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ExecOtive® Summary

The orbital environment is becoming more congested, and satellite operators now need faster, more reliable
ways to detect, track, characterise, and assess objects in orbit. Space Traffic Management and Space Domain
Awareness depend on converting raw observations from ground-based and space-based sensors into trusted
operational intelligence.

Indochina Space and NurjanaTech provide a capability for this requirement. NurjanaTech supplies the core
technology stack: Al-enhanced video analysis, automatic object tracking, tracklet extraction, multi-sensor fusion,
digital twin simulation, and SPADAS operational decision support. Indochina Space acts as the systems integrator
in Thailand, sourcing the required hardware, coordinating local deployment, integrating that hardware with
NurjanaTech software, and managing customer-side implementation, training, and support.
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The proposed architecture places a Video Analytics Measurement Layer between the sensor network and
STM/SDA operations. This layer processes telescopic, electro-optical, infrared, radar, and future space-based
observations to produce time-stamped detections, angular measurements, tracklets, fused observations,
confidence-rated tracks, and orbit-update products. These outputs support conjunction assessment, debris
monitoring, post-manoeuvre confirmation, high-interest object tracking, sensor tasking, and operator decision
support.

The system strengthens the observation-to-decision chain. Optical and infrared sensors provide angular
measurements and object evidence. Radar can add range and range-rate data. Space-based sensors can
provide observation geometries unavailable from the ground. NurjanaTech’s tracking and fusion software

and supports training, rehearsal, acceptance testing, and future system expansion.

The architecture is scalable and can support different levels of capability, from groun sed observation and

Al-enhanced measurement generation to multi-sensor fusion, simulation, and pc%based observation.

This white paper proposes a practical route to improved STM and SD a rianaTech provides the Al,

tracking, fusion, simulation, and decision-support systems; Indochina Spece prdkides the local systems integration,
hardware sourcing, deployment management, and operational to turn those systems into a

working capability in Thailand.

em in STM and SDA

en presented as catalogue, screening, and

Strategic Context: The Measurem

Space Traffic Management and Space Domain

command-centre functions. In operational term measurement functions. A system can only assess
collision risk, identify abnormal behaviour,

timely, calibrated, and orbit-relevapt

servation, or support operator judgement if it receives
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THE MEASUREMENT PROBLEM IN STM AND SDA

OBSERVATIONS > MEASUREM ) DECISIONS

Turning raw sensor data into
trusted, orbit-relevant
measurements—fast.

More objects

(?) More uncertainty egel Lo > G [
More risk : =X > ?

) Less time - K - W DATA  UNCERTAINTY  RISK DECISIONS

1. OBSERVE 2. DETECT & TRACK ) 3.TRACKLET EXTRACTION 4.MULTI-SENSORFUSION 5. INTELLIGENCE 6. DECISION SUPPORT

« Optical / EO
« Infrared

+ Radar

« Space-based

» Al-enhanced detection + Time-stamped « Kalman-filter based « Orbit update « Conjunction assessment
» Automatic tracking + Angular measurements + Sensor weighting « Confidence score « Alerts & prioritization
+ Adaptive algorithms « Calibrated « Uncertainty reduction « Risk assessment « Operator visualization

SENSOR DIVERSITY IS ESSENTIAL BETTER MEASUREMENTS. SAFER OPERATIONS.
9 @ ® ©
Optical Infrared ELEL Space-based Better measurements. —
Reduce Faster t Informed
Each sensor has strengths and limits Lower uncertainty. Uncertainty Response 2 0 Decisions
Together they provide a clearer picture. Stronger decisions.
Figure 1: Measurement i§stes for . omain awareness.
The orbital environment is becoming more diffi manage! More satellites are being launched into low Earth
orbit, rideshare missions are releasing multipletobj a single event, and debris populations continue to create

uncertainty for operators. Many r<e§dent o are small, dim, poorly characterised, intermittently
observable, or insufficiently tracked.

therefore produce unstable

tem that depends on stale or sparse catalogue data can

sk a

The central challenge is the

object, time-st librated against the sensor geometry, converted into angular or positional

measurements, date an orbit estimate. If this chain is slow or unreliable, the operational value of

uncertainty must be reduced quickly. A predicted conjunction may initially carry a large
Fresh observations can stabilise the screening result, reduce false alarms, refine probability
ndicate whether further observation, operator review, or manoeuvre planning is required. The
plies to debris monitoring, post-manoeuvre confirmation, launch and early orbit support, and high-
interest object tracking.

Operators therefore need measurement products rather than raw sensor files. The useful outputs are time-
stamped detections, angular observations, tracklets, fused tracks, covariance estimates, confidence scores, and
audit-ready evidence. A practical STM/SDA architecture must convert sensor data into these products consistently
and fast enough to support operational decisions.

