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Automa�on in Electrical Integra�on – Accelera�ng Spacecra� Realiza�on

U R Rao Satellite Centre, ISRO, Bengaluru

Paper ID: #14-6

Roop Kumar B, G Seetha Ram, Renuka R, Binu D, Belgaonkar P V,

E-mail: roop@ursc.gov.in

BinGo: Intelligent Solar-Powered IoT System for Smart Waste Management

Automa�on in spacecra� electrical integra�on has become a cri�cal enabler for accelera�ng satellite realiza�on. Electrical 

integra�on involves harness valida�on, subsystem func�onal checks, umbilical interface verifica�on, and opera�on of Electrical 

Ground Support Equipment (EGSE) during various phases of Assembly, Integra�on and Tes�ng (AIT). Tradi�onally, these 

ac�vi�es demand extensive manual effort, making them prone to errors, inconsistencies, and longer realiza�on cycles. By 

introducing automa�on, repe��ve and �me-consuming tasks such as con�nuity checks, pre-power valida�on, and interface 

tes�ng are executed in a standardized, repeatable, and error-free manner. Automated systems also provide autonomous logging 

and result compila�on, ensuring complete traceability and enabling offline analysis. These advancements not only reduce the 

spacecra� integra�on �meline but also op�mize resources and improve reliability. The paper presents the role of automa�on in 

spacecra� electrical integra�on, discusses its advantages including faster execu�on, consistency, and data traceability, and 

highlights its poten�al as a scalable framework for future spacecra� missions.

Paper ID: #17-8

E-mail: aayushigupta5486@gmail.com

The BinGo system is an integrated smart waste management solu�on that enhances the efficiency of waste collec�on using real-

�me dustbin fill-level data. U�lizing ultrasonic sensors, LoRa communica�on, and a mobile applica�on, BinGo enables need-

based collec�on scheduling, reducing opera�onal costs, fuel consump�on, and environmental impact. Its modular, scalable 

architecture incorporates a low-power LoRa network for reliable long-range communica�on. A prototype implemented on a 

Seeed Studio XIAO ESP32C6 demonstrates reduced bin overflow through op�mized collec�on routes, suppor�ng cleaner urban 

environments. To improve sustainability, the system integrates photovoltaic modules to power sensing and communica�on 

units, reducing grid dependence and extending opera�onal autonomy. It also supports mul�-bin configura�ons, enabling 

simultaneous monitoring of segregated waste streams to encourage responsible disposal prac�ces. These enhancements make 

BinGo a robust, energy-efficient, and scalable framework for data-driven waste management. 

Aayushi Gupta, Ojasvi Tomar, Shraddha Nair, Shreyansh Shrivastava
Manipal Ins�tute of Technology, Manipal Academy of Higher Educa�on (MAHE), Manipal











The unified so�ware approach in ground so�ware design makes understanding and execu�on trouble-free for teams working 

from test environment to mission in-orbit environment. Diversified user teams across different phases, so�ware usage 

pa�erns, automa�ng opera�on sequences, hardware differences, network policies, in spacecra� integra�on and tes�ng bring 

challenges to address in unified so�ware approach. In NISAR mission, users (ISRO and NASA) perspec�ve and approach w.r.t. 

cultural differences also posed a big challenge in bringing authoriza�on and carry forward legacy approaches. The 

implementa�on of unified so�ware solu�on along with automa�on in NISAR spacecra� integra�on test phases not only 

successfully addressed all the challenges but also improved overall spacecra� tes�ng experience right from the beginning of 

test beds. The amalgamated implementa�on of standalone and web-based so�ware brought together procedure execu�on 

and telemetry analysis involving test procedures conversions/genera�on, valida�on, authoriza�on & execu�on and telemetry 

analysis, product exchanges. This paper brings out implementa�on of unified so�ware approach in automa�on of spacecra� 

integrated test opera�ons in NISAR mission. The innova�ve unified so�ware solu�on addressed mul�ple cri�cal subjects in 

NISAR mission, right from se�ng up mission test beds with simulators for system level tes�ng at JPL-NASA, telemetry database 

genera�on & telemetry processing/monitoring for both JPL and ISRO systems, procedure conversions & execu�on pipeline in 

system integra�on tests with FM hardware systems, protocol defini�on in procedure authoriza�on & telemetry data 

exchanges towards interfacing of NASA-ISRO so�ware systems. The solu�on prepared both agencies user segments to carry 

forward experiences & confidence of cri�cal integra�on tes�ng phases to mission orbit opera�ons.

