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were identified in both NANOSATC-BR1 and 

NANOSATC-BR2 missions, reducing and optimizing them in order to 

enhance mission performance by lowering risks levels. To support this 

analysis, the PDCA Methodology is used. The V Model – from System 

Engineering – will be used in this case as well because of its architecture, 

which has the capability of verifying what is being built with what was 

defined, to guarantee that the mission stakeholders will be fulfilled. 

Analyzing the obtained risk analysis data, solutions are presented with the 

objective to reduce risks, in specified parts of nanosatellites milestone in 

order to get a better result with less changes. The nanosatellites analyzed are 

the NANOSATC-BR1 – which has already completed one and a half year in 

operation on space -  and the NANOSATC-BR2, both of them from the 

NANOSATC-BR - CubeSats Development Program. This Program aims to 

improve and capacitate building of human resource by designing, developing 

payloads and platforms, test, launch and operate national scientific satellite 

in CubeSat standards. The Program has been designed and executed in a 

partnership between the Southern Regional Space Research Center (CRS) 

from the National Institute of Space for Space Research (INPE – MCTI) and 

Santa Maria Space Science Laboratory (LACESM), from the Federal 

University of Santa Maria (UFSM).The program has aid and support from 

the Brazilian Space Agency (AEB). 

Introduction: 

 
The NANOSATC-BR, CubeSats Development Program has two 

nanosatellites, both from CubeSat standards – the minimum size for this 

category is a 1U, which is a cube with 100 mm of edge and, at maximum, 

1.33 Kg in mass. The first nanosatellite of the program is the NANOSATC-

BR1 (or abbreviated as NCBR1), which is an 1U CubeSat that fulfills all the 

requirements to fit in the CubeSat category, and its scientific mission is to 

get data from a magnetometer from the Earth magnetic field – specially from 

SAMA – South American Magnetic Anomaly – and from the Equatorial 

Ionospheric Electrojet. Its technologic mission is to test integrated circuits 

(both developed in Brazil) resistance due to the radiation [1]. NCBR1 is 

currently transmitting data from its payloads for more than eighteen months. 

 

The second satellite – waiting for launch – is the NANOSATC-BR2, which 

is a Two Unit CubeSat (2U), (NCBR2), and has as one of its most important 

scientific missions to analyze the dynamics of the Ionosphere plasma using a 

Langmuir Probe. Regarding the technologic missions, one of them consists 

in validate an attitude control system – the very first Brazilian one – with 

triple redundancy. 

 

With the objective of improving future CubeSats missions, the PDCA 

methodology was used to provide better results to the process. Working with 



 

mission risks analysis and critical 

parts of the mission with higher risks 

context and suggestions are made to correct
 

Methodology: 
 

One PDCA cycle was made for each mission. The PDCA cycle is a 

continuous management methodology to improve processes and products 

with four basic steps, being them Plan (P), Do (D), Check (C) and Act (A), 

Fig. 1. Initially, the first step is to define what the objective is and how to 

achieve it. The second phase is used to do what was defined in Plan phase. 

Next step is to Check and analyze the new situation 

changes in Do – and compare with the previo

used to determine if what was done in Do improved the system 

– or made it worst [3]. 

 

Fig. 1. PDCA Cycle

 

To enhance explanation when improvements suggestions are made, 

it was used the V Model from System E

capability of describing the steps from the program development and the 

interactions between them [4]. 
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mission risks analysis and critical points found in the process [2], the 

parts of the mission with higher risks – critical points – are analyzed in each 

context and suggestions are made to correct – or minimize – them. 

One PDCA cycle was made for each mission. The PDCA cycle is a 

continuous management methodology to improve processes and products 

with four basic steps, being them Plan (P), Do (D), Check (C) and Act (A), 

ally, the first step is to define what the objective is and how to 

achieve it. The second phase is used to do what was defined in Plan phase. 

Next step is to Check and analyze the new situation – after being made 

and compare with the previous situation. In the end, Act is 

used to determine if what was done in Do improved the system – then keep it 

 
Fig. 1. PDCA Cycle 

To enhance explanation when improvements suggestions are made, 

it was used the V Model from System Engineering, Fig. 2, due to its 

capability of describing the steps from the program development and the 



 

Fig. 2. Shows V Model

 

 

The PDCA was used as follow: 

 

Plan – The objective is reduce critical mission risks 

improve the rate of success in future missions, Fig. 3.

