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Abstract. This article investigates the feasibility of using an Automatic Packet
Reporting System (APRS) payload on a CubeSat platform to function as a digital
digipeater in low Earth orbit. APRS is a packet-based communication protocol
widely used by amateur radio operators for real-time messaging, telemetry, and
position reporting. While APRS is traditionally implemented using terrestrial IGates
and digipeaters, extending its functionality to a satellite platform offers significant
advantages in coverage and accessibility, especially for remote or infrastructure-
deficient regions. Results. The proposed system is designed to receive APRS packets
in the VHF band (typically at 145.825 MHz), perform optional store-and-forward
buffering, and transmit the data either back to APRS-compatible ground users or to
Internet-connected IGate stations. The study includes detailed architectural design
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of the satellite payload, system requirements for communications, power, and
processing, and an overview of mission operations. Scientific novelty. Analytical
calculations confirm the viability of this CubeSat APRS concept, demonstrating the
ability to provide up to 18.6 million km? coverage per pass, handle up to 700 packets
per communication window, and maintain sustainable power consumption within
the constraints of a 1U CubeSat. The system architecture also supports private
or targeted delivery of information to specific stakeholders, such as agricultural
operators monitoring large tracts of farmland. Practical value. This work contributes
to the ongoing effort to bridge terrestrial and space-based IoT and amateur radio
applications, particularly for disaster mitigation, environmental monitoring, and
telemetry services. The paper concludes by identifying system-level trade-offs
and outlines several promising directions for future development, including multi-
satellite constellations, dual-band communication, onboard intelligence for packet
filtering, and practical flight demonstrations.

Key words: APRS; CubeSat; communication; environmental monitoring,
AX.25 protocol
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AHHoTanus: byn makanazga Kimn rapelll anmaparTapblHa, aran aTKaHaa
CubeSat mnarpopmacsiana APRS (Automatic Packet Reporting System) naiinanst
XKYKTeMeciH JKep/iH MaHBIHJAFbl TOMEHT1 opOuTanaa mudpibK KalTa TapaTKbIII
pertinae naiiaanany MYMKIHAIr KapacTeipbuianbl. APRS — Oyn paanosyeckoiinap
apachblH/1a HAKTHI yaKbITTaFbl XabapiaMaiapMeH, TeIEMETPHSIMEH )KOHE ITO3ULMAMEH
aJIMacyfa apHaJIFaH IaKeTKe HeTi3ereH OaillaHbIC IPOTOKOIBI OOJIBIN Ta0bLIAIBI.
APRS poctypni Typae skepaeri IGate xoHe peTpaHCIATOpiap apKbUIbl XKy3ere
aChIPBUIFaHBIMEH, OHBI JKEP CepiriHe eHri3y maFail HeMece HHPPaKYpPBUIBIMBI 9JIC13
aiiMakTap yIIiH OaillaHBICTIEH KAMTY MEH KOJDKETIM/IUTIKTI alTapibIKTall apTThIpy
MYMKIHAITIH amanpl. Homuoicenep. Y CHIHBUIFAH JKYHE aca JKOFapbl JKULTIKTEp
(AXKOK)ayxpivbrana(aaerte 145.825 MIpkuiniringe) APRS makerrepinkaOpuar,
oJapbl yakpiTina Oydepreyre sxone keifin xepueri IGate crannusiapsina Hemece
Oacka maiijanmaHylIblIapFa JKETKi3yre apHajFaH. 3epTTey KEPCEpiKTIK maimaibl
KYKTEMEHIH apXUTEKTypachlH, OaiaHbIC TIeH KyaT TajalTapblH, COHBIMEH KaTap
MUCCHSIHBIH JKaJIbl ONEPalMsIbIK MOACTIH CUNATTaHIbl. FblibiMU JHCAHANLIRHL.
AnanuTHKaNbIK ecenteynep HoTmwkecinae CubeSat ruardopmackl HeriziHzeri
APRS xylieciHiH THIMAUTITI Kellecined MoNeNneH i: Faphlll anmnaparblHbIH Oip
yiiein etyinge 18.6 MUIUTHOH KM? ayMakThl KamTy, 700-Te neiliH makeTTi eHuey
xoHe 1U CubeSat rapsii anmapaTsl mIeHOEPiHAE TYPaKThl KyaTIIeH KYMBIC icTey
MYMKIHITT aHBIKTANIBL. By xylie nepekrepii HaKThl almylibliapra OarbITTayFa
MYMKIHAIK Oepe]ii, MbICalTbl, aybUT IapyallbUIBIFBIMEH afHAIBICATHIH CYObEKTiIep
YuniH. [lpakmukanslk manbl30bliblesl. Byl 3epTTey JKepJeri ’KoHe FaphIIITarbl
IoT TtexHOMOTHsAIApBI MEH OyeCKOW paaHo JKyHenepiH OipiKTipy IKOJBIHIAFbI
MaHBI3/IbI Ka1aM O0JThIN Ta0bLIaabl. KOpBITEIHIEI O6ITiMIIe KyarT, Macca XKoHe OTKi3y
KaOlIeTTLIT IIeKTeyIepi CHSIKTHI )KYHeIiK IeHreiIer] meKTeyIep TaaKbUIaHa b,