System Engineering Using Automa�on for ISR Space Opera�ons: Case Study on AI Enabled Edge Processing and Inter 

Satellite Links in a TDRS Framework

Defense Space Agency, Bengaluru

Paper ID: #33-25

H N Prasanna, Sandeep Sharma

E-mail: drnddsa.ids@gov.in
Emerging Intelligence, Surveillance, and Reconnaissance (ISR) missions in space demand resilient, autonomous, and 

bandwidth-op�mized communica�on frameworks. Tradi�onal space-to-ground architectures are constrained by raw data 

downlink bo�lenecks, leading to latency and inefficient spectrum u�liza�on. This work presents a system engineering 

approach leveraging automa�on, AI-enabled edge processing, and inter-satellite links (ISLs) within a Tracking and Data Relay 

Satellite (TDRS)-inspired architecture. Two Low Earth Orbit (LEO) satellites—one equipped with an op�cal payload and another 

with a synthe�c aperture radar (SAR) payload—relay processed insights to a Geosta�onary Earth Orbit (GEO) node via dual 

ISLs: an op�cal/laser crosslink (>1.5 Gbps) and an E-band RF link (up to 1.5 Gbps). High-performance on-board compu�ng 

executes AI analy�cs, including object detec�on and anomaly recogni�on, transmi�ng compressed features rather than raw 

datasets. Simula�on studies demonstrate up to 80% reduc�on in data volume, near-real-�me responsiveness (<200 ms 

latency), and robust resilience through ISL redundancy. The GEO node forwards op�mized intelligence to Ka-band ground 

sta�ons for mission exploita�on. This framework enhances ISR assurance through automa�on-driven system engineering, 

enabling interoperability across heterogeneous payloads and ensuring contested-space resilience.



Paper ID: #35-27

E-mail: krishna.bayineni@prayoga.org.in, ramya.prabhu@prayoga.org.in
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Sa�sh Dhawan Space Centre, Shriharikota

Development of Automated Test System for Launch Vehicle Electrical Umbilical Interface Qualifica�on

Advances in Automated Colony Coun�ng and An�microbial Surface Evalua�on: Applica�ons in Space Habitats and 

Beyond
1 2 1 1 1Venkata Krishna Bayineni , Girish M Gouda , S Harshini Tekur , Omprakash SS , Ramya Prabhu B

1
Prayoga Ins�tute of Educa�on Research, Kanakapura Rd, Bengaluru

Microbial monitoring and an�microbial control are cri�cal for ensuring biosafety in diverse environments, including 

healthcare, industrial, and closed-loop systems such as space sta�ons. Conven�onal colony coun�ng and an�microbial efficacy 

tes�ng techniques are labour-intensive, �me-consuming, and prone to human mistakes. Recent advancements driven by 

system engineering principles, including increased automa�on, sophis�cated image analysis, machine learning, and ar�ficial 

intelligence, have revolu�onized colony coun�ng, yielding faster, more accurate, and reproducible results. Concurrently, the 

development of novel an�microbial surface technologies, including metal-oxide-based coa�ngs and polymer nanomaterial 

composite thin films, offers a proac�ve engineering solu�on to mi�gate contamina�on risks. The current review highlights 

advance in automated colony coun�ng techniques and the development of advanced an�microbial surface technology. 

Crucially, it explores the integra�on of these automated processes into the standardized evalua�on of an�microbial ac�vity.  

The review concludes by addressing persistent challenges, iden�fying research gaps, and outlining a future outlook for 

integrated, engineered systems to ensure robust biosafety in cri�cal environments.

