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non-pixels) that occasionally the polygons appear to be falling over red containers, 

possibly indicating false detection errors. However, investigation in the original MSI 

scene (Figure 54c) shows that the original polygon placements are correct and therefore, 

the displacement in the PAN-sharpened image must be due to difficulties experienced by 

the ENVI sharpening routine near image edges. 
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4. SUMMARY AND CONCLUSIONS 

This work postulated that fully automated spectral target detection is possible 

providing that a method for automatically determining an optimal search threshold exists 

and that directed searches perform at least as well as manual in-scene searches. It 

established the definition of small target from previous literature as any object of interest 

in the image that is smaller than the photographic blur circle of the image. It established 

the definition of optimum threshold as one which causes the search results to minimize 

the false and missed detection rates while simultaneously maximizing the true detection 

rate. It then demonstrated that mathematically this is the spot at which the false detection 

rate curve crosses the missed detection rate curve as the threshold varies – it is labeled the 

analytic sweet spot. This work documented experiments that demonstrated that taking the 

first order statistic of the histogram for target detections with a threshold set inordinately 

high will deduce a value near the analytic sweet spot threshold for that image. Next an 

experiment was run to determine if directed searches produced results no worst at the 

sweet spot then in-scene searches. A new, more pleasing visual presentation was 

constructed using a morphological approach identified as the nearest neighbor inflation 

target estimator which provides an approximation of the target dimensions in pixel space. 

Bringing these elements together, this work then presented a prototype fully automated 

demonstration of the end-to-end process. Lastly, it performed an assessment of the 
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relative performance of target detection searches using 8-band, high resolution imagery 

versus otherwise identical 4-band imagery. 

Empirical data was generated sustaining the sweet spot as the intersection of the 

missed detection and false detection curves. This empirical data was plotted against the 

histogram mean predicted data; the plots demonstrated remarkable similarity. Statistical 

analysis determined a high rate of correlation between the empirically derived sweet spot 

and the suggested mean approximation. Analysis of the difference of the means and 

Kolmogorov-Sminov similarity testing determined that the plots were not significantly 

different. The coefficient of determination between the two sets of data indicates that one 

is an excellent model for the other. The data was then regrouped by differing 

characteristics (e.g., algorithm, signature) and re-analyzed producing near identical 

results to the group as a whole. Therefore, it is concluded that the first moment statistic of 

the histogram of target detection results from an exorbitantly large search threshold can 

be used as predictor of the sweet spot metric for the same image. Additionally, it was 

noted that the histogram mean predictor tends to select a slightly more open threshold 

than the empirically derived sweet spot. This might be taken into account when 

automating this function to slightly tighten the result. Further, while this work 

concentrated on multispectral directed searches, the suggested metric and approximation 

methodology are applicable to other domains.  

An experiment was formulated to test the hypothesis that directed search target 

detection performs at least as well as in-scene target detection methods. Comparable 

methods of determining true and false detection rates for directed and in-scene searches 
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across two algorithms, three signatures, and three images was established and 162 search 

runs were executed. The results were catalogued and analyzed both literally and 

statistically. While individual head-to-head comparisons results varied, 88% of the 

comparisons supported the hypothesis and in only one case was the in-scene true 

detection rate more than marginally better. Visual interpretation of ROC curves of the 

directed results and in-scene results clearly presented appreciably better performance for 

the directed search. In these cases it was not just better at the sweet spot but usually all 

along the entire length of the ROC curve. The results at the sweet spot were then 

analyzed statistically. Again, the detection rates were significantly correlated and not 

significantly different; however, area under the curve analysis demonstrated that the 

directed search presented a higher normalized detection rate (over 9% higher) and 

coincident lower normalized false detection rate (almost 10%). As a generality, when 

taken as a whole or in similar groups, the hypothesis that directed search performs at least 

as well as in-scene search was universally supported. However, the sample size was small 

and additional work needs to be completed with greater numbers of algorithms, 

signatures, and images. Additionally, investigation should be made into the effects of 

collection geometry on the results. 

The Nearest Neighbor Inflation (NNI) target estimator was presented as well as 

visual results supporting its usefulness. It conveys a well defined polygon around the 

target rather than points on one or more pixels. This adaptation in shapefile form provides 

a more easily recognized target designation and is useful in literal analysis. However, 

more work needs to be performed to reduce errors due to target amalgamation when 
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multiple targets adjacent to each other and when the nearest neighborhood utilized is too 

small to encompass the anticipated targets. 

This work also supports the intuitive conclusion that 8-band VNIR data provides 

better spectral search results than 4-band data. Plot and ROC curve analysis similar to the 

directed versus in-scene comparison was performed. It clearly demonstrated that in 72% 

percent of the cased 8-bands performed at least well and in half the cases it performed 

significantly better. However, in almost 17% of the cases the 4-band searches performed 

better and in 50% of the cases at least as well. This work did not investigate to determine 

if there was a particular set of circumstances (e.g., band placement relative to target 

signature) that enabled the 4-band to outperform the higher fidelity images. Statistical 

analysis indicates that the detection rates were significantly correlated and not 

significantly different; however, area under the curve analysis demonstrated that the 8-

band search presented a higher normalized detection rate (over 8%) and coincident lower 

normalized false detection rate (almost 6.5%). This supports the conclusion that, 

generally, 8-bands of dimensionality are more useful than 4-bands in spectral searches. 

Lastly, the prototype demonstration bringing this effort together supports the 

premise that fully automated spectral small target detection is possible and a viable 

alternative to manual in-scene search methodologies. The end-to-end runs produced 

results that were visualized using standard electronic light table technology with 

acceptable results. 

This work is suggestive of several prospects for additional research. The most 

obvious one is to increase the depth and breadth of this work; performing additional tests 
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with more algorithms, images, and signatures would presumably corroborate the 

conclusions presented. Other specific avenues of research would investigate the nature of 

an “exorbitantly high” seed threshold for the sweet spot predictor. It is clear that too high 

a threshold could overwhelm the results with errors and skew the mean to threshold that 

is not actually optimum.  

The directed search is premised on using spectral signatures that are modeled for 

the specific collection geometry. While some work has been done in this area, further 

investigation as to the importance of collection geometry and the relative performance 

difference in using nadir direct hemispherical reflectance values (DHR) versus BDRF 

values is appropriate. Other effects of geometry merit further review, such as how does 

the scattering angle affect the results – forward vs. backward vs. side scatter geometries. 

The 8-band versus 4-band search comparisons provided anecdotal evidence of the 

importance of the number and placement of bands which begs further research. 

In this work, the MF algorithm seemed to provide superior results to the SAM 

algorithm. However, generating the covariance matrix for an entire image could become 

computational taxing. Investigation into how varying the size of the covariance kernel to 

reduce computation complexity affects the error rates would prove interesting as 

demonstrated for anomaly detection searches (Pegler et al., 2007). Further research into 

why this was the case and possible solutions should prove remarkable. Additionally, 

follow through work on the trade-offs between algorithm and signature should be 

performed to explain the difference noted in this work’s results. 
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Also, in this work, reflectance was computed for top-of-the-atmosphere values. 

Many research and analysis efforts assume at-target reflectance. Experiments to 

determine the relative perform of detection attempts based on TOA and ground leaving 

reflectance could be performed. 

