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Abstract: Since December 2004 the International Maritime Organization's International Convention for the Safety of 
Life at Sea requires that Automatic Identification System (AIS) has to be implemented on all international voyaging 
ships with gross tonnage of 300 or more tons, and on all passenger ships regardless of size. This stems from the need of 
collision avoidance, search-and-rescue operations and other maritime purposes. Ground-based AIS receiving station 
usually cannot cover ships over the horizon, but with space-based AIS signal receivers, the global ship monitoring 
became possible, providing data service for maritime administrations, cargo liners, and even navies. Since 2007, a 
number micro-satellites and nano-satellites have been launched for technical demonstration in this respect. However, at 
present the space-based global AIS data service is not fully operational and international cooperation is limited. In this 
paper, a constellation of 3 self-deorbiting nano-satellites, with a mass equivalent to 3U cubesats, carrying AIS receivers 
is proposed to complement the existing systems. The feasible study presented here showed that this mission can be 
realized at very low cost, and quick-launched. Three other important features of the mission are: international 
cooperation, making a practical use of smaller nano-satellites and taking the responsibility for deorbiting the satellites at 
the end of mission. It is also the hope that this mission will become a milestone that marks the maturity of smaller 
nanosats, and give the "student satellite" projects around the world a new dimension for real application and sustainable 
business application. 
 
1. INTRODUCTION 
 
Sea transport and traffic can be dated back almost to the beginning of the history of mankind, but 
compared with the roughly 100 years old air transport; it is surprisingly less developed in respect of 
monitoring and safety. Not until recently, in December 2004, the International Maritime 
Organization (IMO) has established a new International Convention for the Safety of Life at Sea 
(SOLAS) that requires Automatic Identification System (AIS) to be install and activated on all 
international voyaging ships with gross tonnage of 300 or more tons (>300 GT), and on all 
passenger ships regardless of size [1]. Since the ground-based stations (on shore or offshore 
lighthouses, platforms, and buoys) and the shipboard AIS transponders can only communicate with 
each other at a limited distance (typically about 74 km) in horizontal direction, a solution using 
space communication is obvious. In vertical direction, the same transponders can easily reach 
satellite on low Earth orbit (LEO), so that nothing additionally is required for the voyaging vessels.  
 
AIS equipment transmits essentially information on unique identification, position, course, and 
speed. These can be displayed on a screen or an ECDIS [2, 3]. With an AIS equipped system, 
traveling ships can see positions of other vessels and calculate their own course to avoid collision. 
Search and rescue operations, currently important in the waters around the Somali coast, need also 
an effective AIS data system. Because the world fleet is large (74,951 ships in 2009) [4] and there 
are a large number of ships in busy traffic waters, the AIS data flow can be very high and requires 
AIS receiver stations with high capability, and/or redundant systems to prevent data losses. 
 
Building of space-based infrastructure for AIS still is ongoing. The following list presents the most 
significant efforts around the world and Table 1 summarizes some key features of these space 
missions. All satellites were launched into LEO. 
 
- 2007, U.S. TacSat-2 (370 kg) was launched. The satellite with a number payloads, build by USA's 
Air Force Laboratory for concept technology demonstration with an operational life of one year [5]. 
 



 

 

- April 2008, Nano-satellite Tracking Ships (NTS) was launched. This is a 20x20x20 cm satellite of 
6 kg, developed and built by Space Flight Laboratory (SFL) at the University of Toronto Institute 
for Aerospace Studies (UTIAS) within 7 months. The Canadian COM DEV international funded 
the project [6]. exactEarth is operating the satellite and this is the first worldwide service since 2010. 
 
