=
W UNIVERSITEIT VAN PRETORIA
Qe

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

J. Foleyet al, “Global consequences of land us&giencevol. 309, no. 5734, pp. 570-574,
July 2005.

R. T. Watson Land Use, Land-Use Change and ForestryCambridge, England: Cambridge
University Press, 2000.

T. Karl et al, “Modern global climate changeS3ciencevol. 302, no. 1719, pp. 1719-1723,
Dec. 2003.

(2010) State of the environment South Africa. [Online]. Available: http://soer.deat.gov.za/

A. Palframan, “A syntactical analysis of settlement form an investigation of socio-spatial
characteristics in low-income housing settlements in Port Elizabeth, South Africeé/ortd
Congress on Housingol. 33, Pretoria, South Africa, Sept. 2005, pp. 3353—-3355.

(2010) United nations division for sustainable development - national information -
South Africa. [Online]. Available: http://www.un.org/esa/agenda21/natlinfo/countr/safrica/
humansettlements.pdf

D. Smith, The Apartheid City and Beyondst ed. South Africa: Witwatersrand University
Press, 1992.

P. Smits and A. Annoni, “Toward specification driven change detectl&EE Transactions on
Geoscience and Remote Sensirg. 38, no. 3, pp. 1484-1488, May 2000.

T. R. Lovelandet al., “A strategy for estimating the rates of recent United States land-cover
changes,Photogrammetric Engineering and Remote Sensing 68, no. 10, pp. 1091-1099,
Oct. 2002.

R. S. DeFries and J. Chan, “Multiple criteria for evaluating machine learning algorithms for
land cover classification from satellite datRgmote Sensing of Environmevdl. 74, no. 3, pp.
503-515, Dec. 2000.

T. Lillesand and R. KieferRemote Sensing and Image Interpretatidtih ed. New York,NY:
John Wiley and Sons, 2000.

X. Zhanet al,, “Detection of land cover changes using MODIS 250m dd&&inote Sensing of
Environmentvol. 83, no. 1-2, pp. 336—-350, Nov. 2002.

J. R. G. Townshend and C. Justice, “Selecting the spatial resolution of satellite sensors requirec
for global monitoring of land transformationdtiternational Journal of Remote Sensjngl. 9,
no. 2, pp. 187-236, Feb. 1988.



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

References

[14] P. Coppinet al., “Digital change detection methods in ecosystem monitoring: a review,”
International Journal of Remote Sensjmgl. 24, no. 9, pp. 1565-1596, May 2004.

[15] D. Lu and Q. Weng, “A survey of image classification methods and techniques for improving
classification performance,nternational Journal of Remote Sensjngol. 28, no. 5, pp.
823-870, Jan. 2007.

[16] J. Borak, E. Lambin, and A. Strahler, “The use of temporal metrics for land cover change
detection at coarse spatial scaldafernational Journal of Remote Sensjngl. 21, no. 6, pp.
1415-1432, Apr. 2000.

[17] R. S. Lunetta, J. F. Knight, J. Ediriwickrema, J. G. Lyon, and L. D. Worthy, “Land-cover change
detection using multi-temporal MODIS NDVI datd&gemote Sensing of Environmgvitl. 105,
no. 2, pp. 142-154, Nov. 2006.

[18] D. J. Mildrexler, M. Zhao, and S. W. Running, “Testing a MODIS Global Disturbance Index
across North AmericaRemote Sensing of Environmevl. 113, no. 10, pp. 2103-2117, Oct.
2009.

[19] N. C. Coops, M. A. Wulder, and D. Iwanicka, “Large area monitoring with a MODIS-based
Disturbance Index (DI) sensitive to annual and seasonal variatidRsthote Sensing of
Environmentvol. 113, no. 6, pp. 1250-1261, June 2009.

[20] K. de Beurs and G. Henerby, “A statistical framework for the analysis of long image time series,”
International Journal of Remote Sensjmgl. 26, no. 8, pp. 1551-1573, Apr. 2005.

[21] G. Moser, S. Serpico, and G. Vernazza, “Unsupervised change detection from multichannel SAR
images,”IEEE Geoscience and Remote Sensing Leti@is4, no. 2, pp. 278-282, Apr. 2007.

[22] R. Radke, S. Andra, O. Al-Kofahi, and B. Roysam, “Image change detection algorithms: A
systematic surveyJEEE Transactions on Image Processingl. 14, no. 3, pp. 294-306, Mar.
2005.

[23] F. Melgani, G. Moser, and S. B. Serpico, “Unsupervised change detection methods for remote
sensing imagesQptical Engineeringvol. 41, no. 12, pp. 3288-3297, Dec. 2002.

[24] A. Singh, "Digital change detection techniques using remotely-sensed daterhational
Journal of Remote Sensingpl. 10, no. 6, pp. 989-1003, June 1989.

