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Company presentation
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Norsk Elektro Optikk (NEO)

« Established in 1985 by three researchers from the Norwegian Defence Research Establishment (FFI).

*  Focus on research in electro-optics with the goal of developing state-of-the-art products for an
international market.

*  SME with 65 employees.

100 % owned by a foundation with a vision to support work in art and physics.
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The HySpex Product Portfolio

Development and production of hyperspectral cameras (HySpex) for more than 20 years.

HySpex VNIR-1800 HySpex VNIR-3000 N HySpex SWIR-384 HySpex SWIR-640

HySpex Baldur V-1024 N HySpex Baldur S-640i N HySpex Baldur S-384 N Mjolnir V-1240 Mjolnir S-620 Mjolnir VS-620
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HySpex on «any» platform

Airborne Field Industrial Laboratory Systems

e S

ASAER-2 Swift Engineering HALE UAS
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NEOs Space Activities
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Background
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Space played an important role in NEO'’s early days.

Space projects from the early days

1989:
1990:
1993:
1993:
1997:
1997:
1997:

High Resolution Imaging Interferometer (HRII)

High Spectral Resolution Sounder (HSRS)

Diode Pumped Nd:YAG laser for spaceborne applications

Michelson Interferometer for Passive Atmospheric Sounding (MIPAS)
Interferometer for Passive Atmospheric Sounding (MIPAS)
Hyperspectral Imager for Small Satellites (HISS)

Airborne Spectral Imager
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Start of NEO’s “New Space” Activities

- 2019

The commercialisation of the space business through "New Space" led to many inquiries from customers interested
in space versions of NEO's hyperspectral cameras.

2019

Decided to apply for Support Funding from the Norwegian Space Agency (NOSA) to investigate whether NEO'’s
technology and competence could be used for the development of a satellite camera.

2020
Support Funding from NOSA was granted, and NEO began the instrument development.

Promising results in the camera design encouraged us to respond to NOSA'’s call for an "ESA-led development
project with the possibility of space qualification".

February 2023
Kick-off for the HyperNor-project.

June 2024

Space as a new business area at NEO.

10 ©2026 Norsk Elektro Optikk

KKKKKKKKKKKKKKKKKK



NORSK ELEKTAD OPTIKK AS

Challenges (on the way to space)
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Challenges: Which Quality Standard?

ESA ensures quality and lifetime through:
» ECSS-based Product Assurance framework

«  Structured design reviews (SRR, PDR, CDR)
«  Strict configuration and quality control

«  Comprehensive verification and testing

« Strong focus on reliability and risk mitigation

©2026 Norsk Elektro Optikk

Challenge:

NEQ'’s customers are neither willing nor able to
support ECSS-level qualification in terms of cost
or schedule.

The instrument reliability and lifetime are
nevertheless a concern.

Two alternatives:
1. Tailoring of ECSS standards.

2. Wherever possible, use components with
established space heritage and proven
performance in space environments.

NEO is so far working according to alternative 2
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Example

«  NEO has focused its space activities on instruments
operating in the eSWIR range (950-2500 nm).

* The reliability of these instruments is largely driven by the
IDDCA (Integrated Detector Dewar Cooler Assembly), which
in our case is based on COTS components.

Challenge:

« If a test reveals an issue affecting
the instrument’s lifetime, corrective
action must be taken.

« Consequently, customers require justification for the
reliability of these units.

«  Given the high unit cost (>€100,000), the number of IDDCAs

used for environmental testing must be kept at a minimum.  Une mERUEEUEr 15 Ullely i@

make changes, as this is a COTS
*  Nevertheless, some environmental tests (vibration, TVAC, component and production line

radiation) must be performed to satisfy the customer. modifications for limited additional
sales can not be justified.

©2026 Norsk Elektro Optikk
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Challenges: Funding via ESA

Example: The application process for HyperNOR GSTP

Pre-proposal:

Proposal, first issue:
Proposal, second issue:
Proposal, third issue:
Proposal, fourth issue:

Proposal, fifth issue:

2020-12-11

2021-06-28

2022-01-20

2022-02-11

2022-03-10

2022-05-05

Answers to TEB, Revision 1:
Answers to TEB, Revision 2:
Answers to TEB, Revision 3:
Answers to TEB, Revision 4:

Answers to TEB, Revision 5:

Project Kick-off:

2022-07-13

2022-08-31

2022-11-09

2022-12-09

2022-12-09

2023-02-02

Conclusion: Obtaining funding from ESA can be a prolonged and labour-intensive process



Challenge: Stakeholders

Example

For NEO, an instrument sale is usually the result of prolonged
engagement with a customer.

— Focus on instrument performance, price and schedule.

In parallel with its engagement with NEO, the customer
negotiates with the platform manufacturer.

After the deal with NEO is finalised, the platform
manufacturer is introduced to NEO.

