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Spy satellite images 
once required a lot of human involvement 

[1] 

[2] 

[1] 

Declassified US Hexagon satellites 
•  20 missions from 1966 to 1986 
•  13,000 kg, 3 m  x 16 m  
•  Lifetime up to 275 days each 
•  Data (film) ejected by parachute 
•  Image resolution ≥ 0.6 m 
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A small satellite took these images 
with minimal human involvement 
 

Planet “Dove” 
•  Sydney, Australia 
•  21-23 January 2017 
•  Daily images of ships in Botany Bay 
•  Track tankers and container ships 

with automated image processing 
software 

•  34 cm x 10 cm x 10 cm, 5 kg 
•  Downlink rates >200 Mbps 
•  Lifetime 1-3 years per satellite 
•  >200 launched since 2014 
•  >100 on-orbit currently 
•  88 went up 15 Feb 2017 
•  Maps Earth’s land mass daily 

[3] 

[4] 
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What are “CubeSats”? 

•  Invented in 1999 by Jordi Puig-Suari  
and Bob Twiggs 
 

•  Standardized the CubeSat unit (1U)  
¡  Volume: 10 x 10 x 10 cm 

Mass: < 1.33 kg 
Can combine them: 1U, 1.5U, 2U, 3U  
Now 6U, 12U 
 

•  Low cost, commercial parts 
 

•  “Hitch a ride” on a rocket  
 

•  BUT, because of their small size,  
CubeSats have very limited resources 

 
 
 
 
 

[4] 

[19] 

[19] 
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The Game-changer 
Poly-picosatellite orbital deployer (P-POD) 

 
 
 

Spring-‐loaded	  box,	  
bolt	  to	  rocket	  	  
interface	  plate	  

3U	  CubeSat	  goes	  inside	   [20] 
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Tech advances shrink sensors to fit in the box 
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Temperature	  map	  from	  Advanced	  Technology	  Microwave	  Sounder	  
	  

MicroMAS	  3U	  CubeSat	  (MIT	  LL	  /	  MIT)	  [30]	  

Temperature 
radiometry map 
feeds into forecast 
models  

	  (NASA	  NPP,	  11/10/2011)	  

Advanced 
Technology 
Microwave  
Sounder on 
Suomi NPP 
 
75 kg 
130 W 

Shrink it by 
~100x mass 
and ~50x 
power for 
MicroMAS-1 
 
 

[30] 

[30] 

[31] 

8 



Cost comparison 

•  US Government Hexagon program 
•  20 satellites total FY1966 to FY1986 
•  US $3.262 Billion in respective year dollars [2]  

(also compare with Iridium, $6B in mid-1990s) 
 

•  Commercial Planet “Doves” 
•  >140+ on orbit currently 
•  3U CubeSat launch ~US $200k each 
•  Can buy a 3U CubeSat for < US $1M each 
•  Estimate in bulk: 

< US $500k each for both launch + CubeSat 
 

•  So, ~20 CubeSats in orbit < US $10M 
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Traditional: 1 big rocket, 1 big satellite 

Landsat-8 LDCM launched Feb 2013 on an Atlas V rocket from Vandenberg. The total cost of spacecraft, 
rocket, launch, and on-orbit checkout was $855M. Atlas V rockets can cost $110M-$150M [7, 8, 9]. 

[5] 

[6] 
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New: 2 small rockets, 2 small satellites 

ESA’s pair of Sentinel-2 spacecraft cost a combined 350M euros.  
Sentinel-2A launched 23 June 2015 on a Vega launch vehicle (cost ~32M euros).  
Sentinel-2B launched 7 March 2017, also aboard a Vega rocket. 

[10] [11] 
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New: 1 airplane, 1 tiny rocket, 8 micro satellites 

Eight 28-kg CYGNSS (Cyclone Global Navigation System Satellites) launched from a single Pegasus XL 
air-launched rocket. The rocket was deployed from a customized Lockheed L-1011 aircraft, Stargazer on 
December 15, 2016. The total mission cost was $152M; Pegasus launch cost was ~$55M [14].     

[12] [13] 
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Making history: 101 CubeSats ride with 1 big satellite 

15 February 2017, 88 Planet CubeSats were deployed from a PSLV with primary payload Cartosat-2D 
(714 kg, 70 cm diameter aperture imager). Planet’s > 140 CubeSat constellation now images Earth’s 
entire landmass daily during the daytime (150M sq km, 58M sq mi). 

