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EXECUTIVE SUMMARY 
 
This project aims to investigate the potential of two airborne multispectral remote 
sensing platforms for mapping cultural archaeology, environmental remains and 
geoarchaeology in aggregate landscapes.  The project proposes the systematic 
analysis of Daedalus ATM and CASI data for a well-documented section of the 
middle Trent Valley, Nottinghamshire, for which archive data exist, with supplemental 
investigation of data for the Thames Valley north-west of Oxford, in order to assess 
the extent to which these two widely available platforms can be expected to extend 
and enhance the archaeological record in alluvial environments.  The proposed 
output of the research will be a research report, an academic paper, a conference 
presentation and a technical note published in The Field Archaeologist.   
 
 
The proposal aims to examine ATM and CASI data for a 50km stretch of the River 
Trent in Nottinghamshire between the rivers Derwent and Devon and a small area of 
the Thames Valley north-west of Oxford.  Several specific objectives are proposed: 

 
1 Data will be examined to determine an effective image processing and 

enhancement protocols, including for example which techniques most 
effectively enhance archaeological detail. 

 
2 ATM and CASI data will be compared with other forms of airborne remote 

sensing to determine what if any additional aspects of the geoarchaeological 
and cultural archaeology of the study area are revealed by these data and to 
compare relative effectiveness of airborne remote sensing techniques. 

 
3 The results of the study will be presented to other practitioners at a national 

archaeological conference, in an academic paper in a peer reviewed learned 
journal and in a trade journal. 
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1.1 RATIONALE FOR THE STUDY 
 
This proposed project aims to investigate the potential of multispectral methods of 
airborne remote sensing (RS) for the prospection of cultural, environmental and 
geoarchaeological remains in river valley floors.  To date, with the exception of 
Powlesland’s work in the former peat filled lake basin of the Vale of Pickering (an 
environment radically different to the alluvial landscape of the Trent Valley, which is 
more characteristic of other river systems), this tool has  received little attention by 
archaeologists for archaeological prospection (Challis and Howard 2006).  The 
proposed study area will be the archaeologically rich, well-documented aggregate 
landscapes of the middle Trent Valley, Nottinghamshire, supplemented by 
comparison with data for a small area of the Thames Valley, near to Oxford and well 
known to the applicants.  The project proposes systematic examination of Daedalus 
1268 Airborne Thematic Mapper (ATM) and Compact Airborne Spectrographic 
Imager (CASI) multispectral data.   
 
The potential of these two instruments has been mooted for some while (eg Allsop 
1992) and initial examination in the former lake basin of the Vale of Pickering has 
demonstrated some success, although data were not subject to a comprehensive 
suite of analytical techniques such as the calculation of vegetation indices or 
multivariate analysis (Powlesland 1997 and 2006).  ATM and CASI data for parts of 
the Vale of York were also examined by the applicants, although with limited success 
due both to indifferent data and tendency of the rivers in the Vale to accrete 
vertically, rather than laterally migrate. Several studies have also considered uses of 
ATM and CASI data in other landscape types (eg Rowlands 2007 in the 
Mediterranean; Winterbotton 2006 in the Scottish Islands) and for non-
archaeological purposes (eg Davidson and Watson 1995, Harris et al, 2006, Rainey 
et al, 2003).   
 
 
1.2 RELEVANCE TO ALSF CRITERIA 
 
No systematic study has investigated use of ATM and CASI in culturally rich and 
varied lowland river environments.  As such the proposed project seeks to address 
the ALSF objective two criteria: 
 
�  Research to enhance understanding of the scale and character of the historic 

environment in aggregate producing areas in order to provide the baseline 
information necessary for effective future catchment management 

�  Support for the development of management and conservation strategies for the 
historic environment in aggregate producing areas 

 
It also seeks to address two of the additional ALSF criteria outlined by English 
Heritage in the Science Coordinator’s Review of Land-Based ALSF Research in 
England, 2002 – 2005 (Thompson 2005, 31) namely: 
 

“Methodological and technical research to improve predictive, evaluation and 
mitigation tools in order to promote and advance maximum information gain 
and cost effectiveness which will benefit both the extraction industry and the 
historic environment.” 
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An examination of ATM and CASI data in alluvial landscapes is considered timely as 
both NERC and Environment Agency routinely operate these instruments, while 
commercial remote sensing companies such as Infoterra offer surveys using 
analogous instruments (Infoterra operate an AISA Eagle1K airborne sensor which 
has broadly similar characteristics to CASI). Clear guidance on their potential for 
archaeological prospection would therefore assist commercial and research 
practitioners in determining whether to commission such surveys in the future and 
provide an indication as to the potential for analysis of archive data where such 
exists. 
 
