What's New in Bluestem OSv1.4

For the LI-6800 Portable Photosynthesis System

o Background programs...4
Background Programs are easily written and modified by the user, provid-
ing a more versatile and powerful alternative to Auto Programs.

o Warmup/system tests...8
Warmup/System Tests have been reworked to provide clear, specific assist-
ance when something isn't right.

o File management...10
Improvements include a trash system and backup and recovery utilities, all
with an easy-to-use interface.

¢ Fluorescence...30
Flash and dark results can be viewed, compared, and analyzed as they hap-
pen, or recalled from file.

o Matching revisited...41
Range matching lets you avoid potential problems, and reduce the need to
match.

¢ Soil chamber...58
Updated firmware is available for the soil chamber, and the soil chamber
user interface has been refreshed.

o Other changes...61
A new balanced flow operating mode, complete boundary layer con-
ductance computations in the Excel log file, and more.
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Section 1. Background programs

What's new in Bluestem v1.4

Bluestem software version 1.4 for the LI-6800 Portable Photosynthesis System
brings a variety of new features and improvements. Here we describe the new fea-
tures, including file management, USB utilities, trash management, range match-
ing, fluorescence tools, background programs, flow balancing, and soil chamber
interface updates.

Section 1. Background programs

Background Programs (BPs) are a new approach to Auto Programs. While they do
not replace the Auto Programs, they do provide an alternative with several advant-
ages. You can, for example, easily modify factory-supplied programs, or generate
your own from scratch. Also, multiple BPs can be run simultaneously.

A quick overview of BPs is below. The complete guide to writing and using BPs is
found at licor.com/documents/be4i41pnc01001y5084na8ma2i6lzpws

Accessing

The [FEITEMNETIEEY button on the Auto Programs page (Figure 1-1 below) opens
the BP's Open/New screen, from where one can run or edit existing BPs or create a
new BP from scratch.

Start Up Environment o

Constants
s

(E_ntering and Leaving BP Builder) \

y

Enter folders [ Filterbyname .py a
e commas tosaparate lers.

File: /home/licor/appsfunnamed

N .ﬂ)apns

v -‘995 5 Nov 2019 08:32:12|

> basic 2 Nov 2019 14:00:03

Make a new BP

> examples. 5 Nov 2019 08:32:12
> system 5 Nov 2019 08:32:12 Launch a BP

> tech 14 0ct 2019 12:15:12

> utilities. S Nov 2019 08:32:12

Delete

[ Build set start Monitor

Figure 1-1. BPs buttons and the BP Builder screen.
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Section 1. Background programs

BPs can be found in the /home/licor/apps folder, and are distributed across several
subfolders. In the basic folder are several simple BP’s that duplicate the func-
tionality of some of the basic Auto Programs. The other BP folders include
examples (example programs used in the BP user guide), system (helper programs

used by the system), utilities (useful tasks, if you need them), and tech (specialty
tasks that a technician might use or ask you to run).

Several of the new features in version 1.4 are implemented with the help of BPs,

such as Acquiring range match data on page 50, Balanced flow on page 61, and
Response check test program on page 66.

Running

BPs can be run by selecting a BP file and tapping After that, what happens
is entirely up to the BP itself. The files in the basics folder will display a dialog (Fig-
ure 1-2 below) letting the user configure and run, or cancel the program.

Close Builder
Enter folders Filter files | .py Use commas to separate fiters

File:

v 2 aees D basic

v basic 26 Apr 2019 14:56:31

AutoLog.py 1KB 29 Apr2019 12:21:41 m

CO2Response.py 2K8B 29 Apr 2019 12:21:41 Open BP
l GenericResponse.py Select file, tap [ Start BP

LightResponse.py

G 21:41

I Autologging (BP#12) New folder
NestedResponse.py

Delete
Log at regular intervals for some duration

Open/New Montor

Log file: /home/licor/logs/mydatafile.txt

100 /
Total time: min

Loginterval:

Figure 1-2. BPs in the basics folder have opening dialogs for setting parameters.

Once a BP is running, it can be monitored (and paused, canceled, etc.) from the BP
Monitor screen (Figure 1-3 on the next page).

Running 5



Section 1. Background programs

Close Builder
Background Process Monitor: 1 active
“—m_m

basic/LightResponse 14:09:26 Stability Wait part 1: 60.0 secs Running

What program step is

—)
(Running program(s)) (The run Iog_)

presently executing.

ASSIGN maxwa = 120
ASSIGN early = Fa
GROUP Opening Dialog

14:09:16 Started

14:09:17 Waiting for DIALOG

14:09:26 values = (1500, 1200, 900, 300, 150, 50, 0)
14:09:26 LOOP with value = 1500

14:09:26 SETCONTROL Qin to (value)=1500.0
14:09:26 Stability Wait part 1: 60.0 secs

v

SHOW values
¥ LOOP using value from values:

SETCONTROL Qin to value

WAIT for stability, minwait to maxwait secs, early match if early

basic/LightResponse
Open/New Build start Monitor (1)
p——— - -

Figure 1-3. Once a BP has been started, you can monttor it in the Monitor screen.

Building

The Builder environment lets you make new BPs from scratch, or modify existing
BPs. The steps in Figure 1-4 on the facing page make a trivial BP that waits for 10
seconds then quits, but illustrates the m w screens of the Builder

environment.
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Section 1. Background programs

Building

tocartolders @ Farbyname oy
- I T 1. Tap [New BP

Ihomsilicorsapptiunnamed «=»
(2. Select the WAIT statement ) | @
v
<>
=

06| aoen. ciose. sata. remar

profeES: set runtme propertes (3 Tap [Insert — ) to add a WAIT) [

B P —
il

SHofe: cutput te nun log

TAER: enntrals and vabsss

* g 0000
e e kot QY o-c:- X cioron

Moriter

Openiew Build set Start

Ihome/licor/appsfunnamed Close Builder

Type: [ Duration v l
Duration: 1 Seconds "

4. The ‘Set’ screen allows statements in the pro-
gram (left panel) to be edited (right panel).

Start Monitor

Open/Hew Build st

Close Builder

WAIT(dar="10", units=Seconds)
12:38:44 Started

123854 Stopped

G. In the ‘Run’ screen, tap to run the pro- )

gram. The run log is on the right.

oo (.

R D
Figure 1-4. w screen: Add and arrange BP steps. screen: Edit BP steps. screen:
Run the program.




Section 2. Warmup/system tests

Section 2. Warmup/system tests

Version 1.4 has modified the Warmup/System Tests (Figure 1-5 below) to dif-
ferentiate errors (serious issues) and warnings (things you may or may not need to
address). When errors or warnings occur, there will always be one or more sug-
gestions shown to help you address the problem, or determine if it can be ignored.

A summary line.

Start Up

Chamber Setup:

Cl'esls are no longer pass/fail) @Iear suggestions on how to remedy problems)

Environment Constants LogFiles L Measurements

Programs Log

smber Needs to be Closed for this test
[ Warmup Tests v ‘

Warmup Tests Summary
Configuration:

*kk TOTALS *** 75 1 0
Connections: Cal Coeff Test 4.1 hours ago 23 0 0
Sensor Check 4.1 hours ago 13 0 0
Chamber Just now 3 0 0
Warmup/System Tests Pressure
Pump Speed 4.1 hours ago 4 0
Callbrations Flow Valve Fct 4.1 hours ago 6 0

Valualasl A4 hauee ann

Warnings and Failures
Data Dictionary:

CO2 Limits & Match - (1 Warnings 0 Errors):
Warning: Test 3: Is the range of ACO2 < 2 ppm? Measured=9.91
Suggestions:
Check the zero: CO2_r and CO2_s are not well matched at low CO2.
Consider implementing CO2 range matching.

System Settings:

Standby/Power Off:

Figure 1-5. The Warmup Tests summary page.

The silent test

All of the system tests that rely on flow rate contain a silent test that checks the
state of the flow system. ("Silent" means that output is logged only if there is a

problem.) If there is problem with flow, the system test is abandoned, and reasons
given.

If the issue is a console leak, the following results:

Chamber Pressure started at 2019-09-25 13:15:34
Overpressure test, Pump=high

What's new in Bluestem v1.4



Section 2. Warmup/system tests

***% Fail *** Test 1: Abandoning Test. System Flow Fault.
Suggestion:
Console Flow Leak. Desiccant or Humidifier tube cap loose?
Chamber Pressure stopped at 2019-09-25 13:15:46

If the issue is unexpectedly low flow, the following results:

Chamber Pressure started at 2019-09-25 13:18:35

Overpressure test, Pump=high

**% Fail *** Test 1: Abandoning Test. Expected flow > 100. Measured -0.0.
Suggestions:
Is the flow tube from the console firmly connected to the head?
Is the pump functioning?

Chamber Pressure stopped at 2019-09-25 13:18:46

New and changed tests

The SodaLime CO2 test has been replaced by CO2 Limits & Match. It still checks the
soda lime and CO, cartridge, but also checks how well the IRGAs are matched at
low, ambient, and high CO,.

The Drier Humidifer test has been replaced by H20 Limits and Match. It checks the
desiccant and humidifier as before, but also how well the H,O IRGAs are matched
at low, ambient, and high humidity.

The reason for the match checking is made clear later in this document. See Match-
ing revisited on page 41.

A new test (Pressure Valve) checks the chamber pressure overpressure valve for
potential interference with the sample cell flow sensor.

Descriptions and details of all tests can be found at:
licor.com/env/support/LI-6800/topics/system-tests.html

New and changed tests 9
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Section 3. File management

Trash

10

Version 1.4 introduces a number of file management tools:

A Trash Folder is now used to contain all deleted files and folders. Moving
unwanted items to the trash can be done from any file viewer that has a but-
ton, or by a new utility that allows you to target files using name and date filters.
The trash can be browsed, and selected content easily recovered, automatically
returned to its place of origin. To recover space, items in the trash can be erased,
either all at once or selectively.

A new Backup/Recovery utility makes it easy to copy data, settings, and programs
to a USB drive. To do a backup, simply insert a drive, select an optional time filter
(all files before or after a certain date, or between two dates), and the desired cat-
egories: user data, configuration data, and diagnostics. Backups are archived by con-
sole serial number and date/time, making it easy to find and browse backed up
data. Restoring from a backup is simple and flexible. You can select an entire
backup, or narrow it down as far as you like, all the way to a particular folder or
file. You also have control over what happens when restoring a file if the original
still exists: overwrite it, skip it, or rename it.

For general purpose file copying between a USB drive and the LI-6800, there is a
utility screen that lets you browse both file systems system side by side, and pick
files and folders to copy, putting them exactly where you want them.

In version 1.4, when a file or directory is deleted, it is moved to a Trash Folder
(/home/licor/trash). When items are added to the trash, folders are created as
needed so that the deleted item's location in the trash matches its original location.
For example, the file

/home/licor/logs/mydata/lightcurves/mydata.xlsx

would be moved to

/home/licor/trash/logs/mydata/lightcurves/mydata.xlsx

What's new in Bluestem v1.4



Section 3. File management

with all of the intermediate folders (trash/logs/mydata/lightcurve) created as
needed. Mirroring the directory structure in the trash has two advantages: 1) when
browsing the trash, you know where to look to find a file you deleted, and 2) all
you have to do to recover an item is to select it; the system knows where to move it
based on its location in the trash.

When a file is moved to the trash it will undergo a slight name change if there is a
name conflict with something already there. For example, deleting abc. txt when
there is already a previously deleted abc. txt in the trash at the same location will
result in the moved item being renamed abc.txt 0 (or 1, 2,etc.) to make the
name unique.

Moving files to the trash

Any file viewer with a button can move selected files to the trash (Figure 1-6
below).

Warning: No log file opened!
Logging Options: N > lingling

Using 31.3% of
46768

Matching Options: Enter folde

Iter files
il Move to Trash? h !
Fluorometer Options:
Open a Log File: Warning: Preparing to move 5 files to
‘/home/licor/trash'!
You can select multiple,
contiguous items. M

Analyze Logs:

Figure 1-6. Delete buttons in file viewers move items to the trash.

Suppose you want to remove all fluorometer event xIsx files that are older than
some date. These are distributed in daily folders in the /home/licor/-
logs/flrevents folder, so stepping through removing them by the button
method would be very tedious.

Fortunately, there is a new utility for just this sort of purpose: it is found in the
W ENELENFIEE] screen, accessed by Log Files > Manage Files > Trash (see Figure 1-7 on
the next page).

