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Multicast technigue

SatViewrBpaate
Protocol changes

-




AGPIBaSIC

evelopment
Input to blologlcal ProCesses
Detection of changes
Measure of biological processes




Ocean
Color
Satellite

AOP peisle Tarms

Jop of
Atmosphere

Water
Surface




AOP ”'s = EONS,

Ef0.4)= Eo .4 )/(1-a) a. = fresnel reflection albedo

%) Mmeasus

- k(2 e
E,(z.1)= E, fn e [ Kd = diffuse attenuation coefficient

Eu(z) measured

L(0'.2)=L,(0°.2 - p(4.0) p = fresnel reflectance, nw = index of refraction of water
W L ., |:I.ﬂ. J

]n Jz'd )z

L(zA)= L(0.1)e" KLu = diffuse attenuation coefficient for upwelling radiance

Lu(z) measured
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AQPBasic' *

T%OP Systems measurne
, Ed(2), Lu(z), z

Freafall most common technigue
Avoid@ﬂp disturbances
Controlleafaescent
Instrument tiltsi <2deg (typ)

Two basic classes
Multispectral

Hyperspectral

]




0.00 ' . ;
400.00 500.00 600.00 700.00

systems
128+ wavelength spectra
High spectral sampling
Very stable




AG@PIBESICS | iy

-
Saliphration and charac eruacu
- (Calivration'=— tramsier of: :Jr:o radiometric standard
(SEeraetallsiiniNASA TM-2002-206892, Vol 17)
I ll

- CharaCherzal rJon' measurement of factors that affect
[AStrmeEnt itu™

n si
Typically onl cﬁhe on class of instruments
- Immersion factor

- Irradiance cosine response

- Radiance field of view

- Spectral response

- Thermal response

- Stray light (or out of band performance)




Liiall chan FaaiancEnansier’and Investigation
/r)ermer [ (SORITIE)

— OVERVIEW,

—Instriment chalacterization
— Ihermnel rrur)orpu [BY

- Stray lignt

Recommended ¢
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it
Chuc}’_ li'ees, Susanne Craig, , Jim Mueller CHORS/ NURC

KENVOSS5) 'rowfjrrl Goraon, U Mia
J\/Jj € IWarceWsKIpRon Aar eld, Andrew Barnard, WET Labs
Marlon LLewis) Scott: McLean, WETSAT
Carol Johnsom,yad Z@, steve Brown, Keith Lykke, NIST
Stephanie Flora, Mike Feinholz, MLML
Richard Stoner, Marina Ampolo-Rella, NURC
Giuseppe Zibordi, JRC




SORINE ProjEeOn]E

IESEIEEIOMELHCIMELNOES to) e
CUiEntVIcarouS Calibratiol

1 eaments
properties — AOPs)
and determine subpixel variation

Determine abfﬁt'y to perform vicarious
calibration in coastal waters




SORINE PrejEcNYEDN

— Stalipith very v well charie
rJrJJorr EG ers

act suite off AC
8 lJrJJ”‘ overr)rJ:::: L

Collect simultaneous IOPs and use a
towed IOP platformi to map the pixels
around' measurement site (9km?)




it MOBY to improve
05 casts, 2 MOBY

matchups

SORTIE-4: refine techniqgues in coastal
zone, matchups with BOUSSOLE




SORINEAGENVIEESH

- BeWwest-uncertainty AGR measurements possible with
CoMIMERCI2INECIOMELErS
»
HighlyscheidCterizedl radiometers

CaliprationswitnsIND Si,‘gm DS
‘Develop methodologies to improve Lwn retrievals
Deployment technigues

Data processing



RAdIGNEENTRNCERAINTY 2. 7%
Irradiance Uncerta‘rﬂ 2.
MOBY" Iab rrJa'tc'rJLp S ]
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IOR| A CLor:
Ectialchahacterization
Fieldl of view,
Thermel @ponsivity
Stray’ Light

100000

Intensity / arbitrary units

half Intensity fov: 9.63

% Pov: 11.00.

Bandwidth / nm




S ALINRSUEIMERts

UntilfNISiF@evelopea
and correct




SORIMNIE traVAlight Correction

ance and Radiance responsivity
Uniform Sources) — high power lasers



New Method

Idea: A relationship function between the stray light

[

[T

signal at pixel “7” and the signal at pixel “j” can be easily

determined by measuring a monochromatic light (eg.