 
1.3 ANTICIPATED KEY BENEFITS 
 
The project aims to benefit stakeholders within the aggregates industry, from 
quarries companies submitting planning applications through to individuals and 
bodies responsible for commissioning and undertaking archaeological investigations 
within the framework of PPG 16, and curatorial archaeologists also working within 
the PPG16 framework.  Project work will benefit these groups by providing an 
authoritative assessment of the use of airborne multispectral imagery as a tool for 
detecting archaeological features.  Results of the proposed work will be 
communicated via the web, a conference presentation, in peer-reviewed learned 
journal and via a trade journal. 
 
 
1.4 STUDY AREAS 
 
The study proposes analysis of existing ATM and CASI data held by the NERC 
archive (and acquired in June 1996 for the NERC funded Land Ocean Interaction 
Study) for the Trent Valley roughly between the confluence with the Derwent and 
Devon – a length of some 50 km (Figure 1) and the Thames Valley to the north-west 
of Oxford, an area of some 20km2 (Figure 2).  The Trent in this reach is well 
documented from earlier ALSF funded studies (eg Trent Valley GeoArchaeology 
2002) and from extensive earlier fieldwork associated with gravel applications 
(including borrow pits) and major infrastructure schemes such as the Derby Southern 
Bypass (see Knight and Howard, 2004).  Hence the geomorphological character of 
the floodplain and terraces and the distribution of archaeological sites, particularly as 
revealed by cropmarks, is well known (e.g. Carey et al., 2006).  This rich well-
documented heritage provides an ideal backdrop against which to test the efficacy of 
new remote sensing techniques.  The Thames Valley is equally well documented (eg 
Robinson and Lambrick, 1984; Lambrick, 1992) 
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Figure 1.  The middleTrent Valley, Nottinghamshire showing the extent of CASI and 
ATM data available from NERC. 

 
Figure 2.  The Thames Valley north-west of Oxford showing the extent of CASI and 
ATM data available from NERC and the Port Meadow lidar study area. 



PN 5261: Airborne Remote Sensing of Aggregate Landscapes 
 

© 2007 The University of Birmingham   Page 5 

1.5 INSTRUMENT DETAILS 

1.5.1 Daedalus 1268 ATM 
The Daedalus 1268 ATM is a multispectral instrument recording spectral reflectance 
and infrared radiation in 11 discrete bands ranging in wavelength from visible blue to 
thermal infrared (0.42 – 13.0mm).  Reflectance is recorded on an 8-bit digital scale 
(image pixel values from 0-255) at a typical spatial resolution of 2m.  
 
Channel 
Bands 

Wavelenght(mm) LandsatTM 

1 0.42-0.45  
2 0.45-0.52 1 
3 0.52-0.60 2 
4 0.60-0.62  
5 0.63-0.69 3 
6 0.69-0.75  
7 0.76-0.90 4 
8 0.91-1.05  
9 1.55-1.75 5 
10 2.08-2.35 7 
11 8.5-13.0 6 

Table 1. ATM and Landsat TM channels 

1.5.2 CASI-2 
The CASI-2 instrument operated by NERC is a highly configurable hyperspectral 
scanner capable of recording spectral reflectance in up to 288 spectral channels at 
varying spatial resolution.  In the archive data held by NERC the instrument has 
been operated in default mode (12 bands 0.43-0.875mm) with reflectance recorded 
on a 12-bit digital scale (image pixel values 0-4096) with a spatial resolution of 1m.  
In default mode CASI is particularly well suited to discrimination of vegetation 
character and can be expected to be particularly effective detecting variations in crop 
growth such as those responsible for cropmark formation. 
 
Channel  Centre(nm) Width(nm) Start(nm) End(nm) Purpose 
1 450 20 441.53 459.17 Blue Veg response 
2 490 20 480.37 499.84 Veg.response 
3 552 10 547.74 556.63 Green Veg max 
4 670 10 665.57 674.74 Veg absorp max (1) 
5 700 10 694.28 703.27 Red-edge (2) 
6 710 10 705.07 711.06 Red-edge (3) 
7 740 10 735.66 744.67 Red-edge (4) 
8 750 7 746.47 753.68 Red-edge (5) 
9 762 5 760.90 764.51 Oxigen absorp 
10 780 10 775.34 784.37 Veg reflect.Max 
11 820 10 815.13 824.18 Waterabsorp. 
12 865 10 860.46 869.54 NIR plateau 

Table 2. CASI Default Bandset 
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2.1 INTRODUCTION 
 
The overall aim of the project is to investigate and document the efficacy of 
multispectral methods of airborne remote sensing, using Daedalus 1268 ATM and 
CASI instruments for the prospection of cultural, environmental and 
geoarchaeological remains in river valley floors.  Work will take place in four stages, 
described below, each with specific objectives. 
 
 
2.2 STAGE 1: DATA ACQUISITION AND COLLATION 
 
ATM and CASI data for the study areas are presently held by the NERC Earth 
Observation Data Centre archive as a series of data files in hdf archive format.  Data 
are processed to level 1B (instrument and atmospheric correction) but are not 
geocorrected.  These data require extraction from the archive, conversion from 
archive format to a data structure suitable for analysis and geocorrection to real 
world co-ordinates. 
 