Do – In Do, data from the missions were collected, and then the software 

was used to get new risk analysis, Fig. 4. The risks were obtained using the 

CUBESAT MISSION DESING SOFTWARE TOOL 

ESTIMATING [5] software (it uses based recorded missions and statistics 

regression methods to identify missions risks), Fig. 5.
 

Fig. 3. Inputs from
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Fig. 2. Shows V Model 

The objective is reduce critical mission risks – critical points – to 

improve the rate of success in future missions, Fig. 3. 

In Do, data from the missions were collected, and then the software 

was used to get new risk analysis, Fig. 4. The risks were obtained using the 

CUBESAT MISSION DESING SOFTWARE TOOL FOR RISK 

ESTIMATING [5] software (it uses based recorded missions and statistics 

regression methods to identify missions risks), Fig. 5. 

 
Fig. 3. Inputs from current data for NCBR1 

 



 

Fig. 4. Risks Analysis for current data for NCBR1

Fig. 5. Risks for NCBR1 mission in Consequences x 

Likelihood graph 

Check – For comparison, the software CUBESAT MISSION DESING 

SOFTWARE TOOL FOR RISK ESTIMATING was useful due

capability of using more than one mission data, side by side, Fig. 6. Using 

other identified mission critical points with the new risk analysis from Do 

step, a graph was created showing both analyses.

Consequenses x Likelihood (Fig.
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Fig. 4. Risks Analysis for current data for NCBR1 

 

 
Fig. 5. Risks for NCBR1 mission in Consequences x 

 

For comparison, the software CUBESAT MISSION DESING 

SOFTWARE TOOL FOR RISK ESTIMATING was useful due to its 

capability of using more than one mission data, side by side, Fig. 6. Using 

other identified mission critical points with the new risk analysis from Do 

step, a graph was created showing both analyses. The graph shows 

Consequenses x Likelihood (Fig. 7.). 



 

Fig. 6. Shows in Milestone 1 risk analysis from 

NCBR1 with old data and in Milestone 2 risks analysis 

for NCBR1 with current data.
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Fig. 6. Shows in Milestone 1 risk analysis from 

NCBR1 with old data and in Milestone 2 risks analysis 

for NCBR1 with current data. 



 

Fig. 7. Shows in the graph Consequence x Likelihood 

the risks from the two data for NCBR1.

 

Act – Suggestions to ease critical points, based on current situation the 

mission is facing, were introduced.

 

This four-step process was made firstly for NCBR1 and right after for 

NCBR2, allowing better analysis on critical points, Fig. 8 and Fig. 9.
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Fig. 7. Shows in the graph Consequence x Likelihood 

the risks from the two data for NCBR1. 

se critical points, based on current situation the 

mission is facing, were introduced. 

step process was made firstly for NCBR1 and right after for 

NCBR2, allowing better analysis on critical points, Fig. 8 and Fig. 9. 



 

Fig. 8. Inputs for NCBR2

 

Fig. 9. Comparison between NCBR2 old and current data.

 

Results and discussion: 

 
Using obtained data from the software, actual critical points detected for 

NCBR1 in the software mission are:

- Schedule (SCH) – schedule ,

- Being unable to communicate with spacecraft (SC

- Unable to gather data from spacecraft (SC

- Loss of human knowledge and experience (PER);
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Fig. 8. Inputs for NCBR2 with current data. 

 
Fig. 9. Comparison between NCBR2 old and current data. 

Using obtained data from the software, actual critical points detected for 

NCBR1 in the software mission are: 

schedule , 

o communicate with spacecraft (SC-1), 

Unable to gather data from spacecraft (SC-2), 

Loss of human knowledge and experience (PER); 



 

As NCBR1 has been transmitting 

year, its scientific mission has already been complete. 

critical point Schedule can be dismissed.

 

Due to recent solar activity, NCBR1 batteries are unable to recharge and 

keep power for a long period of time. As a result, it needs 40 minutes of 

solar incidence for being able to receive an

improvement to avoid this kind of problem in future missions is the Orbit 

Analysis. As NCBR1 was unable temporally to communicate with Program 

Ground Station because of limited solar exposure time on its orbit, this 

problem could be avoided in future missions with careful orbit analysis 

taking in account solar time exposure until reach Ground Stations and power 

consumption in this period. As a result, it will be able to collect data from its 

payloads, receive and transmit. This suggestion can be attached to SC

SC-2 critical points found. The following image (Fig. 10.) shows the 

development phase to implement this improvement, in V

Fig. 10. Shows where act in V
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As NCBR1 has been transmitting its payload data for more than a 

year, its scientific mission has already been complete. Therefore, the first 

critical point Schedule can be dismissed. 

