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The AVIRIS-4

= Background
= NASA-JPL for i) Swiss-ARES consortium ii) ISS
= Started in 2017 ... delivered 2022/23, ISS(2022)

= SOTA in Europe
= high SNR over ~300 spectral bands
= gpectral resolution (400 — 2’500 nm)
= gpatial resolution (0.30m GSD)

= Operations
= from 2024 (standalone), from 2025 (together with ALS)

= all data will be made open data

T moreinfo - https://doi.org/10.1109/LGRS.2025.3572349
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https://ares-observatory.ch/
https://doi.org/10.1109/LGRS.2025.3572349

=PrL  Systems & platforms

Payload

Transect on slopes
Spectral resolution
Spectral range

Spatial resolution AIS
Spatial resolution ALS
Spatial resolution RGB
Coverage per one flight
Acq. zones (Tx/SA/ROI)

CWIS-II (AIS) and RIEGL-II (ALS)
and PhaseOne (RGB)

x
327 px (6.5 nm/px)
380 — 2500 nm
= 1 m/px
~ 20 pt/m?
= 0.08 m/px
500 km?

SA/ROI

Pika-L (AIS) and RIEGL- VQ (ALS)

and 2 x PhaseOne (RGB)

v

281 px (2.1 nm/px)
400 - 1000 nm
< 0.2 m/px
~ 1000 pt/m?
0.02 m/px
10 km?

Tx/SA

E-
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Pika-L (AIS) or SODA (RGB)

v

281 px (2.1 nm/px)
400 - 1000 nm
< 0.1 m/px
0.01 m/px
1 km?

Tx



=P7L Viision comparison

. Humain . Mantis shrimp

. 3 bands . 12 bands

= 480 and 700 nm = ~as human

Pika-L
281 bands
400-1000 nm
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AIVRIS-4
327 bands
380-2500 nm



=P7L  Applications & challenges

= Biodiversity (plant traits)

= Atmospheric (trace gases)

= Aguatic (algae blooms)

= Snow (water equivalent)

= Geological Rin i
= Soil, forestry, agriculture

= ESA ground truth! ?%T

X scale open data

Sensor

Terrain
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Multi-mode sensing challenge (natural disaster)
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=PrL  AIS/HS imagery data georeferencing, visualization
The need in open data & tools

Data Quality Assessment

Guarantee Interoperability

FAIR principals (Findable, Accessible,
Interoperable and Reusable)

Ground truth — develop tool for tie-
points in HS image (MALAHYD)

Fig. 2. Geoeelerenced AVIRIS4 rachiamce data of a garden bed area st UZH
Irchel caampus 1in Zurich visualized as a false color mear-infrared image. Band
combinatioa: R « 850 nm, G « 650 s, and B « S50 nm.
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=PFL  AVIRIS-4 maiden (calibration) flights

Zurich
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=PFL  AIS geometric workflow
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=PFL - MALAHYD - GUI and related framework

f Sensors \ steviapp
— /0 + trajectory GUN
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= Manual labeling in AIS
(.bil) files

MALAHYDE = /'
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= Basic evaluation
(residuals)

Integrated optimization




EPFL LAHYD - tie-point labelling module

X'V A MainWindow X
file project solve editors

Project Sparse Alignement Viewer » | Hyperspectral BIL cube viewer

Stereo Rig ~ ~

Start line:| 0 7| Endline: 5917 | | Setlines |Channels:red: 2 green,“l C\blue: 0 Set channels | Levels:b: 0.00 7 w: 1.50 (| | SetLevels | Active landmark: ~

Local coordinate system
Angle constrain

X v oA MainWindow
Distance constrain X

Calibration file project solve editors

Stereo;sequsnce Project o % | Sparse Alignement Viewer %  DTM raster viewer
Stereo plus color sequence

Cw: 600.00 | | setLevels Active landmark: v

- Hyperspectral bil sequence Levels: b: 500.00

Hyperspectral bil sequence0

Hyperspectral bil sequence1 Trajectory28

Hyperspectral bil sequence24 Trajectory29

Hyperspectral bil sequence25 Image
Comparison Trajectory Camera

~ Input dtm > Correspondences set
Input dtma4 Stereo Rig
Local coordinate system
Data block Y Angle constrain
Name Value Distance constrain
 Optimized lever arm Calibration
X pos 6.05136e-05 Stereo sequence
¥ pos 48210505 Stereo plus color sequence
Zpos -3.03372e-05 T —— =
X Raxis -0.0232956
¥ Raxis -0.0502994 Name Value stdd
Z Raxis 000741687 - Basic pro...

- Optimized intrisic par... Name  Trajectory28

Focal length [px] 1859.08 v Sensors Ids

Optical center X 593.342 Accele... 1

a0 3.78654e-06 Gyrosc... 1

+ Optimize...