Tyiiin ce3nep: APRS; CubeSat; pagnobaiinansic; KopIIaraH OpTaHbl OaKbLIay,
AX.25-n1poTOKOIBI

A.A. Temupo6aes!, H. Meiipamoexyinsi?, H.I1I. Y36exon?, O.H. Beiicen?,
JI.B. Aoam:kaaminoBa, 2025.
'Knactep MH>KMHHpHHTA M HayKOeMKHX TexHoioruit, KasHY nwm. ans-®apadu,
Anmarsl, Kazaxcran;
[lentp KocMuueckux TexHonoruii, KasHY um. anp-Dapabu, Anmarsl, Kazaxcra.
E-mail: amirkhan@kaznu.kz

[UDPPOBOM PETPAHCJISATOP APRS HA FA3E CIIYTHUKA CUBESAT:
IHNPOEKTUPOBAHUME, PEAJIN3YEMOCTD
N KOHIENNIUA MUCCUN

Temup6aeB Amupxan Aauaxanosud — PhD, ['enepanbublii aupekropa Kitactepa MHXHHUPUHTA H
HayKoeMKHX TexHonorui, KasHY nmenn anp-®apadu, Anmarsl, Kazaxcras,

E-mail: amirkhan@kaznu.kz; ORCID ID: https://orcid.org/0000-0001-6759-2774;

Meiipambexyabst Hypeyaran — PhD, crapmmii mpenonosarens, KasHY umvenn anp-®apadw,
Anmarsl, Kazaxcran,

245



Academic Scientific Journal of Computer Science

E-mail: nurs.kaznu@gmail.com, ORCID ID: https://orcid.org/0000-0003-2250-4763;

V36exoB Hypcyaran llanaxanyasr — Crapmmii HayuHbIi coTpynauk, KasHY nmenn ans-dapadu,
Aunmarsl, Kazaxcras,

E-mail: uzbekov.nursultan@gmail.com, ORCID ID: https://orcid.org/0009-0007-9956-0102;
Beiicen Ocer Hypooayist — Hayunsiii corpygunk, KasHY wumenn amp-®apabu, Anmarsr,
Kazaxcran,

E-mail: Beisen.Asset@kaznu.kz, ORCID ID: https://orcid.org/0009-0000-5144-2616;
Aoamxanuiaosa Jlazzar baxtusipkei3pl — Munanmuii Hayunslii corpynnuk, KasHY umenu anb-
®dapadu, Anmarsl, Kazaxcras,

E-mail: abdijalil.lazzat@bk.ru, ORCID ID: https://orcid.org/0009-0000-5965-7195.