[25] L. Bruzzone and D. F. Prieto, “A minimum-cost thresholding technique for unsupervised change
detection,’International Journal of Remote Sensjngl. 21, no. 18, pp. 3539-3544, Dec. 2000.

[26] F. Tung and E. LeDrew, “The determination of optimal threshold levels for change detection
using various accuracy indexe®hotogrammetric Engineering and Remote Sensiogy 54,
no. 10, pp. 1449-1454, Oct. 1988.

[27] (2010, May) MODIS products table. [Online]. Available: https://Ipdaac.usgs.gov/lpdaac/
products/

[28] C. Schaafet al, “First operational BRDF, albedo nadir reflectance products from MODIS,”
Remote Sensing of Environmgvl. 83, no. 1-2, pp. 135-148, Nov. 2002.

Department of Electrical, Electronic and Computer Engimeger 122
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

References

[29] J. Verbesselt, R. Hyndman, G. Newnham, and D. Culvernbgtécting trend and seasonal
changes in satellite image time serieB&mote Sensing of Environmewsl. 114, no. 1, pp.
106-115, Jan. 2010.

[30] P. Gibson,Introductory Remote Sensing: Principles and Concepss ed. New York,NY:
Routledge, 2000.

[31] E. Christian, “Planning for the Global Earth Observation System of Systems (GECEp&Le
Policy, vol. 21, no. 2, pp. 105-109, May 2005.

[32] D. Halliday, R. Resnick, and J. Walké&undamentals of Physics John Wiley and Sons, 1997.

[33] E. F. Vermote and A. Vermeulen, “Atmospheric correction algorithm: Spectral reflectance
(MODQ9) algorithm theoretical basis document (ATBDWhiversity of Maryland, Dept of
Geography1999.

[34] H. Ouaidrari and E. Vermote, “Operational atmospheric correction of Landsat TM Baambdte
Sensing of Environmeniol. 70, no. 1, pp. 4-15, Oct. 1999.

[35] J. Nagol, E. Vermote, and S. Prince, “Effects of atmospheric variation on AVHRR NDVI data,”
Remote Sensing of Environmevil. 113, no. 2, pp. 392-397, Feb. 2009.

[36] P. M. MatherComputer Processing of Remotely-Sensed Images: An Introdu@tcbed. New
York: John Wiley and Sons, 2004.

[37] (2010) File:atmospherielectromagnetiopacity.svg. [Online]. Available: http://en.wikipedia.
org/wiki/File:Atmosphericelectromagnetiopacity.svg

[38] E. Vermoteet al,, “Second simulation of the satellite signal in the solar spectrum (6s), 6s user
guide,” InNASA-Goddard Space Flight Cent&reenbelt, MD,20771, USA, 2007.

[39] J. Susaki, K. Hara, K. Kajiwara, and Y. Honda, “Robust estimation of BRDF model parameters,”
Remote Sensing of Environmgvtl. 89, no. 1, pp. 63-71, Jan. 2004.

[40] (2010, Oct.) Brdf explained. [Online]. Available: http://www-modis.bu.edu/brdf/brdfexpl.html

[41] E. Vermoteet al, “Atmospheric correction of visible to middle-infrared EOS-MODIS data
over land surfaces: background, operational algorithm and validatlonrhal of Geophysical
Research-Atmosphereol. 102, no. D14, pp. 17131-17 141, Dec. 1997.

[42] (2010, Oct.) Types of orbits. [Online]. Available: http://www.esa.int/esaMl/LauncHerse/
ASEHQOI4HNCO.html

[43] F. Danson, R. Armitage, and C. Marston, “Spatial and temporal modelling for parasite
transmission studies and risk assessm@at;asite vol. 15, no. 1, pp. 463-468, Aug. 2008.

[44] D. Lu, P. Mausel, E. Brondizio, and E. Moran, “Change detection techniglrésfhational
Journal of Remote Sensingpl. 25, no. 12, pp. 2365-2407, June 2004.

[45] R. S. Lunetta, J. Ediriwickrema, D. M. Johnson, J. Lyon, and A. Mckerrow, “Impacts of
vegetation dynamics on the identification of land-cover change in a biologically complex
community in North Carolina, USA;Remote Sensing of Environmeubl. 82, no. 2-3, pp.
258-270, Oct. 2002.

Department of Electrical, Electronic and Computer Engimeger 123
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

References

[46] R. S. Lunetteet al., “NALC/Mexico land-cover mapping results: implications for assessing
landscape conditionfhternational Journal of Remote Sensjngl. 23, no. 16, pp. 3129-3148,
Aug. 2002.

[47] (2010) NASA: TERRA (EOS AM-1). [Online]. Available: http://terra.nasa.gov/

[48] C. Justiceet al, “The moderate resolution imaging spectroradiometer (MODIS): Land remote
sensing for global change researclEE Transactions on Geoscience and Remote Sensing
vol. 36, no. 4, pp. 1228-1249, July 1998.