Paper ID: #36-28

Balaji M, Kumar D, Srikumar R

This paper presents an automated tes�ng framework designed to enhance the efficiency, accuracy, and repeatability of 
Electrical Umbilical Interface qualifica�on and valida�on at the launch pad complex. The proposed automa�on approach 
ensures readiness of umbilical systems for consecu�ve launch campaigns, reduces operator dependency, and significantly 
minimizes tes�ng �me while maintaining high reliability and data traceability.

E-mail: balajimkm@shar.gov.in
The Electrical Umbilical Interface in a Launch Vehicle Checkout System plays a crucial role in linking ground checkout systems 
with the vehicle's avionics, pyros, actuators, sensors, and power systems. The reliability of this interface is regularly ensured by 
Test and Evalua�on (T&E) process. Effec�ve T&E is essen�al to ensure reliable transmission of signals, commands, and DC 
power across various vehicle stages. Measuring line resistance (Ω), isola�on resistance (Ω), insula�on resistance (Ω), and 
performing Surge Protec�on Device (SPD) func�onal checks are carried out manually for each channel during T&E which is 
�me-consuming and prone to human error. Moreover, the increasing number of electrical umbilical interface lines in modern 
launch vehicles has made manual tes�ng inadequate to meet defined �melines and quality requirements.
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Automa�on of clima�c tes�ng of spacecra� sub system
Pra�k Barve, Veeresh R, Lalit Bonde, Ramakrishna M, Prashanth A R.

U R Rao Satellite Centre, ISRO, Bengaluru 

Paper ID: #39-29

The increasing obsolescence of hardware-specific control architectures poses a cri�cal challenge in sustaining high-reliability 

test facili�es for aerospace applica�ons. Conven�onal printed circuit board (PCB)-based controllers used in Thermal Cycling 

Chambers are par�cularly prone to failure, difficult to maintain, and offer limited scope for reconfigura�on. This work 

addresses this gap by developing and evalua�ng a programmable logic controller (PLC) and human–machine interface (HMI) 

based control and measurement framework as a scalable alterna�ve. The proposed system combines determinis�c logic 

execu�on, modular input–output abstrac�on, and hierarchical safety interlocks with a configurable HMI layer to ensure 

precise thermal regula�on, fault tolerance, and operator-centric usability. A systema�c design methodology is employed, 

encompassing requirements analysis, control logic synthesis, hardware–so�ware integra�on, and valida�on through 

opera�onal tes�ng. Experimental results demonstrate significant improvements in accuracy, reliability, and maintainability 

compared to legacy PCB-based solu�ons. The contribu�on of this work lies in advancing an adaptable and research-driven 

control paradigm for aerospace thermal tes�ng infrastructure, providing a founda�on for future inves�ga�ons into resilient 

automa�on frameworks for cri�cal test environments.

U. R. Rao Satellite Centre, ISRO, Bengaluru

Paper ID: #40-30

In the case considered here, the spacecra� carries a two-axis rotatable high-gain patch array antenna op�mized during in-orbit 

tes�ng (IOT) to account for structural offsets and calibra�on biases. The ground segment operates the 32 m IDSN antenna in 

program mode, meaning it cannot rely on conven�onal signal strength auto-tracking to maintain poin�ng. This introduces risk: 

predic�on-based program tracking may dri� due to ephemeris uncertainty, a�tude ji�er, or ground dynamics, leading to 

poten�al poin�ng loss. At X-band, the DSN antenna has a half-power beamwidth (HPBW) of only ~0.08°, which translates to a 

tolerance of about 1–2 arcminutes for <1 dB poin�ng loss. Even small misalignments may severely degrade the link, 

jeopardizing data con�nuity during descent and landing.

