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Space

•Panchromatic

•Multispectral

AirGround

•Color

•Panchromatic

•Multispectral

•Thermal
EM DC Resistivity

GPR

Magnetometry
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•Different sensors 
respond to diverse 
physical properties—
different anomalies 
indicated

•Data are complementary

•More holistic view of 
subsurface

•“The whole is larger than 
constituent parts”

Resistivity    Magnetometry

Earthlodge at Whistling Elk Village, SD (A.D. 1300)
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•Large surveys increase chances 
of recognizing cultural patterns

•Regular geometric shapes 
generally anthropogenic

•Partially revealed anomalies 
difficult to recognize

•Imaging entire features facilitates 
interpretation

A “Giant” 15% Sample!

Whistling Elk Village, South Dakota (A.D. 1300)

Electrical resistivity

Get the Big Picture!
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PRIMARY SITES

• Army City at Fort Riley, KS
(AD 1917-1921)

• Escondido Pueblo, Fort Bliss, NM 
(AD 1200-1400)

• Kasita Town, Fort Benning, GA
(AD 1625-1835)

• Silver Bluff Plantation , DoE
Savannah River, SC (AD 1740-1790)

SECONDARY SITES

• Mount Comfort Church , AR
(AD 1840s-1863)

• Whistling Elk Village , SD
(ca. 1300)



“Spanish Mission” 
architectural style
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Today

Army City, Ft Riley, Kansas (1917-1921)
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Aerial Detection

Satellite Detection

Ikonos QuickBird KVR-1000



��
�.����������	�����
��
�������!�

Army City, Ft Riley, Kansas (1917-1921)

False color (2.4 m)

QuickBird

False Color IR (2.4 m)Pan (60 cm)Pan-sharpened

Aerial

NOT  REVEALING !
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Army City, Ft Riley, Kansas (1917-1921)

2002 Drought: Vegetation 
Marks Excellent— Potential!

Pilot   Camera Operator

Powered 
Parachute

Cellar

Footings

Walls
Raytheon Palm IR-250 Thermal Infrared

Revealing!
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Army City, Ft Riley, Kansas (1917-1921)

Conduct-
ivity

GPR

Magnetic 
Gradiometry

Magnetic
Suscept.

Resistivity
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1. Interpretive Approaches (Traditional)

3. Mathematical Transformations / Common GIS Operati ons

a. Operations on Binary Data

b. Operations on Continuous Data

4. Statistical Methods

a. PCA / Factor Analysis

b. Cluster Analysis (Unsupervised Classification)

c. Discriminant Function (Supervised Classification)

2. Computer Graphic Approaches

a. Two-dimensional Overlays

b. RGB Composites

c. Translucencies
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EM conductivity
isoline contours 
overlaid on 
electrical resistivity
colored raster

GPR colored raster
overlaid on 
magnetic 
susceptibility
shaded relief 
surface

Army City, Ft Riley, Kansas (1917-1921)
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6 layers gives C     = 20 groups of 3, 
with 3! = 6 combinations of R, G, B 
for each ��� � 120 possible composites

6,3

Limit: Only 3 layers!

Army City, Ft Riley, Kansas (1917-1921)
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Effective limit: 4-6 layers

Army City, Ft Riley, Kansas (1917-1921)



Army City, Ft Riley, Kansas (1917-1921)

Boolean Intersection:

Only 11 m  mapped!
(not illustrated)

2
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•Filters were 
used to 
“flatten” the 
data

•Binary 
layers were 
created by 
thresholding

Conductivity GPR                                 Mag

Mag Sus Resistance Thermal

2 or more indicationsSum of 6 binary inputsBoolean Union: 1 or more



Data SUM
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Data normalized & standardized

Data PRODUCT (constant of 10 added to data)Data MAXIMUM (per pixel)

Army City, Ft Riley, Kansas (1917-1921)
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Data normalized & standardized

Maximum correlation: | r|=.3; thermal independent

--100.08.0.486

--92.011.9.715

--80.115.0.904

Thermal65.116.1.963

Cond, Mag,Thermal49.119.21.152

GPR, Mag, MS, Res29.929.91.791

High
LoadingsCum. %% VarianceTotal

Com-
ponent

PCA Eigenvalues

Cond, Therm49.120.51.23

GPR, Mag, MS, Res28.528.51.71

High LoadingsCum %% VarTotal

Factors after Varimax Rotation

2

1

Factor 1 Factor 2

Positive anomalies Negative anomalies
(GPR, Mag, MS, Res) (Cond, Thermal)

Green-Blue Color Composite, Factors 1,2
(about 50% of the variance)

Army City, Ft Riley, Kansas (1917-1921)
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Data normalized & standardized

(Unsupervised Classification)

K=2: Anomalies vs. BackgroundK=3: Positive anomalies, negative 
anomalies, Background

K=4: Positive, negative anomalies, 
background divided by pos & neg thermal
K=6: Interpretable classes; K>6 many very 
small classes

Army City, Ft Riley, Kansas (1917-1921)



/�
�
$��	����������
����	

(Supervised Classification)

Training Sites: 5% 
sample from anomalies 
indicated by 2 or more 
methods

Probability surface

Classified surface

•82% correct anomalies

•91% correct background

•89% overall accuracy

Army City, Ft Riley, Kansas (1917-1921)
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•Data integrations give more holistic view of 
subsurface

��� � Facilitate interpretation

•Simple methods very powerful

•Results parallel between widely different methods

��� � Certain anomalies dominate consistently

•Factor analyses probably most insightful

•Supervised classification high potential with 
specification of many classes
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Army City, Ft Riley, Kansas (1917-1921)


