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PROBA-V Vicarious Calibration :

Investigation into the impact of in-orbit temperature variation

LIME (Lunar Irradiance Model ESA) model

Sindy Sterckx, Stefan Adriaensen (VITO)
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» No on-board calibration devices
» Design complexity
» 3 Cameras
» 2 focal planes:
» VNIR with 3 bands

» SWIR with 1 band but
staggered strips
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*Sterckx et al. RS, 2017, Sterckx et al. IJRS, 2014; Sterckx et al., TGARS, 2013; Govaerts et al., RSL, 2013



Long term trending VNIR
BLUE, RED, NIR
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Yaps) OSCAR Deep convective clouds

calibration

* LibRadtran LUT

* Ice clouds optical properties (Baum et al. 2005)
* Fixed effective ice cloud radius

 Strict procedure to automatically select DCC

* Not for SWIR band

* INTER-BAND CAL. APPROACH
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Observation of the moon :

Twice a month at phase angle +/- 7°

LIME (Lunar Irradiance Model ESA) model

ONLY CENTER CAMERA
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Long term irending
SWIR

remotesensing.vito.be



left SWIR1 Left SWIR2 Left swir3
1.05 1.05 1.05

1.03 1.03 1.03

1.01

Instrument degradation

o
0.99 ol L ]
.'F‘i‘ai O?. .
ZZ: éii!!ﬁqai,iéii‘E:E'O ° ‘ﬂ";p .. P ‘=P ‘"=’i¢.;=¢“";b 1‘1‘ ° 1}"’;;;.‘.". °
| byt L &’%ﬂ R X T ST ORIAT S

0.93 o, o0
~®°

091

No absolute calibration (Ak) updates

2456500 2457000 2457500 2458000 2458500 2457000 2457500 2458000 2458500 2459000

considered

center swirl Center SWIR3

1.05
1.03

1.01

0.99 Libya'4 SWIR °

097 '.:'?0‘0. W .

0.95 ° '.5 .;Q ° wo.l“‘ O.‘..z . y o o° $ o
P d

N A

®
0.93 e @ ‘o’f b
4 s L] TS e
0.91 b ] .
0.89
2456500 2457000 2457500 2458000 2458500 2457000 2457500 2458000 2458500 2459000
RIGHT SWIR1 RIGHT SWIR3
1.05
1.03
1.01 °
0.99 L4 L4 o *
L [} "l P [ ]
° - 2 ° A & b
0.97 e #“ o o ®, ‘ [ ] '
R TS P AP ST WAL
[ ] “1’ @ [ ] e (W AJ @ < ol e " q.
0.95 ' X .“.. ’.:.. :d'.... p~ % > .Ok' odd Jog e
e ® e® ’,0 o.st ., e e oge Te O meyr
0.93 ® 2% P & LY £ Qoee o o
% e o e
. P o ® e v - ® ?P% e o
091 - 0.89 0.89 ®e «® °
®
0.89 0.87 0.87
2456500 2457000 2457500 2458000 2458500 2459000 2456500 2457000 2457500 2458000 2458500 2459000 2456500 2457000 2457500 2458000 2458500 2459000




ainpadwa) ainuadway ainpadwag
L ;T Mmoo~ oH o TN M Ty Lo N T MmN A o T m T M O Wt MmN - O o ms m
(=] [=a] &
& o o
[¥a] <
s & S .
Q oo ® A4
...‘ *
g L. g 2
3 &O ™ bl % 3
) o] o o] . ?. 5 &
~ o~
LY o
&S 7,
»,
gl To gt 5 g
o 2 < . iog
« o~ W [ J o = ~
= @ =
%} m —
= = T
Ll 2 = 2 0 =
—l ey (7] n _—
~ ~ o n
[ wn ~
2 2 "
o~ ~ ~
g g 8
~ ~ L
2 2 2
~ o~ =
2 g 8
jre] o 3
] o ]
=t o 2] Y] = o o 3 = o — o] o <t o o I <
=] =] @ @ a @ o ™ =] =] Q a Q @ = ~
Ll il (=] [=] (=] o — - o (=] o o
|apolufuealy |apowfueay
ainuadwal ainpadwa] ainyadwa)
a & (=]
& [ 4 i 3
~ o~ ”_1
d %
\o
s Sooge
L]
2 o o.! 8 2
& %O om o e Yo, o @
o~ ..\ B 3
L) e
& *
.
g ~ ) ° g1 g
o~ 3 o o 2 o i
o <t = =] <
= ~ W ~ W ~
: : :
& = .
W g =4 =] 9 8
| 2 ] . 2 = 2
hS o b i
R R S
=
g g g
5 5 5
2 > b S
@o®F
¢ Ofp =)
5] ° § IS5 ]
[¥a] =]
[¥a) [¥=3 W
i 9 I
2 T & " 8§ % 3 ® 3A
~— ~— o o o o
|apoll fuealy
ainyadwa| ainuadwal ampadwa]
© o MmN~ o T8 mTg T T T =T U m O T MmN H e TN M Tg
(=] & o
. o So 0 @ @
o~ o ~ =
® oo
4 ° J
.
. . v, . i
L d 2 &uo O\O . a 2
B o O, &2 "]
g, (545 -~ o® 5, g
A2
4
@ ©
2 | o Wo g 2 g
[5+] o o —
— o =2 (] ] 3
o 3 = bt 2 = g
= @ =
v o H
[ [rm}
L = T
(W] =
— m ] m E =1
~ O r~ o 0
wy u s
= < En
o~ o~ =
8 ¢ 8 S
g 2 S
= B L
~ ~ M
™
@o PP
.
g g 2
3 2 2
= = w
3% $ 3 " 8§ 8§ 3 3§ 3 g o 2 5 3 5 2%
- - R e P c o o o °
|opow/ueay |2powu/ueay