The nearest neighbor inflation target estimator is currently in a somewhat 

rudimentary form. Further work might expand its sensitivity to orientation and pixel 

phasing, as well as, addressing driving down the two types of errors. Additionally, 

including other spatial qualities and/or constraints such as target size, shape, and phasing 

should be explored. 

Lastly, it would prove immensely interesting to use the methods suggested here 

against other phenomenology, e.g., thermal, to determine if these methods do indeed 

transfer to other spectral domains. If this transference is confirmed, further tests 

combining signatures from multiple sensors to create compound signatures and 

performing detection searches could be extremely enlightening. Also, extending the 

algorithmic approach to incorporate a chain of algorithms, for instance, an anomaly 

detector with a target detection search on only the anomalies, is an intriguing follow-on 

to this work. 
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5. APPENDIX A – DATA 

5.1 Image Metadata 
 

Table 14 Image metadata; a) columns 1-7, b) columns 8-14, c) columns 15-16, d) columns 17-23, and e) columns 
24-31 
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5.2 NEF Generated Spectral Signatures 
 

Table 15 NEF generated spectral signatures by image 
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6. APPENDIX B – MATLAB SOURCE CODE 

6.1 Directed Search Data Generator 

6.1.1 Main Program 
function  varargout = main10(varargin)  
% MAIN6 MATLAB code for main6.fig  
%      MAIN6, by itself, creates a new MAIN6 or rai ses the existing  
%      singleton*.  
% 
%      H = MAIN6 returns the handle to a new MAIN6 or the handle to  
%      the existing singleton*.  
% 
%      MAIN6('CALLBACK',hObject,eventData,handles,. ..) calls the local  
%      function named CALLBACK in MAIN6.M with the given input 
arguments.  
% 
%      MAIN6('Property','Value',...) creates a new MAIN6 or raises the  
%      existing singleton*.  Starting from the left , property value 
pairs are  
%      applied to the GUI before main6_OpeningFcn g ets called.  An  
%      unrecognized property name or invalid value makes property 
application  
%      stop.  All inputs are passed to main6_Openin gFcn via varargin.  
% 
%      *See GUI Options on GUIDE's Tools menu.  Cho ose "GUI allows only 
one  
%      instance to run (singleton)".  
% 
% See also: GUIDE, GUIDATA, GUIHANDLES  
  
% Edit the above text to modify the response to hel p main6  
  
% Last Modified by GUIDE v2.5 21-Feb-2013 16:54:12  
  
% Begin initialization code - DO NOT EDIT  
gui_Singleton = 1;  
gui_State = struct( 'gui_Name' ,       mfilename, ...  
                   'gui_Singleton' ,  gui_Singleton, ...  
                   'gui_OpeningFcn' , @main6_OpeningFcn, ...  
                   'gui_OutputFcn' ,  @main6_OutputFcn, ...  
                   'gui_LayoutFcn' ,  [] , ...  
                   'gui_Callback' ,   []);  
if  nargin && ischar(varargin{1})  
    gui_State.gui_Callback = str2func(varargin{1});  
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end  
  
if  nargout  
    [varargout{1:nargout}] = gui_mainfcn(gui_State,  varargin{:});  
else  
    gui_mainfcn(gui_State, varargin{:});  
end  
% End initialization code - DO NOT EDIT  
  
  
  
% --- Executes just before main6 is made visible.  
function  main6_OpeningFcn(hObject, eventdata, handles, vara rgin)  
% This function has no output args, see OutputFcn.  
% hObject    handle to figure  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
% varargin   command line arguments to main6 (see V ARARGIN) 
  
% Choose default command line output for main6  
handles.output = hObject;  
  
% Update handles structure  
guidata(hObject, handles);  
  
% UIWAIT makes main6 wait for user response (see UI RESUME) 
% uiwait(handles.figure1);  
var = get(handles.Merit, 'Value' );  
var2 = sprintf( '%5.4g' , var);  
set(handles.SliderText, 'Value' , var);  
set(handles.SliderText, 'String' , var2);  
set(handles.BufferSize, 'Value' , 1);  
set(handles.BufferSize, 'String' , '1' );  
  
% --- Outputs from this function are returned to th e command line.  
function  varargout = main6_OutputFcn(hObject, eventdata, ha ndles)  
% varargout  cell array for returning output args ( see VARARGOUT);  
% hObject    handle to figure  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Get default command line output from handles stru cture  
varargout{1} = handles.output;  
  
% --- Executes on selection change in Image.  
function  Image_Callback(hObject, eventdata, handles)  
% hObject    handle to Image (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
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% Hints: contents = cellstr(get(hObject,'String')) returns Image 
contents as cell array  
%        contents{get(hObject,'Value')} returns sel ected item from 
Image  
set(gcf, 'Pointer' , 'watch' );  
global  imagesXLS;  
global  NefXLS;  
global  beginningNef;  
[r1, r2, imagesXLS] = xlsread( 'ImageData.xlsx' );  
xlssize = size(imagesXLS,1);  
txt = [];  
for  z = 2:xlssize;  
    if  cell2mat(imagesXLS(z,26));  
        txt2 = strcat(char(imagesXLS(z,1)), ' (PS)' );  
    else ;  
        txt2 = char(imagesXLS(z,1));  
    end ;  
    txt = strvcat(txt, txt2);  
end ;  
set(hObject, 'String' , txt);  
%fill matching spectra  
[r1, r2, NefXLS1] = xlsread( 'NefSpectra.xlsx' );  
xlssize = size(NefXLS1,1);  
txt = [];  
ptr = get(hObject, 'Value' )+1;  
parent = char(imagesXLS(ptr,3));  
NefXLS = NefXLS1(1,:);  
for  z = 2:xlssize;  
    tmp = cell2mat(NefXLS1(z,1));  
    if  ~isnan(tmp);  
        if  strcmp(char(NefXLS1(z,1)),parent);  
            txt = strvcat(txt, char(NefXLS1(z,2)));  
            NefXLS = [NefXLS;NefXLS1(z,:)];  
        end ;  
    end ;  
end ;  
beginningNef = txt;  
set(handles.Spectra, 'String' , beginningNef);  
drawnow;  
set(gcf, 'Pointer' , 'arrow' );  
  
% --- Executes during object creation, after settin g all properties.  
function  Image_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to Image (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    empty - handles not created until afte r all CreateFcns 
called  
  
% Hint: listbox controls usually have a white backg round on Windows.  
%       See ISPC and COMPUTER.  
if  ispc && isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' , 'white' );  
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end  
global  imagesXLS;  
global  NefXLS;  
global  beginningNef;  
[r1, r2, imagesXLS] = xlsread( 'ImageData.xlsx' );  
xlssize = size(imagesXLS,1);  
txt = [];  
for  z = 2:xlssize;  
    if  cell2mat(imagesXLS(z,26));  
        txt2 = strcat(char(imagesXLS(z,1)), ' (PS)' );  
    else ;  
        txt2 = char(imagesXLS(z,1));  
    end ;  
    txt = strvcat(txt, txt2);  
end ;  
set(hObject, 'String' , txt);  
%fill matching spectra  
[r1, r2, NefXLS1] = xlsread( 'NefSpectra.xlsx' );  
xlssize = size(NefXLS1,1);  
txt = [];  
ptr = get(hObject, 'Value' )+1;  
parent = char(imagesXLS(ptr,3));  
NefXLS = NefXLS1(1,:);  
for  z = 2:xlssize;  
    tmp = cell2mat(NefXLS1(z,1));  
    if  ~isnan(tmp);  
        if  strcmp(char(NefXLS1(z,1)),parent);  
            txt = strvcat(txt, char(NefXLS1(z,2)));  
            NefXLS = [NefXLS;NefXLS1(z,:)];  
        end ;  
    end ;  
end ;  
beginningNef = txt;  
  