AHHoTamma: B 1gaHHONl  cTatke  paccMaTpuBaeTCs  BO3MOXKHOCTH
HCIOJIb30BaHUs moJie3Hol Harpy3ku APRS (Automatic Packet Reporting System)
B MaJIbIX KOCMHYECKHX allliaparax, B dYacTHOCTH, Ha turatdopme CubeSat
Uit (pyHKIIMOHUPOBAHUS B KauecTBE IMM(PPOBOTO pPETpaHCIATOpa B HHU3KOU
okojio3eMHON opOute. APRS — 3TO mpoTOKON MakeTHOW pPagMOCBsI3H, IIUPOKO
MPUMEHSIEMBbI PaAMOMIOOUTENISIMU JUIE OOMEHa COOOIIEHHUSIMHU, TEIEMETPUH U
repenayn KOOpIWHAT B peallbHOM BpeMeHu. B To Bpems kak APRS Tpagunmonto
peanusyeTcst ¢ MCIHOJb30BaHMEM HazeMHBIX |Gate-cTaHIMII U PeTpaHCISATOPOB,
€r0 pacIIMpeHre Ha CITyTHUKOBYIO IIaT(OpMy OTKPHIBAET HOBBIE BO3MOXKHOCTH
oXBara, 0COOCHHO B YNalN€HHBIX W TPYIHONOCTYIHBIX paioHaX. Pesynvmamei.
[Ipennaraemas cucrema npeaycmarpusaet npuéM APRS-nakeros B VHF-nnanasone
(00b1yHO Ha yacTore 145.825 MI'n), ux Oydepusaluio 1 NOCISAyIOIIYIO Iepeiady
JPYTUM TIOJIb30BaTENsAM MM Ha3eMHbIM [Gate-cTaHIMsIM ¢ BBIXOIOM B MHTEPHET.
HccnenoBanne BKITIOUAST ACTANBHBIA 0030p apXHUTEKTYpPHI IMOJIE3HOW HArpy3KH,
TpeOOBaHMI K CBSI3H, MUTAHHUIO U 00pabOTKe JaHHBIX, a TAKKe OOIIYI0 KOHIICTIIIHIO
muccun. Hayuumas Hosusna. Pacu€Thl TOATBEPKIAIOT IKU3HECIOCOOHOCTH
KOHLEMILMHU: CIIyTHUK crocoOeH obecreunBarh MOKpbITHE 10 18,6 MiH KM? 3a
ofMH TpoiéT, obpabarbiBath M0 700 MakeTOB 3a CEAHC CBS3M M IOJJICPIKUBATH
cTabuibHOE SHepronorpedenue B pamkax miardopmel 1U CubeSat. Apxurekrypa
TaKke JOMyCKaeT BHIOOPOYHYIO JOCTaBKY IAHHBIX KOHKPETHBIM MOJIYyYaTessiM,
YTO OCOOCHHO aKTyajbHO JUIS TIPWIOKEHUH B arpOMOHHUTOPHHTE H JIPYTHX
YYBCTBUTENBHBIX CUeHapusiX. [Ipakmuueckas yenHocms. Pabora BHOCUT BKJIal
B Pa3BHTHE WHTETPAIMUA HA3EMHBIX U CITyTHHKOBBIX [0T M paguonroOuTenbcKux
cucTeM CBs3H. B 3akitoueHne 00CYKIar0TCsi KOMIIPOMHUCCHI CUCTEMHOTO YPOBHS
BKJTIOYAst OTPaHMYEHUS 110 MOIITHOCTH, MAacce M MPOIMyCKHON CTIOCOOHOCTH.

KuaroueBsie ciioBa: APRS; CubeSat; pagnocBsi3ab; MOHUTOPHHT OKPY>Karomieit
cpenbl, npotokona AX.25.

Funding.This research has been funded by the Science Committee of the
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No. AP27510563).

