HSR1 prototype Spectrometer Instructions

HSR1 prototype Spectrometer

Rev | Date By Reason

1 30 Sept 19 | John | Creation

2 24 Oct 2020 | John | Enclosure change

Equipment supplied

e Spectrometer unit based on SPN1
optics and multi-channel
spectrometer.

e Small form factor PC included

e Power cables for spectrometer
system

e Ethernet and power cable to connect
spectrometer to network / internet

System connection

e Connect power cable to 12V mains
supply capable of 1.5A peak current.

e Connect to a local network or via e.g.
GSM router to internet.

e Theinternal PC also has a WiFi
connection for close-range use.

Power-up and login

e The PC has been set to boot up
automatically when power is connected.

e The PC is set up for operation using TightVNC (www.tightvnc.com) to log in to it
via an external PC. You will need to install TightYNC on your remote PC, and
know the IP address for the HSR1. The built-in PC is set to receive its IP address
from the GSM router or network. It identifies as XXXX

e Connect to the local WiFi - XXXX password XXXX
¢ Run TightVNC Viewer and connect to 192.168.0.X or 192.168.0.XXX
e The TightVNC password is XXXX,

The spectrometer identifies as SN nn Serial Number NNNN.
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Time SynChI’OﬂIS&tIOH ' NetTime Options - box
The PC is set up with NetTime e Sorvee: TR e T
synchronisation software. This is accessed tnettime.poolntp org SNTP |23
from the Greer! & yellow clock icons in the 2 nettime poolntp.org o o123
taSkbar eXtenSIon 3.nettime. poal.ntp.org SNTP w | 123

| o ]
Update Interval: hours L
Retry Interval: minutes  w

Demote Servers after EI failures.

|:| Allow other computers to sync to this computer

Always provide time (NOT recommended!)
Show NetTime icon in the system tray at login
Start NetTime service at bootup

Max Free Run: hours v

If Time adjustment greater than minutes ~ | | Adjust System Time

|:| Use adaptative clock speed to smoothly adjust system time

Max offset to drift: EI minutes

Automatically Check For Updates every dayis) | Check Now

Logging Level: | Mormal e View
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Logging: You can select a sampling interval, and how often readings are stored. If
the store interval is longer, then samples are averaged before storing.
Sp eCtrO m eter S OftW are Output resolution: This doesn’t do anything 9 P 9 9
yet, your outputs are at 1nm resolution Save raw channel data. Leave this checked — it stores the raw channel data, which
Run the BaSIerSpeCt program. regardless. will enable recalculation of final values is needed.
Show spectrometer window brings up a The PC is comfortable sampling at 2s, but sometimes gets left behind at 1s.
more detailed window of spectrometer
parameters (next page).
Integration time: Sets the sensitivity of the sl HSP1 Spectrometer - O *
spectrometer. 30ms should give you full
scale in bright clear-sky sun overhead. 3=
Spectrometer Logaing
Gain — leave this set at 50.
150 Integration time {ms) 1 nm w Output resolution Zs ~ | Sample interval F
Samples — This sets the number of e Start logdi
consecutive samples integrated into each Gain (0- 240) 2s ~| fwg and Store S
reading. Use 1 for highest speed, more to 1 | samples Show Spectrometer window e EEER
reduce noise in stable conditions.
Summary
Total Diffuse Temperatures
Wm2 07 | [1323 | [520¢C
umelm2s-1  [12433 | [4125 |
Summary: Total & Diffuse outputs
integrated as energy over 400nm to — — Total
1000nm, or as PAR over 400nm — 700nm. TS Diffuse
Temperature is taken from the :
spectrometer internal sensor. 1 i TR
0.8 -
1) | [
! |
The graph shows Total (Global) & Diffuse 0.6
spectra for the current reading. X-axis in )
nm, Y-axis in W.m-2.nm-1 | |l - y
0.4 Ay '
Accuracy is poor below 400nm and above f I A
1000nm. ’ |
0.2 —
D T
300 400 500 600 700 800 500 1000 1100
Done 16:31:56
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Spectrometer camera window

This shows more detailed information on the basic spectrometer outputs.

Exposure & Gain are set from the main operating window.
They can be changed here, but don’t persist.