% --- Executes on button press in SAM.  
function  SAM_Callback(hObject, eventdata, handles)  
% hObject    handle to SAM (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hint: get(hObject,'Value') returns toggle state o f SAM  
  
% --- Executes on button press in ED.  
function  ED_Callback(hObject, eventdata, handles)  
% hObject    handle to ED (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hint: get(hObject,'Value') returns toggle state o f ED  
  
% --- Executes on button press in SSS.  
function  SSS_Callback(hObject, eventdata, handles)  
% hObject    handle to SSS (see GCBO)  
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% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hint: get(hObject,'Value') returns toggle state o f SSS  
  
% --- Executes on button press in Execute.  
function  Execute_Callback(hObject, eventdata, handles)  
% hObject    handle to Execute (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
global  imagesXLS;  
set(handles.Status, 'String' , ' ' );  
set(handles.Hits, 'String' , ' ' );  
drawnow;  
mimage = get(handles.Image, 'Value' );  
if   get(handles.SAM, 'Value' ) == get(handles.SAM, 'Max' );  
    malgorithm = 'SAM' ;  
elseif  get(handles.LSMA, 'Value' ) == get(handles.LSMA, 'Max' );  
    malgorithm = 'LSMA' ;  
elseif  get(handles.MFSAM_ratio, 'Value' ) == get(handles.MFSAM_ratio, 
'Max' );  
    malgorithm = 'ratio' ;  
elseif  get(handles.MF, 'Value' ) == get(handles.MF, 'Max' );  
    malgorithm = 'MF' ;  
end ;  
mmerit = get(handles.Merit, 'Value' );  
  
%Directed Search  
zxls = get(handles.Image, 'Value' )+1;  
fname = strcat(char(imagesXLS(zxls,3)), '/' ,char(imagesXLS(zxls,1)));  
[img, imgHdr] = enviread(fname);  
%end;  
[lines, samples, bands2] = size(img);  
bands = cell2mat(imagesXLS(zxls,4));  
firstsample = cell2mat(imagesXLS(zxls,12));  
lastsample = cell2mat(imagesXLS(zxls,13));  
firstline = cell2mat(imagesXLS(zxls,10));  
lastline = cell2mat(imagesXLS(zxls,11));  
  
%adjustment for pan sharpened pictre  
pansharp = cell2mat(imagesXLS(zxls,26));  
%calc lat/lon  
LonUL =cell2mat(imagesXLS(zxls,6));  
LonLL = cell2mat(imagesXLS(zxls,30));  
LonUR = cell2mat(imagesXLS(zxls,29));  
LonLR = cell2mat(imagesXLS(zxls,8));  
LatUR = cell2mat(imagesXLS(zxls,27));  
LatLR = cell2mat(imagesXLS(zxls,9));  
LatUL = cell2mat(imagesXLS(zxls,7));  
LatLL = cell2mat(imagesXLS(zxls,28));  
RowUL = cell2mat(imagesXLS(zxls,10));  
RowUR = cell2mat(imagesXLS(zxls,10));  
RowLL = cell2mat(imagesXLS(zxls,11));  
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RowLR = cell2mat(imagesXLS(zxls,11));  
ColUL = cell2mat(imagesXLS(zxls,12));  
ColUR = cell2mat(imagesXLS(zxls,13));  
ColLL = cell2mat(imagesXLS(zxls,12));  
ColLR = cell2mat(imagesXLS(zxls,13));  
rightcol = ColUR - ColUL + 1;  
lowerrow = RowLL - RowUL + 1;  
% cpts = [1 1;rightcol 1; 1 lowerrow; rightcol lowe rrow];  
cpts = [1 1;samples 1; 1 lines; samples lines];  
mpts = [LonUL LatUL; LonUR LatUR; LonLL LatLL; LonL R LatLR];  
t4 = cp2tform(cpts, mpts, 'projective' );  
%t4 = cp2tform(cpts, mpts, 'affine');  
  
%ephemeris data  
effBandWidth = eval(strcat( '[' , char(imagesXLS(zxls,15)), ']' ));  
Esun = eval(strcat( '[' , char(imagesXLS(zxls,16)), ']' ));  
absCalFactor = eval(strcat( '[' , char(imagesXLS(zxls,17)), ']' ));  
Eup = eval(strcat( '[' , char(imagesXLS(zxls,14)), ']' ));  
Edown = eval(strcat( '[' , char(imagesXLS(zxls,24)), ']' ));  
d = cell2mat(imagesXLS(zxls,23));  
solarZenith = 90-cell2mat(imagesXLS(zxls,18));  
solarElev = cell2mat(imagesXLS(zxls,18));  
viewAngle = cell2mat(imagesXLS(zxls,22));  
  
%Get selected NEF spectrum  
global  NefXLS;  
mspectra = get(handles.Spectra, 'Value' )+1;  
R_nef = eval(strcat( '[' , char(NefXLS(mspectra,4)), ']' ));  
  
hits = [];  
hitsall = [];  
if  get(handles.wAtmo, 'Max' ) == get(handles.wAtmo, 'Value' );  
    wAtmo = true;  
else ;  
    wAtmo = false;  
end ;  
  
%Preparation  
%create reflectance cube  
if  fname(1) == 'K' ;  
    sensor = 'IK' ;  
else ;  
    sensor = 'WV' ;  
end ;  
orig_img = img;  
set(handles.Status, 'String' , 'Refl' );  
set(handles.Status, 'ForegroundColor' , 'Black' );  
drawnow;  
rname = strcat(char(imagesXLS(zxls,3)), '/Data/Reflectance.mat' );  
listing = dir(rname);  
if  size(listing,1);  
    load(rname);  
else ;  
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    for  y = 1:lines;  
        z = rem(y, 10);  
        if  z == 0;  
            set(handles.Status, 'String' , 'Refl' );  
            set(handles.Status, 'ForegroundColor' , 'Black' );  
            set(handles.Hits, 'String' , num2str(y));  
            drawnow;  
        end ;  
        for  x = 1:samples;  
            if  reshape(img(y, x, 1:bands2),bands2,1) ~= 
zeros(bands2,1);  
                L_tgt = zeros(1, bands2);  
                R_pix = zeros(1, bands2);  
                for  b = 1:bands2;  
                    [L_tgt(b), E] = Radiance(img(y,  x, b), 
absCalFactor(b), effBandWidth(b),Esun(b), d, solarZ enith, sensor);  
                    if  wAtmo;  
                        R_pix(b) = AtmoCorrect1(tru e, L_tgt(b), 
solarZenith, viewAngle, E, d, Esun(b), Eup(b), Edow n(b));  
                    else ;  
                        R_pix(b) = AtmoCorrect1(fal se, L_tgt(b), 
solarZenith, viewAngle, E, d, Esun(b), Eup(b), Edow n(b));  
                    end ;  
                    img(y,x,b) = R_pix(b);  
                end ;  
                %add lat/lon for TL & BR to pixel vector  
                tpts = [(x) (y)];  
                latlon = tformfwd(t4, tpts);  
                img(y, x, b+1) = latlon(1);   %lon  
                img(y, x, b+2) = latlon(2);   %lat  
                tpts = [(x+1.0) (y+1.0)];  
                latlon = tformfwd(t4, tpts);  
                img(y, x, b+3) = latlon(1);   %lon  
                img(y, x, b+4) = latlon(2);   %lat  
            end ;  
        end ;  
    end ;  
clc  
clc  
save(rname, 'img' );  
end ;  
  