[49] (2010) MODIS website. [Online]. Available: http://modis.gsfc.nasa.gov/about/

[50] (2011, Mar.) MODIS. [Online]. Available: http://eoweb.dIr.de:8080/slyuide/D-MODIS.
html

[51] E. Vermote, N. E. Saleous, and C. Justice, “Atmospheric correction of MODIS data in the visible
to middle infrared: first resultsRemote Sensing of Environmewol. 83, no. 1-2, p. 97 111,
Nov. 2002.

[52] (2010) Terra tracks earth’s vital signs. [Online]. Available: http://earthobservatory.nasa.gov/
IOTD/view.php?id=42805

[53] A. Hueteet al, “Overview of the radiometric and biophysical performance of the MODIS
vegetation indicesRemote Sensing of Environmgvdl. 83, no. 1-2, pp. 195-213, Nov. 2002.

[54] ——, “Vegetation index greenness global data S8ASA Whitepape2006.

[55] C. Tuckerand P. Sellers, “Satellite remote sensing of primary productigarhational Journal
of Remote Sensingol. 7, no. 11, pp. 1395-1416, Nov. 1986.

[56] S. Lhermitteet al,, “Hierarchical image segmentation based on similarity of NDVI time-series,”
Remote Sensing of Environmgvil. 112, no. 2, pp. 506-512, Feb. 2008.

[57] M. Jakubauskas, D. Legates, and J. Kastens, “Crop identification using harmonic analysis of the
time-series AVHRR NDVI data,Computers and Electronics in Agricultyreol. 37, no. 1, pp.
127-139, Dec. 2002.

[58] R. 1. N. Juarez and W. T. Liu, “FFT analysis on NDVI annual cycle and climatic regionality in
northeast Brasil,International Journal of Climatologyol. 21, no. 14, pp. 1803-1820, Nov.
2001.

[59] F. J. Garcia-Haroa, M. A. Gilaberta, and J. Meli, “Monitoring fire-affected areas using thematic
mapper data,International Journal of Remote Sensjmgl. 22, no. 4, pp. 533-549, Mar. 2001.

[60] Q. Zhanget al, “Urban built-up land change detection with road density and spectral
information from multi-temporal Landsat TM datdriternational Journal of Remote Sensjng
vol. 23, no. 15, pp. 3057-3078, Aug. 2002.

[61] T. Fung and W. Siu, “Environmental quality and its changes, an analysis using NDVI,”
International Journal of Remote Sensjmgl. 21, no. 5, pp. 1011-1024, July 2000.

[62] J. Townshend, C. Justice, C. Gurney, and J. McManus, “The impact of misregistration on
change detectionJEEE Transactions on Geoscience and Remote Senairhg30, no. 5, pp.
1054-1060, Sept. 1992.

Department of Electrical, Electronic and Computer Engimeger 124
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

References

[63] X.Daiand S. Khorram, “The effects of image misregistmabn the accuracy of remotely sensed
change detectionEEE Transactions on Geoscience and Remote Senanhg36, no. 5, pp.
1566-1577, Sept. 1998.

[64] D. Roy, “The impact of misregistration upon composited wide field of view satellite data and
implications for change detectionlEEE Transactions on Geoscience and Remote Sensing
vol. 38, no. 4, pp. 2017-2032, July 2000.

[65] J. Verbesselt, R. Hyndman, A. Zeileis, and D. Culvenor, “Phenological change detection while
accounting for abrupt and gradual trends in satellite image time seResiiote Sensing of
Environmentvol. 114, no. 12, pp. 2970-2980, Dec. 2010.

[66] R. Kennedy, W. Cohen, and T. Schroeder, “Trajectory-based change detection for automatec
characterization of forest disturbance dynamidd¢mote Sensing of Environmerol. 110,
no. 3, pp. 370-386, Oct. 2007.

[67] F. Schoemaret al, “South african national land-cover change map,” Food and Agriculture
Organization of the United Nations (FAO), Tech. Rep. GW/A/2010/47, June 2010.

[68] T. Celik, “A Bayesian approach to unsupervised multiscale change detection in synthetic
aperture radar imagesSignal Processingvol. 90, no. 5, pp. 1471-1485, May 2010.

[69] T. Celik and K. Ma, “Unsupervised change detection for satellite images using Dual-tree
complex wavelet transformJEEE Transactions on Geoscience and Remote Sensihg48,
no. 3, pp. 1199-1210, Mar. 2010.

[70] F. Bovolo and L. Bruzzone, “A Split-based approach to unsupervised change detection
in large-size multitemporal images: Application to Tsunami-damage assessnieBE’
Transactions on Geoscience and Remote Sengohgd5, no. 6, pp. 1658-1670, June 2007.

[71] J. Deng, K. Wang, Y. Hong, and J. Qi, “Spatio-temporal dynamics and evolution of land
use change and landscape pattern in response to rapid urbanizadodscape and Urban
Planning vol. 92, no. 3-4, pp. 187-198, Sept. 2009.

