& Printer Port (LPT1)

{vwv

i USB Serial Device (CORAM™

> ™ Print queues Update driver
oI Mimenn Disable device
Uni device

Scan for hardware changes

Properties

Fig. 13 Device Manager icon in the Windows Start menu and the detected USB Serial Device with options

. Select Browse my computer for driver software

In the next window select the Software - > Driver folder copied from the USB stick (Fig. 14, Fig. 15)

6
7
8. In case a warning message appears click Allow the installation procedure
9

Installation of the driver is complete. USB connection icon appears on the SpectraPen device display (Fig. 16).

@1 Update DriverSoftware - S1 U Device

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 installation
settings.

P

# Browse my computer for driver e
Locate and install driver software manually.

Fig. 14 Choose the driver from the USB disc.
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=
Updte Driver Software - PSI USE Device
4 B Update Drivers - AT91 USB to Serial Converter (COM3) @ D

. Windows has successfully updated your driver software
Browse for drivers on your computer

. . Windows has finished installing the driver scftware for this device:
Search for drivers in this location:

I <] | Bowse..

PSIUSB Device
M Include subfolders

—> Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

Cana

Fig. 15 Browse for Drivers and Update completed windows

Data

340 420 500 580 660 T4D
Wavelength[nm]

v | R

Fig. 16 Icon on the SpectraPen device display indicating the USB connection.
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5 SPECTRAPEN SOFTWARE

5.1 SOFTWARE PREPARATION

5.1.1 SW INSTALLATION

To download data from the device install SpectraPen software on a computer that runs on a Microsoft Windows Operating
System. The software installation is done automatically by executing the SpectrapenPenPackagelnstaller.exe file.

1. Insert the provided USB stick to the computer or download the file from PSI web page (“Software” section)
https.//psi.cz/support/downloads/hd001/spsp001/

2. Find the downloaded file in the Software folder on the USB stick or open the Downloads folder

3. Runthe installer file by left clicking the exe file (Fig. 17).

SpectrapenPackage
Installer.exe

Fig. 17 Installer exe file icon

4. The SpectraPen Package installation wizard opens. Proceed through the steps as is shown in Fig. 18.

5. When completed the Spectrapen app is stored locally (C:\Program Files (x86)\PSI\Spectrapen by default), the USB
driver is up to date and a shortcut icon for the SpectraPen app appears on the desktop.

" Spectrapen Setup. | - X [ Setup. - X ‘
1 wraPen Install Package Setup = X 2 3 Folder Photon
e to the Spectrapen Setup Wizard umnm»nmmummum.uq)m
SpectraPen Install Package '
Install Spectrapen to:
whie the Setup Wizard prepares to gude you
Imm Systems Instruments
Professional I for Plant Science, | poce [C:Program Fies (8 Ptispacapent
b e (o) b (CEe) o
Jtrapen Setup A = x | ctrapen Setup | - X |
4 ?Photon 5 Install Package Setup - %
y to install Systems Completed
NSRSt SpectraPen Install Package
Cick Instal to begn the installation. Cick Back to review or change any of your Cick the Finish bx
R aestoge: Gk Cancllo Gt i . Installation Successfully Completed
[ Glose ]
, L
o CEE) o o (FE) o

Fig. 18 Spectrapen installation procedure
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5.1.2 ESTABLISHING COMMUNICATION

1. Connect the device with USB cable

2. Switch the device ON by pressing the power button ‘
3. Open the Spectrapen application by clicking the Spectrapen.exe file in the PSI\Spectrapen folder

4. In the Spectrapen app go to Device —> Connect. The software searches for the device and indicates Specxpm

the status on the bottom bar of the window. This step usually takes several seconds.

File | Device | Setup Help

Connect —
Update Firmware
Attach GPS File

—1 Memory Erase

Online Control

Device: Not Connected | version |

Fig. 19 Connecting the Spectrapen software

5.1.3 DEVICE REGISTRATION

To enable downloading feature in the SpectraPen software proceed with device registration (Fig. 20).
1. Open atext file Registration code.txt in the Software folder on the USB stick provided with the device
2. Select Help -> Register and enter your registration number

3. Click Register, the SpectraPen Download button activates with the registration.

File Device Setup | Help

Registration
About

Online Commands

Fig. 20 Software registration.