%MF prep  
if  (strcmp(malgorithm, 'MF' )) || (strcmp(malgorithm, 'ratio' )) || 
(strcmp(malgorithm, 'ACE' ));  
    %find mean, covariance, inverse covariance  
    set(handles.Status, 'String' , 'Mean' );  
    set(handles.Hits, 'String' , ' ' );  
    drawnow;  
    imgtemp = img(:,:,1:bands2);  
    iM = reshape(img_mean(imgtemp),bands2,1);  
    set(handles.Status, 'String' , 'Cov' );  
    drawnow;  
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    iC = img_cov(imgtemp);  
    set(handles.Status, 'String' , 'invCov' );  
    drawnow;  
    invC = inv(iC);  
end ;  
%LSMA Prep 
if  (strcmp(malgorithm, 'LSMA' ));  
    endM = [];  
    %background signatures for linear least squares  
    %get six modeled signatures  
    for  z = 2:size(NefXLS,1);  
        isig = char(NefXLS(z,2));  
        if  strcmp(char(NefXLS(z,1)), char(imagesXLS(zxls,1)))  && 
strcmp(isig(1:5), 'LU-90' );  
            tmp = eval(strcat( '[' , char(NefXLS(z,4)), ']' ));  
            endM = [endM, tmp'];  
        end ;  
    end ;  
    %add image mean as background  
    mu = reshape(img_mean(img(:,:,1:bands2)),bands2 ,1);  
    endM = [endM, mu];  
    %add NEF target signature  
    endM = [endM, R_nef'];  
end ;  
  
%Algorithm processing loop  
R_nef = reshape(R_nef,bands2,1);  
hitctr = 0;  
hits = [];  
imgTgt(1:lines, 1:samples) = NaN;  
buff = get(handles.BufferSize, 'Value' );  
for  y = 1+buff:lines-buff; %lines  
    z = rem(y, 10); %display status  
    if  z == 0;  
        set(handles.Status, 'String' , num2str(y));  
        set(handles.Status, 'ForegroundColor' , 'Black' );  
        set(handles.Hits, 'String' , num2str(hitctr));  
        drawnow;  
    end ;  
    for  x = 1+buff:samples-buff; %samples  
        if  reshape(img(y, x, 1:bands2),bands2,1) == zeros(ban ds2,1);  
%check for masked pixel  
            continue ;  
        end ;  
        R_pix = reshape(img(y, x, 1:bands2+4),bands 2+4,1);  
  