Suites of other data are required to provide a map base for geocorrection of the 
remotely sensed data and information on the natural and historic environment to 
assist in their analysis.  The required data are available either via the Edina Digimap 
service or in archive, having previously been collected for Trent Valley 
GeoArchaeology 2002 and other projects.  A project GIS will be created for the two 
study area using these data and comprising the following layers: 
 
�  Modern Map Base (OS 10K and 1:2500 mapping from Edina) 
�  Historic Map Base (from Edina) 
�  Geological Mapping (from TVG 2002 archive) 
�  Palaeochannel mapping (from TVG 2002 archive) 
�  Topographical Mapping (OS profile DTM from Edina) 
�  HER data (NMP mapping, NMR Amie and county HER from TVG 2002 archive) 
�  Air-Photography (NMR and millennium map air-photography from TVG 2002 

archive) 
�  Other Remotely Sensed Data (SAR, Lidar and Landsat TM data from TVG 2002 

archive) 
 
The main aims of this stage are therefore: 
 
�  Acquisition and geocorrection of remotely sensed data 
�  Creation of a GIS framework for integration and analysis of remotely sensed data 
 
This stage comprises the following tasks, method statement s for which are provided 
in section 3.1 
 
1A Data Collection 
1B Geocorrection of Data 
1C Data Integration and GIS Development 
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2.3 STAGE 2: IMAGE PROCESSING 
 
Data will be examined to determine effective image processing and enhancement 
protocols, including for example which techniques most effectively enhance 
archaeological detail.  Unlike conventional air-photography, in which images 
comprise an aggregate of reflected solar radiation across the visible spectrum, 
multispectral imagery such as CASI and ATM allow examination of discrete spectral 
bands both within and beyond the visible spectrum.  This facility allows far greater 
discrimination of earth surface materials, based on their distinctive spectral 
reflectance (Figure 3).  Combinations of spectral bands are used to produce false 
colour images by mapping single spectral bands to each of the red, green and blue 
colour channels of a computer graphics system.  Since multispectral images 
captured by CASI and ATM are also stored digitally the spectral reflectance values 
are also able to be manipulated using mathematical and statistical analyses. 
 
This stage of the research will apply a range of previously documented analysis 
techniques to the CASI and ATM imagery in order to assess their efficacy at 
enhancing archaeological and geomorphological detail.  Following previously 
published work the image processing undertaken will include at least the following 
techniques. 

2.3.1 False colour composites  
False colour composites are produced by mapping different band combinations to 
the three colour channels of a computer graphics system.  This will allow, for 
example, production of composite focused on reflectance in particular parts of the 
spectrum such as the near infrared where discrimination of variations in vegetation 
character or soils (enhancing visibility of crop and soil marks) may be greater 
(Winterbottom and Dawson, 2005). 

2.3.2 Thermal Band Analysis 
Thermal images, based on analysis of the emitted thermal band (11) of ATM imagery 
has proven particularly effective at identifying variations in the land surface 
representing underlying archaeological features (Rowlands and Sarris, 2007; 
Winterbottom and Dawson 2005; Ben-Dor, et al, 2001). 

2.3.3 Vegetation Indices  
Vegetation Indices such as the Normalised Difference of Vegetation Index (NDVI), 
Enhanced NDVI and Soil Adjusted Difference of Vegetation Index (SDVI) use 
mathematical formula to express particular vegetation parameters as expressed by 
spectral reflectance, for example NDVI is an index of variations in green vegetation 
vigour.  These techniques has proven effective at enhancing archaeological features 
such as cropmarks revealed by vegetation changes (Vining and Wiseman, 2007; 
Lasaponara and Masini, 2007; Winterbottom and Dawson, 2005) and a variety of 
indices will be calculated for the study areas. 

2.3.4 Tasselled Cap 
The tasselled cap is a mathematical matrix transform developed for use with Landsat 
imagery (Mather, 2004).  Tasselled cap derives three indices of wetness, greenness 
and brightness from analysis of multiple input bands.  The technique has shown 
some promised in enhancing archaeologically significant landscape details in 
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Landsat imagery (Vining and Wiseman, 2007), but as far as the applicants are aware 
has not been applied to ATM or CASI data for this purpose.  Work will focus on 
development of an appropriate tasselled cap transform for ATM and CASI and the 
examination of the greenness and wetness indices as indicators of cropmark 
formation and soil moisture, for example to reveal areas of wet sediments likely to 
facilitate enhanced preservation of organic materials. 