9 Software registration is requried for downloading data from the SpectraPen device.
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5.2 MAIN MENU

5.2.1 FiE
Load

Save

Export

Export to JSON
Close

Close All

Exit

5.2.2 DeviICcE

Connect

Update Firmware
Attach GPS File
Memory Erase

Online Control

5.2.3 SETUP

Update Software

Settings

5.2.4 HeLp

Registration

About

Loads previously saved data files.
Saves data to hard disc.

Exports data in .txt format.

Exports data in JavaScript Object Notation.

Closes the current experiment.
Closes all open experiments.

Exits the program.

Detects and connects the device.

Reinstall device software

Download data from the GPS module 9 (applies to SpectraPen LM 500).

Erases data from the SpectraPen memory.

Online control of SP device.

Activates when a new version of
Spectrapen software is available online

On/Off — Auto memory erase after
download. Selection of separator for
the csv file after its export and following
opening in Excel (TAB, SEMICOLON,
COMMA, SPACE).

Used for device registration.

Offers basic information about the program.

5.3 DATA MANAGEMENT

5.3.1 DATA DOWNLOAD AND VISUALIZATION

File

Connect the device to a PC for data download and further analysis.

1. Switch the device ON

Start the SpectraPen software. In the Device menu select Connect.

Device

Setup
Update Software

File | Device Setup Help
Load
Save
Export
Export JSON

Close
Close All

Exit

Fig. 21 Menu File.

Device | Setup  Help

Cennect

Update Firmware
Attach GPS File

Mermnory Erase

Online Control

Fig. 22 Menu Device.

Settings

Help [ Connect To First Device

[ Auto Memory Erase After Download

Settin
= Lt separstor
Fig. 23 Menu Setup and Settings options
(@ SpectraPen
File Device Setup | Help
Registration 3
About

Fig. 24 Menu Help.

2
3.  When connected upload data with the Download button or select Load in the File menu.
4

All data stored currently in the SpectraPen device will be uploaded and shown in the main window view. The data are

store and displayed/listed with the time stamp of measurement.

5. Scope mode window is always displayed by default. To view irradiance data, select the Irradiance tab (Fig. 25).
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6. All data that are downloaded are displayed in the Scope window after download from the SpectraPen. The user can
select the set of measurements to be displayed by marking and unmarking the data from the selection list (Fig. 25).

Please note that if there are no data stored in the memory, the download function is not active.

A Scope mode represents non-calibrated spectrum.

Data type menu Selection of shown data
Data download from . . —
SpectraPen 2
~J| File Device Setup H
Opening of data from ["Scope [imagance | N
i 152018 857
ocal disc == S
30000 A 0 An RN 3 1152018104721
. A /N \ I\ Wl 4 15208104730
Data saving in .spec format 25000 T 7 T 5 1352018 1050:18
20000 A / \\ \ I \ 6 52018105135
el = |V I IR
Data export in .txt format 10000 [ / \ [/ : \
il NS N X
-5000
324 424 524 624 724
fnm]
Measure Data | I
SpectraPen | 1301 | 6294cf 2007152 bytesused | /

List of measured data /

Fig. 25 Scope spectra

7. Right click on the list of measured data to edit data name, delete selected measurement or show and hide all
measured data in the graph— Select all measure and clear all measure (Fig. 26).

File Device Setup Help

Scope | Imadiance

Bonriead 35000 2> ] Select all measure ‘
oen 200 PSS IFANAN/IRY i e e
e [ Ml TF S AT o vedememue

S| g I 1 VA 7/ D SR

) IS B RN

-5000
324 424 524 624 724

Wessurs Dsta |

SpectraPen | 1301 | 6204 of 2097152 bytes used

Fig. 26 Options for list of data

8. In the graph marker feature is available, which enables display of the numeric values for wavelength and light
irradiance for the selected wavelength of the scan (Fig. 27). Use the mouse to select the given point. In top right
corner of the graph (red rectangle) is displayed exact value for the selected point on the x-axis and y-axis.