Kumar Harshit, Bindu K.R., Senthil Kumar V.
Automa�c Robust Antenna Poin�ng Algorithm for Con�nuous Lunar Landing Communica�ons

E-mail: kharshit@ursc.gov.in,
Cri�cal mission phases such as lunar landing demand uninterrupted communica�on between the spacecra� and Earth. High-

rate telemetry, including imagery, sensor data, and naviga�on updates, must be con�nuously available at the ground segment 

to support real-�me health monitoring and autonomous guidance. For such links, the spacecra� typically employs a high-gain, 

narrow-beam antenna, while the ground segment relies on large-aperture Deep Space Network (DSN) antennas.



Gunesh Reddy S, Mohammad Zikriya B, R Vignesh Reddy, Chiranth C S, Anitha C

Paper ID: #42-33
Automa�on of ground sta�on using open source so�ware

SJC Ins�tute of Technology, Chikkaballapur 
E-mail: anithac.ece@sjcit.ac.in

E-mail: pranjal.sharma@ansys.com

MBSE enabled Automated Mul�disciplinary Workflow for STOP Analysis for Space Systems

Ansys So�ware Private Limited (Synopsys)

Complex engineering systems, such as those deployed in space, are highly sensi�ve to thermo-structural effects and 

performance degrada�on under extreme space condi�ons. Addressing these mul�disciplinary challenges requires more than 

isolated analyses. Model-Based Systems Engineering (MBSE) has been proven to provide structured framework for design and 

development of complex systems and conduc�ng mul�disciplinary analysis alike Structural Thermal Op�cal Performance 

(STOP) Analysis, enabling engineers to design, analyse, op�mize, verify and validate complex system designs through 

integrated, automated, and model-driven workflows. While the discussed use case highlights applica�on of MBSE-led 

integrated & automated workflow for STOP Analysis, the methodology applies broadly to any kind of system design and 

mul�disciplinary analyses, verifica�on and valida�on studies across aerospace, defence, and complex systems engineering 

domains.

Pranjal Sharma, Vishal Naik Bolnekar

This ar�cle presents an automated ground sta�on built en�rely with open-source so�ware and lightweight hardware. A 

Python-based system integrates orbital propaga�on using the SKYFIELD model, antenna rotator control through real-�me 

azimuth and eleva�on calcula�ons, and recep�on/decoding of telemetry and weather images via SatDump. Two-Line Element 

(TLE) data from public sources are used to compute satellite passes, including Arrival of Signal (AoS), Loss of Signal (LoS), and 

Time of Closest Approach (TCA), with sub-second accuracy. These predic�ons directly drive antenna rotors while recep�on 

tasks are automated through external tools. To extend usability, the system integrates Internet of Things (IoT) func�onality, 

enabling received data to be uploaded to the cloud for storage and analysis. A mobile-friendly control panel allows users to 

operate and monitor the ground sta�on remotely, while received satellite data can also be accessed directly on mobile devices. 

Validated on Raspberry Pi, the system is low-cost, portable, and scalable, providing a prac�cal approach to ground sta�on 

automa�on for research, educa�on, and small-scale satellite communica�on projects.

This study demonstrates how MBSE supports STOP Analysis as a mul�disciplinary evalua�on of complex systems, highligh�ng 

challenges in predic�ng coupled physical effects, ensuring requirements verifica�on & compliance, and achieving op�mizing 

designs through itera�ve, automated workflows. It also illustrates MBSE's role in enhancing accuracy, traceability, and 

collabora�on through integra�on of diverse toolsets, disciplines and personas into a unified workflow.

Paper ID: #41-34



U R Rao Satellite Centre, ISRO, Bengaluru

NISAR Spacecra� Auto Compa�bility Test and Challenges

Paper ID: #45-37

Paper ID: #44-36

Viswanadha Srivani, Raja Sharma, M. Bhanu, Tosicul Wara, Anjani Srilaxmi

E-mail: sharmar@ursc.gov.in

NISAR (NASA-ISRO Synthe�c Aperture Radar) is the joint project by Na�onal Aeronau�cs and Space Administra�on (NASA) and 