2.3.5 Principal Component Analysis 
Principal Component Analysis (PCA) is a multivariate statistical technique which 
derives a smaller number of principal components from multiband imagery.  These 
principal components reflect the maximum change in the original data (Mather, 
2004).  The effect is to compress the changes in reflectance revealed across the 11 
or 12 bands of ATM and CASI into a lesser number (usually three) principal 
components.  Components may usually be related to particular earth surface 
properties.  PCA has shown some potential in the analysis of Landsat imagery for 
archaeological purposes (Vining and Wiseman, 2007) while Kvamme (Kvamme 
2006) has used PCA to analyse co-registered geophysical survey data from multiple 
sources.  PCA will be used in the present research to assess multiband CASI and 
ATM data and to investigate hybrid images produced by combining ATM, CASI and 
other remotely sensed data such as air-photography, SAR imagery and lidar 
intensity. 
 
The main aim of this stage is therefore: 
 
�  Comprehensive analysis of CASI and ATM imagery through application of a 

range of documented image transforms and analytical techniques. 
 
This stage comprises the following tasks, method statements for which are provided 
in section 3.2 
 
2A Creation of False Colour Composites 
2B Analysis of Thermal Band 
2C Creation of Vegetation Indices 
2D Tasselled Cap Transform 
2E Principal Component Analysis 
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Figure 3.  Reflectance spectra for typical earth surface materials.  Landsat TM band 
width are show (compare with ATM and CASI bands in tables 1 and 2). 
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2.4 STAGE 3: IMAGE ANALYSIS 
 
Image processing techniques alter and enhance the spectral data contained within 
multispectral images in order to enhance their utility in identifying earth surface 
features.  Image analysis uses a variety of computer based and manual techniques 
to correlate recorded spectra with real world objects and phenomena such as 
vegetation and soil character, sediment mineralogy, etc.  The proposed research will 
utilise a variety of computer based classification techniques to supplement visual 
analysis of processed ATM and CASI imagery. 

2.4.1 Image Classification 
Image classification techniques rely upon the ability of computer analysis of the 
spectral data contained within multispectral images to identify homogenous clusters 
of pixels with distinctive spectral characteristics.  Classification may be fully 
automatic (unsupervised), or based on a user intervention (supervised), for example 
to “train” a classification programme to locate areas with a particular spectral 
signature based on previous visual examination of the data, or on ground truth data.  
In general automatic classification techniques have performed poorly when applied 
to remotely sensed images for archaeological purposes, often because the spectral 
characteristics of archaeological objects are not sufficiently distinct from background 
data (Rowlands and Sarris, 2007; De Laet et al, 2007).  Object-oriented approaches, 
where a two stage analysis first identifies spectrally homogenous areas within an 
image and then attempts a classification of these area, has proven somewhat more 
effective, but is still problematic (Rowlands and Sarris, 2007; Benz et al, 2004). 
 
The present study will examine CASI and ATM imagery with a view to determining 
whether areas of crop and soil variation associated with archaeological and 
geomorphological features display distinctive spectral signatures using both 
unsupervised and supervised classification techniques.     

2.4.2 Comparison with Other Remotely Sensed Data 
ATM and CASI data will be compared with other forms of airborne remote sensing 
comprising conventional air-photography, lidar and SAR imagery (where available) to 
determine what if any additional aspects of the geomorphology and cultural 
archaeology of the study areas are revealed by these data and to compare relative 
effectiveness of airborne remote sensing techniques. 

2.4.3 Comparison with HER Data 
ATM and CASI data will be compared with HER data, comprising NMP cropmark 
plots, NM RAMIE, county HER data and plots of palaeochannels made from air-
photographs to determine to what extent the remotely sensed data is able to identify 
and/or enhance information held by the HER. 

2.4.4 Field Investigation 
A number of target areas where analysis of ATM and CASI data appear to indicate 
significant archaeological or geomorphological features will be visited in the field.  
The aim is not to obtain ground truth data (which would require field visits at the time 
of each survey flight) but to gain a general feel for the landscape of each area and 
the extent to which it is captured by multispectrral data. 
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The main aims of this stage are therefore: 
 
�  The application of spectral analysis and image classification techniques to ATM 

and CASI data. 
�  Comparison of ATM and CASI data with other imagery sources and HER data 
�  Examination of key study areas in the field 
 
This stage comprises the following tasks, method statement s for which are provided 
in section 3.3 
 
3A Automated Classification of Imagery 
3B Comparison with other remotely sensed data 
3C Comparison with HER Data 
3D Limited Field Investigation 
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2.5 STAGE 4: DISSEMINATION REPORTING AND ARCHIVE 
 
The results of this research will be communicated to as wide an audience as 
possible within the archaeological and allied communities.  Work will be publicised 
via the internet using the Trent Valley GeoArchaeology web site (www.TVG.org.uk) 
and through a written project report, produced on completion of the work and 
intended for immediate publication via the web.  A presentation of project work will 
be made at an appropriate national conference.  Formal publications will be prepared 
for the practitioner community and for a learned journal.  An archive of research 
results will be prepared for deposition with the archaeological data service (ADS). 
 