Due to recent solar activity, NCBR1 batteries are unable to recharge and 

keep power for a long period of time. As a result, it needs 40 minutes of 

solar incidence for being able to receive and transmit data. The suggestion of 

improvement to avoid this kind of problem in future missions is the Orbit 

Analysis. As NCBR1 was unable temporally to communicate with Program 

Ground Station because of limited solar exposure time on its orbit, this 

em could be avoided in future missions with careful orbit analysis 

taking in account solar time exposure until reach Ground Stations and power 

As a result, it will be able to collect data from its 

This suggestion can be attached to SC-1 and 

2 critical points found. The following image (Fig. 10.) shows the 

development phase to implement this improvement, in V-Model. 

 
Fig. 10. Shows where act in V-Model 



 

Finally, the loss of human knowledge and e

especially to university undergraduate programs due to small time of 

students permanence in college before graduation. In NANOSATC

CubeSats Development Program it is being avoided with gradual change 

with new undergraduate students members, so the experience and knowledge 

can be shared and transferred to the new incoming students. An intern 

network with access to all the NCBR Program documents helps to reduce 

this problem. This should be applied to all parts on the V

the role project is covered. 

 
Fig. 11. Shows graph comparison between old and 

current NCBR2 data.

The obtained critical points (Fig 11) for NANOSATC

- Schedule (SCH) – schedule,
- Unable to gather data from spacecraft (SC
- Loss of human knowledge and experience (PER);
Critical point PER in NCBR2 can be ease with the suggestions made for 

NCBR1, even more both satellite being in the same Program and Team.

 

In output tab from the software were identified the 3 major concern points 

for SC-2 critical point. Two of them, with maximum likelihood, are due to 

inability to get/generate solar power. As suggested for NCBR1 an orbit 

analysis, it can be applied for NCBR2. The third point is failure of sensors 

getting health data. This is already minimized due the redundancy systems in 

the satellite. 

For SCH critical point, one of the most important problems which delayed 

the finalization and launching of NCBR2, which was initially planned for 
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Finally, the loss of human knowledge and experience is a real problem, 

especially to university undergraduate programs due to small time of 

students permanence in college before graduation. In NANOSATC-BR, 

CubeSats Development Program it is being avoided with gradual change 

students members, so the experience and knowledge 

can be shared and transferred to the new incoming students. An intern 

network with access to all the NCBR Program documents helps to reduce 

this problem. This should be applied to all parts on the V-Model to ensure 

Fig. 11. Shows graph comparison between old and 

current NCBR2 data. 

The obtained critical points (Fig 11) for NANOSATC-BR2, (NCBR2), are: 

schedule, 
Unable to gather data from spacecraft (SC-2), 

of human knowledge and experience (PER); 
Critical point PER in NCBR2 can be ease with the suggestions made for 

NCBR1, even more both satellite being in the same Program and Team. 

In output tab from the software were identified the 3 major concern points 

2 critical point. Two of them, with maximum likelihood, are due to 

inability to get/generate solar power. As suggested for NCBR1 an orbit 

analysis, it can be applied for NCBR2. The third point is failure of sensors 

dy minimized due the redundancy systems in 

For SCH critical point, one of the most important problems which delayed 

the finalization and launching of NCBR2, which was initially planned for 
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2013, transferred to 2014 and after postponed again for 2015, and now 

it is being planned for launch window for June/July 2016 by a DNEPR in a 

Russian Launch Base is the severe and very heavy Brazilian bureaucracy 

with the availability of its financial budget from the Brazilian Space Agency. 

However, the Program General Coordinator and Project Manager is 

negotiating with the Ministry of Science, Technology and Innovation - 

MCTI the approval of a special document "TED" in order to permit the 

NCBR2 Team mobility and its launch in 2016. Therefore, the problem is 

neither technical nor Capacity Building availability even of infrastructure, 

but only bureaucratic in decision taking. 

 

Conclusions 

 

With obtained risk data and possible improvement, it is observed that some 

suggestions can be applied in general nanosatellite missions generating great 

improvement such as SC-2 faced from both NCBR1 and NCBR2 CubeSats. 

PER can be mitigated in all satellites from the program (actual and future) 

using the proposal suggested. 

 

Some other critical points should be analyzed for each satellite mission 

(scientific and technological) and current mission development phase. 
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