Moving files to the trash 11
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@ Auto
Trash contains 814 items using 25.05 MB View Trash Empty Trash
Logging Options:

Select files to move to trash:
Matching Options:
From: User Data v ‘ /home/licor/logs
Fluorometer Optiong: m

Open a Log File: (D Filter by date | Between W ‘ Jan ¥ ‘ 1] 2018 and | May ¥ ‘ 15| 2018

Filter by name | *.xlsx,*json
Log Remark: Use commas to se parate filters.

Found: 48 files using 688.44 KB

Analyze Logs:

UsB Trash Backup/Restore

Figure 1-7. A utility for selecting files by name and date filter to move to the trash.

You can target a folder (including all sub-folders), and specify name and date filters.
As you edit the target and filters, the system automatically re-scans and indicates the
number of files that meet the criteria. The button brings up a dialog that
summarizes what will happen, giving you a chance to cancel or proceed.

The source folder can be selected by editing, picking from a list, or browsing.

(The source: where to start looking for files to select
Select files to move to trash:
(Shortcuts to useful sources)
\_/Fmi ‘ User Data ‘W | /home/licor/logs
—
(Browse, starting in the current source, to selet a new source

The time filter can be set to select before, after or between. The before and after are
not inclusive (i.e., the date itself is excluded), and the latter is inclusive (the dates
are included).

Filter by date [ Before ¥ H Aug ¥ ] 31 | 2019 (Dates < 20190831. (Aug 30 is in, Aug 31 is not))

Filter by date [ After ¥ H Jan ¥ ] 1| 2018 (Dates > 20180101. (Jan 2isin, Jan 1is not))

W rierbysate | petween W |[ Jan W | 1 2018 ana | Aug | 31/ 2019 (Dates >= 20180101 and <= 20190831)

The name filter can use Linux wildcards (* and ?). If no wildcards are used, files
that contain the filter string anywhere in their name are included. Name filters are
not case sensitive. Multiple filters (they are "or-ed") are separated by comma.

What's new in Bluestem v1.4



Section 3. File management

Filter by name | jon,*.txt Gnclude any file with a "jon” anywhere, or any file that ends in “.txt")

Use commas to separate fiters,

The following table illustrates how the name filter behaves.

File names

v v v v v v

*

* %

. v
* txt

txt

ab v
Xy, *.ixt

2277?xt

200X v v

AR NENEN
ENENENENENEN
SN

Moving files to the trash 13



Section 3. File management

Configured for selecting:  a) fluorometer event files  b) older than Aug 31
\

c) ending in .xlsx (Excel files)
L

Stability Log Files

Environment Constants

StartUp

Trash contains 244 items using\219.14 KB View Trash

Logging Options:

Select files to move to trash:

From: Fluor Events /hol

Matching Options:

Fluorometer Options:

Trash

Programs

Empty Trash

k/licor/logs/firevents

Open a Log File: Filter by date Before V¥ H Aug V¥ ] 31 2019
Filter by name  *.xlsx

Log Remark: Use commas to separate filters.
Found: 158 files using 1.33 MB

Manage

Analyze Logs:

Lo Measuremerts

Browse

OK to move files to Trash?

File count: 158

Move Files To Trash

Done Moving Files

Files moved: 158/158

Errors: 0

starting directory: /homeflicor/logs

Date filter: before 2019-8-31

Name filter: *.xIsx

Figure 1-8. A utility for selecting files by name and date filter to move to the trash.

14
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Recovering trash items

To recover items that have been sent to the trash, tap the button. This
opens a viewer from where you can select items to recover. Multiple selection (con-
tiguous items) is supported. Note that you can choose what to do in the case of a

name duplication.

StartUp Environment Constants

Logging Options;

Matching Options:

Select files to move to trash:

Stability Log Files pr:\g"r(:ms Measurements Log

the Trash Viewer

Fluorometer|

Logging Options:
Log Remark:

Matching Options:
Manage Files|

Analyze Log v

Open a Log File:

Log Remark:

Manage Files:

Analyze Logs:

Trash contains 158 items using 1.33 MB Empty Trash
From: User Data ¥ | |/homdlicor/logs Opening and closing l\
@

start Up Environment Constants stakility . :g‘:‘:m; Measurements '3
Open a Log

v B ﬁ » logs ) firevents

Fluorometer Options:

29 Oct 2019 16:16:56

logs

20 Oct 2010 16:16:56

20 Oct 2019 16:16:56

Select items(s) you wish to

> 2019552\ recover, and tap Recover 29 0ct 2019 16:16:56

Fackup/Restore

Recover

Get Info

usB Trash

Recover Files From Trash Recover from Trash

Done Recovering Files

Files recovered: 158/158

Errors: 0

OK to recover this from the trash?

../logsffirevents

Recover: 152 files using 1.33 MB

File name duplications: ‘@ Qverwrite skip Rename

Cancel Racover

—

Figure 1-9. The Trash Viewer lets you view and recover items.

Depending on how you select items to be recovered from the trash, you may see

empty folders afterwards (Figure 1-10 on the next page).

Recovering trash items
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StartUp

Logging Options:

Matching Options:

Fluorometer Options:

Open a Log File:

Log Remark:

Manage Files:

Analyze Logs:

Environment

[ Enter folders [ ] Filter by name

» Alﬂ‘)lugs

v logs
v 20191008

myfile.txt

Constants Stability LogFiles

4 kB

Auto

Match
Programs

Close Trash

Log

Use commas to separate fiters

5 Nov 2019 10:00:04

5 Nov 2019 10:00:04

2 Apr 2019 10:24:33

(Two strategies for recovering this fi Ie)

Select file

D CED &

Backup/Restore

[ Enterfolders () Fikter by name

s ] > e » 2015008

S o 2010 100008

o

[ enter foiders

3 Filter by name

i [[I] > ress X

20r 2009 202023

Traa B sekuspRastors

(Leaves empty folders)

5 Now 2019 10:00:04

10191008

Figure 1-10. Folders emptied when trash is recovered are removed, but only if they are the

5 Nox 201920:00.04

targeted selection, or a child thereof.

You can remove empty folders by 0r although they do not count as
files in the ensuing dialogs ("Recover 0 files using 0 bytes"). What actually happens
when "recovering" an empty folder is that the system first moves the contents

((Removes empty folders )

(there are none, it is empty), then erases the folder if it is empty (it is).

16
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Emptying the trash

Emptying the trash

Moving items to the trash does not free up space on the file system. To do that,
items need to be erased from the trash. Once an item is erased it can never be

recovered. To erase everything, use the [EnlSWAIES)) button (Figure 1-11 below,

top). Partial erasures can also be done (Figure 1-11 below, bottom).

From the Trash screen

Logging Options:

Matching Options:

Fluorometer Options:

Open a Log File:

Log Remark:

Analyze Logs:

Start Up Environment Constants Stability m P :’;‘r‘s"m Measurements. Log

Found: 822 files using 25.48 MB
Manage Files:

Trash contains 822 items using 25.48 MB  (@RVIVAIEE

Select files to move to trash:

From:|  Home Directory ¥ | /home/licos

(] Filter by name | *xisx

Empty Trash Erase everything

OK to permanantly erase the trash?

Delete

File count: 822

Size: 25.48 MB

L
From the Trash viewer j

Logging Options:

Matching Options:

Fluorometer Options:

Open a Log File:

Log Remark:

Manage File

Analyze Lo

File count: 550

Size: 24.58 MB

Fiterioyname | Close Trash

v [T > togs 3 soil

Enter folders

> lingling 29 Oct 2019 16:28:47
» LB 29 Oct 2019 16:28:49
2015-12-23-h100...ptyaci-20secave 20k8 23 Dec 2015 10:57:45

3R bl B Erase some things 8 Jan 2016 09:03:23

12 May 2016 13:55:16
OK to permanantly erase these items?

1 items: (./logs/lingling, ..) m Erase

Backup/Restore

- &

Figure 1-11. Erasing all or some of the trash. Warning: This can't be undone.
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Another method of selectively erasing trash is to point the Move to Trash utility to
the trash folder, and set the filters to select the files you want to permanently get rid

of.

@ . Auto
Start Up Environment Constants Stability LogFiles. o Measurements. Log.
Trash contains 814 items using 25.05 MB Empty Trash
Logging Options:

Select files to erase from trash:
Matching Options:
Fluorometer Options:
Open a Log File: Filter by date Before ¥ 24/ 2016

Filter by name | *xisx
Log Remark: Use commas to separate fiters.
m Found: 547 files using 24.23 MB m
Analyze Logs: K’ Erase From Trash

OK to permanantly erase these files?

File count: 547
Starting directory: /home/licor/trash
Date filter: before 2016-2-24

Name filter:

Figure 1-12. Using the move to trash utility to selectively erase items from the trash.

What's new in Bluestem v1.4



Section 3. File management

What's using the space?

You can get information on where file space is being used by the [€El[ji{e) button
available in many of the file broswers. For example, in the Move to Trash utility, set

the target to the home folder (/home/licor), tap and then tap

@ o
D S U m e [ -
M Trash contains 272 items using 920.96 KB Empty Trash

Select files to move to trash:

From:| Home Directory ¥ | /home/licor

Matching Options:

Fluorometer Options:

Filter

> a ﬂ > logs
Log Remark:

| —

» diagnostics 28 Oct 2019 11:18:51

Open a Log Filg

Analyze Logs: | * head_display 27 Aug 2019 08:46:32

™ o 29 0ct 2019 16:28:49
» 2019-10-08 29 Oct 2019 15:24:23 m

» firevents 29 Oct 2019 15:24:20

Info on /home/licor/logs

Disk size: 4.35 GB, Available: 4.07 GB, Used: 282,11 MB

Folder # Files Size % of used
Total in directory 2603 47.15MB 16.7
terry 632 31.80 MB 13
mydata 1305 473 MB 17
firevents 413 4.60 MB 16

s 61 2.94 MB 1
2 others 143 966.46 KB 0.8

N(The dot refers to the folder itself)

Figure 1-13. The Get Info display for a folder ranks its subfolders folders by size.

Backup and restore

The Backup/Restore page provides utilities for backing up to USB, and restoring
files a USB backup to the console. Since backups created on USB are easy to nav-

What's using the space? 19
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igate (folder structure is maintained), backing up is also a quick and easy way to
get data files from the console to your computer.

o) Auto
StartUp Environment Constants stability LogFiles R Measurements Log

Restore backup files from USB:

Restore from backup fies on USB: (@ 03c3-7705 () LI-COR
USB to the LI-6800
TS /run/media/licor/03C3-7705 m Restore

Fluorometer Options:

Select files to backup to USB:

Configurations Diagnostics UserData

Qoenalog File,

Backup files on the LI-6800
console to a USB drive.

(@ Filter by date Before vH Dec v‘ 31 2018

USB (2.9 GB free): (@ 03C3-7705 (| L-COR

Found: 282 fles using 241 s

Analyze Logs:

usB Trash Backup/Restore

Figure 1-14. The Backup/Restore file management screens.

All backup and restore file operations are "copy", never "move". That is, backing up
a file does not remove it from the console, and restoring a file from a backup does
not remove it from the USB drive.

For purposes of backup, all LI-6800 console files that might need backing up are
divided into three categories: Configurations, Diagnostics, and UserData.

Select files to backup to USB:

Configurations Diagnostics UserData

Backups never include factory files, so - in the future - restoring from a backup with
a different software version should be safe.

Backups

An example backup is illustrated in Figure 1-15 on the facing page. In this case, all
categories are included, but only those files that have changed prior to the specified
date.

To do a complete backup, simply a) uncheck the time filter, and b) check all three
file categories.

What's new in Bluestem v1.4
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Restore backup files from USB:
Logging Options:
SEE S USB: (@ 03C3-7705 [ LI-COR

T /run/media/licor/03C3-7705 Restore

Fluorometer Options:  Select files to backup to USB:

Configurations Diagnostics UserData

Open a Log File: § Y )
Filter by date Before W ‘ Jun V¥ ‘ 30 2018
Log Remark: USB (3.5 GB free): (@ 03€3-7705 | LI-COR
Backup Files

Backup files to USB
Analyze Logs:

| Sources: Configurations, UserData, Diagnostics

File count: 944

Date filter: before 2018-6-30

Backup Files Done
Destination: /run/media/licor/03C3-7705

Using 03C3-7705/Backup-68C-571006/2019-10-26_13-23

Source: /home/licor/matchlogs Cancel Backup
|

Destination: .../Diagnostics/MatchLogs

Files copied: 943/944

1 (Error [22] Invalid argument: File="_really:bad.json"
Folder="/home/licor/info/autoprogs/data/CO2_Response")

Errors are reported. Note that a colon (:)
is legal in a filename on the console, but
does not work on the USB stick.

Figure 1-15. Backup and restore.