The main aims of this stage are therefore: 
 
�  Web based and published dissemination of project results. 
�  Creation of a digital archive of project results. 
 
This stage comprises the following tasks, method statement s for which are provided 
in section 3.4 
 
4A Creation of website 
4B Project Report 
4C Paper for The Field Archaeologist 
4D Academic Journal Paper 
4E Archiving of Project Data 
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3.1 DATA ACQUISITION AND COLLATION 
 

3.1.1 1A: Data Collection 
Archive ATM and CASI data from the NERC Earth Observation Data Centre 
(NEODC) will be downloaded via FTP using the HP Vista user account with NEODC. 
Archive data in HDF format will be converted initially to Erdas Imagine image format 
using Imagine 9 and subsequently to ArcGIS 9.1 grid format for integration into a 
project GIS.  Other GIS, HER and remotely sensed data will be extracted from 
archive and collated to form a coherent project GIS stored on the HP Vista dedicated 
8Tb NAS. 
 
Product 
The products of this project component will comprise: 
 
�  ATM and CASI data in Erdas Imagine image format and ArcGIS 9 grid format. 
�  Project GIS data from archive: 

o OS 10K and 1:2500 map base 
o Historic 1:10000 Map Base 
o 50K Geological Mapping 
o Palaeochannel mapping 
o OS profile DTM 
o NMP mapping 
o NMR Amie data 
o HER data 
o NMR air-photography  
o Millenium Map air-photography 
o SAR data (Trent Valley) 
o Lidar data (Trent and Thames Valleys) 
o Landsat TM (Trent Valley) 

 

3.1.2 1B: Geocorrection of Data 
ATM and CASI data will be geocorrected to real world co-ordinates (OSGB36 co-
ordinate system) using the geocorrection module of ArcGIS 9.1.  Geocorrection 
involves the identification of multiple ground control points (GCP) on the imagery for 
which real world co-ordinates are known or can be deduced from existing data.  In 
practice the image data will be geocorrected using an Ordnance Survey 1:2500 base 
map as a source for GCP.  Since the reprojection of images during geocorrection 
involves alteration of original image pixel values only analysis using colour 
composites and single band images will made on geocorrected images.  All image 
processing (vegetation indices, transforms, statistical analysis, etc.) will take place 
using uncorrected imagery, with the outputs of analysis being geocorrected using a 
set of standard GCP for each image.  The geocorrection of each image will be error 
checked and constrained to a target RMSE of 1 pixel or less (ie 2m for ATM, 1m for 
CASI).   
 
Product 
The products of this project component will comprise: 
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�  GCPs for geocorrection of each ATM and CASI image. 
�  Geocorrected ATM and CASI images for colour composite and single band 

analysis. 
 

3.1.3 1C:  Data Integration and GIS Development 
 
ATM and CASI imagery and other component data will be assembled in a project 
GIS created using ESRI ArcGIS 9.1.  ArcGIS is chosen as the project GIS for its 
compatibility with earlier Trent Valley work, the fact that it offers access to the 
majority of the tools required for project work (particularly those for image 
transforms) and for its seamless integration with Erdas Imagine (which will be used 
for other image processing tasks).  Use of ArcGIS will allow output data from the 
project to be delivered on-line via the HP Vista ArcIMS server and published on CD-
ROM with a ESRI’s free data viewer (ArcReader).  Where required by potential end-
users ArcGIS data will be converted to generic or other proprietary spatial data 
formats. 
 
Product 
The products of this project component will comprise: 
 
�  Project GIS created using ESRI’s ARCGIS 9.1 
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3.2 ANALYTICAL TECHNIQUES 
 

3.2.1 2A Creation of False Colour Composites 
True colour composite (TCC) and false colour composite (FCC) images will be 
created by displaying combinations of CASI and ATM geocorrected image bands 
within ArcGIS.  TCC images for ATM data conventionally comprise bands 4-3-2 
(Figure 4), while for CASI bands 4-3-1 are utilised.  Following Winterbottom and 
Dawson, (2005) ATM FCC images will be prepared using bands 9-7-3 (Figure 5; 
NIR/R) and 9-8-3, plus others for  CASI. 
 
FCC images focused on the NIR/R part of the spectrum tend to highlight variations in 
vegetation vigour reflected in the greenness of vegetation and hence its proportional 
absorption of red light and reflection of NIR.  NIR/R reflectance is considered likely to 
be a good indicator of cropmark formation and may be expected to enhance 
cropmarks apparent within the visible spectrum and may expose “latent” variations in 
crop character apparent only beyond the visible spectrum. 
 
FCC images using the middle and thermal infrared bands of ATM can be expected to 
be particularly effective at displaying variations in soil character and moisture content 
and may enhance visible and latent soilmarks.  Output images will be stored within 
the project GIS for further analysis and comparison with other remotely sensed and 
HER data. 
 