[72] C. Jha and N. Unnia, “Digital change detection of forest conversion of a dry tropical Indian
forest region,’International Journal of Remote Sensjngl. 15, no. 13, pp. 2543-2552, Sept.
1994.

[73] R. G. Townshend and C. O. Justice, “Spatial variability of images and the monitoring of changes
in the normalized difference vegetation inddxternational Journal of Remote Sensjngl. 16,
no. 12, pp. 2187-2195, Aug. 1995.

[74] E. Lambin and A. Strahler, “Change-vector analysis in multitemporal space: A tool to detect
and categorize land-cover change processes using high temporal-resolution satellite datasta
Remote Sensing of Environmevtl. 48, no. 2, pp. 231-244, May 1994.

[75] (2011, Jan.) Engineering Statistics Handbook. NIST/SEMATECH e-handbook of statistical
methods. [Online]. Available: http://www.itl.nist.gov/div898/handbook/

[76] D. Hayes and W. Cohen, “Spatial, spectral and temporal patterns of tropical forest cover change
as observed with multiple scales of optical satellite dd&mote Sensing of Environmevil.
106, no. 1, pp. 1 - 16, Jan. 2007.

Department of Electrical, Electronic and Computer Engimeger 125
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

References

[77] S. Mitra, Digital Signal ProcessingW. Stephen, Ed. New York, NY: McGraw Hill, 2002.

[78] S. Lee and M. M. Crawford, “Multitemporal classification of image series with seasonal
variability using harmonic components,”lIBEE International Geoscience and Remote Sensing
Symposiunwvol. 5, Toulouse, France, July 2003, pp. 3353-3355.

[79] B. P. Salmon, J. C. Olivier, K. J. Wessels, W. Kleynhans, F. van den Bergh, and K. Steenkamp,
“Unsupervised land cover change detection: Meaningful sequential time series analysis,”
Selected Topics in Applied Earth Observations and Remote Sensing (IEEE Early Access)
vol. 99, Oct. 2010.

[80] D. J. Mildrexler, M. Zhao, F. Heinsch, and S. W. Running, “A new satellite-based methodology
for continental-scale disturbance detectioitological Applications vol. 17, no. 1, pp.
235-250, Jan. 2007.

[81] C. Pottertal, “Major disturbance events in terrestrial ecosystems detected using global satellite
data sets,Global Change Biologyol. 9, no. 7, pp. 1005-1021, July 2003.

[82] C. Justiceet al, “The MODIS fire products,Remote Sensing of Environmevil. 83, no. 1-2,
pp. 244-262, Nov. 2002.

[83] A. Strahler, “MODIS land cover product algorithm theoretical basis document (ATBD),”
Boston University, Boston, MA999. [Online]. Available{C}enterfo{ R}emotd S}ensing

[84] E. Lambin and A. Strahler, “Indicators of land-cover change for change-vector analysis in
multitemporal space at coarse spatial scaleggrnational Journal of Remote Sensjwgl. 15,
no. 10, pp. 2099-2119, July 1994.

[85] B. Ristic, S. Arulampalam, and N. GordoBeyond the Kalman filter: Particle Filters for
Tracking Applicationslst ed. London: Artech House, 2004.

[86] R. Kalman, “A new approach to linear filtering and prediction problemMJSE Journal of
Basic Engineeringvol. 82, no. 1, pp. 35-45, Mar. 1960.

[87] J. R. G. Townshend, T. E. Goff, and C. J. Tucker, “Multitemporal dimensionality of images of
normalized difference vegetation index at continental scalEEE Transactions on Geoscience
and Remote Sensingpl. GE-23, no. 6, pp. 888—895, Nov. 1985.

[88] K.J.Wesselgt al, “Mapping regional land cover with MODIS data for biological conservation:
Examples from the greater Yellowstone ecosystem, USA and Para state, Bramilgte Sensing
of Environmentvol. 92, no. 1, pp. 67-83, July 2004.

[89] M. C. Hansen, R. DeFries, J. R. G. Townshend, and R. Sohlberg, “Global land cover
classification at 1km spatial resolution using a classification tree approbtkrhational
Journal of Remote Sensingpl. 21, no. 6-7, pp. 1331-1364, Apr. 2000.

[90] M. A. Friedl et al, “Global land cover mapping from MODIS: algorithms and early results,”
Remote Sensing of Environmgvil. 83, no. 1-2, pp. 287-302, Nov. 2002.

[91] M. Hall-Beyer, “Comparison of single-year and multiyear NDVI time series principal
components in cold temperate biomdEEE Transactions on Geoscience and Remote Sensing
vol. 41, no. 11, pp. 2568-2574, Nov. 2003.