[15] 
[18] 

[17] 

[16] 
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Why is it better to have more satellites? 

•  Because better coverage (temporal, spatial) and redundancy 
•  Smaller satellites need to work like the big ones, but with smaller sensors 
•  But, large satellites and rockets cost a lot 

14 

Geostationary satellites are always overhead, but far away, miss high lat 

Daily Polar Satellite Coverage - takes 14+ days to repeat over a spot 

[28] 
[29] 



Rides to space 

[24] 15	  



Ways to get CubeSats into orbit... 

Cygnus	  cargo	  spacecraL	  unberths	  from	  
Harmony	  module	  
 

Cosmonaut	  Oleg	  Artemyev	  throws	  Peruvian	  
CubeSat	  Chasqui	  1	  into	  orbit	  18	  August	  2014	  
 

[25,27] 
[26] 
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Animation courtesy Bill Litant  
Images courtesy NASA/NanoRacks [24] 
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Coordination is key 

•  Satellites talk to ground 
(blue) 
 

•  Intersatellite links (red) 
 

•  Task coordination 
 

•  Covering faults/anomalies 
 

•  Dynamic prioritization of 
observations 

A. Kennedy and K. Cahoy,JAIS 2016 https://arc.aiaa.org/doi/abs/10.2514/1.I010426 
Performance Analysis of Algorithms for Coordination of Earth Observation by CubeSat 
Constellations 
 

 
Read More: https://arc.aiaa.org/doi/abs/10.2514/1.I010426 
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Autonomy: schedule & optimize limited resources 

 
Both local and global optimizations can use mixed-integer linear programming 
 

A. Kennedy 

Global: Limited Communications Constellation Coordinator 

Local: Resource 
Aware Smallsat 

Planner 
 

Local: Resource 
Aware Smallsat 

Planner 
 

Local: Resource 
Aware Smallsat 

Planner 
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Local Resource Monitoring and Activity Scheduling 

The local planner 
runs independently 
on each satellite 
 
It sets a detailed 
time schedule of 
activity based on 
latest observation 
priorities 
 
It also optimizes 
data storage and 
routing 

A. Kennedy 
22 



Global Coordination of satellites, each with different sensors  

Example:	  Balance	  three	  
different	  types	  of	  sensors	  
across	  a	  large	  constella9on	  

A. Kennedy 23 



Autonomy Enablers 

•  High-performance hardware and 
efficient software to implement 
satellite and ground coordination  

•  Frequent and fast ground and 
intersatellite links  
(e.g., lasercom) 

•  Many inexpensive ground 
stations 

•  Propulsion to enable mobility 
and chasing targets 

 

Ion electrospray propulsion; MIT Space Propulsion Lab (Fernando Mier Hicks) 

Precision pointing for lasercom crosslinks, MIT STAR lab (Hyosang Yoon) 24 



“New” LEO Comm Constellations need autonomy 

25 

OneWeb 648+ satellites 
SpaceX 4,425 proposed Boeing 1,396 proposed 

Telesat 117 satellites Samsung 4,600 proposed 
[32, 33, 34, 35, 36] 



Coming soon: imaging data at your fingertips 

•  Imagine being able to use a web browser on your phone to look at 
places on Earth as they update in real time.  
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•  Tracking cargo 
(or pirates) 

•  Monitor 
construction 

•  Watch 
competitors 

•  Crop yield 
estimates 

•  Disaster recovery 
•  Forest 

management 
•  Water 

management 
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Coming soon: meteors on-demand 

•  Imagine being able to order online a colorful smallsat-enabled 
meteor shower over your next party  

•  It’s a fun idea, but there are also research applications for space-
based beacons 

27 



Coming soon: truly global 5G+ 

•  Imagine broadband anywhere – cars, countryside, ships, planes 

28 



Thank you. Questions? 

29 
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Backup  
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Safe containers bolt in “spare” corners of rocket 

CubeSat	  deployment	  pods	  on	  top	  of	  the	  Bion-‐M1	  spacecraL	  on	  Soyuz-‐2-‐1a:	  BeeSat-‐2,	  BeeSat-‐3	  and	  
SOMP	  in	  front; OSSI-‐1	  (1U)	  in	  a	  3U-‐Pod	  back	  leL;	  DOVE-‐2	  (3U)	  in	  back	  right.	  19	  April	  2013	  launch.	  