Product 
The products of this project component will comprise: 
 
·  TM and CASI TCC and FCC images focused on band combinations likely to 

enhance soil and vegetation variations, stored in the project GIS. 

3.2.2 2B: Thermal Band Analysis 
The band 11 of ATM imagery records energy emitted by the earth surface in the 
thermal infrared part of the spectrum (8.5-13.0nm; note that there is no equivalent 
band in CASI imagery and so this component of the research is limited to ATM 
imagery only).  The energy emitted at these wavelengths is generally related to 
variations in soil/ground moisture and microtopography, which together affect the 
temperature of ground.  Analysis of the thermal band of ATM data has proven 
particularly effective at identifying archaeological features (Figure 6; cf Winterbottom 
and Dawson, 2005).  Where possible, comparison of night-time and daytime thermal 
images to gauge diurnal heat capacity has been shown to provide additional 
information (Rowlands and Sarris, 2007).  Data available for the present research 
includes only daytime thermal images; these will be examined individually in order to 
identify archaeological and geomorphological features and assess the efficacy of 
thermal imagery for archaeological prospection in alluvial environments. 
 
Product 
The products of this project component will comprise: 
 
�  Analysis of the thermal band (11) of ATM imagery. 
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Figure 4.  ATM true colour composite for test data showing part of the Lockington 
Marshes, Leicestershire. 
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Figure 5.  ATM false colour composite (stressing thermal bands) for Lockington 
Marshes. 
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Figure 6.  ATM Band 11 (Thermal infrared) showing the efficacy of this band for 
revealing floodplain and terrace geomorphology. 
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3.2.3 2C: Creation of Vegetation Indices 
Vegetation indices allow the differentiation of  areas of differing vegetation and soil 
character based on the characteristic reflectance patterns of green vegetation, which 
typically has low reflectance in the visible (especially red) portion of the spectrum 
with a sharp increase in reflectance in the near-infrared portion (cf Figure 3: Yang, 
2007; Todd et al, 1998).  The majority of indices are thus suitably adjusted ratios of 
red to NIR reflectance.  The most common, the Normalised difference vegetation 
index (NDVI) has been utilised with some success for the archaeological analysis of 
ATM imagery (Figure 7; cf Winterbottom and Dawson, 2005).  The present research 
proposed analysis of ATM and CASI data using NDVI and a range of other common 
vegetation indices, namely: 
 
�  Transformed normalised difference vegetation index (TNDVI) 
�  Soil adjusted vegetation index (SAVI) 
�  Modified soil adjusted vegetation index (MSAVI) 
�  Enhanced vegetation index (EVI) 
 
Formulas for these indices are provided below (after Yang, 2007).  Each will be 
assessed to determine their effectiveness at revealing archaeological and 
geomorphological detail. 
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p  is the apparent top-of-the-atmosphere directional reflectance 
L  is a soil adjustment factor 
C1 and C2 describes the use of the blue band in correction of the red band for 

atmospheric aerosol scattering. 
 
 
Product 
The products of this project component will comprise: 
 
�  Various vegetation indices generated for each ATM and CASI image. 
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Figure 7. ATM Normalised Difference of Vegetation Index (NDVI) for Lockington 
Marshes.  Darker shades of grey indicate vigorous green vegetation. 
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3.2.4 2D: Tasselled Cap Transform 
The tasselled cap transform was developed for Landsat MMS data and has been 
adapted for later generations of the Landsat sensor (Crist and Cicone, 1984).  
Tasselled Cap (TC) uses a matrix of factors (below) applied to six of Landsat’s 
spectral bands to derive three new data layers highlighting greenness, wetness and 
brightness in the data.  Although originally developed for estimations of biomass 
using satellite imagery TC should prove adaptable to the similar spectral bands of 
ATM imagery (Table 4; although not to CASI which possesses no equivalent of 
Landsat band 7), where it is anticipated that the transformed data layers should 
highlight vegetation variations causing visible or nascent cropmarks.  The application 
of TC to ATM data is experimental and work will be required to determine and test 
appropriate factors for ATM data in the transform matrix; trials using those developed 
for Landsat TM on ATM data suggest promising results; Figure 8. Factors will be 
experimentally adapted using the formulae developed for the original TC applications 
as implemented in MIPS image processing software. 
 

TCgreen = -0.2728(TM1)-0.2174(TM2)-0.5508(TM3)+0.722(TM4)+0.0733(TM5)-0.1648(TM7) 
 
TCwet = 0.1446(TM1)+0.1761(TM2)+0.3322(TM3)+0.3396(TM4)-0.6210(TM5)+0.4186(TM7) 
 
TCbright = 0.2909(TM1)+0.2493(TM2)+0.4806(TM3)+0.5568(TM4)+0.4438(TM5)+0.1706(TM7) 
 

Table 3. Landsat TM TC transform matrix values. 