[ e )

lasers) at pixel 7",

With a set of relationship
functions, the stray light at
pixel “7” when measuring a
broadband source can be
determined by algorithms.




Charaterization of Instruments

=  Spectrum Line Spread Function (LSF), or laser spread function, f Li
a relative output signal function between stray light signal at pixel **7” and
signal at pixel ©*;” when measuring a single wavelength source at pixel “;.
*  Out-of-Band Signal Function (OSF), or stray light signal function, bi; -
a ratio of an output signal at pixel “i” and the total signal inside bandpass at

pixel **;™. b i, =.f Lij ’fzjtfb L i,j

101 200 400 Bl S00 1000 (nm) LR 200 401 600 00 1000 (mm)
1.0E:00 | 10600 |
Inband signal
-~ {0EM 10EM
4
s ED Stray light
' 1ER | f | signal
= Liyj =
@ LIED | 10843 | !
LOEH - 10604
1.0E495 ' : : ' ' ' ' 10E0R
1 250 00 750 1000
. . =250 = 600
pixel Jj =000 pixel /

NEST




SORIHIE HrOJe,

-1 J‘J\/I)P‘J“Q
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SORIIE P

-

StreayAllight Correction (Exact corrections)

%tigﬁs MmUustbe made to both calibration file and field
data -

Calibration file and field data corrections have opposite
SIgn
Correction significant <450nm

Average SIRCUS Stray Light Correction for Calibration Files

350 400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)




tion, generic SLC matrix applied to all 13
exact correction

Contact support@satiantic.com, get cal file updated
Reprocess data with new cal file and ProSoft 8.0

0
350 400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)


mailto:support@satlantic.com

rJ\/ gt Correction
- %.

P_ SORIIE use Itput;505-1150nm (ie all 255 pixels)
Wilel FJJOIJ‘ 50-600nm| eutput? (typical system)

— Error BetWeen exact and generic with reduced wavelength
iangerenield datar<0.5% 350-700nm
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SATLA

o f _ _
SORII gProject — [alernsle 'i%ponsivity Correction

-
el darks! com quated Py shutters in HyperOCR
10" radiemeters; tested' for thermall responsivity

.Property PIRSINArdIode array — very highly controlled
HighestiRPNIR ™ 6% at 800nm for £15 C from cal temp
NOt SUFPFISIAG Very repeatable <O 18%

+15 C, 350-800nm
What do youl need to do?

Get thermistor installed

Get cal file updated
Built into ProSoft 8.0

000000

eeeeeeeeeeeeee



SORINE HroJeJ = PIeeeel Changes

= ROWALOIaCNIEVE IFESE | in Lwn?
= NNSWOUNIHIENd
— Newrml JJchgJJ

— Only'derae
ic nrl—}rrlue radiometer positions and integrate into

Updatec prcﬂcols (Proll Manual on CD)

Processing automatically determines context and
distances



’Hro JECH=VIUIEEast Technigue

- -

Ploglgeree 1) |useppeJ,Z|bord| (JRC) — built into SeaProc
Concentratemeasurements near surface for best Lwn
Make multiplepelatively: shallow: casts all in one .RAW file
ImprovesEwr retrlevals particularly Case-II

Huge impre ement In Kd, particularly Case-I

Even with hyperspectal instruments at 0.3m/sec

100 spectra/m possible!




SORINIE HroJeJ

t — MUjfe]ez]

—

Try both dep and multicast to compare

Recommend different file naming protocol to separate
cast types

Use ProSoft 8.0 to process



. - )
S AIoWsIGOM10F16)to be used
- Updated cashcardeaders; fic %

— Make s

BASS compatibility
FER/OUNGE| PosItior and correct time zone
“Sipaeing corhections coming

shaph Wavelengtt ra@ attable
SatCon 1.5.1 complies with SatView 2.9.2 updates

SatView 2.9.2, SatCon 1.5.1 and Updated Pro-II Manual
on course CD 3

Updated Pro-IT manual describes protocol for collecting
multicast data and setting instrument distances

D
3=
J
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S ATIL

SO terir Uoclzjie

ISt

ent Distances

aszembly. The table below liste the factory setftings for the most popular

configurations.