@ SpectraPen - a] X
File Device Setup Help
Scope Imadiance
Download = > ] M1 007208112122
M2 0307208112302
ww/..) B3 007208112314
o % parsy MB 4 0307201811:28:34
Y=2.551256 Ml 5 0908201882310
3 ] 6 0908201882345
3 7 09.08201882356
Save § 2 1 s 0908201882410
S ; \ B9 0908201882419
5 1 A i) 2l 0 0308201882452
= F. 11 0908201882501
Beot & ’ 12 09.0820188:25:26
T N 13 09.08.20188:2607
-1
324 424 524 624 724
[nm]
C:\Users\Katerina\Desktop \testdata-ND.spec
Device: Not Connected | Vesion |

Fig. 27 Marker feature.

9.

10.

Select Irradiance tab to view the irradiance data stored either as umol.m2.s1.nm1 or per uyW.cm-2.nm1. To change
the units in which the spectra is displayed click on the unit icon on the right side of the graph.

To view the light meter data for the spectral scans acquired click on the unit icon as depicted by red arrow in Fig. 28.
Irradiance and illuminance light meter numerical values for each scan are displayed as LUX, PAR or IRRADIANCE
values (Fig. 28).

= o
File Device Setup Help
[ Scape | Imadance | v
Download Time Name LUX PAR[UE] IRRuW/cm2] VI 1 115201885735
1152018 85735 693261 |11788  |3079139 % 2 pEare
2 115.2018 10:47:09 89458229 | 1117149 |2388.7603 L4 1152018104730
Oren 3 1152018 10:47:21 734023 93186 198,649 w5 11520181050:18
4 1152018 10:47:30 3658792 100546 1935435 W6 1152018105135
o 5 1152018 10:50:18 8088,8656 | 1465217 | 3204,1899
5 1152018 10:51:35 4336435 |6,7446 155.8966
BExport
MeasueDaal
SpectraPen | 1301 | 629402097152 bytes used |

Fig. 28 Numerical values of measured light intensities.

11.

12.
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To Save all data stored in the device select File > Save and create a name and path for storing a binary .spec file. This
file can be later reopened in the Spectrapen software. All data stored in the device memory will be saved irrespective
of the data selection in the SpectraPen softwareData Export.

To export data File->Export. The Export window allows to select which type of data should be exported (Fig. 29).
Raw Data raw data only, along with light readings dark current readings are exported
Scope light intensities with dark current subtracted, no calibration to irradiance units

Irradiance dark current subtracted and calibrated to 1) Irradiance [uW/cm2/nm] umol.m2.s1.nm and/or Photon Flux
Density [umol/m2/s/nm] (Fig. 29).

Computed Data The export of computed data is based on the editable formulas.txt file. Two types of computed data
can be exported: Scope using intensities at individual wavelengths or Irradiance with intensities based on integration
(Fig. 29B).
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Export interpolation —intensity profiles of measured bands are recalculated to 1 nm wide bands. For each
measurement the device interpolates the reflectances measured at bands (e.g. 528.3, 530.2, 532,533.9,..) to distinct
wavelength lengths defined by whole numbers (e.g. 528, 529, 530, 531,...).

13. In the Export window click Expor. In the Export File Settings window (Fig. 29C) select data and file type.

Export Export Export File Settings
A C
ltems

ltems Iradiance ftems Export File Export File Type
[ Raw Data M [umol/m2/s/om] M Raw Data @® csv @® Single File
[ Scope M ww/em2/nm] [ Scope O xusx O Mt Fie
TratacRtance Transmittance Computed ftems | Export ] l Cancel ]
Absorbance Absorbance [ Scope
™ Imadiance [ Iradiance Transmittance
Flash Measure Flash Measure Absorbance
[J Computed Data [ Computed Data Mlkadance
[ Expot Interpolation [ Expott Interpolation

Fig. 29 Export options

5.3.2 EXPORT OF COMPUTED DATA

Choose the option “Computed values” and selected spectrum in the export table.

5.3.3 PROGRAMMING CUSTOM INDEX

The SpectraPen software enables programming custom indexes, which can be used for wide range of calculation based on the
measured spectrum.