Introduction. The Automatic Packet Reporting System (APRS) is a global
digital communication protocol used by amateur radio operators to transmit location,
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telemetry, and brief data messages over radio frequencies (Bruninga, 1999). APRS
operates primarily on the 145.825 MHz VHF band and uses the AX.25 protocol to
format and exchange information packets (Beech et al., 2008).

The fundamental components of the APRS terrestrial system include: 1) GPS-
equipped mobile or fixed station — which periodically sends its position and data, 2)
AX.25 modem and radio transceiver — which encode and transmit the packets, 3)
Digipeaters — digital repeaters that receive, store, and retransmit APRS packets over
extended distances, 4) [Gates (Internet Gateways) — ground stations that collect RF
packets and relay them to the APRS Internet System (APRS-IS), 5) APRS-IS and
visualization services — which provide real-time global mapping and data analysis
capabilities (APRS Working Group, 2000).

This setup allows APRS to serve as a lightweight and decentralized system for:

* Real-time location tracking of vehicles, weather balloons, or portable users;

* Environmental and weather monitoring via sensor beacons;

» Short-text emergency messaging in areas lacking cellular service.

Figure 1 illustrates the standard terrestrial APRS communication architecture,
demonstrating the interaction between transmitting stations, digipeaters, IGates,
and internet services. This architecture enables APRS users to visualize moving
objects on maps, receive weather data from remote sensors, and communicate short
text messages over long distances without the need for cellular networks.

(EEeT| ( ) i B A
€ oo | @) | poe | B | -
_L i GPs Dat: A ‘ Packet: | | e i\ Inlt_(-::‘r;aeltl :
GPS @

APRS Device AX 25 Networks )
(Transceiver) | Modem L ) /

Receiver |
USEsaeon )

GPS APRS Device

i igi Internet
Receiver (Transceiver) Digipeaters

Figure 1. Terrestrial APRS communication system architecture

However, this ground-based system is inherently limited by the availability
of infrastructure and internet access. In remote deserts, mountainous terrain, vast
oceans, or agricultural expanses such as those found in Central Asia, traditional
IGates and repeaters are often absent.

To extend APRS coverage beyond terrestrial boundaries, several missions
have experimented with placing digipeaters on satellites in Low Earth Orbit
(LEO) (Patmasari et al., 2018). These space-based systems enable global packet
forwarding independent of ground-based internet or relay networks. This paper
explores the feasibility, design, and deployment of a CubeSat acting as an APRS
digipeater. The goal is to receive APRS packets from ground stations, retransmit
them for extended coverage, and support global amateur radio communication
without dependence on internet-based infrastructure. We focus on the necessary
onboard systems, communication parameters, mission constraints, and operational
strategies that enable this function in the CubeSat platform. Unlike an IGate that
forwards packets to the internet, a digipeater retransmits packets via RF to other
users within line of sight, making it simpler to implement and better suited for
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decentralized environments. This study will serve as a foundational investigation
for developing space-based amateur packet networks and enabling resilient,
infrastructure-independent communication systems.

Review of Existing APRS Satellite Missions. The application of APRS in
satellite communication has evolved significantly since the early 2000s, contributing
to amateur radio innovation and emergency communication infrastructure. This
section reviews the scientific literature, technical reports, and documented satellite
missions that demonstrate the relevance, feasibility, and lessons learned from
space-based APRS systems.

Bruninga (2019), the originator of APRS, documented the foundational concept
of using LEO satellites to support packet radio communication independent of
terrestrial repeaters. This concept was practically realized with PCSAT (NO-44),
the first APRS-enabled satellite, launched in 2001 by the U.S. Naval Academy. Its
success in real-time digipeating and telemetry inspired follow-up experiments such
as PCSAT-2, temporarily deployed on the ISS in 2005, and documented in NASA
technical briefs and Naval Academy mission debriefs.