Indian Space Research Organiza�on (ISRO) on an Earth Science mission, and is successfully launched.  It will assess how our 

planet changes over�me by measuring differences in the Earth's solid surface due to factors like climate change, movement of 

glaciers, earthquakes, land-slides, deforesta�on, agriculture and others. This would be the first dual frequency (L- & S-Band) 

space-based SAR mission to monitor the changes in the earth.  In this paper, test carried out to clear the Spacecra� near to TAYF 

(Test as You Fly) is presented. Auto compa�bility is the test which will clear all the Spacecra� subsystems as in orbit 

configura�on. Demonstra�on of the Dual SAR (L & S band) Payload capability in joint radia�on mode along with all spacecra� 

bus systems as they will be operated in mission was carried out at CATF facility by conduc�ng this Auto compa�bility test. The 

transmit and receive characteriza�on of the both L-SAR and S-SAR as in orbit was carried out to clear the S/C func�onality as in 

orbit in radia�on mode at CATF facility and studied the effect of compa�bility of all system together.

The paper presents the design, analysis, and valida�on of a cable-suspended camera system developed for photogrammetry-
based measurement of large spacecra� structures, par�cularly ultra-large antenna (UFA) reflectors. Tradi�onal 
photogrammetry of large deployable structures is labour-intensive and o�en infeasible using manual camera posi�oning. To 
address this challenge, an automated cable-driven parallel robo�c system was conceived, enabling precise and repeatable 
posi�oning of a gyro-stabilized camera within a three-dimensional workspace. The system architecture comprises four 
motorized winches located at the corners of a rectangular workspace, each opera�ng a Kevlar or Dyneema cable a�ached to a 
suspended camera dolly. By independently controlling cable lengths through inverse kinema�c computa�ons, the camera can 
traverse any point within the defined volume, allowing comprehensive coverage of large reflectors. The control so�ware 
integrates camera posi�on inputs, while a remote gimbal head enables full yaw, pitch, and roll mo�on control. Detailed inverse 
kinema�cs modelling, motor selec�on, and workspace analysis were performed to ensure synchronized mo�on of all cables 
and motors. Experimental valida�on was conducted using a 6-meter UFA model, followed by extrapola�on to an 18-meter 
reflector case. The results confirmed significant improvement in both efficiency and accuracy. The system successfully reduced 
the measurement dura�on from four hours to thirty minutes, demonstra�ng its prac�cality for large-scale aerospace 
applica�ons. In conclusion, the developed cable-suspended camera system offers a reliable, automated, and scalable solu�on 
for photogrammetric measurements of very large spacecra� appendages. Its modular design and validated performance 
establish it as a feasible method for precise non-contact dimensional assessment in large aerospace structures.and ensures 
improved accuracy for large antenna structures.

Cable suspended camera system for photogrammetry of very large object

E-mail: prakher@ursc.gov.in
U R Rao Satellite Centre, ISRO, Bengaluru

Prakher Singhal, Avenash A, Milind Undale, Murali N S







Paper ID: #51-44

Krishan Kumar, Biju V S, Balan K, Biju V Gopal, Mohammed Basim, RadhaKrishna Pillai, Anand Shankar, Vinoj VS
ISRO Iner�al Systems Unit, Trivandrum

The Design and On-orbit Experimental Verifica�on of an Electronic Dosimeter System for LEO Missions

E-mail: krishanisrokr@yahoo.com

Ionizing radia�on can cause significant issues for space assets, poten�ally leading to performance degrada�on, loss of 

func�onality, or mission failure. Therefore, accurate measurements of Total Ionizing Dose (TID) and the risk of Single Event 

Effects (SEE) are essen�al inputs for designing reliable spacecra� and payloads. Considerable research has already been carried 

out by universi�es and research organiza�ons to characterize the radia�on environment in low Earth orbit (LEO). However, 

such experiments are expensive due to the high cost of dosimeters and the substan�al launch expenses. A low-cost electronic 

dosimeter package is highly valuable for in-situ measurement of TID in radia�on-prone zones. The most expensive component 

of a dosimeter is the sensor sec�on, and its cost can be substan�ally reduced by using a third-party semiconductor-based 

radia�on measurement chip. The overall dosimeter system cost is reduced by using third-party semiconductor-based radia�on 

sensing chips. It enables wider deployment and more frequent radia�on monitoring missions without compromising 

measurement fidelity.

