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. Space Debrrs Surveyor

Executrve Summary i e e .%SI\W{PIMIE

AWD ISAM CAFABILMES

S i 8 Area of |nqurry usnng Y to handle the -
L growrng number of smaII space debrrs In LEO

¢ e Starforge IS proposmg a satellrte concept that 7
% - detects, tracks, and eIrmrnates space debrrs -

smaIIer than 10 cm
ey The team created atechnrcal paper .
I’ alongside a small prototype that showcases
é | the concept's basic functions. . '
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System Engi n}e‘ering Milestones

& "De"ﬁn'ing_ Specifications to Guide _Design and Ensure EffectiVe Fu'nctionality e

SR QR 12th October | i g t anuary - : o
dentty W1 2020 R pefined sysiem WP\ 2075 | Y * mitalized
J - Initialized Requirements - Completed o Designp

Manager

g ' Operation i | Trade Studies % '
B 6th September | @ Capabilities Sl 10" Nzg\éimber : et | 3rd March L
| 2024 e ] B RS gl 2025 % g

Establishing Clear System Requirements is Crucial for Project Success

. CONBOATILM FOR BPACE MOBILITY
ARD [EAN CAFABILITIES

: %Mlc.

1st April 2025
* Developed a Path to

Preliminary Design
Review
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Impact

Why does space exploratron matter ?

CONSOATIUM FOR BPACE MOBILITY
ARD [EAK CAFABIL

i ; 5 o s : Al fHEOHIO'StATEUNIVE‘RSITY
AW cosMIC

Screntrfrc drscovery
Chmate research
Defense mrtratrves

" ';?l.aExpansron of space economy

As 0} May 2024 W e
;.99 000 Actrve Satellrtes &
',670 OOO Debrrs p|eces < 10cm :

ISAM can mrtrgate the rrsk of debrls collrsron o

Source: NASA/Canadian Space Agency, CNN, June 21st 2021
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https://www.cnn.com/2021/06/01/world/iss-orbital-debris-robotic-arm-scn/index.html

* Feasibility

.. Conceptualizing-a solution

CONBOATILM FOR BPACE MOBILITY
ARD [EAN CAFABILITIES

. ;FMH:

~ *_ Integration of new data collection tools

Conceptual Model: Prototype Model:

All the features and functions of a market o - . . :
e - Perform basic functions to validate the
ready product. .
’ concept

Est. $102,110 in addition to the Venus

Class Bus - Est. $204.64 to build

Space Debris Surveyor 6



ARD IBAM CAFABILMEDS

T TREERE e C\JSMIC.
,Howcanwedothmgsdnfferently’P- s Rmi S | e B3 '

® On board nght Detectlon and Ranglng (LIDAR) to detect debrls durlng satelllte fllght path
® Debrls path generated based on speed / d|rect|on

Small Log w/ speed Calculate
Debris direction, position of Fire Laser Update Log Transfer File
(<10cm) maoss, etc debris

De-commission
Large Log w/ speed .
. - " . satellite
. ) Debris direction, Transfer File .
Detection (>10cm) moss. ete (graveyard orbit,
Steps ' controlled
Logging
Steps
Mitigation
steps

Launch
of
Satellite

Detection
of Debris
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Requwed Elements s - e .l:&\ySMlc.

PrOJect and User needs

. T(semi)' Autonomous'operations'
Four functions Worklng together d - Ca
Payload volume 17” X 16 4” 'X 27” payload vqume S

B User Need Importance Existing Solution ~ GapsinSolution

e Autonomous Operation High Limited autonomous ISAM systems  Systems are still experimental

In-Orbit Servicing Capabilities High Manual and ground-based servicing High costs, time delays

R Modular Design for Scalability Medium Limited modular designs Lack of flexible systems

BB Minimal Remote Commands __ Hi Remote-controlled systems Frequent human intervention needed
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AWD ISAM CAFABILMES

Trade Studies . e s e L L D e e

. The team'is divided into 3 sub-teams:

Sub-team 1
-Coding
-Testing

Sub-team 3
-Planning

-Documenting

-Data Analysis Communications

Correlation between Area (pixels) and Diameter (pixels)

Rosphery i Credentials: Usb'{%hqtf’l-'
30000 o .

Cosnl(; TQ(MY; : »\: ot 1 R»»  cosmie| 134

Task Stark Deadine

I ' I 2 ;,:- ; Frototype Fabrieabon Zlilzs 2":'{:: e ) 4
u - ea . A 2lijes CRRHT \( et 7€
Gt Tatype Assen!

20000 Gt Gde Teskingy Q/35/ 1

15000
i

-Design
-Prototyping

10000

5000

150
Diameter (pixels)
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Rlsks

R|sks and Mltlgatlon Plan

nghllghted crltlcal' rlsks and

_ direct stakeholders with the

i design steps mvolved

'}‘leellhOOd or frequency On:g -
- scale fromO'to'1 (O being the
"--"-_5Ieast 1 being the most I|ker)

_ * Scaled consequenceona -
- scale from 0 to 10 (0 being the

~* smallest, 10 being the most.-
;VconsequennaD '

CONBOATILM FOR BPACE MOBILITY
ARD [EAN CAFABILITIES

: CFMlc.

