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What is a Satellite Image?



Up to the late 90s: acquisition and use only for national 
governments (that kept their capabilities and knowledge 
classified and under extremely tight security controls). 

GIS (Geographic Information System) data is now:

Free                                              Purchasable 
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 Purchasable through commercial vendors

o Panchromatic 

o Multispectral

o Hyperspectral

o Infrared 

Remember: Commercial = 0.5 meters resolution

Any lower resolution is resampled to 0.5 m for sale to 
commercial customers
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Commercial satellite imagery has a wide range of uses at the IAEA and in 
other entities that are part of arms control treaty regimes.



History of ISIS’s Use of Imagery

• ISIS started working regularly with commercial 
satellite imagery in the late 1990’s.

• Our first significant case involved the 1998 
Pakistani nuclear test. Since then we have 
regularly published imagery studies of nuclear 
programs in up to a dozen states (Iran, North 
Korea, Syria, India,and Pakistan).

• We produce a relatively simple product for public 
dissemination.

• ISIS products have received extensive media 
coverage over the years.



Why ISIS Uses Satellite Imagery

• The use of satellite imagery is an important 
component of the research and educational mission 
of ISIS and other NGOs because it’s a powerful tool
for:

1. Public and Governmental Education

2. Public Awareness

3. Transparency

4. Better Analysis of Nuclear Weapons Capabilities

• Can prove or disprove media claims;

• Increases our ability to hold governments accountable.



• Transparency and Public Awareness:
Commercial satellite imagery has opened an 

important door to the public’s better 
understanding of the nuclear programs of 
proliferant states.

 Imagery of nuclear sites has increased 
transparency and public awareness of the nuts 
and bolts of nuclear proliferation and more 
importantly the risks posed by it.

 ISIS imagery analysis has supported the findings 
of the IAEA and helped this key international 
agency in building its case for inspections of sites 
and activities in countries, e.g. Natanz in 2002, 
Lavisan in 2004, and Parchin today.



• Tool for Better Analysis of Nuclear Weapons 
Capabilities:

Commercial satellite imagery can publicly reveal 
sites that increase a proliferant state’s capability 
to make plutonium or highly enriched uranium 
for nuclear weapons.

Commercial satellite imagery allows for better 
empirical estimates of proliferant state current 
and projected inventories to make fissile material 
for nuclear weapons.
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Successful Use of Imagery? 

• Purchasing the Satellite Image alone is NOT 
enough!

In order to extract information you need 

two more steps



1. Image Processing and Manipulation

Software: ERDAS Imagine, ENVI

Bands: 3 Multi, 1 NIR, 1 Pan

Breakpoints

Look Angles 



Software Options

ERDAS Imagine

Professional: $5250 

(+ $948/yr maintenance)

Advantage: $2500 (+ $456 
per year for maintenance)

ENVI

ENVI Node-locked: $6,305

(+ maintenance) 



Raw Image







Processing and Manipulations 
Gives You…





2. Imagery Analysis

• Commercial satellite imagery, by itself, is nothing more than a 
compendium of “Raw Data” in the form of pixels. This is of 
little use without the addition of “Interpretation” and 
“Analysis”. 

• Imagery analysis is the process of deriving labels and 
determining their significance, both of which add value to the 
raw data. Usually, you can find a nuclear site using one of two 
strategies:

• 1) Direct Recognition: identifying a nuclear reactor through 
one of its signatures (ex: cooling system)

• 2) Inference: from elements such as security fence, size and 
shape of buildings, location, differential vegetation etc. 



Example of Direct Recognition
Chashma, Pakistan, December 14, 2013



Heavy Water Towers
Arak, Iran



• Imagery interpretation can also be described as enlisting the 
basic “Five S’s’”

1. Size: awareness of the scale of the imagery (for TRUE sizes)

2. Shape: Physical characteristics of the objects 

3. Shadows: careful of sun angle!

4. Shade: the tonal brightness and contrast

5. Surrounding Objects: context 

But that’s NOT all!

 Signatures: cooling towers, long rectangular buildings, domes, 
Water ponds, large ventilation systems such as vent stacks, 
large electrical switchyards, security perimeters etc.

 Time: temporal changes determined from monitoring a site 
with multiple images taken at different times.



Fuel Cycle Activities and their 
Observable Signatures

Uranium Mining and 

Milling 

Piles of ore and tailings, 

large ore trucks 

High 

Conversion No signatures different 

from chemical plant 

Low 

Gas Centrifuge Low requirements for 

electricity and water 

None 

Gaseous Diffusion High power demand, high 

voltage supply lines, switch 

yards, cooling towers, heat 

generation 

Medium 

EMIS High power demand, local 

transformers 

Low 

Fuel Fabrication No observables None 

Reactors Containment buildings, 

power lines, cooling towers 

Low 

Reprocessing Road or rail access, high 

capacity water supply, 

water treatment, transport 

canisters 

Medium 
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Analysis
The use of Imagery for Nonproliferation purposes strongly relies on 

Imagery Expertise + Nuclear Expertise

Nuclear 

Analysts 

Imagery 

Analysts

Imagery Processing Analysis
Successful 

Use of 
Imagery

Nuclear 
Imagery 
Analyst



Government

ISIS

Acquires Imagery
Analysis by General 

Imagery Analysts
Seek Nuclear 

Experts if Needed

Acquires Imagery
Analysis by Nuclear 

Experts

Seeks General 
Imagery Analysts if 

Needed



What ISIS Can Bring to the Table
Imagery Analysis needs to be integrated with other information:

General Nuclear Fuel Cycle Knowledge

State Specific Nuclear Fuel Cycle Knowledge

History of Each Nation’s Nuclear Program

Each Nation’s Nuclear Trading Schemes

Illicit Nuclear Procurements



Analysis is Very Important
because…

…you have to be careful of 
Imagery
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ISIS Imagery
Examples



PARCHIN, IRAN



Parchin: Before and After



Parchin February 4, 2013











FORDOW, IRAN





Rare Materials Plant (RMP) 
India









Yongbyon, North Korea







Khushab, Pakistan





Punggye-ri, North Korea



North Korea’s Punggye-ri Nuclear Test Site













“Wide Area Searches”

The Case of 

Al Kibar, Syria



How ISIS found It









Composite of Syrian suspect site and Yongbyon 5 MW

Suspect Site, Syria Yongbyon 5 MW



The Case of 

Lashkar Ab’ad, Iran







Iranian National Center of Laser Science 
and Technology (INLC) 



Special Materials Enrichment Plant 
(SMEF), India









Thank You

www.isis-online.org
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