        %algorithms  
        %SAM 
        if  strcmp(malgorithm, 'SAM' );  
            %add matching lat/lon to NEF vector  
            t = R_nef;  
            t(bands2+1,1) = R_pix(bands2+1);   %lon  
            t(bands2+2,1) = R_pix(bands2+2);   %lat  
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            t = reshape(t,bands+2,1);           %R_pix  
            p = reshape(R_pix(1:bands2+2),bands2+2, 1);  
            %determine if potential target  
            t1 = R_nef;  
            p1 = reshape(R_pix(1:bands2),bands2,1);  
            SAM1 = acos(dot(t1, p1)/(norm(t1)*norm( p1)));  
            if  SAM1 > mmerit;  
                continue ;  
            end ;  
            %perform nearest neighbor search  
            hitctr = hitctr + 1;  
            t = reshape(p(1:bands2),bands2,1);  %make the target = the 
current pixel vector  
            hitctrb = hitctr;   %check for hit already part of larger 
target  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  ~isnan(imgTgt(y,x))  
                        hitctrb = imgTgt(y,x);  
                    end ;  
                end ;  
            end ;  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  reshape(img(ynn, xnn, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                        continue ;  
                    end ;  
                    p = reshape(img(ynn, xnn,1:band s2),bands2,1);   
%get the nearest neighbr pixel vector  
                    SAM = acos(dot(t, p)/(norm(t)*n orm(p)));  
                    if  ((SAM <= mmerit) && (isnan(imgTgt(ynn,xnn))));  
                        imgTgt(ynn,xnn) = hitctrb;  
%                         if isnan(imgTgt(y,x));  % check for hit 
already part of larger target  
%                             imgTgt(ynn,xnn) = hit ctr;  
%                         else;  
%                             imgTgt(ynn,xnn) = img Tgt(y,x);  
%                         end;  
                        hits = 
[hits;hitctrb,img(ynn,xnn,9),img(ynn,xnn,10),img(yn n,xnn,11),img(ynn,xn
n,12),xnn,ynn,SAM1,SAM];  
                    end ;  
                end ;  
            end ;  
        end ;  
        %LSMA 
        if  strcmp(malgorithm, 'LSMA' );  
            p = reshape(R_pix(1:bands2),bands2,1);  
            [weights, dummy, resid, exitflag] = lsq nonneg(endM, p);  
%             b = ones(8,1);  
%             lb = zeros(8,1);  
%             ub = ones(8,1);  
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%             [weights,resnorm,resid, exitflag] = 
lsqlin(endM,p,endM,b,[],[],lb,ub);  
            sumW = sum(weights);  
            mixW = weights .* (1/sumW);  
            bestfit = 0;  
            bctr = 0;  
            for  zz = 1:size(mixW(:,1));  
                if  mixW(zz,1) > bestfit;  
                    bestfit = mixW(zz,1);  
                    bctr = zz;  
                end ;  
            end ;  
            %check if it matches search and converged  
            if  (exitflag == 1) && (bctr == bands2);  
                LSMA = bestfit;  
            else ;  
                LSMA = 0;  
            end ;  
            if  LSMA < mmerit;  
                continue ;  
            end ;  
            %perform nearest neighbor search  
            hitctr = hitctr + 1;  
            endM1 = endM(:,1:bands2-1);  
            endM1 = [endM1, p];  %make the target = the current pixel 
vector  
            hitctrb = hitctr;   %check for hit already part of larger 
target  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  ~isnan(imgTgt(y,x))  
                        hitctrb = imgTgt(y,x);  
                    end ;  
                end ;  
            end ;  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  reshape(img(ynn, xnn, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                        continue ;  
                    end ;  
                    p = reshape(img(ynn, xnn,1:band s2),bands2,1);   
%get the nearest neighbr pixel vector  
                    [weights, dummy, resid, exitfla g] = 
lsqnonneg(endM1, p);  
%                     b = ones(8,1);  
%                     lb = zeros(8,1);  
%                     ub = ones(8,1);  
%                     [weights,resnorm,resid, exitf lag] = 
lsqlin(endM1,p,endM,b,[],[],lb,ub);  
                    sumW = sum(weights);  
                    mixW = weights .* (1/sumW);  
                    bestfit = 0;  
                    bctr = 0;  
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                    for  zz = 1:size(mixW(:,1));  
                        if  mixW(zz,1) > bestfit;  
                            bestfit = mixW(zz,1);  
                            bctr = zz;  
                        end ;  
                    end ;  
                    %check if it matches search and converged  
                    if  (exitflag == 1) && (bctr == bands2);  
                        LSMA1 = bestfit;  
                    else ;  
                        LSMA1 = 0;  
                    end ;  
                    if  ((LSMA1 >= mmerit) && (isnan(imgTgt(ynn,xnn))));  
%                         imgTgt(ynn,xnn) = hitctr;  
%                         hits = 
[hits;hitctr,img(ynn,xnn,9),img(ynn,xnn,10),img(ynn ,xnn,11),img(ynn,xnn
,12),xnn,ynn,LSMA,LSMA1];  
                        imgTgt(ynn,xnn) = hitctrb;  
                        hits = 
[hits;hitctrb,img(ynn,xnn,9),img(ynn,xnn,10),img(yn n,xnn,11),img(ynn,xn
n,12),xnn,ynn,LSMA,LSMA1];  
                    end ;  
                end ;  
            end ;  
        end ;  
        %MF 
        if  strcmp(malgorithm, 'MF' );  
            p = reshape(img(y,x,1:bands2),bands2,1) ;  
            MF = (R_nef-iM)' * invC * (p-iM);  
            if  (MF/1000) < mmerit;  
                continue ;  
            end ;  
            %perform nearest neighbor search  
            hitctr = hitctr + 1;  
            t = reshape(p(1:bands2),bands2,1);  %make the target = the 
current pixel vector  
            hitctrb = hitctr;   %check for hit already part of larger 
target  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  ~isnan(imgTgt(y,x))  
                        hitctrb = imgTgt(y,x);  
                    end ;  
                end ;  
            end ;  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  reshape(img(ynn, xnn, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                        continue ;  
                    end ;  
                    p = reshape(img(ynn, xnn,1:band s2),bands2,1);   
%get the nearest neighbr pixel vector  
                    MF1 = (t-iM)' * invC * (p-iM);  
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                    if  ((MF1 > mmerit) && (isnan(imgTgt(ynn,xnn))));  
%                         imgTgt(ynn,xnn) = hitctr;  
%                         hits = 
[hits;hitctr,img(ynn,xnn,9),img(ynn,xnn,10),img(ynn ,xnn,11),img(ynn,xnn
,12),xnn,ynn,MF,MF1];  
                        imgTgt(ynn,xnn) = hitctrb;  
                        hits = 
[hits;hitctrb,img(ynn,xnn,9),img(ynn,xnn,10),img(yn n,xnn,11),img(ynn,xn
n,12),xnn,ynn,MF,MF1];  
                    end ;  
                end ;  
            end ;  
        end ;  
        %MF/SAM Ratio  
        if  strcmp(malgorithm, 'ratio' );  
            %SAM part  
            t1 = R_nef;  
            p1 = reshape(R_pix(1:bands2),bands2,1);  
            SAM = acos(dot(t1, p1)/(norm(t1)*norm(p 1)));  
            if  SAM == 0.0;  
                SAM = 0.001;  
            end ;  
            %MF part  
            p2 = reshape(img(y,x,1:bands2),bands2,1 );  
            MF = (R_nef-iM)' * invC * (p2-iM);  
            %ratio part  
            mfsam = MF/SAM;  
            if  mfsam < mmerit;  
                continue ;  
            end ;  
            %perform nearest neighbor search  
            hitctr = hitctr + 1;  
            t = p1;  %make the target = the current pixel vector  
            hitctrb = hitctr;   %check for hit already part of larger 
target  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  ~isnan(imgTgt(y,x))  
                        hitctrb = imgTgt(y,x);  
                    end ;  
                end ;  
            end ;  
            for  ynn = y-buff:y+buff;  
                for  xnn = x-buff:x+buff;  
                    if  reshape(img(ynn, xnn, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                        continue ;  
                    end ;  
                    pn = reshape(img(ynn, xnn,1:ban ds2),bands2,1);   
%get the nearest neighbr pixel vector  
                    SAM1 = acos(dot(t, pn)/(norm(t) *norm(pn)));  
                    if  SAM1 == 0.0;  
                        SAM1 = 0.001;  
                    end ;  
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                    MF1 = (t-iM)' * invC * (pn-iM);  
                    mfsam1 = MF1/SAM1;  
                    if  ((mfsam1 >= mmerit) && 
(isnan(imgTgt(ynn,xnn))));  
                        imgTgt(ynn,xnn) = hitctrb;  
                        hits = 
[hits;hitctrb,img(ynn,xnn,9),img(ynn,xnn,10),img(yn n,xnn,11),img(ynn,xn
n,12),xnn,ynn,mfsam,mfsam1];  
                    end ;  
                end ;  
            end ;  
        end ;  
    end ;  
end ;  
if  size(hits,1) > 0;  
    delete( 'RXhits.xlsx' );  
    xlswrite( 'RXhits.xlsx' , hits);  
end ;  
  
%create shapefile  
set(gcf, 'Pointer' , 'watch' );  
if  size(hits,1) > 0;  
    %Target shapefile  
    %get lat/lon data  
    ctr = size(hits,1);  
  
    if  pansharp;  
        fname = 
strcat(char(imagesXLS(zxls,3)), '/' ,char(imagesXLS(zxls,26)));  
        jimg = imread(fname);  
        [dline, dsample, dbands] = size(img);  
        [pline, psample, pbands] = size(jimg);  
        factL = pline/dline;  
        factS = psample/dsample;  
        fname = 
strcat(char(imagesXLS(zxls,3)), '/' ,char(imagesXLS(zxls,2)));  
        dimg = imread(fname);  
    else ;  
        fname = 
strcat(char(imagesXLS(zxls,3)), '/' ,char(imagesXLS(zxls,2)));  
        dimg = imread(fname);  
    end ;  
  