- O e

‘\‘
/




A_k,T versus T- Blue A_k,T versus T- Red

FS =108 3 i 7

E ) =re o \_‘\\ E //

s + Blueleft < : Epa + RedLeft

Bl \\ B Blue Centre E /&9” el B Red Centre

iy ] Syead ' ) ry / A i

2 \ A Blue Right § ] / s _;_.--’-(? 2 Eo A FRed Right

3, 13 \ —— Linear (Blue Left) ﬁ =1 'H,,‘-* Z ” > ) A)—Linear[ked Left)
""_'. \52@\ —— Linear [Blue Cantre) 5 tr . b _",,,-" —Linear (Red Centre]
= \ — Linear (8lue Right) v —— Linear [Red Right)

Z

Pre-flight
Ak
(absolute
cal coef.)
-24°C
-10°C
+28°C

-30.00  -20.00 20,00 30,00 40.00

A_KT (LSB W-1 m2 srnm s-1)

700 800 900 1,000
Wavelength (nm)

IR w—Blug e Red s NIR

remotesensing.vito.be

fVIt( 3000 -20.00



Ak_T SWIR sensors

1.05

1.04

1.03

Pre-flight
Ak 1.02
(absolute

cal coef.)
-20°C

1.01

_7°C 1.00
+30°C —
SWIR

faWate
LW

WO -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00
—8— SWIR1 LEFT —@— SWIR2 LEFT —®—SWIR3 LEFT —&— SWIR1 CENTER —®—SWIR2 CENTER —®— SWIR3 CENTER —@— SWIR1 RIGHT —@— SWIR2 RIGHT —@—SWIR3 RIGHT




Pre-flight
Spectral
Response
curves
-20°C
-10°C
+20°C
(measured

on the spare
Sl)

E remote sensmg

BLUE spectral response curve @ -20°C, -10°C, +20°C

BLUE spectral response curve @ -20°C, -10°C, +20°C

1.00 1.00
0.80 0.80
0.60 0.60
0.40 /]\ l 0.40 /]\ l
0.20 0.20
o 4 420 44 460 480 520 0.00
0o 0 200 580 600 620 640 660 680 700 720
—Blue FOV0® (-20°C) —Blue 0°-10°C —Blue 0° (+20°C Vac) —Red 0° (-20°C) —Red 0° (-10°C) —Red 0° (+20°C Vac)
NIR spectral response curve @ -20°C, -10°C, +20°C SWIR spectral response curve @ -20°C, -10°C, +20°C

1.00 1.00
0.80 0.80
0.60 0.60
0.40 0.40 Te m p /I\
0.20 0.20
0.00 0.00

750 770 790 810 830 850 870 890 910 930 950 1500 1520 1540 1560 1580 1600 1620 1640 1660 1680 1700

—NIR0° (-20°C) —NIRO0"® (-10°C) —NIR 0" (+20°C) SWIR 0° (-20°C) —SWIROQ® (+10°C) —SWIR 0° (+20°C Vac)
TrorTrTuIroovuIT 1011 |8.v . De




o

TERN Conclusions

» PROBA-V instruments relatively stable over time
» Vicarious calibration results show impact of temperature change over the

mission, but impact temperature CAMERA and BAND dependent
» For VNIR:
Largest impact for NIR band:
Temperature increase correlates with observed increase in calibration
results. Pre-flight calibration data “confirms” this behavior.
» For SWIR: degrading trend counterbalanced by temperature increase
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- Conclusions

» Calibration updates PROBA-V Collection 2:

» 2"d degree polynomial model in function of date for each camera/band to correct
for long term temperature change (but not abrupt temperature changes)

nommalized OSCAR LISYA4 results LEFT MIR
normalized OSCAR LIBYA4 results CENTER NIR normalized DSCAR LIBYA4 results RIGHT NIR
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