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Figure 5.  Comparison of Crown distribution derived from an automated 
crown detection algorithm.  Two areas from two IKONOS images.
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Abstract_
Structural properties of forests are closely linked with ecosystem functioning. Forest gaps 
are important in an ecological sense because they are involved with tree regeneration 
dynamics and species diversity and distribution (Schemske and Browkaw 1981, Denslow
1987, and Vitousek and Denslow 1986). The spatial patterning and distribution are of 
interest to ecologists. Gaps increase light levels in understory, release nutrients, and 
create structural habitat for some species of flora, fauna, and fungi (Schemske and 
Browkaw 1981, Denslow 1987, and Vitousek and Denslow 1986). Previously, we 
developed a crown detection algorithm that used high resolution satellite image data. We 
applied this algorithm in an undisturbed tropical forest with good results. In this work we 
have further developed the algorithm to examine logged forests and the disturbances of 
such forests. Patios and gaps created by logging create a spectral signature that is 
different then local maxima associated with tree tops. By using the multi-spectral image 
of IKONOS along with the higher resolution panchromatic image, our refined algorithm 
was able to filter out these features. Ability to estimate logging impacts in vast areas of 
the Brazilian Amazon using IKONOS imagery is vital in attempts to understand the 
regional carbon balance. 

Algorithm_
Currently, there are two primary algorithms used in high-resolution canopy automated 
analysis.  These two techniques are local maximum filtering and local minima value finding.  
Local maximum filtering has proven accurate in estimating the number of trees using the 
assumption that the brightest local value represents the characteristic of a single crown 
(Wulder et al. 2000).  Local minima value finding has been used to detect the area between 
two crowns, using the assumption that the darker image values are created by shadows 
between crowns (Pouliot et al. 2002 ). 

Our algorithm combines local maximum and minima finding methods. It introduces three 
new concepts in crown detection analysis.  These are the analysis of iterative local 
maximum analysis, a derivative threshold that ends ordinal transect analysis, and the 
removal of previously analyzed pixels from further analysis.

Study Area and Data_
Study Areas and Satellite Observations
Two IKONOS panchromatic images were used from two time periods from an Amazonian 
forest in Para, Brazil: the Tapajos National Forest, (3.08° S, 54.94° W). 

Stand Data and Biomass Data
Tree geometry data from Asner et al. 2002 was used in analysis of crown width distribution. 
Stand data from Rice et al. 2004 and Keller et al. 2001 were used for validation of stand 
characteristics.

Allometric Equations
The crown width to DBH allometric equation used here was developed in Asner et al. 2002.  
The DBH to biomass equation used here is from Brown et al. 1997. 

Examination of Canopy Disturbance in Logged Forests in the Brazilian Amazon 
using IKONOS Imagery _
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Figure 2.  Digital number data used for 
termination of an ordinate.  The crown 
edge is estimated to be 8 pixels from the 
local maxima.

Figure 3. – Cumulative frequency distribution 
for field observed canopy diameters and 
automated crown estimate at Cauaxi.
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Figure 1. Example of analysis of a 240 by 240 
meter section of undisturbed tropical forest.  
White circles are delineated crowns, black 
polygons trace the outline of transects, pink 
pixels indicate area of polygons.

Results      

Summary   
We examined two IKONOS images of the same area containing 
undisturbed and RIL logged forest.  Differences were found 
between the undisturbed and logged sites within each image.  
Temporal differences were also found for the same area 
between the two images.  Logged areas had smaller average 
crown sizes and more trees.  The removal of larger trees for 
timber exposed smaller canopies previously shaded by the large 
trees.  These initial results suggest that our automated crown 
detection algorithm may be useful for identification of logged 
areas and diagnosis of logging damage and regeneration. 

Figure 6. Comparison of average crown width and areal
density derived from an automated crown detection algorithm.  
Two areas from two IKONOS images.

Preprocessing
1. Modal, maximum, and minimum brightness 

values (DN) found
2. Moving window 3x3 averaging filter

Crown Detection
1. Local Maxima Analysis
2. Brightness value (highest to modal brightness 

values examined in an iterative step)
3. Local maxima seeds ordinate analysis

Ordinate Analysis
1. Ordinate analysis (series of DN values in straight 

line) radiates out in multiple directions from the 
local maxima or seeded pixel.  Number of 
ordinates defined by user (64 in this study).  

2. End ordinate when the next pixel DN value is 2 
greater then current pixel

3. Ordinate may not proceed into previously 
determined crowns

Crown Determination
1. Two longest opposite ordinates determined 

(crown width)
2. Crown drawn as circle using radius of one-half of 

the longest crown width
3. DBH and Biomass estimate conducted based on 

crown width
4. Once a crown is determined, no new local 

maxima in that area may be analyzed
Future Work   

Figure 4. – (A) Photograph of a one year old forest 
gap produced by selective logging.  (B)  IKONOS 
image of a selectively logging tropical forest.

The use of the multi-spectral bands and an NDVI filter are future 
endeavors that will aid in logged area studies using IKONOS imagery.

Other Areas and Other Platforms 

Quickbird Images
Videography
Aerial Photography

New Steps with Multi-Spectral IKONOS Bands 
Texture Filter (remove non-forested areas from analysis)
Use NDVI as filter in Local Maxima Analysis (No seeding allowed in 

areas filtered)
Compare pixels within a determined crown for spectral similarity
Mean and standard deviation for each crown for pan, ndvi and four 

spectral bands recorded
Kmeans cluster analysis on crown information
Sobell Filters used for edge detection

Figure 8. A 200 m by 200 m IKONOS image analyzed 
for crown geometry using a automated crown detection 
algorithm.  White circles are delineated crowns based on 
the black polygons, which represent a series of ordinal 
transect radiating out from the local maximum.

Figure 7. Difference in areal density between 2000 and 2002 at Tapajos for a 
Undisturbed Forest (UF) and a Reduced-Impact Logging Area (RIL).  

(A) (B)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