Single-sensor approaches are limited. Optical sensors can provide angular measurements and object evidence,
but they are affected by weather, illumination, field of view, and atmospheric conditions. Infrared sensors can
improve detection in selected conditions but still require calibration and correct interpretation. Radar can provide
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range and range-rate information, but may have coverage, resolution, or bias constraints. Space-based sensors
can observe geometries that ground systems cannot, but they introduce onboard processing, downlink, and
mission-design constraints.

The requirement is therefore sensor diversity supported by fusion. Measurements from different sources must be
combined intelligently, with degraded or biased sensors weighted appropriately and uncertainty carried through
the process. This is what turns a collection of sensors into an operational SDA capability.

Artificial intelligence is useful because much of the measurement problem occurs before orbit determination.
Space objects may appear as faint points, streaks, intermittent signatures, or low-contrast targets against star
fields, cloud, sensor noise, and image artefacts. Detection and tracking logic must adapt to different

exposure settings, angular rates, brightness levels, and observation geometries. Al-enhanced vid can
help select suitable detection methods, maintain track continuity, reduce false detections, and s
generation of reliable tracklets.

For Thailand, this creates a practical systems-integration requirement. The capability j I| neither
software nor hardware alone. Telescopes, electro-optical systems, infrared sensors, tifhing systems, computing
infrastructure, communications links, and operator workstations must be sourced, install calibrated, and

integrated with the software stack. Indochina Space provides this local inte

func&)n, while NurjanaTech
provides the specialist tracking, fusion, simulation, and decision-support tech

e

credible STM/SDA system
es, quantify uncertainty, and
ce and NurjanaTech architecture

The strategic requirement is clear: shorten the path from observation toidecisi
must turn sensor data into trusted measurement products, combi i
present operators with evidence they can use. The proposed In

responsibilities. NurjanaTech provides
integration layer needed to deploy,

NurjanaTech’s contribution is t algorithmic core of the capability. This includes Al-enhanced video

analysis, automatic object cking, tracklet extraction, multi-sensor fusion, AstroTwin simulation and

validation, and SPADAS o cision support. Its systems address the early stages of the SDA chain as

requir ware, manages local contractors and installations, coordinates site preparation, supports

calibrati nd acceptance testing, and integrates the hardware with NurjanaTech’s software systems.

This integration role is essential because STM/SDA capability is not delivered by software alone. Sensors must be
correctly selected, installed, timed, calibrated, connected, secured, and maintained. The resulting system must also
fit the customer’s operational environment, staffing model, reporting requirements, and future expansion plans.
Indochina Space provides that local bridge between the customer, the physical infrastructure, and NurjanaTech’s
technology.

The main NurjanaTech building blocks are SPADAS, AstroTwin, NEOS, and associated Al tracking and fusion
capabilities. SPADAS provides space safety and threat-management functions, including threat assessment,
response recommendations, visual analytics, sensor integration, and ground-to-space communication. AstroTwin
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provides digital twin simulation and validation for satellite behaviour, mission operations, and optical SSA/SDA
scenarios. NEOS supports optical tracking and early orbit determination. The fusion and tracking capabilities
support more complex sensor networks where optical, infrared, radar, and space-based observations must be
combined into a coherent operational picture.

INDOCHINA SPACE + NURJANATECH

COMBINED CAPABILITY

SYSTEMS INTEGRATOR &
* J SPACE | mhawan sznurjanatech  recknoLocy PROVIDER

E & &£ =& O ® @ X ®© &

HARDWARE SYSTEMS DEPLOYMENT & TESTING & OPERATIONS & Al & VIDEO TRACKING & MULTI-SENSOR DIGITALTWIN  DECISION SUPPORT
SOURCING INTEGRATION INSTALLATION TRAINING SUPPORT ANALYTICS MEASUREMENT FUSION SIMULATION (SPADAS)

L J
e
FUSED THREAT & RISK  RECOMMENDATIONS OPERATOR
TRACKS ASSESSMENT & ALERTS DASHBOARD

OPTICAL » EO/IR » RADAR « SPACE-BASED NurjanaTech Software
+ Indochina Space Integration

!

g ( )

SPADAS (_~Astro NEOS -
Space safety & threat Digital twin simulation Optical tracking & ‘ MULTI-SENSOR FU AI-DRIVEN

management platform & mission validation early orbit determination Combine strengths, Detection, tracking,
reduce uncertainty adaptation, automation

FROM HARDWARE TO OPERATIONAL INTELLIGENCE.
INTEGRATED LOCALLY. POWERED BY INNOVATION.