1. Open the SpectraPen folder in your PC. Usually the program installs in the Program Files folder (C:\Program Files
(x86)\PSI)

2. Open Formulas.txt file located in Config folder (C:\Program Files (x86)\PSI\Spectrapen\Config)

3. Write your index into the .txt file The text file Formulas.txt can be edited to create formulas for different light
intensity or light index calculation. The newly defined formulas can be created based on predefined template
formulas (see the text in red). When editing new formulas follow a few rules summarized in the appendix of this
manual on page 32.

Irradiance:LUX:LUX:683*integral(IrradiancelL,360nm,780nm)
Irradiance:PAR[umol/m2/s]:PAR[umol/m2/s]:integral(IrradianceE, 400nm, 700nm)
Irradiance:IRR[uW/cm2]:Irradiance[uW/cm2]:integral(IrradiancelW, 34@nm, 780nm)
Irradiance:IRR_NIR[uW/cm]:Irradiance[uW/cm2]:integral(IrradianceW, 640nm, 1050nm)

Irradiance:R/FR ratio:Red-to far-red ratio:integral(IrradiancekE, 650nm, 670nm)/
integral(IrradianceE, 720nm, 740nm)

Scope:PSIindex:PSI test index:Scope[600nm]/ Scope[500nm]

Irradiance: or Scope defines the field in which the index is used. In Scope only formulas calculating intensity ratio at two
wavelength cane be calculated. In Irradiance only integration of light intensity in defined range can be used.

PSlindex: or R/FR ratio: short name of the index displayed in the SpectraPen software and in the exported data
PSI test index or Red-to far-red ratio: Full name of the index, is not displayed or exported

Scope[600nm]/ Scope[500nm]: or Integral(IrradianceE, 650nm, 670nm)/integral(IrradianceE, 720nm, 740nm) are the
actual formulas for index calculation

4. Save the txt file and restart the SpectraPen Software

5. The new index s displayed in the SpectraPen software (Fig. 30, red rectangles). Select Irradiance or Scope bookmark
in the main window (Fig. 30-1) and switch to the data sheet with the << button (Fig. 30-2).
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3/4/2025 2:25:25 PM

3/4/2025 2:25:49 PM

Measure Data

@ SpectraPen - (m} X
File Device Setup Help
[rodonce] scope 2
IRRLW/cm2]  IRR_NIRuW/cm] | RFRratio 3/4/2025 2:24:07 PM
»  |anm23m 12828 347202522440 PM
33378.9001 12775
8209.7761 12719
11293.7886 12723
< I >
Measure Data
rectraPen | 1301 | 42520f2097152 bytes used |
@ SpectraPen - (m] >
Device Setup Hel
< ) Scip )l
1 ] sooee | 2
Time PSlindex 1 3/4/20252:24:07PM
4 407 P . Dl 2 3a20522440PM
3/4/2025 2:24:07 PM 06914 gl s wesciom
3/4/2025 2:24:40 PM 06839 = B 3,4,202”2525 i

sectraPen [ 1301

| 4252 of 2097152 bytes used |

Fig. 30 Names of newly defined indices appear in the Irradiance or Scope tables




5.4 ONLINE CONTROL

Menu Online Control

PHOTON
SYSTEMS

INSTRUMENTS

This function can be used for remote - online control of the SpectraPen device after connection with the PC. Online control
enables to make changes in device setting and also perform remote measurement using PC.

Select: Menu > Device > Online Control (Fig. 31)
Remote measurement (Fig. 32)
Using this function Irradiance, Photon flux density and PAR can be measured.

e For manual remote measurement click on Get button.

e Setting for automated remote measurement is possible using the button
with three dots (next to “Get” button in the window of the software).
Here the time interval of the measurement is set. To apply this setting
use the option Use settings (in “Settings Form” window) and confirm by
clicking OK. The measurement stars immediately and continues until it is
manually stopped (Stop button).

e Use the export option for exporting the data to .csv file.

e Clear function serves for erasing of data measured by Online Control.

Device | Setup Help

Connect
Update Firmware
Attach GPS File

Memory Erase

Online Control

Fig. 31 Online control.