 
LandsatTM ATM 
TM1  2 
TM2  3 
TM3  5 
TM4 7 
TM5 9 
TM7 10 

Table 4.  Landsat TM bands and equivalent ATM bands for the TC transform. 

 
Product 
The products of this project component will comprise: 
�  Experimental work to devise appropriate TC matrix factors for ATM imagery by 

adapting existing Landsat TM factors. 
�  TC green, wet and bright transforms for each ATM image 
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Figure 8.  ATM experimental tasselled cap transform (using factors developed for 
Landsat TM imagery) showing classification into green, wet and bright classes and a 
false colour image generated from the combination of these three. 
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3.2.5 2E: Principal Component Analysis 
Principal component analysis (PCA) is a multivariate statistical technique used to 
reduce redundancy multispectral image due to the correlation of adjacent spectral 
bands.  PCA will be applied to the ATM and CASI data and experimentally to multi 
band imagery generated by fusing CASI/ATM and other RS data 
 
ATM/CASI 
In the present research PCA implemented within ArcGIS will be used on each ATM 
and CASI image.  In each instance PCA will be used to generate four components, 
to enable generation of a three band FCC image which contains the majority of the 
variability in the original 11 or 12 band data (Figure 9).   
 
Each image component will be examined separately as a greyscale image, and each 
set of components in combination as a FCC image. 
 
PCA images will be examined visually for enhancement of cultural and 
geoarchaeological details and utilised in unsupervised image classification to attempt 
the automatic recognition of archaeologically significant features. 
 
ATM/CASI/Other RS Data 
In areas where other RS data (lidar/SAR/air-photos) exists PCA will be used to 
examine fused images comprising all or selected bands from the ATM/CASI data 
merged with additional RS data (cf Kvamme 2006).   
 
Work will be undertaken within ArcGIS, four components will be generated, to enable 
production of a three band FCC image which contains the majority of the variability in 
the original data 
 
These PCA images will be examined visually for enhancement of cultural and 
geoarchaeological details and utilised in unsupervised image classification to attempt 
the automatic recognition of archaeologically significant features. 
 
 
Product 
The products of this project component will comprise: 
 
�  PCA  of CASI and ATM data 
�  Experimental PCA of fused CASI/ATM and other RS data. 
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Figure 9.  ATM Principal Component Analysis (PCA) for the Lockington Marshes 
data.  Four components have been chosen to display maximum variation in the 
original 11 band data.  Note that PC4 contains only anomalous data. 
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3.3 IMAGE ANALYSIS 
 
ATM and CASI imagery will be compared with existing archaeological data from the 
Nottinghamshire HER, mapped geomorphology of the Trent (produced by TVG 
2002; Baker 2003) and with other airborne data sources including conventional aerial 
photography (TVG 2002 has produced a digital archive of some 200 geocorrected 
vertical air-photographs of the study area) and with lidar data also procured by and 
examined as part of TVG 2002 (Challis 2006).   
 

3.3.1 3A: Image Classification 
 
Unsupervised Classification 
Unsupervised classification of CASI and ATM imagery and outputs from vegetation 
indices, TC transforms and PCA will be examined for homogenous clusters of pixel 
values indicating cultural or geoarchaeological features. 
 
Unsupervised classification will focus on several test areas of varying character 
where there is good apparent contrast between background soil and vegetation 
properties and archaeological features.  Classification will be undertaken within 
Erdas Imagine 9 software using the ISODATA clustering algorithm. 
 
The distinct spectral signature of homogenous pixel clusters generated using 
ISODATA clustering on trial areas will be used as the basis for a supervised 
classification of more spatially widespread data to determine to what extent these 
clusters may be replicated across the landscape. 
 
 
Supervised Classification 
Supervised classification of ATM and CASI data will focus on unprocessed RS 
imagery only.   
 
Training sites, with clear crop or soilmark evidence, will be selected to identify the 
distinctive spectral signatures of such features.  Training samples will be collected by 
examining the multidimensional pixel values for cultural and geoarchaeological 
features in a variety of land covers to generate signature data for these features.  
 
The signatures thus collected will be evaluated to determine their suitability for 
further classification and if suited will be used to generate a more spatially  
widespread classification of ATM and CASI data.   
 
Work will be undertaken within Erdas Imagine 9 using a variety of algorithms, 
including an implementation of fuzzy classification, which it is thought may prove 
more effective in use on archaeological data where boundaries of features are not 
well defined. 
 