Errors:

Every backup goes into a folder on the root of the selected USB drive. The folder is
named for the console serial number. For example, backing up console 68C-571006
would cause a folder Backup-68C-571006 to be created on the USB drive, into
which all backup would be written. Each backup event is stored in a subfolder
named for the date and time the backup was started. Inside that folder will be a
folder for each selected category.

Thus, after a few backups, the folder structure on the USB drive might look like the
example below:

Backups 21
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¥ root of USB drive
¥ Backup-68C-571006 h\ A folder named for the LI-6800 console
»2019-10-05_15-42
»2019-10-12_18-01 = A folder for each backup
v2019-10-20_17-30

»Configurations
»Diagnostics > Category folders included in the backup

VUserData
»flrevents

bterry,data> Folders backed up from /home/licor/logs
» juan

Restoring files from backup

To restore from an entire backup, tap (Figure 1-16 below). If no Backup
folders are found, then you will be notified.

Restore backup files from USB:
USB: @ 03C3-7705 | LI-COR

Fluorometer Options:  Select files to backup to USB:
Configurations Diagnos Restore from Backup (on 03C3-7705)

Open a Log File:
& v Filter by date ‘ Before

Logging Options:

Log Remark: USB (3.5 GB free): (@) 03C3-7705 Source: Backup-68C-571006 v ‘
Restore Files Done 3mB
Using 03€3-7705/Backup-68C-571006/2019-10-26_13-23 Categories: [@ Configurations Diagnostics UserData
Restore: 122 files using 76.08 KB
Source: .../Configurations/BackgroundProgs/Resources - .
File name duplications: Overwrite @ Skip Rename |

Destination: /home/licor/apps

Files copied: 4/122 (118 skipped)

Errors: 0

=D T

_

Figure 1-16. Restoring from a USB drive.

To more narrowly focus the restore from backup, follow these steps (Figure 1-17 on
the facing page):
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Use to open a viewer

Navigate to the desire folder or file and select it
Tap ()

Tap D

Note that if you navigate in step 2 to somewhere that is not within the parentage of
a backup folder, your selection will be ignored.

@D @ Auto
Start Up Environment Constants Stability Log Files ng‘iams Measurements Log

Restore backup files from USB:

USB: (@ 03C3-7705 LI-COR @ @

Restore

a2 W N =

Logging Options:

/run/media/licor/03C3-7705 Browse

Matching Options:

IS S f" ) Backup-68C-571006 » 2019-10-23.09-56 » UserData » 2019-10-04

i
] _n pate Modified
3 Configurations 23 Oct 2019 09:56:00
|
: > Diagnostics 23 Oct 2019 09:56:24
| v UserData 23 Oct 2019 09:56:24
H v 2019-10-04 23 Oct 2019 09:56:22
i light-time_tab.txt 27 bytes 26 Sep 2018 15:56:22 T RS Ave

oD S D

Restore from Backup (on 03C3-7705)

Source: Backup-68C-571006

Date: 2019-10-23_09-56

Category: UserData

File: 2019-10-04/light-time_tab.txt
Restore: 1 file using 27 Bytes

File name duplications: (' Overwrite (@ Skip Rename

Figure 1-17. Selecting a specific folder or file to restore.

Restoring files from backup 23
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USB utilities

24

In version 1.4, there is a USB Utilities screen, available in two places: Log Files >
Manage Files and Start Up > Configuration (Figure 1-18 below).

USB Utilities are here ... ...and here.
@D @ @ @D
Environment Constants Stability Log Files StartUp Environment Constants Stability
( USB Utilities % Files: (@) Copy files to USB Copy files to LI-6800
Chamber Setup: Logging Options:
e g No USB device found!
Files: @ ToPY Topy files to LI-6800

Connections: Fluorometer Options:
Warmup/System Tests: Open a Log File:
Calibrations: Log Remark:

o poney m

System Settings: Analyze Logs:

senbyponer o @

Figure 1-18. The USB Utilities screen locations, with no USB attached.

Inserting a USB drive will, after several seconds, automatically bring up the USB
file system in either the source or destination views, depending on how the
To/From radio buttons are set (Figure 1-19 on the facing page). Inserting a second
USB drive will produce a radio button selection for which USB drive you wish to
use (Figure 1-20 on page 26).

To copy one or more files or fodlers, select them (tap and drag for multiple, con-
tiguous selection) in the source view, select a folder in the destination view using
the button or typing in the edit box, then tap the button. A dialog
confirming the copy or reporting a failure is displayed after the copy (Figure 1-21 on
page 26).

To remove a USB drive safely, tap to verify it is safe to remove (Figure 1-22 on
page 27). Note you can continue to use the USB drive after tapping if you
choose - it remains functional until you physically remove the drive from the con-
sole.
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USB utilities

If a USB drive has a space character in the volume name (allowed, but never a good
idea), the name in the edit box for the destination volume will show a nx20 instead

of a space. For example, a drive named DI1sk IMG will be shown as

/run/media/licor/DISKnx20IMG

instead of the expected
/run/media/licor/DISK IMG

Copying files from LI-6800 to USB

Filéz @ Copy files to USB 7) ' Copy files to LI-6800

[ Log Files Directory v l

SSISE: I

» [ irevents 28 Jun 2019 16:
» [ lingling 25 Jun 2019 12
> [ loxala 27 May 2019 08
I » | Json 25 Jun 2019 15
1 1KB  1Jul2019 10
| Filter files ‘ Use commas to

separate filters

Copy to 3.6 GB free

USB: DISK_IMG

/run/media/licor/DISK_IMG ‘

Browse

Copy:
111

Copying files from USB to LI-6800

Files: Copy files to USBC @' Copy files to LI-6800

USB: DISK_IMG
sl (i >
» | JHs-so 14 Oct 2016 05
» [ Ishannon 30 Aug 2018 12
» ﬁTSys(em Volume Information 14 Oct 2016 05
I » [ wm 20 Jun 2019 09
| » ~soil 25 Jun 2019 12!
[ ‘ Filter files - Use commas 1o

separate filters

Copy to 3.21GB free

‘ LI-COR Home Directory ¥

/home/licor ‘

Browse

Copy:

Figure 1-19. USB Utilities displays the source on the left and the destination on the right.
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Copy files to USB (@ Copy files to LI-6800 m
Copy to 3.21GB free

‘ LI-COR Home Directory ¥

Files:

USB: @) 03C3-7705 DISK_IM:

» EC course 2018-09-18 18 Sep 2018 03: Browse

Figure 1-20. If a second USB drive is inserted, radio buttons are provided to select which to

use.

Files: (@) Copy files to USB Copy files to LI-6800
[ togriesprecory v

o D soi USB: DISK_IMG

‘_m Date Modifi /run/media/licor/DISK_IMG
4 lingling 25 Jun 2019 12

Copy:
2. Pick a destination
(type or (Browse))

1. Select contiguous files and/or folders) 27 May 2019 08 soil 111

25 Jun 2019 15

I 1Jul 2019 10

111.xIsx 6KB  1)Jul2019 10

(] Filter files Use commas to
. separate filters
K l 3. Copy the file ! /

USB Utilities USB Copy Error

. X Failed to copy for unknown reason. Check
Finished copying files! for duplicate filenames and/or file
permissions.
Problems copying: /home/licor/logs/111

Figure 1-21. Copying an item: 1. Select 1t in the source view, 2. Select a destination, 3.
Tap Existing files will not be overwritten on the destination, but will bring up the
error dialog,
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USB utilities

3.6 GB free

Files: (@ Copy files to USB Copy files to LI-6800

[ Log Files Directory v

o>

USB: DISK_IMG

>

USB Utilities

Browse

configs

Safe to remove 'DISK_IMG' USB drive!

» info
v logs
I » firevents
| Close
» lingling Zoqun 20012

Use commas to m

Filter files
separate filters

Figure 1-22. Tap to verify it is safe to remove a USB drive.
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Version 1.4 file system folders

Figure 1-23 below illustrates the folder structure implemented in version 1.4 on the
LI-6800 console.

¥ home
¥ licor
Vapps The background program (BP) folder.
»basic
»examples
»system
»tech
putilities
Yautoprogs Autoprograms are in this folder.
Vdata
»AutoLog A folder for each Autoprogram holds its settings files.
»configs User-saved configuration files.
»head display Files defining what is displayed on the head LCD.
Presources Libraries used by BPs.
Vdiagnostics
V¥matchlogs Daily log files for match events.
Vrangedata Copies of range match data files.
Vscriptslogs Daily log files of selected system events.
Vsnapshots System snapshot files are stored here.
Vsystests Latest results of each system/warmup test.
Vlogs User log files.
Vflrevents

»2019-08-24 Daily folders containing fluorometer event data files.

V¥soil
»2019-07-15 Daily folders containing soil chamber measurements.

Figure 1-23. The folder structure used in software version 1.4.

For backup and restore utilities group these folders into the three categories shown.
The following folders will need "cleaning" periodically by using, for example, the
Move to Trash utility, since their contents increase with normal instrument oper-
ation. Arranged in decreasing order of typical size, the list is:

o /home/licor/logs - User log files and associated Excel files

e /home/licor/logs/flrevents - Every time a flash or dark pulse event occurs,
two files (xlsx and .json) are added here in daily folders.

e /home/licor/logs/soil - Every soil chamber measurement (.json file) goes
into daily folders.
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e /home/licor/diagnostics/snapshots - Each snapshot taken (tapm
on the System Settings page) adds a file in this folder.

e /home/licor/diagnostics/matchlogs - Matching events are recorded in daily
files.

e /home/licor/diagnostics/matchlogs/rangematch - Acquiring range match
data, and accepting the results, adds a file here.

e /home/licor/diagnostics/scriptslogs - Daily files (on days the LI-6800
runs) are added here.

e /home/licor/apps - Usercreated BPs are typically stored in this folder or
below.

e /home/licor/congfigs - Saved configurations (in the Configurations screen)
go in this folder.

Factory files

The folders /home/licor/autoprogs, /home/licor/resources, and the sub-
folders of /home/licor/apps all contain special files known as factory files. (They
are actually symbolic links to protected files elsewhere in the file system.) They
look like normal files as viewed, and can be opened and used, but not overwritten.

Factory files cannot be moved to the trash by the button, or by the Move to
Trash utility. If this is attempted, factory files will be skipped over, and a dialog sim-
ilar to Figure 1-24 below shown.

Move Files To Trash

Done Moving Files

Files moved: 56/127

Factory files skipped: 71

Figure 1-24. Factory files cannot be moved to the trash.

If you do (intentionally or otherwise) manage to get rid of the factroy file, it will
automatically be replaced the next time the instrument powers up.

Factory files 29
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Version 1.4 has several fluorescence related changes and improvements.

Setup Screens: In addition to showing the intended Q pattern based on current set-
tings, the graphs accompanying the setup screens now display the latest flash (or
dark) results (F and Q data), allowing you to tune an event's parameters (target, dur-
ation, etc.) without changing screens.

Result Screen: The latest dark adapted flash, light adapted flash, and dark pulse con-
tinue to be shown on the Results screen. Viewing event details for these and any
previous events is now done on the new Files screen.

Files Screen: This new tool allows up to 8 fluorescence events to be viewed sim-
ultaneously. These can be captured automatically as they occur, or past event files
can be loaded for viewing.

Fluorometer Constants: Previously logged dark adapted events can be loaded from
the file system, automatically setting the values of Fo, Fm, Adark, and PS2/1. This
greatly aids work flow when making a dark adapted measurements on a number of
leaves prior to the associated light adapted measurements.

What's new in Bluestem v1.4
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Setup screens

Setup screens

Each setup screen has a graph that shows the current settings, and also the results
of the last event of that type that was made. The time of the fluorescence peak (or
minimum, for a dark pulse) is called out on the graph, to aid in setting proper dur-
ation times. For flash events, the displayed F data are only those points during the
flash. This has the affect of zooming in on the upper part of the response. (For
more controlled zooming and other options for fluorescence plots, see the Files

Screen.)
n (Aclual Q (red dots) and F (gray dots) from latest flash)
StartUp Environment Constants e ent: Log
off
Flow: Red target:| 10000.0 MultiPhase Flash Setup
off pmolm *s " ' 3,450
Red actinic, phases 1and 3 ’
H0: off Phase 1 200 3.400
ms
Phase 1 duration 3350,;
CO;:  off X S
N Phase 2: 200 33003
Phase 2 duration 3250 =
Fan: off g
Phase 3: oy, 32002
Phase 3 duratior 3,150
Temperature: Off
3.100

T T T
400 600 800
Time ms

m Latest

(Expectsd Q from current settings.
sLight: 100pmolmsT TEITCTOT IO TSt 2

Data rate: 100 Hz v
Margin:

5
points
Auxiliary: Number of data points before and after

MultiPhase

T
o 200

Auto Controls: Measuring Rectangular Induction Dark Pulse Results

Latest: MPF-658 @ 14:06:17

Show/hide latest flash )

Files.