Figure 2: urjandliech and Indochina Space work together.

The joint offer can be expres

NurjanaTech provides th /SDIA technology stack. Indochina Space provides the local hardware,
integration, deployment agement, training, and operational support required to make that stack usable
in Thailand.

This model givés calable route to capability. This model allows customers to adopt an architecture
that can scale & or types, software functions, operational workflows, and future observation domains
entation sequencing or deployment assumptions.

The pr operational architecture turns observation hardware into operational STM/SDA intelligence. It
combines 1Qeally sourced and integrated hardware with NurjanaTech’s software stack, allowing raw observations
from ground-based and future space-based sensors to become validated measurement products, fused tracks,

and operational decision support.

The architecture should be understood as a layered system rather than a single platform. Each layer performs a
distinct function: sensors collect observations; Al-enhanced processing extracts detections and tracklets; fusion
software combines measurements; orbit-determination tools refine object states; and SPADAS presents operators
with risk, priority, and response information.
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Architecture overview
The operational chain follows this sequence:

Sensors — Al video analytics — tracklet extraction — calibration — orbit update — multi-sensor fusion —
confidence-rated track — SPADAS decision support

This structure supports multiple mission types: conjunction assessment, debris monitoring, launch and early orbit
tracking, post-manoeuvre confirmation, high-interest object monitoring, and future space-based SDA.

The Video Analytics Measurement Layer is positioned between imaging sensors and operational screening or
decision tools. Its purpose is to convert optical and infrared video streams into time-stamped detectigns, $kacklets,
angular observations, and fused measurement products.

Sensor layer
The sensor layer includes the hardware used to observe resident space objects. Dep 7 er
requirements, budget, site conditions, and mission priorities, this may include:

o  Optical telescopes for angular observations and object evidence.

) 2

e Infrared sensors for selected low-light, long-range, or difficulf=visibili itions.

e  Electro-optical tracking systems for continuous target tracking.

workstations.

e  Future space-based sensors, hosted payloads, o -mounted observation systems.

Indochina Space identifies, sources, procures, installs, rates the required hardware in Thailand, then
ensures that the physical system can interface ja tware stack. This includes practical issues such
as site preparation, power, communications, ti ity, camera calibration, sensor metadata, operator
workstations, and maintenance arrgnge nts:

Video Analytics Measur

?\
The Video Analytics Measurem yeyis the first major software-processing stage. It receives image sequences,
video streams, or sensor f nverts them into structured measurement products.

w

bjects in the image frame.

d objects across successive frames.

ous false detections and background artefacts.

s frame-level detections into object tracklets.

ds timing, sensor state, image quality, and calibration metadata.

e |t produces angular observations suitable for orbit determination.

NurjanaTech’s electro-optical tracking comprises systems in which image sensors, positioning systems, control
systems, and video trackers operate together. The software processing layer uses machine learning to select
appropriate detection and tracking algorithms and to reduce dependence on manual operator choices during
dynamic tracking activity.

For STM and SDA, this is essential. Space objects may appear as faint points, short streaks, glints, intermittent
detections, or low-contrast features against a star field. The processing layer must therefore adapt to target
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brightness, angular rate, background noise, sensor type, exposure setting, atmospheric conditions, and
observation geometry.

Tracklet and measurement generation

The primary output of the video analytics layer is the tracklet. A tracklet is a short sequence of time-stamped
angular measurements associated with the same observed object. It is the bridge between raw imagery and orbit
determination.

A useful tracklet product should include:

o Obiject or candidate identifier.

e Sensor identifier.

e Observation time stamps.

e  Right ascension and declination, or equivalent angular coordinates.

e  Estimated angular rate.

e  Brightness or magnitude estimate where available.

¢ Measurement uncertainty.

e Calibration metadata. 2 Y
e  Detection confidence.

®  Processing provenance.

¢ Quality flags.

The architecture should preserve the raw imagery and the rement products. This allows operators

and analysts to replay an event, inspect the evidence, va e\detection logic, and compare outputs against

known catalogues or independent measurements.