Enabled true
Fixed false
pre-int... 0.5
gpsac... 0.02
gyroa.. 0.1

DSM tie points labeling
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Predict uncertainty:

estimate uncertainty of

certain parameters.
Uncheck by default
(stability!)

Use sparse linear
algebra: selected by
default (memory!)

MALAHYD (steviapp) - optimization GUI

Sparse optimizer options

options

[ Predict uncertainty

Use sparse optimizer
~

Fixed solutions

|| Cameras internal parameters

| Stereo rigs calibrations

|| Cameras external parameters

=
27

Number of iterations.
Ceres back-end can
interrupt the optimization g
earlier if it deems the W
problem converged

rocow 2025 / J. Skaloud

Quick override of certain
a priori parameters.

Start / interrupt
optimization
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=PFL - Trajectory residuals analysis
K]
o
©
x
%]
,_5
n
N
o
N
z
X A v MainWindow X 8
file project solve editors g
Project o x | . irmized trajectory analyzer X w
Data Table Position residuals:

e Vertical bars

~ Trajectory . . .

. . - [ indi im
Position residuals i " it d calfe .t el
[mapping units] : . posi |0n_o visual

Trajectory z constraints (e.g.
TrajectoryL101_103 § . .
Trajectoryl202_203 % 0 t|e pOIntS)
t_Traj_101_103 2
2 sF
Image 2
> Camera =
> Correspondences set 10
Stereo Rig
ol Eéﬂfﬁiﬂate ysem 323‘50 323‘75 32:‘&00 321‘!25 32;150 32:‘175
> Mounting time
il ® * || orientation residuals:
Name Value stdd
~+ Basic pro... 0.015 [
Name  TrajectorylL10...
- Sensors Ids 0.01
Accele.. 1 =) . .
Orientati Gyrosc.. 1 £ oo Thun flight: residuals
rersI?dnuZIIson ¥ opms. hints disagreement
nable rue ; 0 .
Fed  false between trajectory
\;\ vs. visual constraints
gyroa.. 0.1 ool
acceler.. 0.5
Estima... false oots kL
Estima... false - 323‘50 323‘75 szz‘um 32:‘125 32:‘150 32:‘175
Fatima  false time
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Error detection via tie points reprojection
Zurich flight - time shift detection

[l Time corrected

@ No time correction
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Error detection via tie points reprojection

Thun - orientation bias detection (platform stab.)
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=F7L Qutiook - automatic tie points "without” IMU

Horizontally Vertical-scal e
rectified invarmance

Roll mdion Pitch motim ard peal
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Conclusions

New/open tool for manual TP in AIS
QA — detection of important issues
= Time tagging
= Platform stabilization
Manual — sure, but time consuming

Future work will focus on automation.

Fig. 2
Irchel campus in Zurich visualized as a false color mear-infrared image. Band
combination: R « 850 nm, G « 650 s, and B « 550 nm.

Georelerenced AVIRIS4 rihiamce dala of a garden bed soea wt UZH
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Credit &links

AVIRIS-

1N

MALAHYD

=
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=F7L Error detection via tie points reprojection

« Atie point pair (at position to and t1 with view direction vo and v1)
allows to check the orientation of the camera just by itself!

* Projected landmark position is estimated as:

V= I"l-'l: — 'I.|'||

1l . _
3 [‘l"l-'“'l"]_{.‘i'r .!I'rl:l I.lli'rT |:1:| —t.'|:|+t||+t'|::|

» Landmark is then reprojected on the image to get a projection
error, in pixels.

N
=4
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=PFL Technical - under clouds operations?

TABLE |

Coprakisos oF KEY TECHMIC AL SPECIFICATIONS BETWEEY APEX ani
AVIRIS-4. THE VaLves PO AVIEIS-2 ARE Basen o THE FIRST
CALIBaTioN PERFORMED M SPriNag J022 a1 KAassa JPL

Eurocow 2025 / J. Skaloud

Faramicicr APEX AVIRIS-4 Fhctor

Sapreal-Io-nise walis f5l = MHHE 3

Frowen ] = Ll = kK3 i

sile px] = X = kAR [

Sampling mnge [nm) M) - 498 3T - 25 -

Spectral hards 2H) AL KT -

WielkE spectral resodution |mm) 20 - 155 T4 -

SWIH specirel resalution | nm| S0 -84 T4

Foeld of view 28 4

|"I.I:r||55-|r.l.l.'k r'l!l:lﬂh EL L] lj 1340 :qlnn 11-.“ :||'_II|-||'| Lo
Ground sample distance [m| = [ Weawnlength [nm|
Frames per second 30 7

Fig. 3. AVIRIS-S radiance spectra of variows targets in the Zerich scene.

Hueni et. al (2025) Distortion invariant optical calibration for lightweight airborne imaging spectrometry
= Accepted to ISPRS Annals (UAV-g, Finland, Sep. 10-12)
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