Hote that systems delivered prior to September 2008 may

not be set to the new default configurations and should be checked using

Table C-2.

HyperOCR R & |

HyperQCR ICSW (as Ed)
HyperQCR ICSW (as Eu)
HyperOCR RO8W

OCR 507 IR

OCR 507 ICSW

OCR 507 R10W

0786 m
0470 m
0470 m
0796 m
0.897 m
0.597 m

Tabis C-1: Factory standard sensor distance ssitings

HyperOCR ICSW
(as Ed)

11.5¢cm

HyperOCR ICSW
{as Eu in surface
mode)

14.5¢cm

HyperOCR RO8W

OCR 507 IR
OCR 507 ICSW

OCR 507 R10W

Table C-2: Distances to check factory settings

Edge of
diffuser baffle

Edge of
diffuser baffle

Face of
window

Fixed

Edge of
diffuser baffle

Edge of
sensor

Figure C-3: Sensor Position Measuremsnts: Profiler Il with HypsrOCRs
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WHDOW =LR\E—’/

PREZIURE

SENSOR REFERENCE

unz__

TIAPHRAEM




— Blosefteriginally developed in I93 for SPMRs

= FOIOWSIPHOEESSING SLEPS 1h C JCE Optics Protocols
for traditionalf@eep cast™ or “si cast”

— Currentmantal eejuac‘r N references are to Ocean




= Sidhllicant Update to takggd\@ ntage of SORTIE experience
Silticastiadatarprocessingl with adaptive regression

—iStray ighteerrection (hyperspectral)

—Hihermelfesponsivity: correction (hyperspectral)

-Improved(@nc :" ated) ASCII output

~ SeaBASS compliant ASCII output

Automated se sor context and distance settings
(hyperspectral)

Thuillier SOLSPECY extraterrestrial irradiance
Normalization of profiles for Es
Adaptive regression (multicast)

I
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. JJJ’JrJr\/ PAW il
EXtIidEion Off I l)m "




i m) typical)
i ed J tIRG, pPressure shutter dark corrections,
sieyAIgnt anal thermal corrections

/el 2 ASCIT output automated

datal interpolated onto common coordinates

(1e depth or time), sensor depth offsets applied
evel 2s ASCII output automated, SeaBASS

optional




i m) typical)
i ed J tIRG, pPressure shutter dark corrections,
sieyAIgnt anal thermal corrections

/el 2 ASCIT output automated

datal interpolated onto common coordinates

(1e depth or time), sensor depth offsets applied
evel 2s ASCII output automated, SeaBASS

optional




r processing parameters
iomated, SeaBASS optional



deep (or sgglgc t (100m typical)
48 =iDaic Products
'F ouupULiiies
jace products
products

tance Frofile

Radiation (PAR)

Okay

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-




L | gl

il

PreSofit GHORIEEVEl 4 Data Products
- DIfiSEPALLERUBtIoN Coefficient (k) — Single Cast, Deep Profile

- Classical'Smitnrand Baker regression ROl M
L i

E_ (uW/cnv'/nm)

Outputs:
Klu
- Slope = K(5m) Ked

Note: Ed values are In transformed prior to regression
analysis which would straighten out the curve.

Note: Successive values of K are calculated using
nverlanninn data nnints as ran he seen in the ahnwe aranh



— Laval 2 Pzjie] I)J“O(J UCLS |
Attenuation Ceefmicient (k) — Single Cast, Surface

- Morel 200 W,M ¢ from tables Outputs:
Kls
Kev



PrOSOIt &5 i g; roducts
= Hioekzle)z]t jUIr Sir # 2 Cast/Multicast

- (ClassiGal Smitigrand E 52 KEr regression In(E, (2) = 1nlE, [07))- (z- =, Jk(z,)
Solve for zere deptin inti ! cept
-~ (Ed(e=)PEn(0-), Ev(0-), Lu(0-), Ls(0-))
= ﬁ--'cedmrourjr - rij@c