- June 2008, Machine-to-Machine (M2M) satellite built by ORBCOMM for tracking and 
monitoring mobile and fixed assets was launched. This is two-way communication satellite of 
microsat class. The U.S Coast Guard ordered the satellite in 2004, which successfully operated 
since the launch but failed in late 2010 [7]. Prior to that, in September 2010, ORBCOMM ordered 
two M2M satellites from OHB with its affiliate LuxSpace that would build and launch them into 
LEO in second quarter of 2011. A year earlier, in September 2009, ORBCOMM signed a contract 
with the Space Exploration Technologies Corp. (SpaceX) to launch its 18 second-generation 
satellites OG2, 142 kg each, with start from forth quarter 2010 and end in early 2014. 
 
- July 2009, AprizeSat-3 and AprizeSat-4 (13 kg each) with AIS receivers, built by the American 
company SpaceQuest, were launched [8]. Since July 2010, data from AprizeSat-3 and AprizeSat-4 
were incorporated into the Canadian exactEarth system and made available worldwide as part of 
their exactAIS™ service. 
 
- September 2009, nano-satellite AIS PathFinder2 (8 kg), built by LuxSpace was launched. 
LuxSpace is the first European company to have an operational system in orbit providing 
worldwide AIS data on a daily basis [9]. 
 
- November 2009, two antennas (an AIS VHF and an Amateur Radio antenna, built in cooperation 
between the European Space Agency (ESA) and the Amateur Radio on ISS team (ARISS)) were 
taken into space by the STS-129 space shuttle, and attached to the Columbus module of the ISS. 
Starting from May 2010 ESA is testing two different AIS receivers, one from Luxspace (GdL), one 
from FFI (Norway) in the frame of technology demonstration for space-based ship monitoring [10]. 
 
- July 2010, nano-satelite AISSat-1 (6kg), built by SFL/UTIAS on behalf of government of Norway, 
was successfully launched into polar orbit. This 20x20x20 cm satellite is a version of the earlier 
NTS satellite from 2008. The satellite provides AIS data to improve surveillance of maritime 
activities in the High North [11, 12]. 
 

Table 1. Satellites carrying AIS receiver 
Satellite Operator/Country Mass Launch Status of AIS 
TacSat-2 US Air Force Lab./US 370 kg 2007 Non-operational 

NTN SFL-UTIAS/Canada 6.5 kg 4/2008 Operational 
M2M ORBCOMM, Inc./US 80 kg 7/2008 Cease 2010 

AprizeSat-3 & 4 Aprize Satellite Inc./US 12 kg 7/2009 Operational 
PathFinder2 LuxSpace/Luxembourg 8 kg 9/2009 Operational 

Two antennas on ISS ESAS & ARISS/ESA NA 10/2009 Operational 

AISSat-1 
SFL-UTIAS  & 

Norwegian FFI/Norway 
7 kg 7/2010 Operational 

 
The list above shows clearly that global AIS data provision and administration still is a new 
business and many actors, in both academy and industry, are playing their roles on the market. 
ORBCOMM seems to be economically the largest role player, and the others are typically 
universities and smaller companies. Notable is that the size of the launched satellites carrying AIS 
receiver scales with the size of the owners, but the AIS receiver capacity does not scales with size 
of the satellites. Since the AIS data to be received and temporarily stored on the satellites are very 
compact, an ad-hoc AIS satellite does not need to be large. Moreover it is possible for satellites to 



 

 

communicate with ships and ground stations from LEO using simple nadir pointing omni-
directional antenna, the attitude control system can hardly be complicated. Table 1 shows also a 
trend of reduction of the satellite mass. Not mentioned in the list, but none of these satellites has 
capability to deorbit themselves, increasing the risk of collision in the already crowded space. It is 
therefore, an international cooperation in development and operation of a constellation of small 
self-deorbiting AIS nano-satellites at low cost is a reasonable solution for global ship traffic 
monitoring and sustainable space environment. It is the aim of the proposal presented in this paper. 
 
2. MISSION OBJECTIVES 
 
- To develop and deploy a constellation of 3 nano-satellites carrying AIS receiver to collect at least 
90% of AIS messages from ships in the spotted area with low and medium traffic density, and store 
and transmit to ground stations. 
 