TRACKLET AND MEASUREMENT GENERATION

From Raw Imagery to Orbit Determination

1. RAW IMAGERY 2. DETECTION 3. TRACKING 4. TRACKLET (SHORT ARC) 5. ORBIT DETERMINATION
Video frames from sensor Object: ed in each frame Detections linked across frames Sequence of time-stamped & FUSION
measurements for the same object Tracklet used to update orbit
and fuse with other data

Frame N

Converts pixels into trusted, time-tagged angular measurements

Object / Candidate ID e identifier for k t Time (UTC) RA (deg) Dec (deg) Mag  Unc(arcsec) Conf PRESERVE
1 < 5 | 1 092

Raw Imagery Archive Measurement Products

&

Replay Inspect Validate
Event Evidence Detection Logic

/
Y
\// Every tracklet links back to the original pixels and processing steps

Observation Processing Tracklet Orbit Update

Figure 3: Tracklet analysis product output.
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Calibration and timing layer
Accurate STM/SDA measurements require disciplined timing and calibration. A detection is of limited operational

value unless the system knows precisely when and where it was made, how the sensor was pointed, and how
image coordinates map to sky coordinates.

This layer manages:

e Sensor geolocation.

e Clock synchronisation.

e  Exposure timing.

e  Camera pointing and gimbal state.

e Optical distortion correction.

e  Star-field registration.

e Astrometric calibration.

e  Weather and image-quality metadata.

e  Residual checks against known objects.

Calibration drift is a significant operational risk. The architecture should there ncludle routine calibration
procedures and automated quality checks, rather than treating calibr s\ onefoff installation task.

Orbit update and uncertainty management

Once tracklets and angular observations have been gener oe used to refine an object’s estimated

state. This may involve correlation with known objects, pr determination, orbit update, residual

analysis, and covariance estimation.

The operational value is the reduction of unce n assessment, for example, a fresh tracklet

It, lower the false-alarm burden, or identify a case
o debris monitoring, launch and early orbit tracking,

may reduce uncertainty enough to stabilise th
requiring further observation. The same p,
and post-manoeuvre confirmation. ®

This layer should produce o nf'Qut rather than image-processing outputs alone. These include

updated state estimates, covar ion, residuals, object association confidence, and recommended

follow-up observations.

evidence, but
rate, but

co&l iti

ork describes a Kalman-filter-based method that receives target-position information from different
sensors, including radar and electro-optical sensors, and assigns weights according to observed sensor reliability and
measurement deviation.

In the STM/SDA architecture, this approach supports:

e  Dynamic sensor weighting.
e Outlier rejection.
e  Reduction of the influence of biased or degraded sensors.

e Combination of angular, range, range-rate, and derived measurements.

www.indochinaspace.com Private and Confidential 9
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e Improved track continuity.
e  Covariance reduction.

o  Confidence-rated fused tracks.

The output is not merely a prettier display of the same data. It is a more defensible estimate of object state and
uncertainty.

SPADAS operational decision-support layer

SPADAS provides the operator-facing decision-support environment. It ingests validated observations, tracklets,
orbit updates, and fused tracks, then presents them in a form suitable for operational judgement.

SPADAS is a semi-automated platform for space safety and threat management, with functionsgnclu threat

assessment, response recommendations, visual analytics, ground-sensor integration, and gro
communication.

SPADAS OPERATIONAL DECISION-SUPPORT EAYER

r-fe ironment for space ty and threat manz n

INPUTS TO SPADAS " i | HUMAN SUPERVISION

Validated Observation: SPADAS O + SPADAS recommends,

alidated Observations
auton | jon's .

Tracklets ( Jot
> / - : ‘
Orbit Updates ) )

o Tracks Threat Response Visual Ground-Sensor ound-to-Space
Assessment Recommendations Analytics Integration Communication
J OPERATOR
./ DECIDE + AUT

Sensor Status

External Data & Catalogues

%
OUTPUTS & ACTIONS
Alert M;
ator Visualisation
Replay
Audit-ready Reporting

] Notifications & A

o =]

=

3. Fuse & Update 4 0 5. Recommend

Figure 4: SPADAS operational decision support layer.

In the architecture, SPADAS supports:

e Conjunction assessment.

e Threat and risk prioritisation.

e  Sensor tasking recommendations.
e  Follow-up observation planning.
e Manoeuvre-support workflows.

e  Alert management.

e Operator visualisation.

e Evidence replay.
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e  Audit-ready reporting.

The system allows flight operations that remain human-supervised. SPADAS can recommend, prioritise, visualise,
and record; consequential operational decisions should remain under operator authority.
AstroTwin simulation and validation layer

Before operational use, AstroTwin provides a simulation and validation environment in which satellite behaviour,
sensor-tasking logic, detection algorithms, and operator workflows can be tested. During later operations, the

digital twin can also support investigation, debugging, and correction of in-flight issues.

