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Development of Compact Resonance Lidar Systems

OLD system:
transportable K/Fe-lidar

1989-2020
10’000 kg
30 kW
40 m3

First Prototype:

K-lidar demonstrator

2015-2018
1500 kg
1 kW
10 m3

« 0.5kw
. 1 m3

VAHCOLI: ™
autonomous K-lidar {f)
multi-FOV EUH:}A

EU project EULIAA:
autonomous UV-lidar array

with multiple FOV
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http://www.euliaa.eu/

Compact lidar instrument

Mobile system for easy deployment (even by
helicopter) and operation (1m3, < 500 kg, < 650 W)

Modular lidar instrument with structural elements
from 3D-printed carbon-reinforced plastics

Central platform (aluminum BB) with all lidar
subsystem referenced and attached to it

Customized laser as lidar transmitter
Scanner to address different lens telescopes

Three FOV via lens telescopes (1x vertical, 2x tilted
30°) for vertical and horizontal winds

Daylight capability even close (5°) to sun
Real-time lidar control and data processing

Polarization-dependent measurements for
aerosol characterization and classification

Safety-measures for autonomous operation
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Application of mobile lidar at launch pad
Measurements of wind and launcher propellant contaminants

Placement of a mobile lidar in close proximity to launch pad
Local wind and temperature conditions important for operators at spaceports

Multi-purpose lidar technology superior with higher altitudes, continuous live data, .
greater area coverage, detection of turbulence
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Application of mobile lidar at launch pad
Measurements of wind and launcher propellant contaminants

Placement of a mobile lidar in close proximity to launch pad
Local wind and temperature conditions important for operators at spaceports

Multi-purpose lidar technology superior with higher altitudes, continuous live data, .
greater area coverage, detection of turbulence

Measurement of aerosols from rocket propellant with lidars
Monitoring throughout the atmosphere over long time

Mesospheric aerosols (80 — 90 km altitude), like noctilucent clouds (NLC), measured
regularly via lidar at day- and nighttime by EULIAA

Fortunate coincidence during EULIAA validation campaign at Andgya facility close
to launch pads in Norway
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Andgya Space, 69°N Norway

Facility

Norwegian island Andgya at 69°N

European launching facility for easy access

to polar and Sun-synchronous LEO

Arctic Lidar Observatory for Middle
Atmospheric Research (ALOMAR)

Andgya Space Center with suborbital launcher

capability for sounding rockets (2 km)

Andoya Space Port for orbital launchers (Isar

Aerospace) on same island (25 km)

Annually up to 30 missions/ 1,500 kg payloads
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Andoeya Spaceport

Telemetry

Launch pad A
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EULIAA lidar: RMR-lidar:
fixed LoS (vertical, S & W)  two steerable LoS

Andenes seaport

(% Andenes

Riseyhamn seaport

Bridge to mainland Europe q‘r\'
&N

-

Y ALOMAR
Y Andgya Space Center [

Y Andgya Space Port
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Andgya Space, 69°N Norway ™

EULIAA lidar instrument at ALOMAR
EULIAA-IR
I 2025-11-21 - 2025-11-23
dt=128 sec, dh=(200,50) m, butterworth=false, NormToSpecN=true, skipList=[101, 401)
20 - o1
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First validation site within European field campaign of EULIAA "
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Rayleigh-Mie-Raman (RMR) lidar for
wind and temperature for 25-90 km,
aerosols 3-100 km, density 30-120 km,

time / UT

with two steerable LoS £ g
et
Aerosol lidar (Troposphere) P

time / UT

Regular radiosondes up to 35 km

.
altitude / km

Radars (Troposphere to Mesosphere)

°588882
solar elev /

EULIAA-IR lidar instrument with
three fixed LoS, depolarisation &

Potassium capability at ALOMAR
S 60 » g
R i Y |
Rayleigh-Mie-Resonance for 3-120 km o3
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2.5 h integration

APD2, vertical pol
APD1, vertical pol

Andgya Space, 69°N Norway
Rocket launch monitored with EULIAA & RMR lidar instrument at ALOMAR [ =i =