Figure 1-25. An example setup screen_for MultiPhase flashes.
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Result screen

The @ screen shows the current state of the fluorescence computations
(Group name = Flr), and the dark adapted, light adapted, and dark pulse events on
which they are based.

@
StartUp Environment Constants stability Log Files G ;‘;,‘:ms Measurements Log

Off  View: (@ All | ) Graph ( ) Table ( ) MPFFit
Flow:
Of Dark Adapted Light Adapted Dark Pulse

H0: off 2,000

1,800 Fm =1735.0
co.: of

1,600 Fm' = 1579.2
Fan: off

1400 Fs = 1323.2 Fs = 1323.2

: off Fo = 1203.6
Temperature: 1.200
. X . . . Fo=11163
®Light: 100 pmolm-2s-" 1,000 RECT-320-20190727-13 17_17 MPF-321-20190727-13_19_05 DARK-322-20190757-13_19_36
Opmol m 25! Fm=17350 Fv=531.4 Fm'=1579.2  PhiPS2=0.16 FO'=11163  Fv'=462.9
Fluor,  MEAS 63118 o Adark=0.00 Fu/Fm =031 A=0.00 ETR=6.84 Fu/Fm'=0.29
moase Fo =1203.6 Qabs =84.43  PhiCO2 = 0.00 qP =055
Fs=13232  NPQ=0.10 qN =025
Auxiliary: qP_Fo = 0.68
GN_Fo =029

. Measuring  MultiPhase  Rectangular Induction Dark Pulse Results Files

Figure 1-26. The state of the Flr computational group.

When fluorescence events are triggered manually from their setup pages, the dark
adapted, light adapted and dark pulse sections are treated independently. When
events are triggered as part of logging to a file, the following rules are followed.

» A log that triggers an FoFm will clear the light adapted and dark pulse sections.

« A log that triggers an FsFm' will update the light adapted, but clear the dark
pulse section.

» A log that triggers an FsFm'Fo' will update the light adapted and dark pulse sec-
tions.

Light adapted vs dark adapted is determined by the following: A flash is dark adap-
ted if the fluorometer actinic is off, or else the measured Q is less than 1 mol m™2 s
1 at the time the flash occurred.
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Files screen

The screen allows you to view and compare up to 8 fluorescence events, either
by loading them from file, or by capturing when they occur.

n
- . Auto
Sureup comans ) Dsabity ) toghles ) ko
O \iew: @ Graph | Table || MPFFit Variables:
oft 1. MPF- &
Modulated F, Actinic Q e rQ weriza stz @
off 1,500 H ] £ 10,000 F y
HaO: — I S 2MPE1252012081414. 2240 (@)
1400 T : 121 9,000 Q
E 1 K J 3 MPE1262010081414 25 01 ()
€0: off 1,300 ] Y E 8.000 EDCIQ e
—_ L-— E 4 MPF-127-20190814-14_27_27
1200 4 ?""b"—""\ 7,000 . . i i
Fan: oOff E 1 H E 6,000 Events available for analysis.
1,100 4 I E 5,000 © [ pcr, Hide,/show by tapping the leg-
Temperature: Off 1‘0”_5 ! | E 4.000 Loguoftitwend.
900 4 J EOL . F3000 [ Normbiize
I 18 \
L LT L 8003 L L (Add new flashes or old files )
700__ TRl Py TR AT FM |
L e e e
02 0 02 04 06 08 Always add latesf files
Time (s) Percentage of to
Auxiliary: |- MPF-124 = MPF-125 W MPF-126 |m MPF-127 fomnamen m
Auto Controls: Measuring MultiPhase Rectangular Induction Dark Pulse Results

Cl'he home folder for this view is ) . = ﬂ 3 20190627
e

/home/licor/logs/flrevents

INDUCTION-27-20190626-10_09_31.json 44 KB 26 Jun 2..10:09:33
A4 2019-06-27 27 Jun 2...14:33:07
RECT-28-20190627-14_10_03.json SKB 27 Jun 2...14:10:05

9-20190627-14_10_30.json 4KB 27 Jun 2..14:10:32

(Multi -select by touch and drag)

RECT-30-20190627-14_20_00.json S5KB 27 Jun 2...14:20:02

MPF-31-20190627-14_33_04.json 4KB 27 Jun 2..14:33:06

(2 Filter fles | DARK 0. |y commas o sepmsce e () D)

1
Filtering for flucrescence event text file;
E)ARK*.]son, RECT*.json, INDUCT*.json, MPF'.jsnd e]

Figure 1-27. The Files Screen can hold up to 8 events.
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Graph

Variables that can be plotted are Q (actinic light), F (modulated fluorescence) and
DC=Q (non-modulated fluorescence normalized by non-modulated Q).

« Logp(time) - Apply a log scale to the time axis, which is useful for looking at

an induction flash.

« Normalize - Plot each y axis variable as scaled by the maximum value in the
data set. In the case of F for a flash event, it is scaled by Fmax.

« Zoom up - Change the scaling of each Y axis so that only the top x% of the data

is shown.

Figure 1-28 below illustrates these options.

F {(dots) and Q (lines). Different flash intensities.

Log scale, plotting F only

View: @ Graph | ) Table [ | MPEFit Variables: View: @ Graph [ ) Table [ | MPFFit Variables:
Modulated F, Actinic Q e FQ Modulated F Fa
4,500 7 fmax r 16,000 F 4,500 5 oF
4,000 -] ' ] [ 14,000 Q 4,000 " Q
3,500 | [ 12,000 F.DC/Q 3,500 4 F.DC/Q
[ 10,000
3,000 ‘ E oc 3,000 4 nem
w | - 8,000 © pC/Q.Q u DC/Q.Q
2,500 3 2,500 4
| [ 6.000 Logio (time) Log:o (time)
2,000 I Fa 2,000 ]
‘ [ 4,000 Normalize Normalize
15007 [ [ 2.000 Zoom up 15007 Zoom up
R 5.0 1.000= T T T T ! 5.0
02 0 02 04 06 08 1 12 » 6 -5 -4 -3 -2 0 *
Time (s) Percentage of top 10910 (Time(s)) Percentage of top
® INDU-660| m INDU-661 {ozoamen m INDU-660 | m INDU-661 fozoemen
LWl
(To hide a curve, top its Iegend)
Zoomed in top 5% Each curve normalized, zoomed to top 5%
View: @) Graph Table MPF Fit Variables: View: @ Graph Table MPF Fit Variables:
Modulated F FQ Modulated F fa
i oF 5 eF
4,350 - - > T 14
3, Q ] Q
o ]
4300 ; \\‘ F.DC/Q £099] F.DC/Q
! e 3 ]
! . DCQ 8 ] DCiQ
. J R Zoss ]
4,250 E’l ‘-‘“‘ DC/Q.Q £ DC/Q.Q
H 2 ]
:] Log:o (time) frapps _: Log:e (time)
2,200 Jf Normalize ] Normalize
i Zoom up 0.96 Zoom up
4,150~ L 1 :
T T T T 1 5.0 r T T T T T 5.0
02 0 02 04 06 08 1 12 L 02 0 02 04 06 08 1 12 .
Time (s} Percentage cf top Time (s) Percentage cf top
u INDU-660| m INDU-661 ‘o zoamean m INDU-660| m INDU-661 tozoemen

Figure 1-28. Some plot modifiers illustrated using two induction curves.
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Table

Table

Thescreen shows all events in tabular form. All single-value items from the
fluorometer event file are shown in alphabetical order. If more than one type of
event file (MPF, Rectangular, Induction, Dark Pulse) is present, some entries will

be blank.

Start Up m Constants Stability
. Off  View: () Graph (@) Table ( ) MPF Fit
off MPF-124 MPF-125

H,0: ot DATE 20190814 20190814

DEVICE | MPF551013  MPF-551013

CO,:  oOff D_RED_PERCENT 90 90

EVENT_ID 124 125

Fan: off FMAX 139238 1415.19

Fs 7316 732

Temperature: Off MARGIN 5 5

MODRATE 250000 250000

®Light: 100 pmol m-2s-! OUTRATE 100 100

P1_DELTAF 0.13 -1.67

P1_PREDF 1226.77 123936

Augxiliary: P2DQDT | -0.00948575  -0.00947679
i e Measuring MultiPhase Rectangular

Log Files

MPF-126

20190814

MPF-551013

250000
100
091
1246.21
1247.12

0.00951071

Induction

Auto

Programs

MPF-127

Measurements Log

Compare files:

1. MPF-124-20190814-14_18_56

e
20190814 2 MPF125-20190814-14.22.40 (@)
MPF-551013
o 3.MPF-1262019081414.25 01 @)
127 4.MPF127-2019081414.27.27 (@)
1425.87 Eh
7352 Fs
5 M.
250000 M
100 ol
18 P1
e o Always add latest files
125153 P1
000953518 | P m
Dark Pulse Results Files

Figure 1-29. The Table view shows all of the single-valued entries in the fluorescence event

file.

See Fluorometer Event File Documentation for a description of what the row labels

mean. The last row (VERSION) will show 1 for new files, or 1* for pre-version 1
files. Such files are temporarily converted to version 1 when loaded so will appear
in the table with all the new entries filled in.
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MPF fit

MultiPhase Flash events in the Compare files list will appear on the screen,
whose graph shows the Phase 2 regressions. In addition, the Fmax value of the
flash is shown (Fmax is whichever is larger: the extrapolated Phase 2 value (P2
INT), or the Phase 1 max (P1 MAXF)). Two validity indicators are also shown,
based on the phase 2 regression: the predicted Phase 1 max (P1 PREDF) and the
predicted phase 3 max (P3 PREDF). The closer they are to the line the better the
phase 2 regression is in predicting phase 1 and phase 3 fluorescence.

Auto
Off  view: () Graph () Table (@ MPFFit
Flow:
off
Phase 2 Regressions
H:0: off 1,450
1,400
€O off
1,350
Fan: off
+ 1,300

Temperature: ~off 1,250

1,200

oLight: 100 pmol m-2s1

Auxiliary: [w mpF-124]m MPF-125]w MPF-126]w MPF-127

Measuring  MultiPhase  Rectangular  Induction Dark Pulse

Auto Controls:

Figure 1-30. The phase 2 regressions of MPF events.
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Measurements

Log

Compare files:

1. MPF-124-20190814-14_18_56

2.MPF-125-20190814-14_22_40

3. MPF-126-20190814-14_25_01

4. MPF-127-20190814-14_27_27

0000

Always add latest files

Results

Files
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Fluorometer constants

Fluorescence Constants (Fo, Fm, Adark, and PS2/1) can be loaded from a DarkAd-
apted file. A DarkAdapted file is created when a flash is triggered by an FoFm log
event. DarkAdapted files are stored in the flrevents folder, and begin with "DarkAd-

apted".

Each DarkAdapted file contains Fo, Fm, Adark, and PS2/1, and the name of the
flash event. Loading a DarkAdapted file from the Constants > Fluorometer page (Fig-
ure 1-31 below) does two things:

1 Sets the constants' values
2 Sets the Dark Adapted data on the Results screen.

Fluorometer constants

system:

Dark assimilation rate before Fm

Gas Exchange:
Fm: 1735.0

Maximal F, dark adapted Vo > 20100723
Leaf Temperature:
Fo: 12036 >
_ﬂ oate Modifed
Minimal F, dark adapted
LSsLeht 2019.07:22 22ju12..17:21:45
PS2/1: 0.50 4 Ju
Ratio PS2to PS1 v [T201007.23 23)012.1611:32
User:
From: RECT-320-20190727-13.17_17 DarkAdapted_RECT239-20190723-1056_58.txt 237 bytes 23 Ju12..1057:37
R
DarkAdapted RECT252-20190723-12 24 41.txt 237 bytes 23 Jul2..12:24:02
o« DarAdapted RECT26120190723:13 34 420 237 bytes 230 2..13:5443
Load fluorometer constants from DarkAdapted_RECT267-20190723-14 03 S0.0¢ 238 bytes 23 Jul 2..14:04:00
dark adapted file.
Filter files | txt, DarkA...

e on Fm = 18318
Ps2/1: 1,200 -
a 2 F o 1,000
e ——

Figure 1-31. Set constants and dark adapted results by loading from a previously logged
FoFm event.
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Fluorometer event file documentation

Table 1-1 below lists the single-value labels in the four types of fluorometer event
files (MPF, RECT, INDUCTION, and DARK), and Table 1-2 on page 40 the multi-
value entries. Items marked (new) are only present in Version 1 files.
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Table 1-1. Single-value entries in fluorescence event files, Version 1 and prior.