[21] 
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Small satellite types 

Small Satellites have total (wet) mass less than 180 kg 

About the size of a small refrigerator 

But, they get smaller…  

Minisatellite, 100-180 kg 
Microsatellite, 10-100 kg 
Nanosatellite, 1-10 kg 
Picosatellite, 0.01-1 kg 
Femtosatellite, 0.001-0.01 kg 
 
 

34	  DubaiSat-‐2,	  300	  kg	  

SkySat-‐1,	  83	  kg	  

Dnepr	  fairing	  
2013	  cluster	  launch	  

[22] 
[23] 



Why	  are	  more	  satellites	  beKer?	  

A.	  Marinan,	  MIT	  SM	  2013	  

•  Temporal	  coverage	  (revisit	  cme)	  
•  Spacal	  coverage	  (global)	  
•  Redundancy	  
•  Distributed	  sensors/funccon	  
•  Lower	  cost	  
•  Easier	  access	  to	  space,	  replenishment	  and	  	  
technology	  advancement	  

	  

Revisit	  Time	  (hours)	  
Case	  1	  Ad	  hoc	  constellacon	  US,	  6	  sats/plane	  

Response	  Time	  (hours)	  
Case	  1	  Ad	  hoc	  constellacon	  US,	  6	  sats/plane	  

Hours	  uncl	  100%	  global	  coverage	  
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Planet	  CubeSat	  Constella9on	  

h.ps://www.planet.com/pulse/firehose/#more-‐2603	   36	  



Example	  Local	  Planner	  Steps	  

1.	  Orbital	  Geometry	  
2.	  CubeSat	  Ops	  Model	  

3.	  Planning	  
Algorithm	  
(e.g.	  RASP)	  

4.	  Accvity	  Timeline	  

5.	  Execucon	  and	  	  
Replanning	  

37	  



Planet image ideas 

EAST TAVAPUTS PLATEAU 
Utah, USANov 13, 2016 

Natural Gas well pads dot the sandstone canyons of Utah's East Tavaputs Plateau. 

GENOA 
ItalyNov 30, 2016 

Kilometers-long breakwaters separate the Mediterranean Sea from the port town of Genoa, Italy. The circular Porto Antico (or Old Harbor), once a crucial trading port 

for goods, now serves as the town's tourism center, complete with an aquarium and a panoramic view tower. 

SUGARCANE DEFORESTATION 
BoliviaJan 1, 2017 

Amazon forestry researchers observed this rapid deforestation near the Bolivian Andes in Planet data. 

According to Mongabay, over 2000 hectares of forestland were cleared in preparation for the expansion of the San Buenaventura Sugar Mill. See the sugarcane 

fields expand rapidly over just six months. 

NADOR 
MoroccoJan 3, 2017 

The Moroccan city of Nador is sheltered from the Mediterranean by Mar Chica, a sandy saltwater lagoon. Mar Chica has a shallow maximum depth—only eight 

meters—allowing us to see the ebb and flow of tides clearly from space. 

KEY WEST 
Florida, USAJan 3, 2017 

The geometric, gridded streets of Key West contrast with the organic forms in the shallow sands surrounding the island. 

JEDDAH 
Saudi ArabiaJan 5, 2017 

A mid-day view of the Jeddah Island Seaport, home of the United Sugar Company (center-left). Their facilities can refine 1.2 million tons of sugar per year. 

ILLEGAL MINING IN PERU 
PeruJan 20, 2017 

The sprawling "La Pampa" gold mine has grown quickly over the years. In 2016, however, the mine spilled south of the Malinowski River, illegally entering the 

Tambopata National Reserve—a protected forest. The Amazon Conservation Association used Planet data to publish a series of alerts which tracked hundreds of 

hectares of illegal expansion and mapped alterations to the course of the Malinowski River. The Peruvian government has intervened and is now actively targeting 

illegally cited mining equipment inside the reserve. 

CHINESE SOLAR FARM GROWTH 
Golmud, ChinaJan 30, 2017 

China is adopting solar power faster than any other country. Watch these solar farms near the city of Golmud grow rapidly over the course of one year. 

Descartes Labs a machine learning and computer vision company, allows you to find more solar farms in Planet imagery with their GeoVisual Search tool. 

DISNEYLAND PARKING LOT 
California, USAMar 7, 2017 

Over a year-long period car counts in the Disneyland's "Mickey and Friends" parking structure fluctuate. The construction of Star Wars Land—Disneyland’s first new 

“land” in decades—is also visible. From space, Dove cubesats document the clearing and leveling of much of the "Rivers of America" attraction as well as several 

backstage buildings in preparation for new attractions. 
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