Black level: This is normally set automatically to give a
dark reading close to 1.0. If for some reason a manual
setting was needed, it could be set here.

View image window: Checking this will show the raw
camera image, but also uses up more computer
resources. Leave unchecked in normal use.

The information pane shows camera details, and also any

ongoing error reports.

o5 Camera — O b4
The graph shows [ View Image window Camera Device Information
the 8 spectrometer Read Spectrometer ;=d==B==I=
H enaar . basler
Ch?nr}:els 'Itl’l raw Madel ;- acA1920-40gm
output units. [50000 | Exposre fus) Fimware version - 106907-09:U:acA1920_40g:V1.1-1.0
The maximum | Bl S| i DevicelD  : 22298667
value is 256, so Gain r
watch out for 13 Black level  [1.08 Auto Dark
saturation above _
~230. 52T Temperature
200 —1
o A 2
AT —3
| B —_
{ 5
150 —
—3
100
D E lll T —
300 400 500 600 700 800 800 1000 1100
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Spectrometer software — Tools menu
This menu is primarily for setup & calibration purposes.

Calibrate — Calibrates the spectrometer to a known light source. You need to provide a file
giving the wavelength & intensity profile.

Read — takes a single reading & displays the spectrum graphs.

Save Spectrum — saves the light spectrum measured by this spectrometer for use in
calibrating another unit.

Set Folders — sets the file position for the output file structure, and the two calibration files
required. A Camera Calibration file is required to give wavelength calibration details, and
define positions in the recorded image used for the different channels. A Spectrometer

Calibration file is then required to match up the 7 channels, and calibrate the spectrometer
intensity.

o5l File & Folder locations — | >
Data folder: | MUsers\LASP \Documents W Spectrometer | Set
Camera calibration: |C:'-.Users'-.LASP'-.DDcuments'-.S|:|edrometer'-.CameraCaIihratinn SM3atxt | Set
Spectrometer calibration: |C:'-.Users'-.LASP'-.DDcuments'-.S|:|edrometer'—-.SpectrometerCaIibration SNO3 v2ixt | Set

Shadowmask on — this must be checked when a shadowmask is fitted, unchecked when it
is removed for calibration. This controls the internal calculations which are different in the
two cases.

The AccessoryLogger panel displays and g i l
stores readings from the onboard GPS and GPS Time: 20201024 13:35:58 Logging
internal RH% & Temperature measurements. Latitue: 53.14207° 5 LogPeriod
Longitude: -1.6362°
Speed: 0.2 knots .
Track: 216.34° 5m AwgPeriod
MagDec: 0°
HDOP: 062
Alt: 233 418m SetFold
Baro Temp: 21.2 Serial ports
i - oPs
RHTemp: 21.24
COM5 + RHTP
[ 24V Power
GPS COMPort cpened: COM3
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File structure

Home

T.

- W

@ Onelrive

~ [ ThisPC
) 3D Objects
» [l Desktop
v 5 Documents
A Spectrometer
2018-07-19
2018-07-20
2018-07-21
2018-07-22
2018-07-23
2018-08-06
2018-08-07
; Downloads
J) Music
=/ Pictures

m Videos

s Windows (C:)

v ¥ Network
20 items

Share

= | Spectrometer

View

» ThisPC » Documents > Spectrometer »

1 itemn selected

~

-~
Mame

2018-07-19

2018-07-20

2018-07-21

2018-07-22

2018-07-23

2018-08-06

2018-08-07
|:] Calibration SM03 G50 130.bet
|:] Calibration SM03 G50 140.td
|:] Calibration SM03 G50 150.td
|:] Calibration SM03 G50 160.td
|:] Calibration SM03 G50 1100t
|:] Calibration SM03 G50 1150.bat
|:] Calibration SM03 G50 1200t
D Calibration SN03 G50 1250.txt
D Calibration SN03 G50 1500t
D Calibration SN03 G50 11000.txt
| CameraCalibration SN3a.txt
E solarSpectrum bt
|j SpectrometerCalibration SM03 v2.tet