Label MPF  RECT

DATE v
DCmax

DCo

DEVICE v
DURATION

D FARRED
PERCENT

D RED PERCENT v
EVENT ID v
F1

F2

FMAX v
FMIN

Fo (present if dark
adapted)

Fs (present if light
adapted)
InitSlope
MARGIN
MODRATE
OUTRATE

P1 DELTAF (new)
P1 MAXF

P1 PREDF (new)
P2 INT

P2 INT SE

P2 R2

P2 SLP

P2 SLP SE

P3 DELTAF

P3 MAXF

P3 PREDF

P3Q

AN

AN

N NSNS SANSNSNSNSASANSN

v

ANANIN

NSNS S

AN NSNS S

SNSS SN

v

AN

NSNS

IND. DARK Notes

Date of event (see also TIME)
Max value of DC/Q fluorescence
Extrapolated pre-flash for DC/Q
Fluorometer serial number
Event duration (ms flash, s dark)

Farred power as % of max

Red power as % of max
Event identifier number
F at 1st inflection

F at 2nd inflection
Maximal F

Minimal F

Pre-flash F

Steady state fluorescence

Initial slope of DC/Q

Margin (# of points)
Modulation rate (Hz)

Data points per second

P1 PREDF - P1 MAXF

Phase 1 max F

Phase 1 predicted F

Phase 2 regression intercept
Phase 2 std. error of intercept
Phase 2 regression R squared
Phase 2 regression slope
Phase 2 std. error of slope

P3 PREDF - P3 MAXF

Phase 3 max F

Phase 3 predicted F

Max Q during phase 3
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Table 1-1. Single-value entries in fluorescence event files, Version 1 and prior.

(...continued)

Label MPF  RECT

PHASE1
DURATION
PHASE?2
DURATION
PHASE3
DURATION
Q@P1 MAXF
(new)
Q@P3 MAXF
(new)
QMAX
QMIN
Q FARRED
SETPOINT
Q RED SETPOINT v
RAMP v
T@DCmax (new)
T@F1
T@F2
T@FMAX (new)
T@FMIN (new)
T@NIR
T@P1 MAXF
(new)
T@P3 MAXF
v
(new)
TIME v
TIMESTAMP v
v
v
v

v
v
v
v

v

v

TYPE
T OFFSET

VERSION (new)

Q FARRED
SETPOINT

Q RED SETPOINT v
RAMP v
T@DCmax (new)
T@F1

T@F2

T@FMAX (new)

Fluorometer event file documentation

SN NENA

<

AN N NS

SN NN

AN

AN N

NN NSNS S

IND. DARK Notes

Phase 1 duration (ms)
Phase 2 duration (ms)
Phase 3 duration (ms)
Q at phase 1 max F

Q at phase 3 max F

Maximum Q during flash
Minimum Q during dark pulse

Farred target ymol m2 s-'

Red target pmol m2 s

Percent ramp for phase 2

Time (s) of DC/Q max value

Time (s) of F1

Time (s) of F2

Time (s) of FMAX

Time (s) of FMIN

Time (s) of half initial rise (F 1 — Fs)/2

Time (s) of phase 1 max F

Time (s) of phase 3 max F

Time (local) of the event

GMT time t value of event (s since 1970)
MPF, RECT, INDUCTION, or DARK

Time shift (s) of event start (In version 1, this
is already incorporated into the SECS data.)
File version

Farred target pmol m-2 s

Red target pmol m2 s

Percent ramp for phase 2
Time (s) of DC/Q max value
Time (s) of F1

Time (s) of F2

Time (s) of FMAX
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Table 1-1. Single-value entries in fluorescence event files, Version 1 and prior.
(...continued)

Label MPF RECT IND. DARK Notes
T@FMIN (new) v Time (s) of FMIN
T@NIR v Time (s) of half initial rise (F 1 — Fs)/2
T@PT MAXF v Time (s) of phase 1 max F
(new)
VeI Lo v Time (s) of phase 3 max F
(new)
TIME v v v v Time (local) of the event
TIMESTAMP v v v v GMT time t value of event (s since 1970)
TYPE v v v v MPF, RECT, INDUCTION, or DARK
Time shift (s) of event start (In version 1, this
ORI 4 4 4 4 is already incorporated into the SECS data.)
VERSION (new) v v v v File version

Table 1-2 below lists the time-series data, which is common to all event files. A dif-
ference in version 1 files is that the time (SECS) is adjusted by the T_OFFSET
value, so that SECS=0 corresponds to the time the flash began (or when the actinic
turned off for a dark pulse). In files with no VERSION, the rst value of SECS is 0.

Table 1-2. Table of multi-value entries in fluorescence event files.

Label Notes

SECS Time (s). In version 1 files, the 0 value is the time of the flash on or actinic off.
FLUOR Modulated fluorescence.

DC Non-modulated fluorescence.

PFD Photon Flux Density (includes contribution of REDMODAVG).

REDMODAVG Average flux contribution from the red modulated LEDs.
Event phase data identifier:

2 = pre-flash margin

3 =rect or induction flash

4 = MPF phase 1

5 = MPF phase 2

6 = MPF phase 3

7 = post-flash margin

11 = pre-dark margin

12 = farred on (actinic still on)

13 = actinic off (farred still on)

14 =farred off

15 = post-dark margin (actinic back on)

CODE
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Section 5. Matching revisited

A potential matching error

Central to the LI-6800's gas exchange computations is the difference (4) between
sample and reference gas analyzer readings C; and C,. (We are using C for con-
centration, meaning CO, or H,O). For 4 to be accurate, we need to ensure that C,
= C, when the IRGAs are receiving identical air streams. We call this condition
matching, and it is used to measure correction factor M.

M= (C - Cs)'m 1

where the |, indicates the readings were made in match mode. M is used to correct
subsequent measurements.

A=C,+M-C, 12

The value of M is unchanged until another match is performed. How stable is M?
There is some relation between sample and reference that likely depends on con-
centration, time, temperature, and human activity such as zeroing and/or spanning
one or both IRGAs. Let's designate this match relationship as function m(C), to
emphasize its potential dependency on concentration. We don't really know what m
(C) looks like, but every time we match, we capture its value at a particular con-
centration, time, temperature, etc. Since matching is done at the reference con-
centration, we can write

M=m (C’l‘|m) 13

Question #1: Does frequent matching assure accuracy?

It may not. It turns out that the shape of m(C) is very important. Figure 1-32 on the
next page illustrates the potential problem.
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a. Measuring (Pre match) b. Matching ¢. Meauring (Post match)
T Lo m(C) + - m(C) T Lorem(C)
c . c P c .
h] . L R i) o
] ] Lt o | Error I L
Q o K o .
= . = . = .
5] 2 . S .
A . ooy , <oy ,
Cs Cr c E‘f c Cs Cr c
5
The saﬁfeand refetence cells are Entering match, the sample cell is After the match the sample cell re-
at the indicated concentrations. brought to the reference concentra- ceives chamber air once again, but M
M is the match correction from tion C,. When M is measured, it is stays put. If m() isn't flat, this intro-
a previous match. the value of m(C,). duces an error.

The unknown match function m().

Figure 1-32. Illustration of a hypothetical error function m(C) and its role in a potential
post-match error.

The post-match error can be expressed as a fraction by

m(Cy)—m(Cs) 1-4

E= C.—C,

which is the slope of m(C) over the interval (Cg C,). This error (as a fraction or a
percentage) is independent of how large or small 4 is. This means that if m(C) has
a 1% slope, the post match error in flux will also be 1%.

So, the shape of m(C) is crucial: the more sloped it is, the more you need to re-
match if concentration changes, but with each match, there will still be a post-
match error. A flat m(C) is good, a sloped m(C) is bad.

Question #2: If m(C) is an unknown function, how can I know the slope?

The match screen in version 1.4 has match graphs for both CO, and H,O. This
graph displays the current and previous match values (i.e., values of M). If you do a
few matches over a range of concentrations, you will quickly get a sense of the over-
all slope of m(C) (Figure 1-33 on the facing page).
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Match Function and Point

/’77-— Previous matches
-0.06 L ,\‘\
0.08 Current M

o 5 10 15 20 25
H20_a

Latest match —

0.0z

=4
=]
=

rmmaol mal-*

=+
+

Figure 1-33. The H,O graph from the match page, shows the history of recent point
matches.

In addition, version 1.4 provides a mechanism to acquire "range match" data (Fig-
ure 1-34 below). This is a set of values of M taken over the full concentration range
in about 5 minutes and shows a very detailed estimate of what m(C) looks like, over
that window of time.

Range match data — Match Function, Point, and Range
,
' — Previous matches
. oz .
= e, 1
g -0.04 R L |

LI
S CL T - T
5 a2 2 g tewb ——
£ -0.06 LA e i
E . !
0.08 :
1
01 !
L o o e o
o 5 10 15 20 25
H20 2

Figure 1-34. The H,O graph showing recent point matches (+), and range match data (m).

Question #3: Can a sloped m(C) be corrected (i.e., flattened)?

Yes. A sloped m(C) means there is a calibration mismatch that you can correct. Val-
ues of M should go to 0 as concentration goes to 0. If they don't, one or both
IRGASs need to be properly zeroed. At high concentrations, large M values can be
caused by an improperly zeroed IRGA, or when one IRGA (or both) is improperly
spanned. Figure 1-35 on the next page illustrates some examples.
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. Properly zeroed and spanned

V' M near0is 0
< V. M at 2000 near O

Match Function and Point

500 1,000 1,500 2,000
c02_a

x M near 0 is 8
. A problem with zero

V.M near 0is 0
x M at 2000 is 18
.. A problem with span

Match Function and Point \ Match Function and Point
H i 0974 1
| + LR |
a . s *
: Z ‘
| s ! +
+ g 1 +
! s H 4
| T
H 20
T T T T 1 I T T T T 1
0 500 1,000 1,500 2,000 2,500 0 500 1,000 1,500 2,000 2,500
Co2_a co2_a
slope = 22-8 = 0.0070 = 0.70% lope = =20 = .0.0085 = -0-85%
pe = 5550 = 0- =0. o slope = —55q55- = -0. = -0 o

Figure 1-35. Three distributions of CO, match points, one with a bad zero, one with a bad
span.

Question #4: The post-match error problem stems from the fact that M is a con-
stant. Does it have to be?

Version 1.4 allows the match correction M to be a 3rd order polynomial based on
Cy. It can be fit to range match data, yielding an M that continually updates as C;
changes (Figure 1-36 below). This not only removes post-match errors, but reduces
the need to match when concentration changes. In other words, instead of a con-
stant M, you can have M(C) = m(C).

Match Function, Point, and Range

Range match data —

Current M
|~ (Fit to range data)

o 5 10 15 20 25
H20_a

Figure 1-36. The H,O graph from the match page, with M fit to the range match data.
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The new match screen

The Match screen in version 1.4 has been changed (Figure 1-37 below). Matching
can be triggered by the or (JEI®) buttons on the left. The status table in the
center shows exactly how the current value of A is being computed. The graphs to
the right show matches done since power on (gray plus marks) and the current
match value as a function of concentration (solid green or blue curve). Some new
features are available through the View CO5 and View H,0 buttons at the bottom.

Auto
‘ Start Up Environment Constants Stability Log Files Pragrams

§ Auto
StartUp Environment Constants Stability Log Files R

tch )
IRGA Matching
Matching at a single reference point:

506

tically adjusts match() in

Autc

20-30

Manual' allows you to adjust matchi)

€O, H;0
manually
r T
Uncorr, Sample: 66540 14,905 . o oo oo o
+match(:  -0.70 -0.039 i
Time since last point match:
sample:  664.70 14,867 H20 Mateh Functien, Fai, ang Range
€Oz 2.4 mins -Reference:  664.61 14.858 0or
Hz0: 1.1 mins & 008 0.009 5004
5006
Faom
Last range match: 01

€Oz

H;0: Mon 5ep 9 16:42
View Match

Figure 1-37. Getting in and out of the new Match screen.

The summary table

The summary table (Figure 1-38 on the next page) makes explicit what the match
function is doing. We label it match() since the match offset is now potentially a
function of uncorrected sample cell concentration.'

n general, the match function is a 3rd order polynomial. If the only non-zero coefficient is the offset,
then the function is merely a horizontal line: the same value at any concentration.
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Uncorr. Sample:  680.86 15.093 Start with the uncorrected sample cell concentration.
+match(): 018 ©0.03 | Add the match correction...
Sample:  681.04 15054 | ...to get the sample cell concentration.
-Reference:  680.59 14981 Subtracting the reference cell concentration...
A 045 0.070 ...yields the A, on which gas exchange computations are based.