ASTROTWIN

Simulation, Rehearsal and Validation Environment
Test before live operational use

ASTRO ENVIRONMENT (Digital Twi LIVE OPERATIONAL ENVIRONMENT

1. SIMULATE 2. GENERATE 3. RUN & TEST 4. EVALUATE 5. REFINE & DEPLOY WITH CONFIDENCE
SPACE & SENSORS SYNTHETIC DATA STM/SDA SYSTEMS & VALIDATE REHEARSE
« Orbital environment « Realistic imagery « Detection & tracking « Performance metrics « Improve algorithms
+ Objects & dynamics. + Telemetry & metadata « Sensor tasking + Accuracy & reliability + Tune parameters
« Sensor models « Edge cases & scenarios » Fusion & orbit update « Stress tests « Rehearse procedures
« Conditions & noise « Decision-support workflows + What-if analysis « Train operators ‘

x| A4

Continuous Threat & Risk Alerts &

v

VALIDATED

> P >
*
.

SRENTY Monitoring Assessment  Notifications
& ® B
Time (UTC) | RA (deg) | Dec (deg) \ (=) A
¢ 1200010 | 150123 | 20.001 * Operator Ground-to-Space Audit &
1200020 | 150.125 | 20003 Decision Support  Communication Reporting
1200030 | 150127 | 20004 GO /NO-GO
DECISION

&@»  HUMAN-IN-THE-LOOP
O Operators make consequential

WHAT ASTROTWIN VALIDATES BEFORE GO-LIVE (Y  cccisions: system recommends,

prioritises, visualises and records.

Detection Sensor Tasking 2 ) Tracking & Fusion I: Decision-Support System Robustness ° . ° Operator Training
Algorithms Strategies \ Performance ﬁ Workflows & Resilience .-‘ & Readiness

Find what matters, Right sensor, right time, Accurate tracks, Alerts, priorities, Handles edge cases, Skills, procedures,
in all conditions right target lower uncertainty responses failures, anomalies confidence

ASTROTWIN REDUCES RISK. IMPROVES PERFORMANCE. BUILDS CONFIDENCE.
Test in the digital twin. Deploy with confidence. Operate with assurance.

Figure 5: How AstroTwin supports parallel testing on software models.

win capability for high-fidelity replication of satellite behaviour in orbit, real-time
hardware, software, and the orbital environment, optical hardware-in-the-loop testing, and
validatio A/SDA tracking algorithms.

Within the operational architecture, AstroTwin can support:

Sensor and mission rehearsal.

e Algorithm validation.

e Synthetic observation generation.
e Operator training.

e Acceptance testing.

e Anomaly simulation.
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e Pre-deployment performance testing.

This reduces deployment risk and gives operators experience with representative cases before the system is used
operationally.

Target end state

The target end state is an integrated STM/SDA capability in which locally deployed sensors and computing
infrastructure are connected to NurjanaTech’s software systems through an architecture managed and supported
by Indochina Space.

The final capability will be able to observe space objects, extract measurements, generate tracklet te
orbit estimates, fuse multiple data sources, assess risk, prioritise follow-up observations, support ors,‘and
preserve the evidence behind each decision.

Al-Enhanced Object Detection and Tracking

Al-enhanced object detection and tracking form the first analytical stage of the propased S SDA architecture.
This layer converts raw imagery from telescopes, electro-optical systems, infrared came d future space-

based sensors into structured observations that can be used for tracklet gen ) orl‘determinaﬁon, fusion,

and operator decision support.

The technical problem is straightforward to state but difficult to
image sequence as a faint moving point, a short streak, a glint,

sp@ice object may appear in an
return, or a low-contrast signature

against a dense star field. The object may be moving slow eld of view, crossing rapidly through it,
fading in and out because of illumination geometry, or bég
atmospheric effects, or image artefacts. The system

NurjanaTech’s electro-optical tracking work p
Tracking System as a combination of ima

The video tracker processes imagery to fecate arget in the camera field of view, while the control system

uses the target position error to comm ointing system and keep the object close to the image centre.
Detection and tracking aratefunctions
Detection and tracking should be d as related but distinct functions.

Detection iden 1t ject in a single image frame. It answers the question: “Where is the object in

this frame?” Trg efections across successive frames. It answers the question: “Is this the same obiject,

because detection errors propagate into tracking errors. A false detection may create a
false d detection may break a valid track. A poor association between frames may join
observa m different objects. The system must therefore combine image-processing methods, motion logic,

confidence scoring, and operator review thresholds.

Detection methods

Different objects and observation conditions require different detection methods. NurjanaTech’s EOTS systems
identify several classical detection approaches, including edge detection, centroid detection, and contrast
detection. Edge detection is useful when a defined feature or boundary can be followed. Centroid detection is
useful when the whole object can be detected reliably. Contrast detection is useful when the target appears as a
blob with sufficient contrast against the background.
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For STM/SDA, these methods can be extended to the specific conditions of astronomical and space-surveillance
imagery. Candidate detection methods may include:

e Contrast-based detection for small bright points or glints.

e  Blob detection for compact unresolved objects.

e  Streak detection for objects moving during exposure.

e Frame differencing for moving objects against a star background.

o  Background subtraction for stationary or predictable backgrounds.
e Correlation tracking for objects with consistent motion across frames.