A noteworthy study by Salces et al. (2020) BIRDS-2 Project, Kyushu Institute
of Technology explores the development and testing of an amateur radio payload
on a 1U CubeSat platform. The payload, operating on 145.825 MHz using AX.25
protocol, was designed to support both digipeater and store-and-forward (S&F)
modes using primarily commercial-off-the-shelf components. Despite partial
mission success — where only beacon reception was confirmed — this study offers
insights into CubeSat constraints such as uplink reliability, power budget, and
spatial limitations. The authors present a detailed failure analysis and recommend
the best practices for future CubeSat APRS designs.

More recently, operational payloads like ARISS APRS on the ISS have
continued to deliver reliable APRS coverage globally (ARISS, n.d.), further
validating the utility of space-based digipeaters. Missions such as GO-32, AO-51,
and Falconsat-3 contributed experience with 9600 baud operations and dual-mode
payloads, offering design alternatives for future systems (Bruninga, 2010).

A recent study by the Indonesian team on Surya Satellite-1, the country's
first undergraduate-developed CubeSat, presents a relevant application of APRS
technology (Prahyang et al., 2018). Designed for disaster mitigation, this satellite
operates on VHF and UHF amateur radio bands and includes an APRS module for
remote communication with ground stations in disaster-prone zones. This mission
demonstrates the versatility of CubeSat-based APRS for region-specific objectives
using low-cost commercial hardware.

Another Indonesian satellite, LAPAN-A2 (LAPAN-ORARI), launched in 2015
by the Satellite Technology Center of Indonesia’s National Institute of Aeronautics
and Space, includes payloads for amateur communication, such as APRS and voice
repeaters. The mission highlighted the usage of APRS not only for emergency
messaging but also for transmission of telemetry, weather updates, and beaconing.
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An innovative aspect of this work is the proposal to replace expensive decoding
hardware with a Raspberry Pi-based solution, enabling broader adoption of APRS
ground stations (Rizal et al., 2021).

In addition, there are other scientific papers on the possibility of using APRS in
the field of satellite and educational technologies (Un et al., 2022; Chopparapu et
al., 2025; Addaim et al., 2005; Addaim, Kherras & Zantou, 2008; Linton, 2016).

Collectively, these sources form a knowledge base that informs the present
work. Our proposed CubeSat APRS digipeater builds on this prior art while
introducing hybrid functionality such as selective packet forwarding to 1Gates and
support for private telemetry applications in remote sectors such as agriculture and
environmental monitoring.

System Requirements and Architecture. The design of a CubeSat-based APRS
digipeater system must meet specific mission objectives while operating within the
constraints of size, weight, power, and communications. This section defines the
key system requirements and presents a high-level architectural breakdown. Table
1 presents the mission-level requirements that guide the definition of operational
objectives and system constraints. These include orbital parameters, communication
standards, and minimum lifetime targets, which are critical for evaluating feasibility
and regulatory compliance.

Table 1 — The main Mission Requirements

Subsystem Components and Functions

Communication Subsystem | VHF transceiver (1200 baud AFSK), deployable antenna, optional
SDR module

Processing Subsystem Onboard computer (AX.25 decoding, packet scheduling), watchdog
timer, error handling

Power Subsystem Solar panels, MPPT charger, Li-lon/LiPo battery pack

Data Handling & Storage | Buffering memory, timestamping, packet prioritization

Ground Segment Interface | [Gate compatibility, selective forwarding, optional API connectivity

Satellite Bus & Structure | 1U/2U CubeSat frame, thermal coating, mechanical deployer interface

Table 2 provides an overview of the key functional subsystems within the
CubeSat. Each subsystem is defined by its primary roles and hardware components,
ensuring a modular and scalable architecture suitable for amateur radio satellite
missions.

