


Current status of lean satellites

• Practical application via constellation started

– Mass production era?

• CubeSat gets larger

– Shifting to 3U, 6U

• Mission is shifting to “Tech-demo”, “Science” and 
“Practical (commercial) application” from  
“Education”



Constellation



Lean Satellite Constellation



Mega constellation under construction



Constellation
• TRANSIT (1960s)

– 46 Satellites from 1959 to 1988

– Position determination of US Naval Ship (nuclear 
submarines)

– 55kg each

– 1100km altitude

Credit APL

http://www.aero.org/publications/crosslink/spring2010/08.html



Constellation

• GPS (Global Positioning System)

– 24 satellites, 6 orbital plane at 55o inclination

– Orbital period half a day

– The first launched in 1978

– See the animation of orbital motions of GPS at

– http://en.wikipedia.org/wiki/File:ConstellationGPS.gif

• GLONASS(GLObal Navigation Satellite System)

– 24 satellites, 3 orbital plane at 65o inclination



IRIDIUM



First-generation LEO constellation



OrbComm
•
• 1
• 1



Difference between now and then

• Use of COTS (Commercial-Off-The-Shelf) parts and 
components

– Drastic cost reduction

• Adaption of lean satellite philosophy

– Risk-taking

• Need to achieve

– Low-cost & Fast-delivery & Reliability



Horizontal or Vertical?
• Vertical structure

– Success of Toyota in 1980 and 90s

– Achieving lean enterprise throughout Keiretsu (hierarchy)

– Just-in-Time production from the top (Toyota) to the bottom 
(parts supplier)

– Physical proximity of the suppliers, the market, etc

– Automobile requires delicate integration of mechanical parts

Prime
(integrator)

Tier 1 (Subsystem)

Tier 2 (component supplier)

Tier 3 (Parts & material supplier)



Horizontal or Vertical?
• Horizontal structure

– Success of Dell in 2000s

– Procuring parts/units/subsystem worldwide with the lowest price

– Assembly at countries with cheap labor

– IT network to handles the procurement

– Modular products. Needs to define only interface 

– Little need for localization (except local language)

Added 
value

Customer

Sales

Assembly & integration

Unit 
manufacturing

Development
Design

Product planning

http://www.kobelcosys.co.jp/column/monozukuri/303/



Horizontal or Vertical?
• Vertical & Horizontal structure

– Success of iPhone in 2010s
– Procuring parts/units/subsystem worldwide 
– Rigorous control of supplier
– Highly integrated product



Question
• Is traditional satellite development & 

production scheme vertical, horizontal or 
vertical & horizontal?



Vertical integration in satellite industry



Vertical integration in satellite industry



Vertical integration in satellite industry



Vertical integration
• It is interesting to see Planet and Spire, the two 

major constellation builders both chose vertical 
integration. Why?



Benefit of Vertical Integration



Vertical or Horizontal? (CubeSat)



Vertical or Horizontal? (~300kg)



Rationales for vertical integration (Spire’s case)
• Rapid cycles of satellite design improvements

– Iteration with suppliers takes too much time
• Rapid response to available launch opportunity

– Cannot wait for long-lead items
• Horizontal integration is too slow
• Outcome

– Cost saving
– On-time delivery of satellites
– More reliable

• Drawback
– Initial investment for in-house components development



Rationales for vertical integration (Spire’s case)

• They can now build 8 satellites in 16 days



Vertical integration in Kyutech satellite projects?

In-house Outsourced items

Structure Proven

EPS Proven

OBC Proven

COM In progress Tx/Rx 

Backplane Proven

Solar Array Proven Solar cells

Battery Proven

Attitude determination In progress Sun sensor
Earth sensor
Star tracker

Attitude control actuator In progress RW
MTQ

Propulsion No

AOCS software In progress



Rationale for vertical integration for our case

• Pros

– Avoid proprietary issues

• Can transfer technologies to BIRDS countries

– Rapid development

– Reliability

– Cost saving

– Standardized bus

• Wider possibilities of joint satellite project by adapting various payloads

• Cons

– Cost to maintain design and manufacturing knowledge

• Key

– Constant satellite development, manufacturing and operation to make the 
design and manufacturing knowledge updated and continuous improvement

– Transfer the knowledge to a commercial company?

• Need special agreement for non-commercial usage
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