Department of Electrical, Electronic and Computer Engimeger 126
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

References

[92] R. Lasaponara, “Estimating interannual variations égetated areas of Sardinia island using
SPOT/VEGETATION NDVI temporal series|[EEE Geoscience and Remote Sensing Letters
vol. 3, no. 4, pp. 481-483, Oct. 2006.

[93] D. Alcaraz, J. Paruelo, and J. Cabello, “Identification of current ecosystem functional types in
the Iberian peninsulaGlobal Ecology and Biogeographyol. 15, no. 2, pp. 200-212, Mar.
2006.

[94] N. Viovy, “Automatic classification of time series (ACTS): a new clustering method for remote
sensing time serieslhternational Journal of Remote Sensjmgl. 21, no. 6-7, pp. 1537-1560,
Apr. 2000.

[95] O. Samain, J. Roujean, and B. Geiger, “Use of a Kalman filter for the retrieval of surface BRDF
coefficients with a time-evolving model based on the ECOCLIMAP land cover classification,”
Remote Sensing of Environmgvtl. 112, no. 4, pp. 1337-1346, Apr. 2008.

[96] M. Chen, S. Liu, L. Tieszen, and D. Hollinger, “An improved state-parameter analysis of
ecosystem models using data assimilati@cbdlogical Modelling no. 3-4, pp. 317-326, Dec.
2008.

[97] Y. Li, J. Chen, R. Lu, P. Gong, and T. Yue, “Study on land cover change detection method
based on NDVI time series datasets: Change detection indexes desitffEFErnnternational
Geoscience and Remote Sensing Symposioin 1-8, Seoul, South Korea, July 2005, pp.
2323-2326.

[98] D. G. Brown et al, “Stochastic simulation of land-cover change using geostatistics and
generalized additive modelsPhotogrammetric Engineering and Remote Sensiad. 68,
no. 10, pp. 1051-1061, Oct. 2002.

[99] W. Kleynhans, J. C. Olivier, K. J. Wessels, B. P. Salmon, F. van den Bergh, and K. Steenkamp,
“Improving land cover class separation using an extended Kalman filter on MODIS NDVI time
series data,IEEE Geoscience and Remote Sensing Lettak 7, no. 2, pp. 381-385, Apr.

2010.

[100] ——, “Detecting land cover change using an extended kalman filter on MODIS NDVI
time-series data,JEEE Geoscience and Remote Sensing Lettesk 8, no. 3, pp. 507-511,
May 2011.

[101] H. You, J. Garrison, G. Heckler, and D. Smajlovic, “The autocorrelation of waveforms generated
from ocean-scattered GPS signal&EE Geoscience and Remote Sensing Letiis3, no. 1,
pp. 78-82, Jan. 2006.

[102] D. Jupp, A. Strahler, and C. Woodcock, “Autocorrelation and regularization in digital images
l. basic theory,”IEEE Transactions on Geoscience and Remote Sengolg26, no. 4, pp.
463-473, July 1988.

[103] ——, “Autocorrelation and regularization in digital images Il. simple image mod#&E
Transactions on Geoscience and Remote Senpgahg?27, no. 3, pp. 247-258, May 1989.

[104] M. Clark and T. Aide, “Virtual interpretation of Earth Web-interface tool (VIEW-IT) for
collecting land-use/land-cover reference daReinote Sensingol. 3, no. 3, pp. 601-620, Mar.
2011.

Department of Electrical, Electronic and Computer Engimeger 127
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=

&

ﬂ UNIVERSITEIT VAN PRETORIA
Qe

Chapter 7 Conclusion and future research

[105] M. Rosenblatt, “Remarks on some nonparametric estisnat a density function,Annals of
Mathematical Statistigssol. 27, no. 3, pp. 832-837, Mar. 1956.

[106] E. Parzen, “On estimation of a probability density function and mo&ejals of Mathematical
Statisticsvol. 23, no. 3, pp. 1065-1076, Mar. 1962.

[107] B. McCusker, “Land use and cover change as an indicator of transformation on recently
redistributed farms in Limpopo province, South Africdfuman Ecologyvol. 32, no. 1, pp.
49-75, Feb. 2004.

[108] J. Olivier, K. Wessels, and S. Araya, “Detection of land cover change using an artificial neural
network within a temporal sliding window on MODIS time series data,Geoscience and
Remote Sensing Symposium, 2008. IGARSS 2008. IEEE Internatiohal, 7-11 2008, pp.
1422-1424.