Figure 1-38. Match status table.

During a match, the table changes a bit (Figure 1-39 below). Since both cells are see-
ing the same gas, the expected A is zero; it is labeled €, since a non-zero value rep-
resents an error in the current value of match(). There is also a stability indicator, de
= dt, the rate of change of that error with time.

Uncorr. Sample 54.42 14.702 Uncorr. Sample 54.44 14.704
@ oo 1. Current match value. @ 003 | 3. Match is adjusted.

Sample:  653.32 14.665 Sample:  653.60 14.666
- Reference:  653.60 14.664 -Reference: 653,59 14.665
0.001 2. € should be near 0. 0.001 4. e is now near 0.
dedt: -0.0565 -0.0061 defdt 2,3259 0.0058
Before After

Figure 1-39. Before the match (left), the CO, match value is too high by 0.28. After the
match adjustment (right), the new match() gives an € much closer to 0.

The graphs

The graphs on the Match page show three things: the current match function
(solid colored line), recent point matches (most recent in red), and (if present)
range match data. In the example in Figure 1-40 on the facing page, the H,O graph
(bottom) has range data, with the match function t to them; the CO, graph (top)
does not.
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CO > match() is a constant,
CO2 Match Function and Point

: — equal to the latest point
i ‘/ match

500 1.000 1,500 2,000 Current sample concentration

€02_a /
H20 Match Function, m-n:jw/

pmal mol-*
bbb e e

Point matches (+ = latest) —

| H20 match() is polynomial fit

to range match data
H20 range match data —

Figure 1-40. Match page graphs.

Managing the details
Theandbuttons on the match screen open a screen that

allows you to manage matching for that gas. If no range data is present (Figure 1-41
on the next page), there aren't many options other than acquiring range data

(, or removing old match points (.

Managing the details 41
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With no range match data

Start Up

Environment Constants Stability

CO; Match Data

Match Function and Point
a=-0.839, b=0, c=0, d=0

Auto
Ll Programs

“ -

Close Matching

U’E“:L‘—nm‘ .
(Current value (CO2_a, match()))

To Chamber

500 pmol s

Uncorr.

I 66541  14.996

1
0
K]
£ i
51 +H4—¢
€
5
2
3
r T T T |
0 500 1,000 1,500 2,000
coz.a
= match()| = Point

Remove match point(s)

+match()™ -0.70 -0.039

Sample: 664.70 14.957

- Reference: 664.61  14.955

& 0.09 0.002

(Acqui

re range match data)

—

/

C0O2 Match Options (BP#1)

Delete latest point match

Delete all point matches

=D €D

Acquire New COz Range Match Data (BP#4)

Chamber may be open and empty.

€O:is cycled low-high-low while measuring ACO2.
IRGAs should be warmed up.

Mode: ‘@ Normal (5 minutes) Quick check (3 minutes)

Flow_s/Flow_r:

Flow balance ratio

Figure 1-41. The CO, Match Data screen shows an expanded version of the CO, graph.

When range match data is available (Figure 1-42 on the facing page), you can
choose to fit the match function to it, and whether to adjust the fit to the latest

point match.
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With range match data

Start Up Environment Constants. Stability
CO; Match Data
Match Function, Point, and Range
{ 2=.0.003, b=-0.00155, c=5.24¢.07, d=-4.9e-11
174
Loy
Qe i
E i
©-141
13 |
£ |
27!
-3 1{o=0107
T T T T T 1
o] 500 1,000 1,500 2,000 2,500
COZ_a

m match()| m Range | m Point

Finished at Tue Sep 10 15:23:53 2019

I ©TD

Auto

LogFlles Programs

Fit match() to:
[ Use latest point match

Fitinterval: ‘@ Full Partial

Point (@) Range

“ o8
Close Matching

508 pmol s

from  —p To Sample
Chamber v
5.
To Chamber

P

B3%S T 500 pmol s

co, H:0

o Reference

36 pmol s

Uncorr. Sample: 64220  15.329
~match(: 079  -0.039
Sample: 641.41  15.290
-Reference: 654.11  14.811
& 2270 0480

Exit CO,

Match Function, Point, and Range

Fit the range match data, but
adjust the entire curve verti-
cally so that it goes through
the latest point match.

m match()| m Range | m Point

| a=-0.180, b=-0.00155, c=5.24e-07, d=-4.9e11 Fit match() to: () Point (@) Range
1 i Use latest point match
0 Fitinterval: ‘@ Full Partial
°
E
5-1
E
EA
-2
37 lo=0.107
r T T T T !
0 500 1,000 1,500 2,000 2,500
C02_a
® match()| m Range | m Point
Match Function, Point, and Range ) -
2=-0.839, b=0, €=0, d=0 Fit mateh() to: (@) Point Range
1
Zo
S
E
5-1
E
i
-2
-3
r T T T T 1
0 500 1,000 1,500 2,000 2,500
co2 a

Fit match() through the latest
point match.

Figure 1-42. If range match data is avatlable, you can select between using it or not.

The match function can be fit to the full range match data set, or to a subset by set-
ting Fit interval to Partial, which selects a narrow band of range match data that

Managing the details
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contains the current sample concentration. This band shifts automatically as
sample cell concentration changes (Figure 1-43 below).

startUp Environment Constants Stability

C€O; Match Data

Close Matching
Match Function and Range
. It P Rq
1863, b=0.0%, ¢=1.20805, ¢=5.85-0 Fit match() to: () Point (@) Range o 507
| | Fitinterval: () Full @) Partial cramber

| Zoom

Match Function and Range

o= 0.0947

1
0 500 1,000 1,500 2,000 2,500 o
Co2_a

3 i
{o= 0.0947
T T

anaa]
550 600 650 700 750 8OO 850 900 950 1,000
coz2a
1. CO2_a at 250 and rising...

2. ... at620..

Match Function and Range Match Function and Range
=-3.62606, d=2.53e-09 b=0.008§1, c=-1.}7¢-05, d=1.08-08

00043

] T
] 5
E E
51 21
5 E
S 3
2 -2
3 -3
r T T T T 1 r R T T d
0 500 1,000 1500 2,000 2,500 0 500 1,000 1,500 2,000 2,500
€02 a CO02 2
m match()[= Range » match()| m Range
3. ..at 750... 4. ..at930..
Match Function and Range Match Function and Range
30, b=-0.0236, ¢=3.2}&-05, d=-1.54¢-08 =8.774, b=0.0275, ¢=-3.05¢-05, d=1.062-08
) P P
0

io=0.10F

3 o= 0123
r T T T T ] T T T T T )
L 500 1,000 1,500 2,000 2,500 o 500 1,000 1,500 2,000 2,500
cozs co2.a
w match()[ = Range u match()] m Range

Figure 1-43. When Fit Interval is Partial, a subset of the range match data is fit. This nar-

rower fit interval shifts automatically as needed to keep the sample cell concentration
within its domain.

Acquiring range match data

The button will launch a program to collect range match data (Figure 1-44

on the facing page). This process takes a few minutes, and should be done without
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any leaf in the chamber, since the chamber receives no air flow during the process.

The Acquire program tries to cover as wide a concentration range as possible. For
CO, this means having fresh soda lime and an adequate CO, cartridge. For H,0, it
means having fresh desiccant and a saturated humidifier tube.

Once running, the Acquire program does the following: a) Routes all the flow to
the IRGA, splitting it between sample and reference. b) Ramps concentration from
low to high and back to low. ¢) Records the concentrations differences between
uncorrected sample and reference during the ramp up and back.

D
aaue Environment Acquire New CO2 Range Match Data (BP#4) Ll Log

€0O; Match Data Close Matching
Chamber may be open and empty.

Match Ful B B N N
R CO: is cycled low-high-low while measuring ACO2. 508 <
N i IRGAs should be warmed up. o ™
38
0
s Mode: @ Normal (5 minutes) | Quick check (3 minutes) 2%
£ ]——HH—+—
51
o
2 Flow balance ratio
Uncorr. Sample: 665,41 14,996
-3 +matchi);:  -0.70 0.039

T . Sample: 66470 14,957
0 500 Cancel Continue

J - Reference: 664,61 14.955

m match(}] = Point : / A 0.09 0.002

111

StartU -E o)

I nvironment Constants Stabili LogFiles Sarar
Current range data (if any),

CO; Match Data and match fit plotted in gray.

Acquiring New Range Match Data

The program routes
all air to the IRGAs,
dividing the flow using
the specified ratio.

2 a=-0.839, b=0, cj=0, d=0

pmol mol-*

co; H:0

New data is plotted
Uncorr. Sample: 1153.08  25.705

—_ as CO, ramps up to +match 071 -0.059
3 co2_a 2000+ and back to 0.
r T T r Sample: 115237 25.646
0 500 3602003 1500 2.000 Reference: 1151.90  25.645
® Previous|m Range & 048 0.001
Ramping up

o=
Figure 1-44. Acquiring range match data.
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When the program is done, the closing dialog (Figure 1-45 below) gives you the
option of keeping or discarding the new range match data set.

il Auto
CO; Match Data Close Matching
Acquiring New Range Match Data
a=-0.839, b=0, c=0, d=0
1
. Data during ramp up
0
s
€
5-1
€ ALY
i
2
Uncorr. Sample:  110.77 25.550
3 Data during ramp down +match(: 070 -0.058
r T T T T 1 Sample: 110.06 25.492
0 500 1,000 1500 2,000 2,500
co2.a - Reference: 110.54 25.482
= Previous| = Range & 048 0011
CO2 New Data Results (BP#4)
Ramping down
[ |
Coefficients determined are as follows:
e
CO2 match adjust = a + b*x + c*x2 + d*x3

The current match() (flat line) —

How well the current match() fits the new data. —
Proposed new match(). —
How well the new match() fits the new data. —

How well the up and back data overlay. —

Current coeffs: a=-0.704, b=0, c=0, d=0

Current error: Mean= 0.218, o= 0.457

New coeffs: a=-0.003, b=-0.00155, c=5.24e-07, d=-4.9e-11

New error: Mean= 0, o= 0.107

Balance: avg(dn) - avg(up)=-0.14 with Fs/Fr=1.15

Figure 1-45. The Acquire program closing dialog

The ramp up values should overlap reasonably well with the ramp down values. If
they don't, you can adjust the Flow_s/Flow_r parameter to compensate. Doing the
ramp at a faster rate will exaggerate the difference, so you can run Acquire a couple
of times at the faster rate to try and get the best Flow_s/Flow_r value. Then, when
you slow it down for a normal run, the overlap will be even better.

o If the "coming back" values are higher than the "going up" values, then Flow_
s/Flow_r should be lowered.

o If the "coming back" values are lower than the "going up" values, then Flow_
s/Flow_r should be raised.
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Values in the 1.10 to 1.20 range seem typical for CO,. For H,O, expect flow ratios
to be 1.3 to 1.4.

Flow_s/Flow_r = 1.11 (Too low) Flow_s/Flow_r = 1.20 (Too high)
Collecting New Range Match Data Collecting New Range Match Data
19 2=0.236, b=7.97e-05, c=-4.02e-07, d=3.3%e-11 0.5 a=0.236, b=7.97e-05! c=-4.02e-07, d=3.39e-11
J —F
0.5 —_ 0
T i 5 4
g ’ E 0.5
S — 3
£-0.5 g B —
3
-1
14
J coz.a 154 co2_a
L5 r T T T 1 f T T T 1
0 500 1,000 1,500 2,000 0 500 1,000 1,500 2,000
€02 a C02. a

Figure 1-46. The effect of flow ratio on data overlap.

Range match stability

Zero and span

Zeroing and spanning an IRGA will potentially invalidate range match data. In
fact, entering those routines will reset the match function to a 0th order poly-
nomial with 0 offset. The range match data is not discarded, but you may need to
run Acquire after the zero or span adjustments.

Effect of warmup

There is typically a shift in range match data as an instrument warms up. Figure
1-47 on the next page compares an original range match data set taken when fully
warmed up on a prior day (gray data, same in all plots) with newly acquired data
(green points) taken at regular intervals since being awakened from sleep mode, in
which it has been for 16 hours prior to the experiment. (The new data is discarded
each time, so the plot comparisons are always with the same original data set.)

The largest differences were at 1 minute after wakeup, when the curve was shifted
down by 0.2 ppm at the low end, and by 1 ppm at the high end. Over the course of
2 hours, the data slowly drifted toward the original data set.
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Fortunately, the general shape of the curve was consistent. This suggests you can

compensate for disequilibrium by performing a point match (to shift the curve fit),
rather than by remeasuring range match data.