- Together with ground-based AIS receiving stations, the constellation must be able to collect AIS 
data from ships for any location and transmit to ground station in less than 4 hours. 
 
- Life time on orbit of the satellite constellation must be at least 5 years. The satellites then must be 
able to deorbit themselves after the mission, or within 25 years from launch. 
 
- To promote international cooperation in realizing this mission, and in utilizing this space asset 
together with existing AIS systems, in order to provide global AIS data service to the end-users at 
lowest possible cost for near real time awareness of ships traffic situation, and thus to render the 
maximal safety of life at sea. 
 
3. CONCEPT OF OPERATIONS 
 
Operation of the global ship traffic monitoring system using the proposed AIS nano-satellites 
consists of space, ground and user segments is illustrated in Figure 1. 
 
Space segment: A constellation consists of 3 similar nano-satellites carrying AIS receiver to receive 
AIS messages broadcasted from vessels at sea. These messages will be received, compressed, 
stored in onboard computer (OBC), and downloaded to the ground when the satellite passes over 
designated ground stations. Onboard compression of collected AIS data before storage and 
download to the ground is important to reduce the power demanding downlink time as well as the 
demand on memory capacity. However, onboard compression of data requires a certain capacity of 
the OBC, and power for this, therefore a simple and effective protocol, such as Huffman and ZIP, 
should be used. 
 
Ground segment: An interconnected network of 4 ground stations in different locations around the 
world is needed for control of the satellites constellation and reducing the time needed to download 
collected AIS data from the satellites. The received AIS data shall then be sent to a data center for 
processing and storage via the Internet using proven methods, such as User Datagram Protocol 
(UDP). Efforts should be put in promoting standardization and collaboration between different 
operators. AIS data collected from other sources should be exchanged with AIS data from this 
mission in an equal basis. This renders a cost-effective operation for all AIS data providers, since 
they do not need to invest in all elements of the system. 
 
User segment: The end-user should be provided with a client software for PC with functionalities 
suitable for their AIS needs, such as GUI interface to view live or interpolated ships traffic, as well 
as performing data queries or making reports. The client software may query AIS data from the data 
centers via Internet or other data communication channel, such as satellite relay or radio link. 
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Figure 1. Overview of AIS data collection and distribution system. Parts with red texts belong to 

this proposal.
 
4. KEY PERFORMANCE PARAMETERS 
 
It is desired to collect every message sent from ships. However, it is difficult to be realized using 
existing AIS receivers that have to deal with AIS message collisions and interference from non-AIS 
users at adjacent frequencies. The problem is more difficult for space-based AIS receivers because 
they “see” a much larger area, thus receive many more radio signals than does a ground station. 
 
Based on current on-orbit experience with AIS receiver, LuxSpace engineers pointed out in an 
informal discussion that “Associated with a simple dipole antenna, this receiver is able to achieve 
>90% of detection over low to medium density areas, and between 0% and 50% in medium to high 
density areas, which equals all the systems actually in orbit.” Since this mission is planned to 
employ AIS receivers from LuxSpace, the performance of the AIS nano-satellites is set to collect at 
least 90% of AIS messages from ships in the spotted area with low and medium density. The high 
density areas normally are close to shore and/or islands, where ground-based AIS receiver stations 
exist or can be deployed, and thus, can collect a major number of the broadcasted AIS messages, 
needing only a minor assist from space-based systems to cover the rest of the sent data. 
 
AIS data for real time awareness of ship traffic situation is also desired, but difficult to provide due 
to the nontrivial flow of the data through different segments described in the section above and the 
number of satellites in the constellation. With 3 AIS nano-satellites in this proposal a reasonable 
average "age" of AIS data is set to less than 4 hours. 
 