Otherwise error allert ID:1 appears.

Please note that the Dark Spectrum Calibration should be done manually prior to the measurement.

Parameters measured

using the online control Settings of the device

b |lol® =
Manual remote File Device Setup Help

measurement [ adance | Proton i densty [ PAR. [Setins]
Do N _iradance Fodance

Setting of automated
remote measurement

BIEJE]

Time setting of automated
remote measurement

Export of online
measured data

~J
C=Ty
\
Onls Control | X
SpectraPen | 130 | oofumsthyesued | 1

Erasing of online
measured data
Fig. 32 Remote measurement.

Settings (Fig. 33)

Here the following functions may be set up for remote operation of the SpectraPen:

Time synchronization of the device and PC

GPS built-in module activation

Averaging of measurement (1 — 10 measurements)
Selection of the wavelength range for measurements
Integration time (0—10s)

Page | 28



File Device Setup Help

[ imsdisnce | Photon flsc densty | PAR | Ssttings | |||
Download TreEE i i
!

Device time:11:54:21
05.11.2018

PCtime:11:54:21
05.11.2018

GPS
enable

s

Average Wavel Wavel Integration timefms]

2774

i
g

1

Online Control |

SpectraPen | 1301 |  00f2007152 bytes used

Fig. 33 Online control settings.

5.5 FIRMWARE UPDATE

Update of the device firmware is done upon manufacturer's request. To update the firmware upload a FW file provided by PSI.

All data in the SpectraPen memory are erased during the firmware update!
Incompatible firmware version can cause device malfunction.

1. Connect the device
In the SpectraPen main menu Select: Setup -> Update Firmware From File

Select the provided .bxn file and click Open.

> W

Select: OK to upload of the update. The bottom bar indicates the progress (Fig. 34)

SpectraPen-Boot | 1301 | 00f2097152 bytesused | Upload 9%

Fig. 34 Firmware update running.
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6 GPS MODULE

SpectraPen device LM 510 allows to access to location and timing signals from satellites. The integrated GPS module can be
switched on for geotagging the readings with with accuracy around 4 meters. When measuring with activated GPS module
geographic coordinates are automatically saved and can be displayed or later downloaded with the readings.

For proper function of the GPS module accurate time settings in the SpectraPen device and rthe computer is
necessary.

MEASURING WITH GPS

1. Check the time setting on the SpectraPen device: Settings > Date & Time
2. Switch the GPS module “ON” on the SpectraPen device by following these steps in the SpectraPen menu:
e Select: Options > Settings > Device
e  Click on the check box for GPS (Fig. 35)
e  Wait until the position flag icon in the upper menu stops flashing (Fig. 35). You may need to move to open
space area to accquire sattelite signal
3. Perform measurements
4. Connect the SpectraPen to the computer and in the SpectraPen software download the measured data. Example of
data tagged with GPS coordinates is shown in Fig. 36.

Fig. 35 Activation of GPS

@ SpectraPen - [m] X
File Device Setup Help |

Scope  fradiance *

Download Index Time Name Gps

105 18.02.2019 11:54:41 49°20.2454'N 16" 285012 E
106 18.02.2019 11:54:58 497202448 N 16" 28.4994'E
18.02.2019 11:55:09 49°20.2448'N 16" 28.4994'E

91 25012019 11:18:0¢ A
92 25012019 11:18:1%
93 25.01.2019 11:18:42
94
95

H

~ RROOOO0O000000000

25012019 11:18:5¢
12.02.2019 14:57:0z

12.02.2019 15:37:32
98 12.02.2019 15:37:4¢
99 12022019 15:41:2¢
100 12.02.2019 15:42:32
101 14.02.2019 11:57:5¢
102 14.02.2019 12:08:2¢
103 14.02.2019 13:30:07
104 14.02.2019 13:30:45
105 18.02.2019 11:54:41
106 18.02.2019 11:54:5¢
107 18.02.2019 11:55:0¢ »
>

SpectraPen | 1301 | 112270 of 2097152 bytes used |

Fig. 36 Data tagged with GPS coordinates.
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7 WARRANTY AND SERVICE SUPPORT

7.1 WARANTY TERMS AND CONDITIONS

This Limited Warranty applies only to the SpectraPen device. It is valid for one year from the date of shipment.