Department of Electrical, Electronic and Computer Engimeger 128
University of Pretoria



=
W UNIVERSITEIT VAN PRETORIA
Qe

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

APPENDIXA

PUBLICATIONS EMANATING FROM THIS

THESIS AND RELATED WORK

Al

A.2

PAPERS THAT APPEARED IN THOMSON INSTITUTE FOR SCIEN-
TIFIC INFORMATION (I1SI) JOURNALS

W. Kleynhans, J. C. Olivier, K. J. Wessels, F. van den Bergh, B. P. Salmon and K. C. Steenkamp,
Improving land-cover class separation using an extended Kalman filter on MODIS NDVI
time-series datalEEE Geoscience and Remote Sensing Letters, vol. 7, no. 2, April 2010,
pp 381-385

W. Kleynhans, J. C. Olivier, K. J. Wessels, F. van den Bergh, B. P. Salmon and K. C. Steenkamp,
Detecting Land Cover Change Using an Extended Kalman Filter on MODIS NDVI Time Series
Data, IEEE Geoscience and Remote Sensing Letters, IEEE Geoscience and Remote Sensin
Letters, vol. 8, no. 3, May 2011, pp 507-511

B. P. Salmon, J. C. Olivier, K. J. Wessels, W. Kleynhans, F. van den Bergh and K. C. Steenkamp,
Unsupervised land-cover change detection: Meaningful Sequential Time Series AnBiEis
Journal of Selected Topics in Applied Earth Observations and Remote Sensing, (Available
on-line @ IEEE Early Access - doi:10.1109/JSTARS.2010.2053918)

PAPERS SUBMITTED TO THOMSON ISI JOURNALS

B. P. Salmon, J. C. Olivier, K. J. Wessels, F. van den Bergh, W. Kleynhans and K. C. Steenkamp,
Automated land-cover change detection using MODIS satellite time series data: Introducing the

temporal sliding windowApplied Earth Observation and Geoinformation (Submitted)

Department of Electrical, Electronic and Computer Engimeger 129
University of Pretoria



=
W UNIVERSITEIT VAN PRETORIA
Qe

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Appendix A Publications emanating from this thesis and edawork

A.3 PAPERS PUBLISHED IN REFEREED ACCREDITED CONFERENCE
PROCEEDINGS

e W. Kleynhans, J. C. Olivier, B. P. Salmon, K. J. Wessels and F. van den Berggving NDVI
time series class separation using an extended Kalman,filfE Geoscience and Remote
Sensing Symposium 2009, Cape Town, South Africa 12-17 July 2009

e W.Kleynhans, J. C. Olivier, B. P. Salmon, K. J. Wessels and F. van den Bargjmatio-temporal
approach to detecting land-cover change using an extended Kalman filter on MODIS time series
data IEEE Geoscience and Remote Sensing Symposium 2010, Hawaii, USA, 25-30 July 2010

e W. Kleynhans, J. C. Olivier, B. P. Salmon, K. J. Wessels and F. van den Bé&glomparison
of feature extraction methods within a spatio-temporal land cover change detection framework
IEEE Geoscience and Remote Sensing Symposium 2011, Vancouver, Canada, 24-29 July 201
(Accepted)

e B. P.Salmon, J. C. Olivier, W. Kleynhans, K. J. Wessels and F. van den Bllgfla-optimization
of the extended Kalman filters parameters for improved feature extraction on hypertemporal
images IEEE Geoscience and Remote Sensing Symposium 2011, Vancouver, Canada, 24-2¢
July 2011 (Accepted)

e B. P. Salmon, J. C. Olivier, W. Kleynhans, K. J. Wessels and F. van den Bergk, quest
for automated land-cover change detection using satellite time series data: meaningful high
temporal time series extractipfEEE Geoscience and Remote Sensing Symposium 2009, Cape
Town, South Africa 12-17 July 2009

e B. P. Salmon, J. C. Olivier, W. Kleynhans, K. J. Wessels and F. van den Bekglpmated
land-cover change detection: The quest for meaningful high temporal time series extraction
IEEE Geoscience and Remote Sensing Symposium 2010, Hawaii, USA, 25-30 July 2010

A.4 INVITED CONFERENCE PAPERS IN REFEREED ACCREDITED
CONFERENCE PROCEEDINGS

e W. Kleynhans, J. C. Olivier, B. P. Salmon, K. J. Wessels and F. van den Be#yh,
autocorrelation analysis approach to detecting land cover change using hyper-temporal
time-series datalEEE Geoscience and Remote Sensing Symposium 2011, Vancouver, Canada,

24-29 July 2011 (Invited Session: Change Detection and Multitemporal Image Analysis)

Department of Electrical, Electronic and Computer Engiimger 130
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=

&

ﬂ UNIVERSITEIT VAN PRETORIA
Qe

LIST OF TABLES

2.1
2.2

2.3

2.4

2.5
2.6

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

Breakdown of the visible and infrared spectrum. . . . . . . . .. ... .. ... .... 15

Order of magnitude of atmospheric effects for Advanced Very High Resolution

Radiometer (AVHRR) band 1and 2aswellasNDVI. . . . . .. ... ... ...... 17
Comparison of remote sensing satellitesensors. . . . . . .. .. ... ... ...... 29
MODIS spectral band properties and characteristics. . . . . . . . .. ... ... .. .. 31
MODIS land products. . . . . . . . . . . e 32
Coefficients for equations 2.5and 2.6. . . . . . .. .. .. ... .. ... .. ..., 34
Initial EKF state parametervalues. . . . . . . . .. . .. . .. 89
EKF observation and process noisevalues. . . . . . . .. . ... ... ... 89