®  Machine-learning classification for difficult or ambiguous detections.

The system should not assume that one method is always best. The appropriate method depen n takget
brightness, angular rate, exposure length, sensor type, background density, atmospheric condlii nd‘@xpected
object motion.

Automatic algorithm selection

In traditional electro-optical tracking, experienced operators often select the tracking and tune the

tracking behaviour. This introduces variability and can slow operations. Nur|
machine learning and deep learning to select the most suitable detection inglalgorithm automatically
according to the scenario. NurjanaTech detection software uses a con
and tracking algorithms from imagery collected across different i pesMarget classes, visibility conditions,
backgrounds, and sensor bands.

For STM/SDA, the same concept is directly relevant. The
select the most suitable detection approach. For exa

This reduces dependence on manual ope
operators, sites, sensors, and observationieamp

L

ful observation often requires the object to remain in the sensor field

Adaptive tracking and p

Obiject detection alone isn
of view long enough to generate id tracklet. This is particularly important for follow-up observations, launch

and early orbit supp, ving objects, and high-interest targets.

NurjanaTech’s
position error k the farget and the image centre to command the pointing system. The software employs a

neural n oportional-integral control gains automatically, based on target velocity and image-
base
In the pr STM/SDA architecture, this supports dynamic sensor pointing. A telescope or electro-optical

system can be cued to an expected object position, detect the object, then adjust pointing to maintain the
observation. This improves the probability of generating complete tracklets and reduces the risk that the object
exits the field of view before enough measurements have been collected.

Handling difficult observation conditions

Space-obiject tracking is often limited by observation quality. The system must handle:

e  Faint targets.

o  Short visible arcs.

www.indochinaspace.com Private and Confidential 13
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o Obiject streaking.

e  Star-field clutter.

e Cloud, haze, or atmospheric seeing.

e Sensor noise and hot pixels.

e  Glints and brightness variation.

e Nearby objects or multiple candidates.
® Incorrect catalogue association.

e Timing or calibration errors.

This is where Al-enhanced processing has practical value. Machine learning can help classify candidate

select the correct tracking method, identify anomalous measurements, and support quality scoring. C,
remain important, but Al can help choose and combine them more effectively.

Earlier NurjanaTech satellite-imagery work provides a useful supporting example. In a di
domain, its S2IGI hotspot-detection algorithm used machine learning to model expec
behaviour and detect anomalies against that model. Machine-learning models matched real@prightness-

ots. For STM/SDA,

ns, *d use machine learning

temperature data more closely than the polynomial model and detected more validat
the relevant point is the method: model the expected background, identify

~

AI-ENHANCED OBJECT DETECTION AND TRACKING

Find candidates in Short arc of time-stamped
single frames measurements

to improve detection under noisy sensor conditions.

3. AI TRACKING

4. ADAPTIVE POINTING

Keep target in
field of view

1. RAW IMAGERY

From sensors

Link detections
across frames

Position

> K b

Time

Tracklet

Time-stamped positions
Control System Angular rate

3 Ve Brightness
Adjusts pointing

to minimise error

Uncertainty

ST Ll 5

0Oo+0aQ

Confidence

\ 4

A 4

%

Al ALGORITHM SELECTION

Chooses best detection
method for conditions

Al AND ADAPTIVE CAPABILITIES

€

MACHINE LEARNING

Classifies detections,
reduces false alarms

ADAPTIVE TRACKING

Adjusts parameters and
control automatically

QUALITY ASSESSMENT

Scores confidence and
flags quality issues

SUPPORTS OPERATIONAL USE

Feeds tracklets to orbit determination,
fusion and decision support

9

Decision Support
(SPADAS)

Orbit Update Fusion

&-8 | 90O.|

HUMAN SUPERVISION @ @ E:I @

Operators review detections and tracks, inspect evidence, el

and approve measurement products. Review Replay Validate Archive
Evidence

Figure 6: The Al-enhanced orbit determination process.

From image pixels to measurement products

The output of the detection and tracking layer should not be a screen annotation alone. It must produce structured
measurement products.

For each candidate object, the system should generate:
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o  Frame-level object position.

e Time stamp for each observation.

e Sensor identifier.

e Image coordinates.

e  Calibrated angular coordinates.

e  Estimated angular rate.

e  Brightness or magnitude estimate where available.
e Detection confidence.

e Tracking confidence.