The APRS CubeSat digipeater system integrates an RF front-end with onboard
logic for packet processing and conditional storage. During a pass over ground
stations, the satellite listens for APRS packets. Depending on mission configuration,
it may retransmit these immediately (digipeating) or store them and later downlink
to designated IGates or internet-connected ground stations. The architecture
supports future expansion such as dual-band operation, packet authentication, and
integration with [oT gateways.
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Table 2 — The main Functional Subsystems

Subsystem Components and Functions

Communication Subsystem | VHF transceiver (1200 baud AFSK), deployable antenna, optional
SDR module

Processing Subsystem Onboard computer (AX.25 decoding, packet scheduling), watchdog
timer, error handling

Power Subsystem Solar panels, MPPT charger, Li-lon/LiPo battery pack

Data Handling & Storage | Buffering memory, timestamping, packet prioritization

Ground Segment Interface |IGate compatibility, selective forwarding, optional API connectivity

Satellite Bus & Structure | 1U/2U CubeSat frame, thermal coating, mechanical deployer interface

A block diagram illustrating the system’s main components is shown in Figure
2. The diagram illustrates the operational model of an APRS-enabled CubeSat
payload with combined digipeater and store-and-forward (S&F) capabilities.
During orbital passes over the Earth, the CubeSat receives APRS packets from
a variety of ground sources, including APRS transmitters, portable stations, and
environmental sensors. These packets may either be:

- Instantly retransmitted (digipeated) to other users within the satellite’s
footprint,

- or temporarily stored and forwarded to specific IGate ground stations during
future passes.

APRS-DP & S&F Payload

APRS
receiver

APRS - ootorint
sender APRS. el I-Gate f P
station J
J Global APRS
APRS Internet AF'I_ES
receiver System receiver

Figure 2. APRS CubeSat digipeater and store-and-forward operational concept

The received and relayed information can then be uploaded into the Global
APRS Internet System, making it available to downstream services. This dual-
mode approach extends APRS coverage to underserved areas and enables both
public and private data use cases (e.g., SAR coordination, agricultural telemetry, or
environmental monitoring).
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Methods and Tools Used

To evaluate the feasibility and performance of the CubeSat-based APRS
digipeater system, a combination of analytical modeling and software-assisted
visualization techniques were employed.

Analytical Modeling

Coverage Area: The maximum footprint of the satellite’s APRS VHF signal was
calculated using great-circle geometry, assuming a circular area visible from a 550
km low Earth orbit. The angular radius was derived from the formula:

Rg
g = arccos ( )
R+ h

where Rg is the Earth's radius and h is the orbital altitude. This enabled the
estimation of a coverage radius of approximately 2,435 km, corresponding to a
ground area of ~18.6 million km? per pass.

Packet Throughput Estimation: The number of APRS packets processed per
orbital pass was estimated by considering time-over-ground, packet duration, and
channel sharing assumptions.

Visualization and Mapping Tools

To visualize the spatial coverage and support analysis, we used the following
tools:

Python 3.11 as the main programming environment
~ Matplotlib for 2D plotting of coverage geometries
Cartopy for map-based visualization of satellite footprints on actual geographic
backgrounds
NumPy for numerical computations and coordinate transformations

A dedicated example of APRS coverage over Kazakhstan was rendered using
Cartopy with overlaid circular footprints to demonstrate the regional feasibility of
such systems. The corresponding diagram (see Figure 3) reflects both theoretical
visibility and realistic geographic integration.

Results. This section presents the analytical results that demonstrate the
operational feasibility and effectiveness of the CubeSat-based APRS digipeater
mission. Calculations are performed based on standardized orbital parameters and
conservative hardware assumptions. The results are summarized in Tables 3, 4, and
5, which respectively highlight the satellite's coverage capability, communication
throughput, and power system performance. To validate the feasibility and
expected performance of the CubeSat APRS digipeater mission, several analytical
estimations and simulations were performed. The results provide insights into
coverage, communication window duration, packet relay capacity, and power
budget margins under typical low Earth orbit (LEO) conditions. Table 3 provides
a quantitative summary of the CubeSat’s expected ground coverage and access
opportunities for APRS communication. The satellite’s line-of-sight radio coverage
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is derived from its orbital altitude, yielding a large footprint suitable for wide-area
communication. Additionally, the number of daily passes over a specific location
and their durations are estimated to help forecast service availability.