After 1 min

After 20 min
1 i 14
s =]
E E.
=) ]
£ E
a =1
- .24
L] -
-3 -3 i
CO2_a 02 a
T T T T T 1 T T T T T 1
0 500 1000 1,500 2,000 2,500 0 500 1000 1500 2,000 2500
After 40 min After 1 hr
1 | 1 |
. 0 i - |
] | °
E -1 L E
[=] A [=]
-3 :
!?OD a |
I I L] T L) 1 I T I 1 T 1
0 500 1,000 1,500 2,000 2,500 1] 500 1,000 1500 2,000 2500
After 1.5 hr ; After 2 hr
1 | 17 |
3 i 3
€ £ |
3- 2- :
€ £ |
a 1 3 6
-3 ] icoz a 3] ico2_a
r T T T T 1 r T T T T 1
0 500 1,000 1500 2,000 2,500 o 500 1,000 1,500 2,000 2,500

Figure 1-47. An illustration of the effect of warm up on range match data. The time label
above each plot is the time since the instrument was waked up after a 16 hour sleep. The

gray data points (same in each plot) are the original range match data from a previous
measurement.
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New match options

The Match Options available when logging have changed, allowing independent
control of CO, and H,O matching (Figure 1-48 below). These settings only pertain
to whether or not a match is triggered and performed as part of a log event; they do
not apply to matching initiated by tapping orw in the match screen.

Start Up Environment Constants Stability ALk Log(0)
Programs Yes CAh
M
€0, match Actively logginy...
Logging Options:
2eing Opf When logging: Never match Always match @ Only match if
Only match COs if: C = will be COz match
Matching Options:
ACO: < 5.0 ' |co2.r-c02s|
e (4 if True, & if False)
Fluorometer Options: ] Reference change > 1000 | change in CO2 rsince last CO: match
ppm -
Logging to: L] Time > r:&a‘ Elapsed since last CO: match
111
Actively logging...
Log Remark:
When logging: @) Never match Always match Only match if
h = no H,0 match
USB Utilities: Only match H;0 if:
AH:0 < 1.0 | |H20 r - H20 s|
mmaol/mol
Analyze Logs:
v s Reference change > 10.0 | change in H20_r since last H:0 match
mmol/mal
Time > 10.0 | Elapsed since last H:0 match
minutes

Figure 1-48. The new |1 ille (8] ileli ] screen.

When a log file is open, the bottom line of the button indicates if a match will
happen at the next log (Yes or No). C or ¢ indicates if CO, will be matched (C is
yes, ¢ is no), and H (yes) or h (no) indicates if an H,O match will occur. If con-
ditional matching (Match only if) is enabled, there will be up to three code letters
following the C/c and H/h, one for each item checked. A for ACO, or AH,O if true
(8 if false), R for reference if true (r if false), and T for time if true (t if false).
Examples:

No ¢ h - No match is happening, because both CO, and H,O are set to Never
match.

Yes C h - A CO, match will occur, because it is set to Always match.

Yes CAth - CO, is conditional on ACO, (true) and time (false). H,O is conditional
on AH,O (false).
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Match in

56

Yes cdrt H3Rt - Both CO, and H,O are conditional based on all three options.
There will be an H,O match, triggered by the reference change (R).

When a match is triggered because of only one gas (CO, or H,0O), only that gas
will be matched.

formation in data files

Version 1.4 has some changes to what is stored in data files to accommodate the
new matching infrastructure:

« The group Match has been replaced by MchEvent ("match event").

o New group: MchStatus ("match status").

o MchStatus and MchEvent are always in data files, whereas the old Match group
was optional.

« The variables CO2_a and H20_a have moved from group Meas2 to Meas, so are
always present in data files.

Additions to Meas o

as Meas Meas Meas Meas Meas Meas Meas Meas Mea
e 02s CO2r H20s H2O_rf CO2a HI0_a \Flow Pa APel
umal mol™ wmal mal ™ mmol mel” mmol fhel” umel mol™” mmol mel jumel s kPa kPa

610.04 977251 0|
610.074 97.7213 0.0
610.04 877128 0.1

SGE+09 593,447 583.723 19.02 189805 593.735 19.06
S6E+09| 553.555 583.744 150133 18954 553.848 19.05,
S6E+09 438441 430,666  13.8224 134440 438817 138

S—

MchEvent - the most recent Match Event (manual or automatic)

MchEvent MchEvent MchEwent MchEwent MchEvent MchEvent MchEvent MchEvent MchEvent MchEvent MchEvent MehEvent MchEvent
time hhmmss  co2_t h2o_t count co2_ad; h2o_adi co2_match hlo_matchco2_at  hlo at  colov  hlo_cv
secs s s umal/mol  mmol/mal pmal/mol  mmol/mal pmol/mol  mmol/mal % %
156E+09 10:45:51 1.56E+09  1.56E+09 1 -0.162 -0.01 -0.288 -0.04 594 19 0.63 0.17
156E+09 10:45:51 1.56E+09  1.56E+09 1 -0.162 -0.01 -0.288 -0.04 594 19 0.63 0.17
156E+09 10:48:19 1.56E+09 1.56E+09 2 -0.085 -0.01 -0.376 -0.04 431 15 0.28 0.17

MchStatus - The state of the match infrastructure at time of logging

h MchStatus Mch Mchstatus Mch MchStatus MchStatus MchStatus Mch Mchstatus Mch Mchstatus Mch MchStatus Mch Mchstatus
MatchValve MatchValw MatchCO2 Match=20 cf co2 a f co2 b of co2 ¢ cf co2d o h2oa cf h2o b cf h2o ¢ cf ho d co2 range h2o_range co2_elapse ho_elapse
% % umol/mol  mmol/mol mmol/mal mmol/mal min min

100 100 0288 004 -0.10817 -9.4E-05 104E07 636612 -0.05471 0.003604 -0.00012 0(0.0,1997.0(2.0,24.0) | 26039026 26039026
100 100 0289 -0.0397 -0.27031 -9.4E.05 104507 636512 -D.0G449 0.003604 -0.00012 0/(0.0,1997.0 (2.0,24.0) 0s os
100 100 0376 -0.0377 -0.27031 -9.4E05 104507 636512 -D.0G449 0.003604 -0.00012 0/(0.0,1997.0 (2.0,24.0) 22 22
Valve pos. ‘ match() ‘ CO, fit coeffs ‘ H>O fit coeffs ‘ Fit range Elapsed time

Figure 1-49. Maich information as shown in an Excel data file.

What's new in Bluestem v1.4



Section 5. Matching revisited

Suggested match protocol

Now that we've covered the important details regarding matching, here is a recom-
mended match protocol.

1 Acquire range match data for CO, and H,0.

If the values are not small, or if there is a significant slope to the data, zero and
span as necessary and check again. Doing this will minimize the need for match-
ing. The range match values should be as small as possible.

2 Take care of whatever residual corrections there are by implementing range matching.

This should eliminate the need to rematch because of the concentration changes
(i.e., any slope in the range match data).

3 Consider setting the H,0 matching log option to Never.

Here's why: During a measurement, it is often the case that the reference air is
fairly dry, and the sample air wet. The proper match correction is the one at the
sample concentration, not the reference. Range match provides the right correction,
point match doesn't. Further, a point match is not only at the "wrong" con-
centration, but getting there and back can involve some long equilibration times
for the sample cell, and not waiting long enough will give you the wrong cor-
rection at the wrong concentration. Avoid all that and use range matching.

4 For COy, implement range matching, and periodically do a point match if temperatures are chan-
ging.
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Section 6. Soil chamber

User interface updates

58

Version 1.4 has some done away with the Controls page, and moved the items that

were there to either the Settings page or the Environment > Flow page.

@ @ Auty
StartUp Environment Constants Stability Log Files T “ Log

Standard volumes ] Default times Tsoll: | e D |
Sensor for TSoil f
Vcham: 4244 cm? Rep duration: 605 nsor for TSoi
ime chamber is closed Soil Type: | 1 Sand v
Virga: 57 em® - @7
Dead band: 25 For Stevens Probe

s

Area: 318 cm? Delay after closing

Offset: 0 Extra: 10 |
m s
Collar height Time between repetitions
Vtotal: 4301.0 cm? # Reps: a
Repetitions per measurement
Ctarget: 889.0 pmol mol-*
Run time: 00:05:47 3 90
Pump Speed: L |
D Tag: Circulation pump speed

Measurement ID

Settings Measure Flux Results Soil Files ‘

One of the controls is here. The rest are on
the Enviromnent Flow page.

o D huto
Startup Environment Constants stability Log Files g Soil Fi Log

Ll Flow: JOn (@) Off
Flow: ) i
O |

H;0: Manual -30/-30%
: Panel @ ! ‘

=
co; on s

0 —Matl Sample Flow_s =f1296.0
Temperature: Off Reference pmpl s
O | |
0% ] Flow_gf=-0.5

]7 — |
50%
‘ ‘ Flow = 0.1 ymol 5-* AP=0,00{ kPa
5 0
Auxiliary: ]

Fluor:  MEas: off

Soil
Cham.
Auto Controls: Console |
Pumy
wo Pump —— g
(auto)
OFF
Top to Edit Open

Figure 1-50. An example setup screen for sotl.
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Another change is that the figures and tables on the Results page will now update
after each rep during a measurement. The update used to do all the reps at once at
the end of the measurement.

Updating the soil chamber firmware

The soil chamber embedded firmware is now updated through the LI-6800 firm-
ware updater. Fortunately, the LI-6800 updater itself is updated, so that the console
and any attached head, fluorometer, or soil chamber can be updated in a single
click (some waiting is required).

To update the soil chamber firmware, be sure the soil chamber is attached to a
head, and follow the normal update procedure:

1 Install the updater to your computer.
It is called 1i6800-win-updater-1.x.x.exe (Windows) or li6800-mac-updater-1.x.x.ap-
p-zip (macOS).

2 Connect the LI-6800 to your local network or your computer using the RJ-45 network cable.

3 Launch the application after it is installed.

You'll see a list of all LI-6800s on your network, including the installed software
version and the new software version. If the versions are the same, that component
of your instrument is up-to-date.

4  Select the console (68C-xxxxxx; LI-6860) and click Update LI-6800.
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[2) Li-6200 Updater (ver 1.3.26) - | X
File

MName Model  Version

68C-571008 LI-6860 1.3.26

Other...

NAME: 68C-571008 Update LI-6300...
HOST: 68C-571008.local.

IP: 169,254, 164, 104:6860 What's New in 1.4...
IP: fed0::2087:c032: 124:560d%:15: 6860

company: LI-COR Biosciences Advanced...
macaddress: 00: 1c:94:04:2d: 73

modelk: LI-6360

sn: 6BC-XXXX

type: Photosynthesis System Console

wver: 1.3.26

xver: 1.3.26

Close

The updater will display the instrument and attached components that need to be

updated.
[2) Update LI-6800: 68C-571008 roX
téﬁ_os%;%g?} Version 1.3.4 Up to date
IEIﬁOE)}Fluoromeher Version 1.3.4 Mot Detected
té?g_ogog?}”“'e Version 1.3.26 Up to date
tIﬁO?}Survey Chamber Version 1.6 Mot Detected
N .S

5 Click Update to proceed.

The updater will install the software on each component and notify you when it is
done.
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Section 7. Other changes

Balanced flow

Having sample and reference flow rates balanced can be advantageous for elim-
inating potential errors, and it is now easier to achieve. For every pump speed, there
is one flow rate that will match sample and reference flows (to within 5 mol s'1).
To quickly get to that flow rate, simply tap the @ button on the Flow control
page to bring up the Pump Speed dialog (Figure 1-51 below). Tap one of the four
flow rate possibilities presented on the right side.

Start Up w Constants Stability LogFiles Pr:;‘sms Measurements Log

. LORITLEES]  Flow: (@) On off
Flow:
] APcham 0.117 kPa

H.0: off 0117
uto KPa

coyz of

Flow_s= 775.5 _Leaf [ Cham.
Fan= 4995 rpm

AP=0.117 kPa

pmol s+
Flow_r=772.9

®Fan: Speed 5000 rpm Reference

ptiErEOCE

Pump Speed 0% Leak
Txchg p=p 0 pmol s

eTemperature: ,,

Automatically selects agfiropr

e ﬂj speed based on flow tfget

. ;1500 pmol m-2s-1
Light pmolm-2s o O

Flow SetPoints
Medium for balancing|
Sample and|
Reference flow
rates.

) MEDIUM
If using an alternative
B rofdl (e.g. tank with regulatol

Fluor:  mEas: off Console

Auxiliary:

| Auto Controls:

Figure 1-51. Balanced flow.