If at any time within this warranty period the instrument does not function as warranted, return it and the manufacturer will
repair or replace it at no charge. The customer is responsible for shipping and insurance charges (for the full product value) to
PSI. The manufacturer is responsible for shipping and insurance on return of the instrument to the customer.

No warranty will apply to any instrument that has been (i) modified, altered, or repaired by persons unauthorized by the
manufacturer; (ii) subjected to misuse, negligence, or accident; (iii) connected, installed, adjusted, or used otherwise than in
accordance with the instructions supplied by the manufacturer.

The warranty is return-to-base only and does not include on-site repair charges such as labor, travel, or other expenses
associated with the repair or installation of replacement parts at the customer's site.

The manufacturer repairs or replaces faulty instruments as quickly as possible; the maximum time is one month.
The manufacturer will keep spare parts or their adequate substitutes for a period of at least five years.

Returned instruments must be packaged sufficiently so as not to assume any transit damage. If damage is caused due to
insufficient packaging, the instrument will be treated as an out-of-warranty repair and charged as such.

PSI also offers out-of-warranty repairs. These are usually returned to the customer on a cash-on-delivery basis.

Wear & Tear Items (such as sealing, tubing, padding, etc.) are excluded from this warranty. The term Wear & Tear denotes the
damage that naturally and inevitably occurs as a result of normal use or aging even when an item is used competently and with
care and proper maintenance.

7.2 PRrRoODUCT AND CONTACT INFORMATION

Name of product SpectraPen LM 510

Manufacturer PSI (Photon Systems Instruments, spol. s r. 0.)
Address Prumyslova 470, 664 24 Drasov

Country of Origin Czech Republic

7.3 TROUBLESHOOTING AND CUSTOMER SUPPORT

For information about the device

—  visit our web page at https://handheld.psi.cz/products/spectrapen-im/
—  contact your local distributor
—  send an email to info@psi.cz.

In case of problems with the device or Spectrapen software

—  review our FAQs at https://handheld.psi.cz/fags/#general-questions or
https://handheld.psi.cz/faqs/#spectrapen-Im

—  contact your local distributor or

— send an email to customer support at support@psi.cz.
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8 APPENDIX

List of syntax rules for programming new indices in SpectraPen software

Min, max — minimum or maximum value

min(valuel, value2) where valuel or value 2 is a number, variable, function
min(array) where array is an array of numbers

examplel: max(Scope)

example2: min(Irradiance)

example3: min(Scope[760nm], max(Scope[450], Scope[680]))

example4: max(Irradiance[550nm], (5+4)*4)

In — natural logarithm with base e

In(value) where value is a number, variable, function

examplel: 1n(5)

example2: In(Irradiance[760nm])

example3: In(max(Irradiance [550nm], Irradiance[486nm]))

exampled: In((5+4)*4)

log — logarithm with base definition.

logB(value) where value is a number, variable, function and B is base number
examplel: 1og2(5)

example2: log5(Scope[760nm])

example3: 1log10(max(Scope[550nm], Scope[480nm]))

exampled: 1og10((5+4)*4)

sqrt —the square root of a number

sqrt(value) where value is a number, variable, function
examplel: sqrt(5)

example2: sqrt(Scope[760nm])

example3: sqrt(max(Scope[550nm], Scope[480nm]))
exampled: sqrt (((5+4)*4) + 6)

M - exponentiation of a base raised by exponent (power)

value”power where value is a number, variable, function and power is a number, variable, function

examplel: Irradiance[760nm]”~ Irradiance[550nm]

PHOTON
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example2: min(Irradiance[760nm], Irradiance[550nm])”max(Irradiance[435nm], Irradiance[43@nm])

example3: Transmitance[760nm]"0.5

Page | 32




integral - express the area under the curve of a graph of the function in the interval

integral(function_values, from, to) where from,to are limit values and function_values are input values for integral compute
examplel: integral(IrradiancelL, 360nm, 700nm)

example2: integral(IrradianceE, 360nm, 700nm) * IrradianceE[450nm]
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