®  Quality flags.

e  Processing provenance.

These outputs then feed the tracklet-generation process. The tracklet becomes the bridge Be raw
imagery and orbit determination. Without this step, the system remains a visual monit h it, the
system becomes part of an operational STM/SDA measurement chain.

Human-supervised automation

The purpose of Al-enhanced detection and tracking is to improve measurem y&d reduce operator

burden. It should not remove operator authority from consequentialidecisi

The system should therefore include confidence thresholds, evid
pathways. Low-confidence detections should be marked for

lity flags, and human review
ous associations should retain
provenance. Operators should be able to inspect the origi view the detection logic, compare
outputs against catalogues, and approve or reject megsure bducts before they are used in high-

consequence operational workflows.

This approach preserves the value of automatign w, g the system defensible. Al detects, tracks, ranks,
e

and records. Operators retain control ov r dgement.
A
Ground-Based and S %d Observation within the SPADAS SDA

Layer

The proposed SDA architegture conBBines ground-based and space-based observation within one operational

framework. Ground sgn ovide scalable and maintainable observation capacity. Space-based sensors add

viewing geom#éiki € ilable from the ground and reduce dependence on weather, atmosphere, and
site visibility. SP, he operational layer that brings these sources together.

ared sensors, radar interfaces, timing systems, edge-processing hardware, communications
links,‘and
tracking;

workstations. These sensors support wide-field search, narrow-field follow-up, high-rate
monitoring, post-manoeuvre confirmation, and conjunction assessment.

Space-based observation extends the architecture. Hosted payloads, CubeSats, onboard cameras, event-based
cameras, or neuromorphic-processing systems can observe objects from different orbital geometries and
provide complementary data to ground sensors. NurjanaTech’s portfolio identifies NEBULA as an SDA solution
using event-based cameras and neuromorphic processing, and JANASAT-1 as a CubeSat platform for space
surveillance and tracking payload qualification.

The value of the architecture lies in combining these sources. A ground telescope may provide angular
measurements from one line of sight, while a space-based sensor may observe the same object from another
geometry. Radar, where available, can add range and range-rate information. These inputs can then be fused to
improve track confidence, reduce uncertainty, and prioritise further observations.
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NEUROMORPHIC PROCESSING FOR VIDEO ANALYSIS

Event-Based Cameras vs Standard Cameras

STANDARD CAMERA (Frame-Based)

EVENT-BASED CAMERA (Neuromorphic)

S | e ois, 0 idig R
1. CAPTURE 1. CAPTURE oo g, i wa Sedry .t
® o e o t. . L T .
Time Time
2. DATA 2. DATA
VOLUME VOLUME - [T T - == = LI | Low

a o6, (5 B w
3. PROCESSING — — 3{ 3. PROCESSING oid o'z, —b pa— 3£
L J e T I 2

4. OUTPUT @ Higher latency 4. OUTPUT @ Very low latency
[ Higher power [ Low power
& More storage > Less storage

KEY ADVANTAGES OF EVENT-BASED (NEUROMORPHIC) SYSTEMS

€ X 12 S R

Microsecond response Excellent for fast motion Works in low light Low power consumption Low data bandwidth On-sensor intelligence
Detects changes instantly No motion blur High dynamic range Ideal for space platforms Saves storage & downlink Neuromorphic processing
N 4

Figure 7: Neuromorphic capture (capturing only changes w, meras) reduces computing power needed to analyse

follow-up observation recommendadtion
escribed as a semi-automated space safety and threat-

analytics, and audit-ready reporting.

management platform with t sponse recommendations, visual analytics, ground-sensor

integration, and ground-to-spac ication functions.

The operational workflow

Observe — pr s ate — fuse — assess — recommend — operator decision
SPADAS can r prioritise, visualise, and record. Consequential operational decisions remain under
hu‘an Ofily. eps the system practical: sensors provide coverage, Al analytics produce measurements,

fusiomimploves enfidence, and SPADAS gives operators the evidence needed to act responsibly.

Strate@ic Benefits and Operational Value

The value of an STM/SDA capability is measured by the quality of the decisions it supports. A useful system must
do more than display orbital data or sensor feeds. It must convert observations into trusted measurement
products, reduce uncertainty, preserve evidence, and present operators with information they can use under time
pressure.