T Outputs:
E 07,4 |= E 07,4 }/1-a) E CI ( O-) E d ( O+)
rlo*.1)= 1,0 1I% EU(O') EU(O"‘)
Ev(0-) Ev(0+)
Lu(0-) Lu(0+) (Lw)
Ls(0-) Ls(0+)
Es(0-) Es(0+) (Es)

Q = Eu(0-)/Lu(0-)



NSINg RENECE
WAES

here Q is 4.5

- ChIorophyII plgment using SeaBAM OC2

(uses RRS(490), RRS(555))
Chlorophyll pigments using Gordon 88
(uses Lwn(443), Lwn(500), Lwn(560)

@Ie Cast/Multicast

Outputs:
RRS

RFL

Chl



Outputs:
RRS(z)
RFL(z)




ProSoft Sl DEta Products
— Sjl|rizle stance, Rigment Profile — Single Cast

- Comput 2001

al'n
USES




— Single Cast

4

- It CT
= [EME
Sallicy,
Der bJF\/

- If only Tw present
- Temperature

- If fluorometer present
- Chl fluorescence



— Single Cast

4

- It CT
= [EME
Sallicy,
Der bJF\/

- If only Tw present
- Temperature

- If fluorometer present
- Chl fluorescence



PROSOIIL G
— PAR — Singl
- PARTCOMpULEE Y. ]mtegraﬂmg

TO0mm -
PAR= [ —E,(1)dk "
-1-':l|l'l nm e

o PAR (lIghtiIevels):

 P4R()
LE Al
PAR|0" |




PrOSOit Ok D)z|iz] ProrJ lcts

— Enegry EIUXes = Sir

ting Ed(z), Eu(z) spectra
- [ff no EU,

=lD[l Edll dA



OubplEsenaming'= b,

RRRELAn.nal

- intermediate bmaw!orage for ProSoft

- allows user to reprocess levels without repeating all steps
- fast to read and write

- hierarchical format used for ProSoft data viewer



OutpUIEfile naming — ASCII files

90 | LAN. H

limited ASCII file)

_SRF = special [4 ASCIT file with only surface parameters
oo = optical sensor (Es, Lu ,Ed, etc for levels 1..3)

nn = processing level (ie 1a, 1b, 23, 2s, 33, 4)



Sensor Naming

. 'l"“

L

)

SUigicCENaaiance
downwellingjiiradiance (profile, depth based)
= upwelling iradiance (profile, ipth based)
upwelliigliriadiance (fixed depth, time based)

u = upwellingfradiance (profile, depth based)

Ls = upwelling|radiance (fixed depth, time based)

Lt = total upwelling Ia-agance (above water, time based)
Li = diffuse sky radiance (above water, time based)

O O

T il el Il

S

I



ra

PHOSOII

3 0P ticast PHOCESSING

onverted into engineering units
AL file information



PHOSOIt & IV bCASTRIOCESSING

hieaditing %
DUREait to, max depth specified in configuration

nd ASCII files output for each profile

LeveI 2s HDF and ASCII files output for each profile

The Level2s files can be reprocessed in Single Cast



= Oniy:computes vel 4 products
-
= (GEaINNGN accuracy

=AllFLevel 2s data regressed at once



ngs - regression line

J Cnecr' d(/), | l‘J(/ < ( set to 1E v/
. Log regressialifdata, output Ed(0-), Ked, Lu(0-), Klu
I Data Filtering| On
- Filter'data — setting 10 standard errors
- Remove outliers
- Rerun regression



ProSoi

er)oJrJ@ n AU &
"//"// f so to Kw — 0.001

omgurﬁ regression depth based on
Optical’ Depth Limit (typically 2.5)
i Opticall Depth: Limit > profile depth, set to
aximum Pressure (typically 10m Case-II,
20m Case-1)
- Rerun regression
- If Data Filtering ON, rerun filter
/. Un-normalize Ed(z) and Lu(z), typically to start of cast



Pressure (dbar)

Es (UWWlem’/nm)

Mutticast Profile - Es( 486.65) Raw Data:

s

e
ISR

H

1100

Time (sec)

Multicast Profile - Normalized Ed( 699.53 ) Raw Data: SORTIE3_2008-06-26_SAA.raw
0