There are two Background Programs that deal with balanced flow:

» When you tap one of the balanced flow setpoint buttons, a BP (/home/util-
ity/apps/system/balance_flow.py) is launched (no opening dialog) a few seconds
later to check on the result, and fine-tune the flow if needed. That fine-tuning
will automatically update the balanced flow setpoint for that pump speed.
(Note: the chamber must be closed, of course, for the flows to match. If the
chamber is open, then the BP won't attempt to adjust the flow rate.)
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o The BP /home/utility/apps/utilities/Balance_Flow.py has an opening dialog that
lets you pick what pump speed to use (Figure 1-52 below), then balances the
flow for that speed. (Cycling through all four pump speeds is also an option.)

Running this program also updates the balanced flow setpoints shown in Figure
1-51 on the previous page.

There is also a hidden shortcut: If you tap the flow rate set point edit box (the one
you normally use to enter a new flow rate), and enter an E instead of a value, the
balance_flow.py BP will be launched. If the pump is in Auto mode, it will change
to the non-automatic version of its current speed, and the flows will be balanced.

Close Builder

[l Enterfolders [ Filter files  py

Use commas ta separate filters

File:
» P ﬂ > apps ) utilities

» basic 26 Apr 2019 14:56:31

- - New BP
> examples (1‘ Select this program) (Z, Press this bul:ton.) ADr 2019 14:56:31 -
> system 27 May 2019 12:37:40 Open BP

26 Apr 2019 15:08:00

3. Pick pump speed.

24 May 2019 17:26:16

New Folder

Monitor (1)

BalanceFlow. py

2KB 29 Apr 2019 12:21:41

Open/New

Balance Flow (BP#4)

This progrgdm attempts to balance Flow_s and Flow_r.

The chamber must be closed.

Setpump: @ All | Minimum | Low | Medium | High

Figure 1-52. The BalanceFlow utility program can be run manually to determine (and auto-
matically update) balanced flow set points.
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Boundary layer conductance

The chamber (and aperture)-based coefficients for computing BLC as a function of
area and fan speed are now explicit in log les (Figure 1-53 below). The coefficients
are held in a new group (ChambConst) that appears in the log file header. The con-
stants include chamber type and aperture, which used to be combined into one
entry in the SysConst group.

LEFT(BT19,1)<>"0",IF(LEFT(BT19,1)="1",3,5B$7),$D$5+$ES5*(CH1O*CA10/($K$5*1000))+$F$5*(CH1O*CA10/($KE5%1000)) *MAX (MIN(BR19,£1$5),$185) =]
T IF(logical test, [value if true], [value |

111.xIsx

o Am & B ¢ - % R ‘OUV-q@

New Open Save Print Import | Copy Paste Format = Undo Redo = AutoSum Sort A-Z Sort Z-A  Gallery Toolbox  Zoom  Help A
Calibri 1 B I U bad B % o0 G M =5 B G A
| sneets | chans | smantarGaphics | wordart

o[ A B c D E F (] H 1 ] K L M [} P Q R =
1

2 sysConst  AvgTime Oxygen

3 % 21

4 |ChambConst Chamber Aperture bica  bleb  bic  bcd  blce bl mins ble_ma bicPo

5 6800.01A Gem? 1 0.578] 0.522974] 0.00374] -0.06168] -0.00561] T T ces]

6 | Const CustomBLC

7

8 |LTConst deltaTw fm1 fm fleb

9 0 0 1 0

10 [lQConst  Leaf  Ambient abs_ambielabs _redLEC abs_greenl abs_bluelE abs_whitel abs_redir abs_blueFlik_ambient K redLED k_greenLEC k_bluelED k_whitelECK_redFlr Kk blueFlr

11 standard  Sun+Sky 049 0.84 07 087 0.75 084 0.87 039 018 023 026 021 015 025

12 |Qronst  fQ_Amb_infQ_Amb_oifQ_HeadLs fQ_Console fa_Fir

13 0 o 0 o 1

14 | LeakConst fan_a fan_b fan_c fan_d Fs_meas  Fs_true leak_wt

15 6276 6.6 17105 3.11 3.03107 0 0.0421386 o

16 [sys Sys Sys Sys Sys Gasix  Gasix  |Gasix  GasEx  Gasix  Gasix  |Gasix  GasEx Gasix  |Gasix | GasEx  Gasix
17 |obs tme  elapsed date  hhmmss TME  E A c G Pei Pea esw gt Rabs  Tieaff8  TleafCnd
18 s s s mol m 5" umol m* 5 wmol mol-! umol mol " Pa D) molm f molm s mym s molm s wWm?
1| 1.556+09 020190221 113:51:27 | L5SE+09 367605 -131101 725.192 2416947 236.7972 7104972 0.001186 1000) | 001185 0.000741 0001994 2687486 26.4067
20 2 155E+09 23.5 20190221 :13:51:51 1.55E409  4.74E.05 2.0314 725.065 2767968 271.1305 7103532 0.00137 2.676678 0401526 0.000954 0.001994 267307 26.454
21 3 155 3820190221 1135205  1556+09 GI2E05 01783 723523 830427 L3573 7088392 0.001%8 3326305 (11957 0.001223 0001994 2672218 265437
22 4 1.55£+09 45 20190221 : 13:52:16 L55E+09 6.02E-05 -0.81051 725.964 1348913 132.156 7112429 0.0015. ')1921 0.001201 0001994 2672313  26.5528
23 5 1556409 54120190221 1135221 | 1556409 62605 405449 723977 3884565 380.5778 7092932 0.00198\ 2. 000198 0.001238 0001994 2670098  26.5637
24

Figure 1-53. The boundary layer equation is now in the Excel file.

The one sided boundary layer conductance to water vapor gj,, for a broadleaf is a
function of fan speed G (rpm) and leaf area S (cm?).

gow(f,8) = co+c1f +eafs® +ezsf +cuf? 15
where f'is

GP, 1-6

f= 10007,

and s is forced to be

Smin >=8 <= Sma:v 1-7
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The empirical coefficients c,...c4, reference pressure P,, and leaf area limits S,,;,
and S, depend on chamber type.

Table 1-3. Values for boundary layer conductance for chamber types.

Chamber co cl c2 c3 cd Po Smin Smax
6800-01 FlIr 0.250 0.35860 -4.01816E-3 0.00451074 -0.0044762 96.9 1 6
6800-01A 6cm?2 0.578 0.56229739  3.740252E-3  -6.197961E-2 -5.608586E-3 96.9 1 6
6800-01A 2cm?2 0.572 0.3872742  -1.870584E-2 0.0 -7.37389E-3  96.9 1 2
6800-12 3x3 0.500 0.44869569 1.9000035E-3 -4.26088781E-2 -3.456516E-3 96.7 2 9
6800-12A 9cm?2 0.579 0.3210639  -1.109987E-3 5.106816E-3 -3.283688E-3 96.7 2 9
6800-12A 6cm2FB  0.345 0.552336 -4.798be-3 0.0 -7.3557e-3 96.7 1 6
6800-12A 6cm2SS  0.418 0.5145466  -2.5106E-3 0.0 -8.1206E-3 96.7 1 6
6800-12A3cm2FB  0.188 0.5795409  -1.15295E-2 0.0 -9.7259E-3 96.7 1 3
6800-12A3cm2SS  0.141 0.5263354  -1.27376E-2 0.0 -1.101657E-2  96.7 1 3
6800-13 6x6 0.430 0.267827 -1.164018E-4  2.248202E-3 -5.109462E-3 96.8 6 36

Light control changes

Using multiple light sources

Suppose you are using the 6800-12A 3x3 chamber with a 6800-02 3x3 light source
attached to the top (and connected to the LS sensor on the sensor head), and
another 3x3 light source attached to the chamber bottom (remove lower plate, add
Propafilm, attach light source). The bottom light source is attached to the light
source connector on the console.

How to set this up? Figure 1-54 on the facing page illustrates the first part of the pro-
cess—getting the light sensors attached and enabled.
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Control Mode: () 0ff (@) Setpoint
Setpoint

50,
mo s

Color Spec

“ @

% red
550~ 50% blue

515561001

) percent

) Tracking

Test

Power off befo

disconnecting.

Ambient

Weas: Qarb,out

[

0 ma mas

Fluorometer
Hone ouns

re

Head Light Source

Hesdts:
[—p—

Console Light Source

Control Mode:

Setpoint

390

2l

Examples
90" 80% red
550~ 50% blue

off (@) Setpoint

Ambient

Jpercent Weas: Qarb,out

| Tracking

Test Fluorometer

None Founc

515561025
Power off before

disconnecting Head Light Source

Console Light Source
o

S e 20 s
ot v ConsoleLs: Q rter P HeadLs: Q
S0 e R - Total Leaf @ Total Leaf Q
Transmittance: e Transmittance: e
320l 5+ 320uml
. ; Auto
StartUp m Constants Stability Log Files Programs Measurements Log
off Leaf Irradi Ambient
Flow: Customize e
off 0 pmol m-2 s
Source Sensor Leaf Meas: Qamb_In
. 0 pmol m2 s
H0: off Meas:Qamb_out
Ambient
Meas:Qamb_in 0 Fluorometer
CO,:  off FirLs:
Fluorometer FIrLS:Q None Found
Fan: off
Lightaouge HeadLs:Q Head Light Source
n :
Temperature: Off onfea HeadLs: Q
300 pmol m-2 52
= 300 pmol m-2 51 Light Source )
i on Console ConsoleLs:Q 50
50 pmol m-2 s~ .
st — Console Light Source
Alillary: Qleaf: Qin ConsoleLS: O
uxiliary: 300 umol m s 50 pmol m-2 s+
Auto Controls:
Total Leaf Q
Qleaf: Qin

300 pmol m-2 s

Figure 1-54. When initially configured, only one light source will be contributing to the

leaf-

In Figure 1-55 on the next page, there are two active light sources, but the software
is not yet configured to use both of them when computing the total light on the
leaf. Figure 1-55 on the next page shows how to accomplish that.

Using multiple light sources
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Start Up W Constants Stability Log Files Pv:;?ms Measurements Log

off Leaf Irradiance Sources Ambient
Flow: Customize Meas: Qamb_out
O pmol m-2 gt
Source Sensor PAR Multiplier Leaf (MaaeOarm bl
. 0 pmol m- s
liHeR i Meas:Qamb_out 0.321268 X 0 0
~ nt
chtep 1. Check Customlze) Meas:Qamb_in 0 X 0 0 Fluorometer

FIrLS: Q
None Found

FIrLS:Q X 0 0

F(Step 2. Set weighting factors to 1.

Light i
on Sg;;ﬁc HeadLs:Q X 2 300 Head Light Source
Temperature: Off HeadLs: Q
300 pmol m-2 5%
= Light Source
B s I S ConsoleLs:Q X 1 50
TR " _ Console Light Source
- Now, both sources are contributing to Qin. Qleaf: Qin -
Auxiliary: X
350 umolmig 50 pmol m-* s
Auto Controls; Qin setpoint partitions (Auto & Background programs):
Total Leaf Q
Head LS Console LS Qin setpoint

Qleaf: Qin
1 1 456 Test 350 pmol m-# g%
pmol m-? st

Figure 1-55. Getting two sources to contribute to the leaf.

Response check test program

We have added a button to light source control screens that launches a back-
ground program that checks some of the calibration coefficients (u1; u2; u3). This
test is only available to light sources that attach to the head or console (not the
MPF fluorometer).

The values in 0 are found by determining each color control's on/off threshold.
The other values (u1; u2) relate control setting to color output, and are important
for determining color mix to achieve the specified value. These values should be
fairly stable with time, but are easily checked. The test that is launched
(/home/licor/apps/tech/LightSourceCal.py) is best done with the light source in the
dark; if the light source is attached to a chamber, then clamping the chamber onto
something very unreflective (black felt, for example) is recommended.
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Figure 1-56. The test button will launch a BP that checks a light source.

Response check test program
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Figure 1-57. While the program is running, progress can be monitored in the Monitor
screen, or on the light control panel screen.

When it is done, another dialog is presented showing the results. Tapping
will update the coefficients with those that were just calculated.

Light Source Check Done (BP#5)
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Newuo:| 299 347 998 423
current u0=299 348 999 423
1.01152 0.64822 0.43575 0.95688 |
current u1=0.94820 0.61932 0.51449 0.94112
| -2.8588¢-06 -5.85680-06 -4.668¢-07 -6.1697¢-06 |
New u2:

current u2=-1.7364e-06 -4.947e-06 -1.8674e-06 -5.0974e-06

New ut:

Figure 1-58. LightSourceCal closing dialog
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