    %find unique entries  
    hits = real(hits);  
    hits = sortrows(hits,1);  
    uhits = unique(hits(:,1));  
    sizeUhits = size(uhits,1);  
    %shapefile  
    [Targets(1:sizeUhits).Geometry] = deal( 'Polygon' );  
    for  i = 1:sizeUhits;  
        [r,c] = find(hits(:,1)==uhits(i));  %get hits matching this 
unique  
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        lon = [];  
        lat = [];  
        ctr = 0;  
        for  j = 1:size(r,1);    %gather all the lat/lon  
            z = size(lon,2);  
            lon(z+1) = hits(r(j),2);  
            lat(z+1) = hits(r(j),3);  
            lon(z+2) = hits(r(j),4);  
            lat(z+2) =  hits(r(j),5);  
        end ;  
        minx = min(lon');   %identify TL & BR  
        maxx = max(lon');  
        miny = min(lat');  
        maxy = max(lat');  
        %populate shapefile entry  
        Targets(i).BoundingBox = [minx miny; maxx m axy];  
        lon1 = [minx maxx maxx minx minx];  
        lat1 = [maxy maxy miny miny maxy];  
        Targets(i).Lon = lon1;  
        Targets(i).Lat = lat1;  
        Targets(i).Lon1 = hits(r(j),2);  
        Targets(i).Lat1 = hits(r(j),3);  
        Targets(i).tgt = hits(r(1),1);  
        Targets(i).x = hits(r(1),6);  
        Targets(i).y = hits(r(1),7);  
        Targets(i).Merit = hits(r(1),8);  
        Targets(i).Merit1 = hits(r(1),9);  
    end ;  
    dspec = makedbfspec(Targets);  
    if  strcmp(malgorithm, 'ratio' );  
        fname = strcat(char(imagesXLS(zxls,3)), '/Data/' , 'R-' , 
char(imagesXLS(zxls,1)), '-' , char(NefXLS(mspectra,2)), '-' , 
malgorithm);  
    elseif  strcmp(char(imagesXLS(zxls,1)), 'J4_4010_p009_01_ps' );  
        fname = strcat(char(imagesXLS(zxls,3)), '/Data/' , 'PS-' , 
char(imagesXLS(zxls,1)), '-' , char(NefXLS(mspectra,2)), '-' , 
malgorithm);  
    else  
        fname = strcat(char(imagesXLS(zxls,3)), '/Data/' , 'E-' , 
char(imagesXLS(zxls,1)), '-' , char(NefXLS(mspectra,2)), '-' , 
malgorithm);  
    end ;  
%     if wAtmo;  
%         fname = strcat(fname, '-AC');  
%     end;  
    fname = strcat(fname, '-B' , num2str(buff));  
    tmp = num2str(mmerit);  
    tmp = strrep(tmp, '.' , '_' );  
    fname = strcat(fname, '-' , tmp);  
    shapewrite(Targets, fname, 'DbfSpec' , dspec);  
    fname = strcat(fname, '.mat' );  %save off hits list for potential 
later use  
    save(fname, 'hits' );  
end ;  
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set(handles.Status, 'String' , 'Complete' );  
set(handles.Status, 'ForegroundColor' , 'Red' );  
set(handles.Hits, 'String' , num2str(size(hits, 1)));  
drawnow;  
set(gcf, 'Pointer' , 'arrow' );  
  
%draw image window  
if  size(hits,1) > 0;  
    isfig = exist( 'fig' );  
    if  isfig;  
        close fig ;  
    end ;  
    fig = figure;  
     
    if  get(handles.PanSharp, 'Value' ) == get(handles.PanSharp, 'Max' );  
        imagesc(jimg);  
%         outsamples = round((cell2mat(hits(:,2))-1 ).*factS);  
%         outlines = round((cell2mat(hits(:,1))-1). *factL);  
    else ;  
        imagesc(dimg);  
        outsamples = hits(:,6);  
        outlines = hits(:,7);  
    end ;  
    hold on;  
    if  strcmp(char(NefXLS(mspectra,2)), 'Red' ) || 
strcmp(char(NefXLS(mspectra,2)), 'Red-90' );  
        scatter(outsamples, outlines,10, '+' , 'g' );  
    else ;  
        scatter(outsamples, outlines,10, '+' , 'g' );  
    end ;  
    fname = strrep(fname, '_' , '\_' );  
    title(fname);  
    impixelinfo;  
end ;     
  
% --- Executes on slider movement.  
function  Merit_Callback(hObject, eventdata, handles)  
% hObject    handle to Merit (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hints: get(hObject,'Value') returns position of s lider  
%        get(hObject,'Min') and get(hObject,'Max') to determine range 
of slider  
var = get(hObject, 'Value' );  
var2 = sprintf( '%5.4g' , var);  
set(handles.SliderText, 'Value' , var);  
set(handles.SliderText, 'String' , var2);  
  
% --- Executes during object creation, after settin g all properties.  
function  Merit_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to Merit (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
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% handles    empty - handles not created until afte r all CreateFcns 
called  
  
% Hint: slider controls usually have a light gray b ackground.  
if  isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' ,[.9 .9 .9]);  
end  
set(hObject, 'Value' , 0.5);  
  
  
function  SliderText_Callback(hObject, eventdata, handles)  
% hObject    handle to SliderText (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hints: get(hObject,'String') returns contents of SliderText as text  
%        str2double(get(hObject,'String')) returns contents of 
SliderText as a double  
var = get(hObject, 'String' );  
var = str2num(var);  
var2 = sprintf( '%5.4g' , var);  
var = str2num(var2);  
set(handles.Merit, 'Value' , var);  
set(hObject, 'Value' , var);  
drawnow;  
  
% --- Executes during object creation, after settin g all properties.  
function  SliderText_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to SliderText (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    empty - handles not created until afte r all CreateFcns 
called  
  
% Hint: edit controls usually have a white backgrou nd on Windows.  
%       See ISPC and COMPUTER.  
if  ispc && isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' , 'white' );  
end  
  
  
  
function  Status_Callback(hObject, eventdata, handles)  
% hObject    handle to Status (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hints: get(hObject,'String') returns contents of Status as text  
%        str2double(get(hObject,'String')) returns contents of Status 
as a double  
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% --- Executes during object creation, after settin g all properties.  
function  Status_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to Status (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    empty - handles not created until afte r all CreateFcns 
called  
  
% Hint: edit controls usually have a white backgrou nd on Windows.  
%       See ISPC and COMPUTER.  
if  ispc && isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' , 'white' );  
end  
  
% --- Executes on selection change in Spectra.  
function  Spectra_Callback(hObject, eventdata, handles)  
% hObject    handle to Spectra (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hints: contents = cellstr(get(hObject,'String')) returns Spectra 
contents as cell array  
%        contents{get(hObject,'Value')} returns sel ected item from 
Spectra  
  
  
% --- Executes during object creation, after settin g all properties.  
function  Spectra_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to Spectra (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    empty - handles not created until afte r all CreateFcns 
called  
global  beginningNef;  
set(hObject, 'String' , beginningNef);  
  
  
% Hint: listbox controls usually have a white backg round on Windows.  
%       See ISPC and COMPUTER.  
if  ispc && isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' , 'white' );  
end  
  
  
  
function  Hits_Callback(hObject, eventdata, handles)  
% hObject    handle to Hits (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
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% Hints: get(hObject,'String') returns contents of Hits as text  
%        str2double(get(hObject,'String')) returns contents of Hits as 
a double  
  
  
% --- Executes during object creation, after settin g all properties.  
function  Hits_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to Hits (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    empty - handles not created until afte r all CreateFcns 
called  
  
% Hint: edit controls usually have a white backgrou nd on Windows.  
%       See ISPC and COMPUTER.  
if  ispc && isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' , 'white' );  
end  
  
  
% --- Executes on button press in wAtmo.  
function  wAtmo_Callback(hObject, eventdata, handles)  
% hObject    handle to wAtmo (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
  
% --- Executes on button press in PanSharp.  
function  PanSharp_Callback(hObject, eventdata, handles)  
% hObject    handle to PanSharp (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hint: get(hObject,'Value') returns toggle state o f PanSharp  
  
  
  
function  BufferSize_Callback(hObject, eventdata, handles)  
% hObject    handle to BufferSize (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hints: get(hObject,'String') returns contents of BufferSize as text  
%        str2double(get(hObject,'String')) returns contents of 
BufferSize as a double  
var = get(hObject, 'String' );  
var = str2num(var);  
var2 = sprintf( '%5.4g' , var);  
var = str2num(var2);  
set(hObject, 'Value' , var);  
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% --- Executes during object creation, after settin g all properties.  
function  BufferSize_CreateFcn(hObject, eventdata, handles)  
% hObject    handle to BufferSize (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    empty - handles not created until afte r all CreateFcns 
called  
  