Bayes’ error of the FFT and EKF method for region A and B. Percentage in parentheses
indicates the standard deviation of theerror. . . . . . . .. .. ... ... ....... 92

Detection accuracy, false alarm rate and optimal threshold for a range of changed pixels

in the 3x 3 pixel grid having a 6-month blending period. . . . .. ... ... ..... 95
Detection accuracy, false alarm rate and optimal threshold for a range of changed pixels

in the 3x3 pixel grid having a 12-month blending period. . . . . . . . . ... ... .. 96
Detection accuracy, false alarm rate and optimal threshold for a range of changed pixels

in the 3x 3 pixel grid having a 24-month blending period. . . . . . .. .. ... .. .. 96
Confusion Matrix, overall accuracg() and optimal threshold{) showing the best
land-cover change detection performance during the off-line optimization phase. . . . . 97
Confusion Matrix, overall accuracg () and thresholdd) for the case of real change
detection. . . . . . . e 98
Confusion matrix of the NDVI differencing method using a fixed and optimal threshold

for the Limpopo province. Value in parentheses indicates the standard deviation.. . . . 99

6.10 Detection accuracy, false alarm rate and optimal threshold for a range of changed pixels

in the 3x3 pixel grid having a 6-month blending period. . . . .. ... ... ..... 101

131



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=

&

ﬂ UNIVERSITEIT VAN PRETORIA
Qe

List of Tables

6.11 Detection accuracy, false alarm rate and optimal tiotd$br a range of changed pixels

in the 3x 3 pixel grid having a 12-month blending period. . . . . . .. .. .. ... .. 101
6.12 Detection accuracy, false alarm rate and optimal threshold for a range of changed pixels

in the 3x3 pixel grid having a 24-month blending period. . . . . . ... ... ... .. 103
6.13 Confusion Matrix, overall accurac® ) and optimal threshold{) showing the best

land-cover change detection performance during off-line optimization. . . . . . . . .. 103
6.14 Confusion Matrix, overall accurac§ ) and thresholdd) for the case of real change

detection. . . . . . . . . e 105
6.15 Confusion matrix of the NDVI differencing method using a fixed and optimal threshold

for the Gauteng province. Value in parentheses indicates the standard deviation. . . . . 105

6.16 Summary of real change detection results. Value in parentheses indicates the standard

deviation. . . . . . .. e 107
6.17 O, performance for different start of changedates. . . . . . ... ... ... ... .. 111
Department of Electrical, Electronic and Computer Engimeger 132

University of Pretoria



=

&

ﬂ UNIVERSITEIT VAN PRETORIA
Qe

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

LIST OFFIGURES

1.1 QuickBird image of a new settlement development (courtesy of GBtgseth) . . . . 2
1.2 Off-line optimization phase. . . . . . . . . . . ... . . ... 6
1.3 Operational phase. . . . . . . . . . 7

2.1 The oldest surviving aerial photograph taken by James Wallace Black in 1860 over the
cityof Boston [11]. . . . . . . . . . e 10

2.2 Time-line spanning from 1960 until 2000 for some of the satellite missions described

iNthe previous Sections. . . . . . . . . . . . e e e 13
2.3 The electromagnetic spectrum [30]. . . . . . . . . . 14
2.4 Solar spectral radiance of the Sun as a function of wavelength. . . . . . ... ... .. 16
2.5 Atmospheric electromagnetic opacity (modified from [37]). . . . . . . . .. ... ... 18
2.6 Specular and diffusereflection [30]. . . . . . . . . . ... o 19
2.7 Solarorientation [36]. . . . . . . ... 20
2.8 Effect of Solar illumination angle variation on reflection [40]. Both photographs taken

from the same field but from different directions. . . . . . . .. . ... .. ... ... 21
2.9 Typical spectral reflectance curve for vegetation [11]. . . . . . . . .. . ... ... .. 21

2.10 QuickBird image showing a vegetation area taken in February (courtesy of

GoogledMEarth). . . . . . . . . 22
2.11 QuickBird image showing a vegetation area taken in September(courtesy of

GoogléMEarth). . . . . . ... 23
2.12 lllustration of the point spread function, the pixel that is imaged is centered at (0,0) and

stretches from -0.5 and 0.5 in both the x and y direction[36]. . . . . .. ... ... .. 24
2.13 Landsat-7 and SPOT-2 panchromatic resolution comparison. . . . . . .. ... .. .. 25
2.14 Relationship between image spatial resolution and satellite imaging revisit period. . . . 27
2.15 MODIS mosaicoftheEarth [52].. . . . . . . . . . .. . 32
2.16 MODIS sinusoidal projection [27]. . . . . . . . . . e 33

133



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=
W UNIVERSITEIT VAN PRETORIA
Qe