— O
L] Search Spectrometer
Date modified Type Size
19/07/2018 17:28 File felder
File folder
f07/2018 00:00 File folder
File folder
File folder
06,/08/2018 17:15 File folder
07,/08/2018 09:55 File folder
30/07/201812:15 Text Document
2018 1216 Text Document
772018126 Text Document
30/07/2018 127 Text Document
30/07/2018 12:18 Text Document
30/07/2018 12:19 Text Document
2018 12:20 Text Document
2018 12:20 Text Docurnent
/072018 12:21 Text Document
/07,2018 12:22 Text Document
03/08/2018 20:43 Text Document
18/07/2018 14:51 Text Document
07/08/2018 10:13 Text Document

85 KB
88 KB
91 KB
93 KB
93 KB
105 KB
108 KB
109 KB
112KB
114 KB
1KB
12 KB
147 KB

;

The folder set by the ‘Data folder’ setting contains the spectrometer calibration files. There is
then one subfolder for each day’s readings, which is named for the date of the readings.

Each daily subfolder contains an identical set of files:

| ¥
Home

v, 1

TH

3 This PC

. 30 Objects

B Desktop

E] Documents

Spectrometer

2018-07-19
2018-07-20
2018-07-21
2018-07-22
2018-07-23
2018-08-06
2018-08-07

1‘- Downloads

11 items

Share

= | 2018-08-07

Wiew

~

» ThisPC » Documents » Spectrometer » 2018-08-07

Name

|:] Diffuse.txt
|:] Raw O.bdt
|:] Raw 1.bd
|:] Raw 2.bdt
|:] Raw 3.bdt
|:] Raw 4.t
= Raw 5.0
= Raw Bt
= Raw 7.0t
U Summary. bt
E Totalndt

v O

Date medified

07/08/2018 16:07

07/08/2018 16:07

/2018 16:07

/2018 16:07

Type

Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document

Search 2018-08-07

Size

5,465 KB
62,139 KB

All the files contain one or more header rows, followed by a table of tab-separated text data. If
logging is restarted, the file contains a break and a new header row.
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Raw0 to Raw7 contains the raw data values from the spectrometer if these are set for saving.
It's worth saving these unless you are pushed for space, as the subsequent readings can be
recalculated if necessary due to recalibration or better algorithms. These are saved for each
sample, so may get quite large at high sampling rates

Summary contains the integrated energy & PAR values shown in the Summary pane of the
main window, along with the temperature. This is useful for a quick look at what sort of day it
was.

Total & Diffuse contain the calculated Total & Diffuse spectra for each reading (at the
average & store interval). These are recorded at 1nm intervals, in W.m-2.nm-1. These will be
your primary output files.

Calibration

The spectrometer has been calibrated against a tungsten ‘FEL’ lamp, which is calibrated at
NPL.

The light output from the FEL lamp is significantly lower than full daylight, which means that at
suitable settings for daylight measurement, the output signal during calibration can be too low,
especially at the ends of the spectrum.

The spectrometer is supplied with fixed setting calibration files for a variety of integration times
to cover the range of intensities between the lamp output and the solar output. However, this
means that at some settings the ends of the spectrum are not resolved, and at other settings
the middle of the spectrum saturates. These are named as Calibration SNnn Gxx lyy.txt
where xx is the gain setting (always 50), and yy is the integration time setting. They can be
chosen using the Spectrometer calibration field in the folder locations dialog. For better
usability, | have also created a combined file SpectrometerCalibration SNnn v2.txt which
combines all these values with the linear response to integration time. This file gives the most
usable output across the full spectral range, although clearly the UV & IR tails are inaccurate.
With this calibration, the spectrometer can be used at integration times different to those at
calibration, so you can set the integration time to suit the conditions. | would recommend this
initially. Integration times between 30ms & 50ms seem well suited to normal daylight, though
you may need to reduce down to 25ms if you are operating at high altitude in clear air near
noon.

Maintenance

Keep the dome clean with a soft cloth, or water & mild detergent or Isopropyl alcohol if
necessary.

If the humidity indicator in the dome turns pale blue or pink, the internal desiccant should be
replaced. This is a 25g to 100g sachet of silica gel which is placed in the inside of the
enclosure lid.

The enclosure internal humidity is also available from the AccessoryLogger control panel.
Desiccant should be replaced if this rises above ~40%RH.

Recalibration

As this is a prototype, | don’t yet have any information on likely drift or recalibration intervals. It
may be best to return it to me for recalibration, but | will be happy to discuss the process if you
want to attempt this yourselves.
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