® Meeting ® Quote
] ] (] (] (1] e o
° e e0e we 0 0o @ o e (o0 ®e
02.01.2024 02.01.2025 03.01.2026
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Challenge:

The platform manufacturer,
responsible for integrating NEO’s
instrument, requires information from
NEO at a different level than what has
been discussed with the customer.

Significant effort required to support
the platform manufacturer.
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Analysis as part of the development

21501

Analysis e
« Modal analysis e
- Static analysis 6:::
* Sine response analysis

* Random response analysis

466-01
*  Thermo-elastic analysis 40601
« Tolerance analysis A&t
. . 291-01

« Straylight analysis
2330
» Optical performance vs. temperature
1.16-01
5.82-02

default_Fringe
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Example, Testing versus Simulation

A bracket was designed by the satellite manufacturer to
support a HySpex camera on the platform. It was
manufactured and shipped to NEO for use in environmental
testing.

Random vibration: full level = 9.82 gRMS, 20 Hz to 2000 Hz

Random vibration testing started at -6 dB (4.92 gRMS)

Measured Sensor Response [gRMS]
Input Note: At a -6 dB input level,

1-X 1-Y 1-Z 2-X 2-Y 2-Z the response at the sensor

. position already exceeded the
X-axis 4.9 gRMS 28.8 3.5 30.5 34.8 9.8 19.9

sensor’s qualification limit.

Y-axis 4.9 gRMS 13.9 3.6 23.1 15.5 14.3 325 Consequently, further tests

were not performed

Z-axis 4.9 gRMS 5.8 2.1 17.0 Missing 11.3 24.7

NORSK ELE}
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In-orbit Validation Strategy

Besides a proper calibration schema, an in-flight 78 - 5

validation of essential parameters like keystone, e BN g
smile, SNR, and absolute geometric accuracy are

needed.

The validation scheme must check if the mission

requirements are fulfilled to ensure the envisaged '
applications, identify systematic errors, and )
indicate the need for recalibration or
compensation.

«  Keystone:  Earth DT

*  Smile: Earth DT
- SNR: Eart DT Calibration sites maintained by the RadCalNet

.
GONA

* Bad pixels: Earth DT

©2026 Norsk Elektro Optikk n eo
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HyperNOR - Validation Strategy for Radiometry

There are claims that the RadCalNet sites are not
sufficiently stable.

NEO has started searching for spectrally and
geologically stable regions:

*  Multi-temporal change detection based on
eMODIS NDVI 6.0 (data set with acquisitions
every two weeks over 7 years)

«  Size > 50% larger than the HyperNOR swath.
* Elevation smoothness better than 5%

Further work
- Data analysis with finer GSD (MODIS = 250 m)
* Accessibility for ground campaigns

19 ©2026 Norsk Elektro Optikk

MODIS = Moderate Resolution Imaging Spectrometer
eMODIS = expedite MODIS
NDVI = Normalized Difference Vegetation Index

The detected sites are either some sort of desert or salt
lakes.
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NEQ's Space Products
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HyperNOR S$-1280, Performance estimates

Single slit Double slit Double slit
8 SNR GSD
GSD @ 500 km [m] 9 9 45

Pixel count (cross-track) 640 640 1280
Swath @ 500 km [km] 5.8

#Spectral channels 36
Spectral range [nm] 950 - 2500

Keystone [pixels] 0.01 0.01 0.02

Smile [channels] 0.01 0.1 0.1 With the basis in the HyperNOR S-1280 we can offer:
MTF @ Nyquist frequency >0.21 >0.21 0 *  HyperNORV-927: 400 to 1000 nm, 6.25 m GSD
« HyperNOR S-1280i: 680 to 1675 nm, 9 m GSD

Size [mm] 300 x 640 x 350 mm?3

Mass (w.o. margin) [kg] 11.5

SNR, Oslo, at 20 % ground reflectance (500 km, single slit)
«  Summer solstice (53° sun elevation): 82 - 166

«  Equinoxes (30° sun elevation): 55-120
»  Winter solstice (6° sun elevation): 11 - 27 @



The Methane Camera

* Spectralrange: 1550 nm - 2500 nm

« Spatial pixels: 640

+ GSD: ~30 m at 520 km altitude

*  Swath: ~19.2 km at 520 km altitude
* Spectral sampling: ~3.65 nm

* Spectral FWHM: ~548 nm

5| T Dbreatel « #channels: 260

150- *  F-number: 24

125  MTF > 0.4 (at Nyquist)
« 100 *  Smile: < 0.11 channel
’ 15 | «  Keystone: < 0.14 pix

Development in the frame of ESA InCubed.

01— r r r ‘ r r
1300 1500 1700 1900 2100 2300 2500 n eo
Wavelength A [nm]
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Modified HySpex Classic

« PO in December 2023
«  FM delivered in June 2025

Space-grade sensor (InGaAs)
Close-up lens: 9 to 50 meter

MIL-spec surface treatment
(MIL-DTL-5541 Type Il Class 3)




Thank you for your attention
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