Table 3 — Orbital Coverage Estimates

Parameter Value

Orbital altitude 550 km

Radio footprint radius ~2,435 km
Ground coverage area ~18.6 million km?
Passes per day (per location) 4-6

Typical pass duration 6-10 minutes

For a CubeSat operating in a 550 km sun-synchronous orbit: The satellite’s
radio footprint (line-of-sight radius) covers approximately 2,400-2,600 km,
encompassing a circular area with a ground diameter of ~5,000 km. Each ground
location experiences 4-6 passes per day, depending on latitude. Typical access
duration per pass is 6-10 minutes, depending on elevation angle and antenna gain.

The figure 3 illustrates the ground coverage area of an APRS-enabled CubeSat
in a 550 km low Earth orbit, centered over Kazakhstan. The red circle represents
the satellite’s theoretical radio footprint with a radius of approximately 2,435
km, calculated based on the Earth’s curvature and orbital altitude. The coverage
zone encompasses a vast region, including all of Kazakhstan and parts of
neighboring countries, demonstrating the satellite's capability to support wide-area
communication, particularly in underserved or remote locations.

CubeSat APRS Coverage Area Over Kazakhstan

40°|

30°

20°

| —— Coverage Area

30° 40° 56° 60° 70° 80° 60°
Figure 3. CubeSat APRS coverage area over Kazakhstan

Figure 4 illustrates the relationship between the number of CubeSats in the
constellation and the average latency, defined as the time interval between two
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successive passes over a given ground location during which data packets can be
received. The analysis assumes a circular orbit at an altitude of 550 km with an
orbital period of approximately 95 minutes and an average communication window
of 10 minutes per pass.

80

o
=]
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S

Average Latency (minutes)
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Number of CubeSats in Constellation

Figure 4. Average packet delivery latency vs. number of CubeSats

As the number of satellites increases, the latency decreases significantly due
to more frequent overpasses. The graph demonstrates a steep drop in latency for
the initial increase in constellation size, followed by a gradual leveling-off trend.
When the number of satellites reaches 8, the average latency drops below 1 minute,
effectively enabling near real-time data acquisition for ground-based users.

This finding highlights an important design trade-off: while increasing the
number of satellites improves system responsiveness, the marginal benefit
diminishes beyond a certain point. A constellation of 8 satellites offers a practical
balance between complexity and performance, ensuring frequent packet reception
while keeping deployment costs and orbital congestion within reasonable limits.

This result supports the feasibility of using a small CubeSat constellation to
provide timely delivery of APRS data from remote users and assets, especially in
scenarios requiring low-latency transmission, such as environmental monitoring or
disaster response.

Table 4 presents a model of communication throughput, considering packet
size, modulation scheme, and estimated channel efficiency. These calculations
provide insight into the number of APRS packets that the CubeSat can reasonably
relay during each orbital pass. The values suggest strong potential for both live
digipeating and temporary message storage without overwhelming the onboard
system.

Table 4 — Communication Load Estimates

Parameter Value
Modulation AFSK 1200 baud
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Packet size 256 bytes
Channel efficiency (est.) ~60%

Average packets per minute ~100 packets/min
Maximum per 7-min pass ~700 packets
Practical digipeat throughput 1-2 packets/sec

Assuming APRS packets are 256 bytes long and AFSK 1200 baud modulation:
Effective channel throughput: ~100 packets per minute (accounting for overhead
and latency). In a 7-minute pass, the satellite can process ~700 packets, with
filtering to discard redundant or malformed frames. Maximum digipeated packet
rate: 1-2 packets per second (with safety margin).