5. SPACE SEGMENT DESCRIPTION 
 
The nano-satellites in the constellation are built for the task of receiving AIS messages (called AIS 
nano-satellites) They constitute the space segment in this proposal and have the duty of collecting, 
compressing AIS messages broadcasted from ships, and downloading them to ground stations. 
 
In order to reduce development cost and time, the design philosophy for the satellites is to use 
flight-proven components, specifically those on Technology Readiness Level (TRL) 8 and 9 in 
accordance with NASA definition of TRL. Table 2 accounts for the components that can be used to 



 

 

build the AIS nano-satellites while figure 2 and 3 show the conceptual design. A tiny magnetometer 
using tunneling effect on TRL6 (will be demonstrated in space within 2011) from The Ångström 
Space Technology Centre, Uppsala University, Sweden, Figure 4, may be used for the satellite 
attitude determination as long as it can be acquired on time as a plug-and-play micro-device. 
 

Table 2. Technical data of the conceptual nano-satellite 
Item Design Reference 

Satellite mass 3-5kg 3U cubesat 
Size 10x10x30cm (excluding antenna) 
Electrical power generation Body-mounted and four deployable solar 

panels providing 5W in average 
ClydeSpace 

Battery Rechargeable Li-Ion battery packs WNISAT-1 
Onboard computer 2 redundant OBCs, low power consumption  
Data storage volume 1 gigabyte of flash memory  
RF communications UHF band frequency, GMSK modulation 

Data rates: 38.4kbps downlink, 9.6kbps uplink  
Downlink power consumption: 3W (max) 

WNISAT-1 

Attitude sensors 3-axis accelerometer, 3-axis gyroscope and 
3-axis magnetometer 

PRISM, 
Nano-
JASMINE, 
WNISAT-1 

Attitude actuators 3-axis magnetorquer 
Accuracy of nadir pointing 5° 
Payload Space AIS receiver, power consumption <1W LuxSpace 
Expected mission lifetime 5 years  
De-orbit mechanism Deployable drag sail (about 10m2), targeted 

orbital lifetime of 25 years maximum 
Nanosail-D 
mission 

Deployable 

solar panels

Deployable drag sail (stowed)

AIS receiver

OnBoard Computer

Power Supply Unit

AIS antenna

UHF antenna

Satellite structure

 
Figure 2. Conceptual design of the AIS nano-satellite 

 

 
Figure 3. AIS nano-satellite with deployed drag sail for deorbiting 



 

 

 

 
Figure 4. Test design of a 3-axis SDTM magnetometer for satellite attitude determination (Courtesy 

Ångström Space Technology Centre) 
 
6. GROUND SEGMENT DESCRIPTION 
The existing ground stations in many universities and institutions with active small satellite 
development projects, possibly with minor changes or complement, can naturally be used in ground 
segment of this proposal. For the case that requires a whole infrastructure, the ground segment 
should consist of 4 interconnected ground stations, strategically placed in different locations, 
desirably those in high latitude areas due to the planned sun synchronous polar orbit. The ground 
stations are not only used for receiving the collected AIS data from the satellites, but also for 
control of the satellites via tele-commands. They are typically equipped with high gain directional 
antenna with full azimuth and elevation tracking capability, backup omni-directional antenna, radio 
transceivers, data modems, computers, power supplies and other communication peripherals. The 
conceptual design of such ground station is illustrated in figure 5. 

 

 
Figure 5. Conceptual design of a ground station 

 
7. ORBIT/CONSTELLATION DESCRIPTION 
 
7.1 Orbit and Constellation Design 
 
If there is just one satellite carrying AIS receiver in orbit, it may take many hours for the satellite to 
pass over an area of interest second time (long revisit time) thus reducing the usefulness of the 
system. Therefore, to reduce revisit time a multiple number of satellites in the constellation are 
desirable. 
 