Mohammed Aamer Mohiuddin, Shailandran M K
U R Rao Satellite Centre, ISRO, Bengaluru

Paper ID: #53-45

E-mail: aamer@ursc.gov.in

Automated System Configura�on for Streamlined Spacecra� Design

This paper introduces the Configura�on Defini�on U�lity (CDU)—a novel knowledge-based automa�on tool aimed at 

streamlining preliminary design configura�ons through codifica�on of expert knowledge. The primary objec�ve is to 

streamline the configura�on workflow, enabling engineers to make informed, seamless, and cost-effec�ve decisions when 

integra�ng new subsystems or op�mizing exis�ng designs.

Spacecra� preliminary system design presents significant challenges in efficiently configuring complex, mul�disciplinary 

subsystems to meet diverse mission objec�ves. The process demands careful selec�on and integra�on of numerous 

subsystems from mul�disciplinary teams. Exis�ng analy�cal and Product Lifecycle Management (PLM) tools typically lack an 

adaptable, integrated framework for early-phase configura�on decisions, resul�ng in manual, �me-intensive workflows prone 

to interface inconsistencies and costly itera�ons. The CDU is structured as a Knowledge-Based System (KBS), built around a 

comprehensive Component Specifica�on and Constraint Repository within a PLM environment. The methodology centres on a 

Rule Engine that executes expert-derived logic to enforce cross-disciplinary interface compa�bility and automate design 

synthesis. 



U R Rao Satellite Centre, ISRO, Bengaluru
Tushar Golani, Ganesha N, Gladys Priyadarshini, Meshram Akshay Vijay, Gun� Anjaiah

Spacecra� during integrated tests gets interfaced to power simulators. Ba�ery simulators and solar array simulators as 

electrical sources simulate the terminal electrical characteris�cs of the on-board ba�ery and solar arrays. It is impera�ve to 

provide protec�on to the spacecra� from power outages witnessed due to either failure in power simulators or in the on-board 

circuit. The ar�cle brings out a design for developing automated and programmable power protec�on unit that safeguards the 

spacecra� from power outages. The programmability is achieved in se�ng the level at which the protec�on acts as well as in 

programming the �me taken for isola�ng the power simulators.

Design Architecture of an Automated Programmable Power Protec�on Unit for Spacecra� Power Simulators
Paper ID: #56-47

E-mail: golani@ursc.gov.in

Automa�on of Opera�ons for a Spacecra� in Geo Transfer Orbit

Opera�ng a spacecra� in an ellip�cal geo transfer orbit throughout the mission life presents mul�ple constraints and unique 

opera�onal challenges. The long-term opera�on at lower perigee al�tudes in the presence of atmospheric drag compounds 

momentum build-up and necessitates op�mized momentum desatura�on cycles. When perigee height is not maintained, 

atmospheric drag affects the apogee height. Reac�on wheel speeds vary dras�cally with each perigee passage and due to 

external disturbances, requiring periodic thruster opera�ons to maintain wheel speeds within limits and ensure stable 

a�tude. To address these complexi�es, opera�onal strategies have evolved from ini�al manual ground commands to 

automa�on with effec�ve u�liza�on of on-board features, notably leveraging the On-Board Timer (OBT) system for all key tasks 

such as solar array posi�oning at perigee, eclipse opera�ons, auto momentum dumping during non-visibility periods, perigee 

raising maneuvers and payload opera�ons. A�tude control switches efficiently between iner�al (sun-safe) and payload 

(earth-oriented) modes to achieve opera�onal requirements amidst �me-varying visibility windows and frequent eclipses. 