Design Step Risk Critical Point

Scheduling on a Large

All
Team

Communicating
Assignment Status

All

All stages but
specifically in
prototyping

Budget Allocation

Prototyping

Phase Prototype Quality

Problem
Definition
Step

Defining User Needs

Stakeholders

Team Members
Advisors
Sub Teams

MDC team

Sponsors

MDC team

Sub Teams
MDC team

Lab/shop
managers

Team Members

Sponsors
End Users

Scaled

Likelihood
Consequence
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- Concept of Op.elra'tions | R C\JSMIC-
St £ el - | 5 : 7 i - | : 5 : & J| COMSOATIIM FGR SPAGE MOLITY

ARD IBAM CAFABILMEDS

Deployment of bus LIDAR debris scan

Alignment of laser Debris mitigation next pass Collection for de-orbit
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M FOR BPACE MOBILITY
ARD IBAM CAFABILMEDS

Anlmatlon of Key Operatlng Sequence g C\JSMII:

Motlon graphlcs and CAD | ‘ oy
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J| COMBOATIUM FOR BRACE MOSILITY
& AKD IBAM CAPABILTIES

'. DataHandlingand Communications SMIC-

. Real T|me Downllnks , o e
~Enables |mmed|ate transm|SS|on of collected data to ground statlons
i Cr|t|caI fortlmely debns analy5|s and deC|S|on -making :
¥ Observer ConS|derat|on o ' ' '

v ‘-_f Not explrcrtly requrred but beneflcral for data valrdatron and anomaly_
e reSOIutlon : i -

' o Enhances over5|ght and operatlonal accuracy in complex scenanos i
e Operator InvoIvement S e | - A }

S System desrgned for autonomous operatlon vvlth mlnlmal human
|nput :

Optronal operator presence recommended for crrtrcal tasks or ,
emergencies :

’ Data Bitrate. Requwements

« Not specifically defined; must support debrrs characterlstlcs and
ephemendes updates , : et Source: Youngwank
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CONBOATILM FOR BPACE MOBILITY
ARD [EAN CAFABILITIES

. I\/Iost Innovatlve Concepts ConS|dered T C\IJSMIC-

i OUI’ three most |nnovat|ve concepts

' '_,. 1 Usmg LrDAR on the vesseI to determlne the posmon speed d|rect|on srze
| and pOSSIb|y materlal makeup of space debris - G

L ey Most debrrs trackrng |s currently done from the ground rather than In space o

., 2 Usmg Iaser technology to destroy or. deorblt smaII to medlum space debrrs Ay
L ‘-_ Deorbrtlng would aIIow for the smaII debrrs to burn up in Earth S atmos_;'ﬁ i

3 Remove the. need for Iarge battery storage by usmg soIar pumped Iasers or ion
- beams , - , u
— These Would rer ona burldup of soIar energy before each frrrng of the laser
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: I\/IostImportantTechnOIogy Gaps TOSMIC

”,“'.'ngh Precrsmn Sensmg o . . | o
. Lot Current sensors struggle to accurately detect and cIassrfy smaII or fast-movrng debrls
,_.-'_'Rellable Oon- Orbit Power | |

e Prowdrng the requrred energy for a hrgh power Iaser In space IS chaIIengrng due to I|m|ted
- solar avallabrlity and battery capacrty o . .

":'-'.'Safe Debrrs Capture g

e No proven smaII scale capture system exrsts for t|ny fragments that.sf’..,_{ pose a colllsron
nsk ‘ o - | Fe) R O .

B e
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CONSOATIUM FOR BPACE MOBILITY
ARD [EAK CAFABIL

o . ‘ '_ 4 g _:' SEls & , LV o " THE OHIO STATE U'NIVE‘RSITY
Prototype-% e ] T t:@SMlc.

' '_' The prototype was developed to test the functlonallty of
'{_ |mage detectlon i

L ‘Rvesults from testlng wiII
" be used to develop the'
fuII scale prototype and
"_’r'-_ﬁ;‘ldentlfy key rtsks in the
it ‘methods P, e
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V.Blggest Challenges Encountered o C\IJSMIC-

- Key obstacles and how we addressed them

e Cost VS. Sensor Qualrty | e .
S Hrgh -end LiDAR was too expensrve and power hungry .
L= Started W|th Iow cost sensors deferred LrDAR to Iater phases

' Hardware Software Integratron - i \
e Calrbratron issues during data + control software mtegratron LT
e Tested components |nd|V|duaIIy before fufl system mtegr’atlon ety

| ';..' Space Envrronment Desrgn -
- LEO conditions requrred more robust materrals -
i Rewsed deS|gn added shleldlng and upgraded components

Strategic compromises and iterative testing helped us overcome technical and environmental

challenges in building a space-ready system. Space Debris Surveyor 17



. PathtoPDR ‘4 | £

.- Recommended steps for prOject completion

~ 1.Refine the design and adjustfor -
i 'f"'S'UCC_?e*'S'SfU| prOtotyp-e int’egrat{_ion o

2 Test the prototype |terat|ons I\/Iake' |
_sure the design works as mtended

vvhen deployed

| 3 Integrate Wrth the host vehrcle and
perform fuII system testrng

SMIC

,
: J| COMBOATIUM FOR BRACE MOSILITY
: : & AND ISAM CAPABILTIES.
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_ A . | : s B 0 | THE 9)28(¢ ST.ATEVUNIVERSITY
Conclusmn and nghllghts e teae C&.SMII:

CONSOATIUM FOR BPACE MOBILITY
AND IBANM CAFABILMES

o CoIIaboratrve Solutlons for a Safer Sustalnable Space Envrronment :

: . Mult|d|SC|pIrnary team etfort
o communlcatlon was key to protect
development e

° Space debrrs is the most chaIIengrng
: obstacle for the future of the |ndustry |

K In space mltrgatlon technology may be j
necessary for debns smaIIer than 10cm
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Impact

. Stakeholder Map

U.S Government

NASA

ISAM council

Space Force

DoD

Commercial Sector

Space companies

Manufacturing co.
Engineers
Scientists Investors
Researchers
Astronaughts
Ground crews

Space tourists

CONBOATILM FOR BPACE MOBILITY
ARD [EAN CAFABILITIES

: ;gSMlc.
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