% Hint: edit controls usually have a white backgrou nd on Windows.  
%       See ISPC and COMPUTER.  
if  ispc && isequal(get(hObject, 'BackgroundColor' ), 
get(0, 'defaultUicontrolBackgroundColor' ))  
    set(hObject, 'BackgroundColor' , 'white' );  
end  
set(hObject, 'Value' , 1);  
junk = 1;  
  
  
% --- Executes on button press in b4data.  
function  b4data_Callback(hObject, eventdata, handles)  
% hObject    handle to b4data (see GCBO)  
% eventdata  reserved - to be defined in a future v ersion of MATLAB  
% handles    structure with handles and user data ( see GUIDATA)  
  
% Hint: get(hObject,'Value') returns toggle state o f b4data  
 

6.1.2 Atmospheric Correction 
%Cosine estimation of atmospheric transmittence  
function  rho = AtmoCorrect(withAtmo, rad, solar_zenith, 
sensor_viewangle, E, d, E_sun, E_up, E_down);  
  
if  withAtmo;  
    part1 = (rad-E_up-E_down)*pi*(d^2);  
    part2 = 
(cosd(sensor_viewangle)*cosd(solar_zenith)*E_sun*co sd(solar_zenith));  
    rho = part1/part2;  
else  
%     part1 = rad*pi*(d^2);  
%     part2 = E_sun*cosd(solar_zenith);  
    part1 = rad;  
    part2 = E_sun*cosd(solar_zenith);  
    rho = part1/part2;  
    rho = rho/10;  
    rho = rad/10000;  
end ;  
if  rho < 0.001;  
    rho = 0.001;  
elseif  rho > 1.0;  
    rho = 0.99;  
end ;  
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6.1.3 Graphical User Interface (GUI) Screenshot 
 

 
Figure 55 Screenshot of GUI 

 

6.2 Prototype Automated Detection 
%Automated Target Detection  
  
clear;  
clc;  
  
global  imagesXLS;  
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global  NefXLS;  
global  beginningNef;  
global  imagesXLS;  
  
%% Set desired parameters  
malgorithm = 'SAM' ;  
mspectra = 2+1; %from NEF table  
firstRun = false;  
ptr = 5+1;  %image selection from image table 5=boat  
  
%get image path & file  
[r1, r2, imagesXLS] = xlsread( 'ImageData.xlsx' );  
xlssize = size(imagesXLS,1);  
txt = [];  
for  z = 2:xlssize;  
    if  cell2mat(imagesXLS(z,26));  
        txt2 = strcat(char(imagesXLS(z,1)), ' (PS)' );  
    else ;  
        txt2 = char(imagesXLS(z,1));  
    end ;  
    txt = strvcat(txt, txt2);  
end ;  
%fill matching spectra  
[r1, r2, NefXLS1] = xlsread( 'NefSpectra.xlsx' );  
xlssize = size(NefXLS1,1);  
txt = [];  
parent = char(imagesXLS(ptr,3));  
NefXLS = NefXLS1(1,:);  
for  z = 2:xlssize;  
    tmp = cell2mat(NefXLS1(z,1));  
    if  ~isnan(tmp);  
        if  strcmp(char(NefXLS1(z,1)),parent);  
            txt = strvcat(txt, char(NefXLS1(z,2)));  
            NefXLS = [NefXLS;NefXLS1(z,:)];  
        end ;  
    end ;  
end ;  
  
zxls = ptr;  
fname = strcat(char(imagesXLS(zxls,3)), '/' ,char(imagesXLS(zxls,1)));  
txt = strcat( 'fname=' ,fname);  
disp(txt);  
[img, imgHdr] = enviread(fname);  
[lines, samples, bands2] = size(img);  
bands = cell2mat(imagesXLS(zxls,4));  
firstsample = cell2mat(imagesXLS(zxls,12));  
lastsample = cell2mat(imagesXLS(zxls,13));  
firstline = cell2mat(imagesXLS(zxls,10));  
lastline = cell2mat(imagesXLS(zxls,11));  
  
%adjustment for pan sharpened pictre  
pansharp = cell2mat(imagesXLS(zxls,26));  
%calc lat/lon  
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LonUL =cell2mat(imagesXLS(zxls,6));  
LonLL = cell2mat(imagesXLS(zxls,30));  
LonUR = cell2mat(imagesXLS(zxls,29));  
LonLR = cell2mat(imagesXLS(zxls,8));  
LatUR = cell2mat(imagesXLS(zxls,27));  
LatLR = cell2mat(imagesXLS(zxls,9));  
LatUL = cell2mat(imagesXLS(zxls,7));  
LatLL = cell2mat(imagesXLS(zxls,28));  
RowUL = cell2mat(imagesXLS(zxls,10));  
RowUR = cell2mat(imagesXLS(zxls,10));  
RowLL = cell2mat(imagesXLS(zxls,11));  
RowLR = cell2mat(imagesXLS(zxls,11));  
ColUL = cell2mat(imagesXLS(zxls,12));  
ColUR = cell2mat(imagesXLS(zxls,13));  
ColLL = cell2mat(imagesXLS(zxls,12));  
ColLR = cell2mat(imagesXLS(zxls,13));  
rightcol = ColUR - ColUL + 1;  
lowerrow = RowLL - RowUL + 1;  
cpts = [1 1;samples 1; 1 lines; samples lines];  
mpts = [LonUL LatUL; LonUR LatUR; LonLL LatLL; LonL R LatLR];  
t4 = cp2tform(cpts, mpts, 'projective' );  
  
%ephemeris data  
effBandWidth = eval(strcat( '[' , char(imagesXLS(zxls,15)), ']' ));  
Esun = eval(strcat( '[' , char(imagesXLS(zxls,16)), ']' ));  
absCalFactor = eval(strcat( '[' , char(imagesXLS(zxls,17)), ']' ));  
Eup = eval(strcat( '[' , char(imagesXLS(zxls,14)), ']' ));  
Edown = eval(strcat( '[' , char(imagesXLS(zxls,24)), ']' ));  
d = cell2mat(imagesXLS(zxls,23));  
solarZenith = 90-cell2mat(imagesXLS(zxls,18));  
solarElev = cell2mat(imagesXLS(zxls,18));  
viewAngle = cell2mat(imagesXLS(zxls,22));  
  
%Get selected NEF spectrum  
global  NefXLS;  
R_nef = eval(strcat( '[' , char(NefXLS(mspectra,4)), ']' ));  
  
wAtmo = true;  
  