In an attempt to simplify calculations, this paper assumes a constellation of 3 satellites in Sun-
synchronous, Low Earth (600-800km) polar orbit as an example. A satellite in such orbit passes 
over any given point on Earth every twelve hour. A constellation of 3 such satellites placed evenly 
in the orbit will reduce the revisit time of the whole constellation to 4 hours (240 minutes), Table 3. 



 

 

 
Table 3. Pass time of the constellation consisted of 3 AIS nano-satellites in Sun-synchronous orbit 

Satellite Sat #1 Sat #2 Sat #3 Sat #1 Sat #2 Sat #3 
Pass time 00:00 04:00 08:00 12:00 16:00 20:00 

 
It should be noted that, the space-borne AIS receiver uses an omni-directional antenna that receives 
AIS signal coming from all ships within line of sight. This implies that the effective revisit time of 
the constellation in fact is less than 4 hours due to overlap of the areas covered by the satellites, 
especially in high latitude areas. For the case that requires a short revisit time in equatorial ones, the 
satellites in the constellation can be launched into an orbit with lower inclination angle. 
 
After collecting AIS data from ships, the satellites can immediately download these data to any 
supporting ground stations within line of sight. The strategic positioning of ground stations around 
the world ensures that any satellite can have at least one download window per orbit (90 to 45 
minutes in average). Thus, the total system response time is the sum of the time required for a 
satellite in the constellation to pass over any location on Earth (satellite revisit time) and the time 
before the data can be downloaded to the ground. Table 4 presents a simplified estimation for total 
system response time, in other words, how quickly the nano-satellites constellation can deliver AIS 
data to the ground on a global scale. 
 

Table 4 . Simplified estimation for total system response time 

 Best case Worst case Average case 

Satellite revisit time 5 minutes 240 minutes 180 minutes 

Time between satellite download windows 5 minutes 90 minutes 45 minutes 

Total system response time 10 minutes 330 minutes 225 minutes 

 
However, it can be difficult to place the nano-satellites into desired orbits because of limited launch 
opportunities available as they have to be taken into space as a piggy-back on bigger spacecraft. 
This requires detailed orbital analysis based on actual launch opportunity to see if a launch is 
suitable for the constellation. 
 
7.2 Redundancy 
 
On 19 June 2008 Orbcomm Inc. launched six ORBCOMM satellites carrying AIS receiver as a 
secondary payload in an attempt of the company to provide global coverage of ships traffic as a 
service. However, in the end of 2009 most these satellites failed due to attitude control system 
anomalies as well as anomalies with its power systems. Failure of the last satellite carrying AIS-
receiver was announced in Feb 1st 2011. 
 
These failures highlighted the need of back-up capability and redundancy in a satellite constellation 
to guarantee system function. A good example is the GPS satellite constellation with about 30 
satellites in orbit while only 24 satellites are enough to keep the system operational. The surplus 
satellites can be put in normal operation mode to increase AIS data collection performance of the 
whole system or put in standby mode to increase their lifetime and put back online if other 
satellite(s) failed. As the constellation ages, replacement satellite(s) can be launched to ensure 
redundancy and keep the system functioning continuously. 
 



 

 

8. IMPLEMENTATION PLAN 
 
One of the mission objectives is to promote international cooperation in realizing this mission, and 
in utilizing this space asset together with existing AIS systems. This aims not only to minimize 
mission development costs, maximize the probability of mission success, but also to reach as many 
as possible end-users with the best possible AIS data service. In the following, an implementation 
plan with organization, development plan, cost estimation, risk analysis, etc., is presented. 
 