Es(O+)/Ed(0+) = 7

Ed Points = 406 S

Ed Points Rejected = 10 ﬁ:"#

1K =1.77m / TEE

K =0.5660/m A N

8y
A
it ++*+++/
T
0 +

—

Pressure (dbar)

Pressure (dbar)

Multicast Profile - Normalized Ed( 486.65) Raw Data: SORTIE3_2008-06-26_SAA.raw
0 h

Es(0+)/Ed(0+) = 1.016"
Ed Points = 1958 %

K= 41:20m
K'=0.0243/m

0.316228 0.501187 0.794328 1.25893
BLUE=EdN(good) RED=EdN(bad) GREEN=regression

Multicast Profile - Normalized Lu( 486.65) Raw Data: SORTIE3_2008-06-26_SAA.raw
0

Lu Points = 1967

Lu Points Rejected = 97
1/K = 36.04m

K= 0.0277/m

107
BLUE=LuN(good) RED=LuN(bad) GREEN=regres



rosoft et — Uiliese Proeass Ing

Quplitfileinaming’— HDE files

RRR(C_Pm)_ LA haj
4

RRR = Root filevgame (everything before .RAW)
m = cast nu nber (1...N) (Level 2, 2s only)
nn = processing ley F 1a, 1b, 23, 25)

- intermediate binary storage for ProSoft

- allows user to reprocess levels without repeating all steps
- fast to read and write

- hierarchical format used for ProSoft data viewer



0501t U P MILE

OubplEienaming = A

»

r)r)) J\/J(‘( r*r))— (J(Jr

limited ASCII file)

_MC = special /4 ASCII file with only surface parameters

Multicast only outputs 4 ASCII



=} ProSoft 8.0-RC5

See folder you put CD in
\ProSoft Parameters
SORTIE2_MULTI
SORTIE3_MULTI
SORTIE_SINGLE

Import one at a time then SAVE

_
_




SORTIES_MPR0O12
Import one at a time then SAVE

=} ProSoft 8.0-RC5




—sample datai

AVOU PUL |
- 2006-01~

lﬂ_ﬂ

1 2008-01-1

2008-01-13

Data
se IT water multicast

2008-06-26



1 elepple) |

i

samplejdata — Processing Context:

08-01-13 SAA —ese IT water multicast
2 MJI TI bb

- MPRO12
008-01-13" PAA — Case II water deep cast
L
012
SORTIE2_2008 1-13_TAA — Case II water surface mode
SORTIE_SINGLE
SORTIE2_MPRO012_Surface




— [pigeellleleg)o)

— EOiireference — samplejdata — Processing Context:
00BE06-2 ‘JA' — Case I water multicast
SMULTI
8l MPRO12
MIN+ tO Process
'SORTIE3_2008-06-26_PAA — Case I water deep cast
OR SINGLE
SORTIE 3_ 012

(—1-
(1>
(=mLr
n )

Tl
| . L\' | S
l\

I._I.
l—l-l |

IKES
C

>)
Q
o)

-



S ATIL

-
RSt SHOENRBHUIMERE Configuration

-} Editing Configuration File for Instrument Context SORTIE3_MPRO12

Ayailable Calibration Loaded Calibration Files  Calibration File Parameters for HPL191JS.CAL
HEDZ6EHS . CAL
HPEZ3EKS CAL HPEZ3BKS CAL Sensors Sensor Parameters for LU
HPLIOTS CAL
HSEZB6HS . CAL HSEZ266HS CAL Distance to Surface (m)  Channels (nm)
MPR(12g.cal MPRO12g.cal 0316 ’ﬁ
SATBB2FOT77 tdf SATEBZFOTT 1df -
SATFLCD50 tof SATFLCD1RO tdf g?gg?
PED23LKS CAL PEDZ3BKS.CAL Distance to Pressure (m) |37 5'?0
PLD191JS CAL PLO19TJS . CAL
0.000 31904
32241
32b.70
329.02
Frame Tag 332.35
33b.72
SATHPLO191 239 06
342 41
Instrument Type 345 74
Profiler - 349.06
| J 352.39
Imrmersion Cosfficient S
369.07
[water H 362.40
366.73
Measurernent Mode 269 05
FreeFal ~| 372.40
37674
Frame Type 3719.09
- 382 .44 =
. - |ShutterLight M
Water Medium Pressure Tare
seawater - On Deck -

Add Cal Files Cancel Sawe As.