Comprehensive automa�on was progressively implemented to manage constraints like overhead pass, varying signal and 

power levels, and limited sta�on visibility without using external sta�on support, ul�mately allowing the spacecra� to 

maintain service and op�mize payload usage in an ellip�cal orbit. This progression streamlined ground resource usage and 

provided valuable lessons for future satellite missions opera�ng under non-ideal condi�ons and prolonged orbit raising, such 

as electric propulsion system-based orbit raising.

Paper ID: #54-46

Praful H Roy¹, M Y Akram¹, Shreedhar P Kulkarni¹, Subramani R¹, Srinivasa Murthy D¹, Kiran K¹, Gomathi Saratha C²
1 2Master Control Facility, Hassan, U R Rao Satellite Centre, ISRO, Bengaluru

E-mail: roy.praful@mcf.gov.in



Automa�ng Spacecra� System Compliance for Environment Test Level Specifica�on

The increasing complexity of spacecra� architectures and the demand for accelerated development �melines, amplify the 

limita�ons of manual compliance methods. Compliance with environmental test level specifica�ons (ETLS) is a cornerstone of 

spacecra� qualifica�on, ensuring structural robustness and func�onal reliability under launch and opera�onal environments. 

Ensuring compliance with ETLS is cri�cal for spacecra� reliability and mission success. Tradi�onally, this verifica�on relies on 

manual interpreta�on of specifica�ons, correla�on with subsystem data, and itera�ve documenta�on. Such processes are 

labour-intensive, prone to error, and inconsistent across projects, crea�ng bo�lenecks in spacecra� development cycles. 

Although digital engineering and model-based prac�ces are gaining prominence, a comprehensive and automated framework 

for ETLS verifica�on is yet to be established.

This work proposes a systema�c methodology for automa�ng ETLS compliance assessment. The proposed framework digi�zes 

specifica�ons, applies rule-based and weighted verifica�on algorithms, and integrates visualiza�on through compliance 

dashboards. By reducing subjec�vity and enhancing traceability, the methodology delivers measurable improvements in 

accuracy, efficiency, and scalability, advancing the state of prac�ce in spacecra� system engineering.

E-mail: alokjha@ursc.gov.in

Paper ID: #49-48

U R Rao Satellite Centre, ISRO, Bengaluru
Alok Kumar Jha, Ranjith V, Arun Kumar S

E-mail: ponmalar_m@vssc.gov.in

Ponmalar M, Regia M, Haridas T R
ISRO Iner�al Systems Unit, ISRO, Trivandrum

High-precision payload poin�ng in spacecra� relies on op�cal encoders as rotary angle feedback sensors, requiring arc-second-

level accuracy over long mission life�mes. Tradi�onal encoder designs, while precise in controlled laboratory environments, 

are suscep�ble to calibra�on dri�, thermal varia�ons, mechanical eccentricity, and radia�on-induced anomalies in orbit. Their 

dependence on manual recalibra�on or hardware redundancy increases mission cost and limits autonomy This work 

introduces a self-calibra�ng, self-diagnosing, and self-recovering encoder architecture, designed to sustain accuracy and 

func�onality under on-orbit disturbances. The design has been verified on a flight-model sensor developed, qualified, and 

inducted for flight use on the Oceansat-3A Sca�erometer Scan Mechanism Payload. Verifica�on was carried out through fully 

automated ground-based test cycles simula�ng orbital condi�ons, and the architecture is scalable to on-orbit calibra�on and 

verifica�on.

Paper ID: #57-51
On-Orbit Self-Calibra�on, Diagnos�cs, and Auto-Recovery of Op�cal Encoders for Automa�on in Spacecra� Payloads



1
Blue Kei Solu�ons, Pune, 

Nine core artefacts ranging from mission scenarios to risks and mi�ga�ons are systema�cally linked to ISO 15288 lifecycle 

processes, enabling traceability, regulatory compliance, and lifecycle rigor. The case study highlights how automated 

requirement deriva�on, risk management, and informa�on mapping can improve responsiveness to stakeholder needs, 

enhance safety assurance, and reduce manual workload. 
Early results underscore the poten�al of mission health dashboards, structured informa�on capture, and digital export 

func�ons in driving future model-based systems engineering (MBSE) prac�ces. While the medical evacua�on case reveals gaps 

in stakeholder coverage and requirement completeness, it establishes a founda�on for scalable automa�on approaches in 

complex aerospace programs.