8.1 Team Organization 
 
Figure 6 presents the organization for implementation of this proposal: 

 
Figure 6. Project organization 

8.2 Implementation Plan 
The overall implementation plan of this proposal is presented in table 5. 
 

Table 5. Mission implementation schedule 

 
 

8.3 Cost Estimation 
 
The cost of the mission implementation consists of the cots needed for the all steps mentioned 
above. The launch and labor costs are depending on who and when to be selected as provider. For 
hardware to the satellites, a fairly good estimation can be made on basis of current prices. Table 6 
and 7 include the costs of fabrication of a BBM (50% cost of a FM), an EM (100% cost of a FM) 
and 3 FM for the constellation. Assembly, integration, testing and labor costs are estimated to about 
twice higher than the hardware costs Table 8. 



 

 

Table 6. Hardware cost estimation for one FM and presumptive component providers 

Item Cost (EUR) Reference 

3U structure 3,800 Pumpkin 

Solar panels 20,000 ClydeSpace 

Power Supply Unit 3,500 ClydeSpace 

Rechargeable battery pack 1,200 ClydeSpace 

UHF transceiver 7,200 ISIS 

Antenna 4,000 ISIS 

Magnetorquer 1,000 ISIS 

Onboard Computer 3,000 ISIS 

Space-grade AIS receiver 20,000 LuxSpace 

Other parts 5,000  

Total 68,700  

 
Table 7. Total development cost estimation 

 

 
Table 8. Ground stations setup cost estimation 

Item Cost (EUR) Reference 
Ground station 27,500 ISIS 

Total 110,000 4 ground stations 

 
Table 9. Operation cost estimation 

Item Cost (EUR) Reference 
Ground station maintenance 1,000 per month 
Electric, telecomm., water, 
administrative costs 

500 per month 

Labor cost 5,000 2 persons 

Sub-total 6,500 operation cost per month 

Grand total 390,000 total operation cost for 5 
years (60 months) 

Item Cost (EUR) Reference 

BBM model 34,350 50% cost of FM model 

EM model 68,700 100% cost of FM model 

3 x FM models 206,100  

Sub-total 309,150 total hardware cost 

Assembly, integration, 
testing and labor cost 

618,300 200% of hardware cost 

Total 927,450 1xBBM model, 1xEM 
model and 3xFM models 



 

 

Total life cycle cost estimation (excluding launch) is the sum of satellites development (table 7), 
ground stations setup (table 8) and operation costs (table 9) totalling 1,427,450 EUR or less than 2 
million USD (as of Feb 2011). 
 
8.4 Risk Analysis 
 
Risks that lower the probability of mission success are strongly depending on the experience of the 
team and regulations, mainly ITAR/EAR. Because this proposal is made by FSpace laboratory in 
Vietnam, an important part of the risk analysis is focused on FSpace's capability, its experience and 
access to the space proven hardware. In the following, a list of Strength-Weakness-Opportunity-
Threat (SWOT) analysis of FSpace team is presented, and Table 10 accounts for the risk analysis.  
 
FSpace Team SWOT Analysis: 
Strengths: 

- Highly motivated and quick-learning young team of space enthusiasts 
- Creative and positive attitude to take new, challenging tasks 
- Good knowledge and experience in software development 

Weaknesses: 
- Lack of experience and equipment for developing nano-satellites 
- Lack of competence in selling services based on AIS data for international customers 

Opportunities: 
- Established collaboration with universities in Japan and Sweden and other international 

organizations in small satellites development 
- New potential markets and customers for AIS data in developed and developing countries 
- The same idea can be extended to other vehicles tracking, for example airplanes with 

Automatic Dependent Surveillance-Broadcast (ADS-B) equipment [13]. 
Threats 

- ITAR/EAR regulations may prevent collaboration with US organizations 
- Failure of one or more satellites 
- Competition from other organizations offering global AIS data. 