List of Figures

2.17 MODIS pixel and corresponding seven year time-seriasrspg from 2001/01 to
2008/01 (courtesy of Goodl¥Earth). . . . . . ... ... ... ... ... ...... 36
2.18 QuickBird image of an area in northern South Africa (courtesy of GO8glarth). . . 37

3.1 FigureA shows the noisy observation, actual signal and EKF output. Fidgiees C

show the estimated amplitude and phase state parameter for each time-step. . . . . . . 5t

4.1 Magnitude of the first 30 FFT components of a typical natural vegetation NDVI series. 58
4.2 Typical natural vegetation NDVI time-series modeled by a single sinusoidal function
with fixed mean offset, amplitudeand phase. . . . . . . . . ... ... ... ... ... 60
4.3 Natural vegetation and settlement time-series. . . . . . . .. ... .. ... ... ... 61
4.4 FFT annual component as well as EKF tracked amplitude of the vegetation and
settlement time-series giveninFigure 4.3. . . . . . . .. ..o oL 62

4.5 Two instances of a one year sliding window together with their corresponding FFT. . . 63

5.1 Mean parameter sequence comparison of&@xel grid having an unchanged center
PIXEl. . o 68
5.2 Mean parameter sequence comparison o8& Bixel grid with simulated natural
vegetation to settlement change introduced to the centerpixel. . . ... ... ... .. 69
5.3 500 m MODIS pixel covering natural vegetation and settlement land-cover in close
proximity (courtesy of Googl#'Earth). . . . . ... ... ... ... ... ...... 70
5.4 NDVItime-series of natural vegetation, settlement and simulated change pixels. . . . . 71
5.5 Probability distribution of in the case of no-chang&4|C) and simulated change

p(6|CP)respectively. . . . . . . .. 72
5.6 Range ob* and corresponding maximum and minimum false alarmrate. . . .. . . . 73
5.7 Autocorrelation of a change and no-change pixel's MODIS band 4 time-series. . ... 75
5.8 Example of the distribution @F in the case of change and no-change respectively. . . 76
5.9 Comparison between araw and filtered NDVIsignal. . . . ... ... ... ...... 78
5.10 Distribution of the annual NDVI difference between 2002 and 2003 for the study period. 80
5.11 The Normal distribution. . . . . . . . . . . . . . 81

6.1 Graphical representation of the six steps used to identify MODIS pixels that changed
from natural vegetation to settlement. . . . . . ... ... . o L oL L. 83

6.2 Validating MODIS pixels using QuickBird imagery at different dates (courtesy of
GoogléMEarth). . . . . . ... 85

Department of Electrical, Electronic and Computer Engimeger 134
University of Pretoria



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=

&

ﬂ UNIVERSITEIT VAN PRETORIA
Qe

List of Figures

6.3 QuickBird image of Region A together with the MODIS pixetsrresponding to the

natural vegetation and settlement areas (courtesy of GBtgéeth). . . . . . . . . .. 86
6.4 Comparing the EKF derived parameter with the FFT mean component for natural

vegetation and settlementforregion A. . . . . . ... Lo o 87
6.5 Joint distribution ofD, andD,, using the FFT method (A) and EKF method (B). . . . 90
6.6 Average square difference between the EKF derivpdrameter and the FFT mean

component for all settlement pixelsin Region A. . . . . .. ... .. ... ...... 91
6.7 The Bayes’ error and variance for the EKF, FFT and SW FFT method for region A and

B. The window size of the SW FFT method was varied between one and five years. . . 93
6.8 Location of the Limpopo province in South Africa. . . . . .. ... ... ....... 94
6.9 Overall accuracy of the ACF method computed for a range of band and lag

combinations using a no-change and simulated change dataset for the Limpopo province. 9¢
6.10 NDVI differencing method’s change detection accuracy and false alarm rate for a range

of zvaluesin LImpopo. . . . . . . . . . e e 100
6.11 Location of the Gauteng province in South Africa. . . . . . . ... .. .. ... .... 102
6.12 Overall accuracy evaluated for a range of band and lag combinations using a no-change

and simulated change dataset for the Gauteng province. . . . . . . .. ... .. .. .. 104
6.13 NDVI differencing method’s change detection accuracy and false alarm rate for a range

of zvaluesinGauteng. . . . . . . . . .. 106
6.14 Percentage pixels flagged as changed as a function of the distance from the center of

eachregion. . . . . . . . e e 108
6.15 Location of the Gauteng and Limpopo study areas as well as the bio-regions found in

South Africa. . . . . . . . e 109
6.16 Percentage pixels flagged as changed using the ACF method as a function of the

distance from the center ofeachregion. . . . . .. . .. ... ... ... ....... 110

Department of Electrical, Electronic and Computer Engiimger 135
University of Pretoria



	Front
	Chapters 1-2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	BACK
	References
	Appendix A
	List of tables
	List of figures