Product 
The products of this project component will comprise: 
 
�  Unsupervised classification of ATM and CASI imagery and processed data 
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�  Generation of training data based on spectral properties of archaeological 
features 

�  Supervised classification of ATM and CASI imagery 
 
 

 
 

Figure 10.  Example of unsupervised classification (ISODATA clustering) of ATM 
data using Imagine 9.  Pixels shaded yellow are of similar spectral characteristics 
and may indicate palaeochannels, 

 

3.3.2 3B: Comparison with other Remotely Sensed Data 
The products of image processing and analysis of ATM and CASI data will be 
compared with other forms of remotely sensed data.  Lidar elevation and intensity 
data exist for parts of the Trent Valley study area and lidar elevation data for parts of 
the Thames valley.  SAR image data exists for the Trent Valley at Lockington, 
although these have seen preliminary analyses as part of the “Trent Soar” project 
(PN3357).  Geocorrected vertical aerial photography from the NMR and millennium 
map aerial photography are available for both the Trent and Thames study areas. 
 
Comparison will take the basis of visual examination of ATM and CASI data against 
each of the other data sources.  Features evident on the RS data will be checked for 
visibility on these other data sources.  A number of “case study” areas around well-
documented archaeological or geomorphological sites, or where RS data present 
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exemplary results, will be examined in detail in comparison with other data and will 
form illustrative examples in the various project dissemination stages. 
 
Product 
The products of this project component will comprise: 
 
�  Systematic comparison of the results of ATM and CASI image analysis with other 

sources. 
 

3.3.3 3C: Comparison with HER Data 
The products of image processing and analysis of ATM and CASI data will be 
compared with HER data for the study areas including NMP cropmark plots, digital 
mapping of palaeochannels (Baker 2003), NMR Amie data and county HER data.  
Comparison will take place within the project GIS and involve the overlay of HER 
data on image analysis results to check for presence or absence of features 
recorded by the HER.  Where the HER indicates archaeological or geological 
features not immediately apparent on RS imagery further image processing and 
analysis may be undertaken if this is thought likely to reveal features. 
 
Product 
The products of this project component will comprise: 
 
�  Comparison of RS imagery with HER data. 
 

3.3.4 3D: Field Investigation 
A number of target areas where analysis of ATM and CASI data appear to indicate 
significant archaeological or geomorphological features will be visited in the field.  As 
far as access is possible a rapid walkover survey will be undertaken in order to  
identify aspects of ground cover that are reflected in the RS imagery and/or to 
determine non-archaeological causes for features identified by image processing 
and analysis. 
 
Product 
The products of this project component will comprise: 
 

Rapid walkover survey of selected site to determine aspects of ground cover 
reflected in RS imagery. 
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3.4 DISSEMINATION, REPORTING AND ARCHIVE 
 
Results of the research will be prepared for publication as a research paper in a 
learned journal, most probably Archaeological Prospection.  In addition a summary 
of the work will be presented at a UK archaeology conference (most probably the 
Institute of Field Archaeologists Annual Conference).  A short report on the work will 
be submitted to the IFA journal The Field Archaeologist, in order to quickly inform 
other commercial and research practitioners of the results. 
 
4A Creation of website 
4B Project Report 
4C Paper for The Field Archaeologist 
4D Academic Journal Paper 
4E Archiving of Project Data 
 

3.4.1 4A: Website 
Information about the project will be disseminated via the Trent Valley 
GeoArcheology website (www.tvg.org.uk) which is maintained by the project 
principal investigators and is located on a University of Birmingham server.  This 
portal is already used for the dissemination of a number of ALSF projects being 
undertaken at Birmingham.   
 
Product 
The products of this project component will comprise: 
 

�  Creation of a link page to the project via the TVG website 
 

3.4.2 4B: Project Report 
A detailed illustrated report will be prepared at the completion of research describing 
the methods and results of all analytical work in full.  Hardcopies of the report will be 
circulated to key stakeholders.  A digital version of the report will be made freely 
available via the project website. 
 
Product 
The products of this project component will comprise: 

�  Hardcopy project report distributed to key stakeholders. 
�  Report in Adobe PDF formats available for download from the project website. 

 

3.4.3 4C: Paper for The Field Archaeologist 
The project team will produce a paper summarising the research undertaken as part 
of the project for publication in The Field Archaeologists.   
 
Product 
The products of this project component will comprise: 
 

�  A paper in The Field Archaeologist 
 



PN 5261: Airborne Remote Sensing of Aggregate Landscapes 
 

© 2007 The University of Birmingham   Page 31 

3.4.4 4D: Academic Journal Paper 
The project team will produce an academic paper summarising the research 
undertaken as part of the project for publication in a suitable peer-reviewed journal.  
The paper will reflect both the archaeological and remote sensing aspects of the 
project.   
 
Product 
The products of this project component will comprise: 
 

�  At least one academic paper in an appropriate peer-reviewed journal 
 

3.4.5 4E: Archiving of Project Data 
A digital archive of data generated by the project ream will be prepared.  The archive 
will be accompanied by full metadata using the standards recommended by ADS; it 
will be deposited with ADS at the completion of project work.  Note that copyright 
and licensing issues prevent third party data forming part of the final product archive. 
 
Product 
The products of this project component will comprise: 
 

�  A digital archive of original data generated by the project team. 
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