 
Table 10. Risk analysis and methods of mitigation 

Risk Probability Impact Mitigation Contingency 
Space-based AIS receiver 
cannot receive/decode AIS 
messages due to message 

collisions in crowded areas 

High High 

Have at least 2 
suppliers of space-

based AIS receiver to 
buy the better one 

Use data from 
ground-based AIS 

receivers in 
crowded areas 

Quality of the design, 
manufacture is not good 
enough due to lack of 

experience of the project team 

Low High 

Contract an external 
consultant/supervision 
and use flight proven 
COTS components 

N/A 

Failure of one or more 
satellites 

Low Medium 

Have redundant 
satellite(s) placed in 
standby mode in the 

constellation 

Activate backup 
satellite(s) in the 

constellation 

Failure of a ground station Low Medium 
Join ground stations 
network, collaborate 

with other organizations 

Use backup 
ground stations 
during repair 

The International Maritime 
Organization revokes its 

AIS regulation (i.e. due to 
security concern) 

Very low Critical N/A 

Use the 
constellation for 
other purposes 

(i.e. educational) 



 

 

ITAR/EAR regulations may 
prevent collaboration with 

US organizations and 
procurement of some items 

Medium High 

Collaborate with 
organizations not under 

ITAR/EAR control 
(Japan, Euro- countries) 

N/A 

 
8.5 Project Sustainability 
 
It is important for the project to define a business model so that it can sustain itself, covering the 
investment, operation cost and bring back profit for the investors. Specifically, the Fractional 
Ownership Model for international collaboration proposed by CANEUS[14] is worth to consider 
for further study. 
 
9. PRELIMINARY RESULTS 

 
FSpace team has acquired a dual-channel ARC AIS receiver from Nauticast, Figure 7, and field 
tested in Haiphong, a major port in Vietnam with good results. The team also developed a software 
program for automatic AIS data collection and storage. The software has been running since 
November 2010 and has logged more than 3 million location reports of over 3,000 ships so far. 
 
A client software for utilization of AIS data is also being developed at FSpace laboratory. It already 
shows good preliminary results: extracted AIS data are embedded in Google Earth for presentation 
of ship positions on screen, offering a user-friendly graphical interface, Figure 8. 
 

 
Figure 7. Field test of the acquired ground AIS receiver at Haiphong port, Vietnam 

 

  
Figure 8. Main screen showing ships in East Asia (left) and tracking an individual ship’s movement 

across the English channel (right) 
 
10. DISCUSSION 
 
Because of the nature of the small nano-satellites (here 3 kg), AIS receiver system should be the 
only payload for them. Although this proposal is made for an ad-hoc constellation of such AIS 
nano-satellite, the entirely proposed mission, regarding AIS data service, can obviously be carried 
out by incorporating AIS receivers into other satellites planned for orbits that fulfill these mission 
requirements. Examples for such mission were TacSat-2, ORBCOMM satellite. However, it should 



 

 

be noted that nano-satellites with a mass of 3 kg like these have never been demonstrated in space 
for a real commercial purpose. Moreover, since they are proposed to employ 3U cubesat structure, 
the experience out of this mission will render the possibility of developing even smaller satellites 
for the same purpose. The so called plug-and-play modules have just begun to emerge in the space 
technology. In a perspective of 10 to 25 years into the future, it should be possible to carry on this 
mission with smaller but with higher performance nano- or even pico-satellites that gradually 
replace the old satellites that have served its time on orbit. 
 
As mentioned in the section Concept of Operations, the received AIS messages will be compressed 
by the OBC using, for example, Huffman or ZIP protocol. However, as there are multiple AIS 
satellite operators, it is important to initiate discussions to establish a standard AIS data storage 
format to facilitate sharing these data between different satellites and ground stations. There are a 
few forums for this mater, and one of them is organized by CANEUS, through a project called 
Limited Objective Demonstration (LOD) pilot project. It is an international group that conducts the 
collaboration project using shared small satellite data for civilian applications. 
 
The AIS nano-satellites in this proposal aims to be low cost, and eventually with better experience, 
quick-launched satellites for a real commercial task. It is therefore properly to break it down to 
smaller projects, where students can be involved, and thus giving education on universities a new 
dimension of their "student satellites project". 
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