— APD2, east
-== APD1, east
APD2, vertical depol
-~ APD1, vertical depol

RENU-3: Rocket Experiment for Neutral Upwelling

propellant-
induced

Sounding rocket with 4 stages (2.8 t of APCP) and >450 km altitude |
aerosols

Launch at 2025/11/23 09:52:37 UT
50

altitude / km

Daytime with ~0° solar elevation

Measurement of aerosols throughout the stratosphere
over several hours

25

10° 100 102 160 10" 100 10°
counts /200 m
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Continuous measurement over 1.5 h
with combined south and west LoS

RENU-3 launch

Andgya Space, 69°N Norway .
Rocket launch monitored with EULIAA lidar

First: sihg'ie ‘pea.l_%s in different altitudes

Mie-signal up to 40 km for hours with development of layers
Later on: permanent Iaygrs

2025-11-23T710:06:44 + 16 seconds

Launch: 09:52:37
Vertical: 10:06:12

35

= c
At=13:35 min S
integration time 4 s z
Blue: vert. depol
Red: vert. pol
E
EY1
°
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time / UT
counts /50 m
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In-situ space debris residue monitoring with lidar
Ongoing ESA OSIP Project (activity #4000150277) SITU RESONANCE LIDAR MEASUREM

ALEXANDRITE LASER
New space creates a drastically improved input of aerosols and metals in the S el s B Sl

higher atmosphere from rocket starts and burned up space debris

Resonance lidar measurements for long-term development of tracer E— e
concentration of space-relevant materials — i
SR ot
Decades of experience with natural metal-layers (Na, K, Fe, Ca) observation e
in MLT (60-130 km) e T e T =
I Publications .
Objective (C]

Budget

In times of "New Space” with increasing space activities and an unparalieled rise of objects in orbit,
the clean-space initiative is imponant to guarantee mankind's access to space. Removing non-
operational spacecrafts by controlied reentering in the atmosphere and the consequently buming
most efficient and only realistic way of limiting the number of objects. The
deorbiting may have polluting effects on the middle atmosphere. Recent

= ratio of metals in stratospheric sulfuric acid particles suggest that a significant
portion ongma(e from reentering space debris [1]. Several d metals were clearly connected
to the space debris origin. Recent studies indicate that the atmospheric effects of re-entering
spacecraft could be significant [2]. There is very little data on the environmental impact {2.g
atmospheric chemistry) of de-orbiting and in-situ data collection in the respective alttude is
practically impossible. Therefore, it requires continuous inwestigation over extendad time scales.
Measuring metals from ablated debris with resonance lidar is the solely solution for high sensitivity,
continuity and efficiency. Measuring metal layers ke Potassium. wum and Iron in the
Mesosphere and lower T} {MLLT) with resonance idars is well-k Though cumendly,
the necessary laser and lidar technology is not mature enough for autonomous operation and
involves high personnel effort. Furthermore, the detection of space debris might require the focus
on other tracer metals that deviate from the natural composition and are representative for man-
made space objects. The idea is to use the upcoming novel technology based on Alexandrite lasers
for compact, autonomous and maintaining-free idars, for Potassium, and
demonstrate the extension to resonance wavelengths of potentially relevant metals from space
debris in the Iab.
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In-situ space debris residue monitoring with lidar
Ongoing ESA OSIP Project (activity #4000150277)

New space creates a drastically improved input of aerosols and metals in the
higher atmosphere from rocket starts and burned up space debris

Resonance lidar measurements for long-term development of tracer
concentration of space-relevant materials

Decades of experience with natural metal-layers (Na, K, Fe, Ca) observation

in MLT (60-130 km) 10

Tunable Alexandrite laser with optional SHG: 740-800 nm and 370-400 nm o’ 4

Several potentially relevant metals with reentry origin within tuning range

Aki(s™-1)

Possibility to address resonance lines for different metals with same setup

Long-term objective:
Resonance lidar to autonomously monitor various metals as tracer for space
debris residue over long periods

under a programme of,
Seite 12 13.03.2026 esa and (co) funded by, Restricted

the European Space Agency
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