Table 5 summarizes the estimated power consumption and generation capabilities
of a 1U CubeSat. With realistic assumptions about solar panel efficiency, orbital
sunlight duration, and system duty cycles, the energy balance indicates that the
APRS payload can operate effectively during all sunlight periods and remain
partially active during eclipse phases. This ensures mission continuity and reliable
digipeater availability throughout each orbit.

The power generation and consumption for a 1U CubeSat were estimated:

- Power generation (sunlight): ~2.5 W average

Power consumption during RX/TX: 1.8-2.2 W

~ Duty cycle support: >50% active digipeater time per orbit with proper battery

management.

Table 5 — Power Budget Summary

Component Value

Power generation (avg) ~25W

Power consumption (TX/RX) 1.8-22W

Idle power consumption ~0.6 W

Operational duty cycle >50% during sunlight
Battery capacity (1U est.) 10-12 Wh

Figure 5 illustrates how the total daily energy consumption of the CubeSat
increases with the number of communication sessions per day. The energy is
divided into three components:

Total Energy (black line): the sum of all energy usage per day.

Active Energy (blue dashed line): energy consumed during active transmission,
assuming a 10-minute session duration.

Standby Energy (red dashed line): background energy used when the satellite is
in idle mode.

This breakdown allows evaluating mission feasibility in terms of power budget
management.
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Figure 5. Daily Energy Consumption vs Number of Sessions

Figure 6 shows the theoretical relationship between the signal-to-noise ratio
(SNR) and the probability of successfully receiving APRS packets. As expected,
the success rate grows rapidly beyond 0 dB, reaching near certainty above 10 dB.
This curve helps define minimum operational link budget requirements for reliable
uplinks.

These results support the conclusion that the CubeSat can operate reliably
in real-world APRS use cases, including support for multiple users per pass and
storage of data for scheduled downlink to IGates in hybrid missions.
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Figure 6. Packet reception probability vs signal-to-noise ratio (SNR)

Discussion. The results obtained from this study demonstrate the practicality of
deploying a CubeSat-based APRS digipeater system for wide-area amateur radio
communication. The mission design provides meaningful coverage for rural and
remote regions and maintains compatibility with existing APRS protocols and
equipment.
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One of the key takeaways from the analysis is that even a 1U CubeSat,
when placed in a 550 km sun-synchronous orbit, can provide reliable access to
APRS ground transmitters several times per day. The use of store-and-forward
functionality offers increased flexibility, enabling data relay even when no IGate
is directly in range during a pass. This functionality makes it feasible to support
use cases such as environmental monitoring, agricultural telemetry, and emergency
communication in areas with limited terrestrial infrastructure.

The results also highlight important trade-offs, particularly between power
availability and communication duty cycle. While the energy budget suffices for
basic APRS operation, the system would benefit significantly from energy-efficient
components and optimized transmission scheduling.

Furthermore, the selective forwarding of data to designated IGates, as discussed
in the system design, enables a semi-private mode of operation, which is crucial for
use cases involving sensitive or proprietary data (e.g., land monitoring by private
agricultural enterprises).

Conclusion. This paper explored the design and feasibility of deploying an
APRS digipeater payload on a CubeSat platform. By integrating low-power
communication hardware, a modular onboard computer, and standard VHF APRS
protocols, a compact and scalable architecture was proposed.

Through analytical modeling and subsystem-level evaluation, we demonstrated
that such a satellite can:

Support APRS packet reception and retransmission at usable rates,

- Maintain sufficient power levels within a 1U form factor,

Cover wide geographic areas with multiple daily access windows.

These findings confirm that CubeSat-based APRS relays represent a valuable
extension to the terrestrial APRS infrastructure, especially in regions lacking IGate
coverage. Future work may focus on flight testing of prototype payloads, security
extensions, dual-band operation (VHF/UHF), and long-term constellation planning
to enable continuous APRS coverage.
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