The proposed Indochina Space and NurjanaTech architecture provides value at several levels.

e  First, it improves the use of observation hardware. Telescopes, electro-optical sensors, infrared
cameras, radar feeds, and future space-based sensors all have strengths and limitations. Used
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separately, they provide partial views of the orbital environment. Integrated through Al-enhanced
processing and multi-sensor fusion, they become part of a coherent operational picture.

o Second, the architecture strengthens the measurement chain. Raw imagery is converted into
detections, tracklets, calibrated angular measurements, confidence-rated tracks, and orbit-relevant
products. This allows operators to work from structured evidence rather than isolated images or
unprocessed sensor outputs.

e Third, it supports faster and more consistent analysis. Al-enhanced video processing can help identify
candidate obijects, track them across frames, reduce false detections, and support the generation of
repeatable measurement products. This reduces dependence on manual interpretation and helps
maintain consistency across sensors, operators, and observation conditions.

o  Fourth, the architecture improves uncertainty management. Multi-sensor fusion allows
measurement types to be combined, with degraded or biased inputs weighted appro
important for conjunction assessment, debris monitoring, post-manoeuvre confirmation i terest
object tracking, where operators need to know whether fresh observations have
enough to support action.

o  Fifth, SPADAS provides the operator-facing decision-support environment, It ca bine validated

observations, tracklets, orbit updates, fused tracks, sensor status, and metadatai common
operational picture. This supports threat assessment, risk prioritisati or tgking, follow-up
observation planning, alert management, evidence replay, and_au ady reporting.

e Sixth, AstroTwin adds a validation and rehearsal capability. Dete gorithms, sensor-tasking
logic, decision-support workflows, and operator proced cap be tested in simulation before
operational use. This reduces technical risk and gives opera a to understand system behaviour

before relying on it in live conditions.

For Thailand, the additional value lies in local system dochina Space provides the practical bridge

between imported specialist software and locally d

installed, timed, calibrated, secured, connecte
STM/SDA software is to become a working opgra S
’\Q

$

ability. Hardware must be selected, sourced,
. integration role is essential if advanced
em rather than a standalone technology package.
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STRATEGIC BENEFITS AND OPERATIONAL VALUE

Turning observations into trusted intelligence for faster, more reliable decisions.

N @ —

( 4
BETTER USE OF STRONGER MEASUREMENT | FASTER, MORE CONSISTENT IMPROVED UNCERTAINTY OPERATOR-FOCUSED
OBSERVATION CHAIN ANALYSIS MANAGEMENT DECISION SUPPORT

HARDWARE Raw observations are converted Al-enhanced processing reduces Multi-sensor fusion combines SPADAS delivers a clear operational
Different sensors, working into calibrated, reliable, manual workload, improves measurements intelligently, picture, actionable alerts, and
together, provide a more orbit-relevant measurement consistency, and accelerates reducing uncertainty and audit-ready reporting to support
complete and coherent products. time from observation improving decision informed operator decisions.
view of the orbital to insight. confidence.
environment
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Figure 8: A summary of the stra

1 en xpanded SDA operations.
The result is a scalable public-interest capabili ter yse Of sensers, stronger measurement products, more
transparent decision support, and a clearer padth f, servation to operational awareness. The system remains
human-supervised. Al, fusion, simulgﬁon, Al P
authority. \

port the operator; they do not replace operator

Conclusion

and Spdge Domain Awareness depend on the ability to convert observations into

Space Traffic Manageme
i e. R

trusted operational inte

imagery, sensor feeds, and catalogue entries have value, but they become
are transformed into calibrated measurements, tracklets, fused tracks,

ch provides the specialist technology stack: Al-enhanced video analysis, automatic object
ing, tracklet extraction, multi-sensor fusion, AstroTwin simulation, and SPADAS operational

integratingthe required hardware, coordinating deployment, supporting calibration and testing, and ensuring
that the system can operate within the customer’s local environment.

The value of this approach lies in the full observation-to-decision chain. Sensors collect the evidence. Al-enhanced
processing detects and tracks objects. Tracklets and calibrated measurements support orbit determination. Fusion
reduces uncertainty and improves confidence. AstroTwin allows algorithms, workflows, and procedures to be
tested before operational use. SPADAS presents operators with a common operational picture, risk prioritisation,
follow-up observation options, alerts, evidence replay, and audit-ready reporting.

This architecture is designed to remain human-supervised. Al, fusion, simulation, and decision-support software
improve the quality, speed, and consistency of analysis, but consequential operational decisions remain with the
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operator. This is essential for a domain where uncertainty, mission risk, and accountability must be handled
carefully.

For Thailand and the wider region, the combined capability offers a practical route to stronger STM and SDA:
better exploitation of observation hardware, clearer measurement products, improved uncertainty management,
and a locally integrated operational system. The result is a scalable approach to space safety and orbital
awareness, built around trusted measurements, defensible analysis, and operator-controlled decision making.
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