Paper ID: #61-52
Mission Analysis Framework Development Towards System Engineering Process Automa�on: A Case Study for a Medical 

Evacua�on Aerial Pla�orm
1 2Rajath Pai K , Manabendra M De

2CSIR, Na�onal Aerospace Laboratories, Bengaluru
E-mail: Rajathpaik@blue-kei.com, manav.nal@csir.res.in

This paper presents the development of a mission analysis framework aimed at advancing systems engineering process 

automa�on, demonstrated through a case study on a medical evacua�on aerial pla�orm. Leveraging the HyperKube 

Framework, the study integrates stakeholder-driven mission analysis with structured artefact modelling, digital thread 

connec�vity, and requirements automa�on. 
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Star sensors are cri�cal elements in spacecra� for determining orienta�on in space. Due to their importance, extensive tes�ng 

is carried out before integra�on. The test logs generated from these experiments must be compiled into standardized 

documenta�on. At present, this process is manual, �me-consuming, and prone to errors such as typos and inconsistencies. 

These issues reduce efficiency, delay workflows, and may compromise traceability of test data. Automa�on offers a reliable 

solu�on to address these challenges making log analy�cs, retrieval and general access of data from logs more efficient.
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Regex-Driven Automa�on of Test Log Genera�on for Star Sensors

Test Log Automa�on tool is a GUI-based applica�on designed to extract data from selected base files. Using placeholders and 

regular expressions (regex), the applica�on iden�fies and retrieves specific values from these files. The extracted data is then 

stored into user-defined template files for further use. This tool is implemented in Python and u�lizes JSON files for efficient 

data manipula�on and storage. 
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An essen�al aspect of any satellite mission is telemetry, which provides cri�cal insight into spacecra� health and performance. 

It is required to accurately decode raw telemetry data into user understandable Process Iden�fiers (PID) for monitoring various 

subsystems. Manual prepara�on of PID decoding Common Databases (CDB) is �me-consuming and error-prone, especially for 

missions with thousands of parameters. This paper presents an automated tool that generates standardized CDBs for both 

exis�ng and new systems. The approach primarily involves reusing exis�ng mappings for heritage subsystems with updated 

telemetry indexing, while for new systems, it parses telemetry source code to extract PID defini�ons. Verifica�ons of auto 

generated CDBs confirmed accuracy and revealed errors in heritage CDBs also. This tool has been applied to Star Sensor and 

Rendezvous Processing Unit (RPU) subsystems, to generate thousands of PIDs within seconds, significantly reducing manual 

effort and improving data integrity.

Paper ID: #60-97
Automa�on of Common Database Genera�on for Satellite Telemetry

In space based safety cri�cal processor based systems, Ada language is used for its safety set, modularity and strong typing 

features. Unit Level Tes�ng(ULT) is the first phase of tes�ng to ensure so�ware correctness and reliability, but analyzing the 

code and preparing test cases manually is �me-consuming and error-prone. Exis�ng commercial ULT tools provide powerful 

automa�on, but are locked with higher �er licenses, complex licensing structure where documenta�on, code coverage, 

integra�on with target simulator are all separate licenses. Addi�onally, there would be no community support for 

development but rather limited support from vendor which most likely causes delay. To address these disadvantages, the 

paper presents an indigenous tool development of Unit level test environment for Ada using Python framework. The 

framework automa�cally extracts for the user, all details of the Ada body file including procedure arguments, inputs, outputs, 

constants, variables, and their data types, etc. This aids directly in planning test cases for the user. An Ada code parser is at the 

heart of tool development. The detailed sec�ons discuss the implementa�on of the parser and an extension to it where a 

detailed design document template is generated automa�cally. The tool overall offers a lightweight, extensible solu�on for Ada 

unit-tes�ng automa�on and documenta�on.
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