S ATIL

r—

PrieSofit SYOEPrecessing Parameters (Single Cast)

<) Editing Parameters For Context SORTIE_SINGLE

rLevel 2 Settings—— — DataFittering —————— [ Mulficast Prafile ————— — Level 25 Interpolation —— — Level 4 Settings
Stray Light Correction Deglitch Profiler Data Minirnurn Pressure Depth Resolution Integration Peints
ON - OFF ~ 0.10 = K
Thermal Correction Profiler Noise HIERT (FES8UTE 1
. E ¥ SeaBASS Output Reflection Albsdo
il ON h |0.043
. Upper Depth Level Normalization
Surface Edit FP P ’ﬁ Reflectance Index
2N - — Lewel 33 Averaging 0.021
Lower Depth Level Data Fitterin "
Profile Edit % ’ﬁg Sl liteesel ] Refractive Indes
ON - 1.00 A ’71 345
Deglitch Reference Fitter Threshold
Mutticast Profile OFF - ’7 Bin width (rn) ET Solar
CFF M 050 v '
Reference Noise K Range Check Ed " Meckel & Labs
Min Wavelength (nm) ,—_| Time Irterval (sec) -
& Thuillier
350 s

K Range Check Lu

Max Wavelength (nm) Tirne Width (sec)

Self Shading

0 OFF ~
700

—Surface Editing————— Depth Extrapolation i
. Wavelength Interp [nm) IDiFENit SRy
High Tit jon — H %
’57 OFF -

Optical Depth Limit

¥ SeaBASS Cutput

Display Graphs

— Dark Carrection ————— — Profile Editing
Auto Dark Correction Auto Edit

SHUTTER A ol - ]

Lower Wavelength {nm)

Dark Bins ngh Tilt
490
5
Shutter Dark Deglitch Low velocity Upper Wavelength

OFF - ] 700 Save ‘ Save As.. ‘ Cancel ‘




S ATIL

r—

ol

RiioSfic 8:0FRRIeEssiEIParameters (Multi Cast)

~) Editing Parameters For Context SORTIE3_MULTI

—Level 2 Settings

Stray Light Correction
ON -

Thermal Carrection

r

=

- aN -
Surface Edit
QFF -
Profile Edit
QN -

Multicast Profile
ON A

Min Wavelength (nm)
350

Max Wavelength (nm)
700

[ Data Filtering

Deglitch Profiler Data
OFF ®

Profiler Noise

e

Upper Depth Level

e

Lower Depth Level

o eihiesl

Deglitch Reference
OFF -

Reference Moise

e

r— Dark Correction

Auto Dark Correction

SHUTTER -

Dark Bins

s

Shutter Dark Deglitch
OFF -

—Surface Editing

High Titt

—

—Profile Editing

Auto Edit
ON A
High Tift
3
Low Velocity

e

— Multicast Profile

Minirnurm Pressure
0
Maximum Pressure

e

Narrnalization
CAST BEGIN =

Data Filtering
ON =

Filter Threshold
10

K Range Check Ed
OFF *

K Range Check Lu
OFF -

Depth Extrapolation
o) -

COptical Depth Limit

e

Display Graphs
0N -

Lower Wavelength (nim)

490

Upper Wavelength
o0

— Level 25 Interpolation ——

Depth Resalution
0o

-

¥ SeaBASS Output

— Level 33 Averaging ——

Bin Interval (m)

1.00 =

Bin Width {m)

0560 hd

Time Interval (sec)

-z

Time Width (sec)

T

Wavelsngth Interp (nmy)

OFF

¥ SeaBASS Output

-

— Level 4 Settings

Integration Points
|5

Reflection Albeda

|o.o43

Reflectance Index
0021

Refractive Index

1.345

ET Salar

" Neckel & Labs

@ Thuillier

Self Shading
CFF -

Default Salinity

e

Save ‘ Save As... ‘

Cancel ‘




ase » TI water multicast



Se II water single cast



ProS0ft 8,00 Pre Gessing (Single Cast - Surface Mode)

— Case II water surface mode

USIng:

(\l
:)

JQ r_E:;'




e

"":‘ B

3 q«a& You!
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