%Preparation  
%create reflectance cube  
sensor = 'WV' ;  
orig_img = img;  
rname = strcat(char(imagesXLS(zxls,3)), '/Data/Reflectance.mat' );  
listing = dir(rname);  
if  size(listing,1);  
    load(rname);  
else ;  
    disp( 'refl' );  
    for  y = 1:lines;  
        z = rem(y, 10);  
        if  z == 0;  
            txt = strcat( 'Refl = ' , num2str(y));  
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            disp(txt);  
        end ;  
        for  x = 1:samples;  
            if  reshape(img(y, x, 1:bands2),bands2,1) ~= 
zeros(bands2,1);  
                L_tgt = zeros(1, bands2);  
                R_pix = zeros(1, bands2);  
                for  b = 1:bands2;  
                    [L_tgt(b), E] = Radiance(img(y,  x, b), 
absCalFactor(b), effBandWidth(b),Esun(b), d, solarZ enith, sensor);  
                    R_pix(b) = AtmoCorrect1(true, L _tgt(b), 
solarZenith, viewAngle, E, d, Esun(b), Eup(b), Edow n(b));  
                    img(y,x,b) = R_pix(b);  
                end ;  
                %add lat/lon for TL & BR to pixel vector  
                tpts = [(x) (y)];  
                latlon = tformfwd(t4, tpts);  
                img(y, x, b+1) = latlon(1);   %lon  
                img(y, x, b+2) = latlon(2);   %lat  
                tpts = [(x+1.0) (y+1.0)];  
                latlon = tformfwd(t4, tpts);  
                img(y, x, b+3) = latlon(1);   %lon  
                img(y, x, b+4) = latlon(2);   %lat  
            end ;  
        end ;  
    end ;  
save(rname, 'img' );  
end ;  
  
%%%%%%%%%%%%%%%%%%%% 
%MF prep  
if  strcmp(malgorithm, 'MF' );  
    %find mean, covariance, inverse covariance  
    disp( 'img mean' );  
    imgtemp = img(:,:,1:bands2);  
    iM = reshape(img_mean(imgtemp),bands2,1);  
    disp( 'img cov' );  
    iC = img_cov(imgtemp);  
    invC = inv(iC);  
end ;  
  
R_nef = reshape(R_nef,bands2,1);  
hitctr = 0;  
buff = 1;  
if  firstRun;  
    disp( 'first' );  
    imgVals = zeros(lines, samples, 8);  
    for  y = 1:lines; %lines  
        z = rem(y, 10); %display status  
        if  z == 0;  
            txt = strcat( 'first Lines = ' , num2str(y));  
            disp(txt);  
        end ;  
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        for  x = 1:samples; %samples  
            if  reshape(img(y, x, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                continue ;  
            end ;  
            R_pix = reshape(img(y, x, 1:bands2+4),b ands2+4,1);  
  
            %algorithms  
            %SAM 
            if  strcmp(malgorithm, 'SAM' );  
                %determine if potential target  
                p = reshape(R_pix(1:bands2),bands2, 1);  
                SAM = acos(dot(R_nef, p)/(norm(R_ne f)*norm(p)));  
                imgVals(y,x,1) = pow10_round(SAM, - 2);  %SAM 
                imgVals(y,x,2) = R_pix(bands2+1);       %ul-lon  
                imgVals(y,x,3) = R_pix(bands2+2);       %ul-lat  
                imgVals(y,x,4) = R_pix(bands2+3);       %lr-lon  
                imgVals(y,x,5) = R_pix(bands2+4);       %lr-lat  
                imgVals(y,x,6) = NaN;                   %hitctr  
                imgVals(y,x,7) = y;                     %line  
                imgVals(y,x,8) = x;                     %sample 
            end ;  
            %MF 
            if  strcmp(malgorithm, 'MF' );  
                p = reshape(R_pix(1:bands2),bands2, 1);  
                MF = (R_nef-iM)' * invC * (p-iM);  
                MF = MF/1000;  
                imgVals(y,x,1) = pow10_round(MF, -2 );   %MF 
                imgVals(y,x,2) = R_pix(bands2+1);       %ul-lon  
                imgVals(y,x,3) = R_pix(bands2+2);       %ul-lat  
                imgVals(y,x,4) = R_pix(bands2+3);       %lr-lon  
                imgVals(y,x,5) = R_pix(bands2+4);       %lr-lat  
                imgVals(y,x,6) = NaN;                   %hitctr  
                imgVals(y,x,7) = y;                     %line  
                imgVals(y,x,8) = x;                     %sample 
            end ;  
        end ;  
    end ;  
    fname = strcat(char(imagesXLS(zxls,3)), '/Data/' , 'ZZ-' , 
char(imagesXLS(zxls,1)), '-' , char(NefXLS(mspectra,2)), '-' , 
malgorithm);  
    save(fname, 'imgVals' );  
else ;  
    fname = strcat(char(imagesXLS(zxls,3)), '/Data/' , 'ZZ-' , 
char(imagesXLS(zxls,1)), '-' , char(NefXLS(mspectra,2)), '-' , 
malgorithm);  
    load(fname);  
end ;  
  
disp( 'Get first mean' );  
txt = strcat( 'Algo = ' , malgorithm);  
disp(txt);  
txt = strcat( 'NEF = ' , NefXLS(mspectra,2));  
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disp(txt);  
%remove non-values  
tars = reshape(imgVals,[],8);  
[r,c]=find(~isnan(tars(:,1)));  
tars = tars(r,:);  
vals = tars(:,1);  
vals = reshape(vals,[],1);  
  
%first pass  
m1 = pow10_round(mean(vals), -2);  
s1 = pow10_round(std(vals), -2);  
if  strcmp(malgorithm, 'SAM' );  
    vv = find(vals > (m1-s1));  
else ;  
    vv = find(vals < (m1+s1));  
end ;  
vals = vals(~ismember(1:size(vals, 1), vv));  
txt = strcat( 'mean 1 = ' , num2str(m1));  
disp(txt)  
txt = strcat( 'std 1 = ' , num2str(s1));  
disp(txt)  
  
%second pass  
disp( 'Get second mean' );  
if  strcmp(malgorithm, 'SAM' );  
    m2 = pow10_round(mean(vals), -2);  
    s2 = pow10_round(std(vals), -2);  
    ss = m2-s2;  
else ;  
    m2 = pow10_round(mean(vals), -2);  
    s2 = pow10_round(std(vals), -2);  
    ss = m2+s2;  
end ;  
txt = strcat( 'mean 2 = ' , num2str(m2));  
disp(txt)  
txt = strcat( 'std 2 = ' , num2str(s2));  
disp(txt)  
txt = strcat( 'sweet spot = ' , num2str(ss));  
disp(txt)  
  
%processing loop  
hitctr = 0;  
hits = [];  
buff = 1;  
disp( 'start' );  
tars = reshape(imgVals,[],8);  
[r,c]=find(~isnan(tars(:,1)));  
tars = tars(r,:);  
tars = sortrows(tars,[7 8]);  
if  strcmp(malgorithm, 'SAM' );  
    [r,c]=find(tars(:,1) <= ss);  
else ;  
    [r,c]=find(tars(:,1) >= ss);  
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end ;  
tars = tars(r,:);  
ii = size(tars,1);  
txt = strcat( 'ii = ' , num2str(ii));  
disp(txt);  
figure;  
histnorm(tars(:,1),0:0.05:1, 'plot' );  
for  i = 1:ii;  
    z = rem(i, 100); %display status  
    if  z == 0;  
        txt = strcat( 'i Lines = ' , num2str(i));  
        disp(txt);  
    end ;  
    hitctr = hitctr+1;  
    y = tars(i,7);   %get line  
    x = tars(i,8);   %get sample  
    t = reshape(img(y, x, 1:bands2),bands2,1);  %make the target = the 
current pixel vector  
    hitctrb = hitctr;  
    if  ((y==1) || (y==lines) || (x==1) || (x==samples));  
        continue ;  
    else ;  
        for  ynn = y-buff:y+buff;    %check if part of larger target  
            for  xnn = x-buff:x+buff;  
                if  (~isnan(imgVals(ynn,xnn,6)));  
                    hitctrb = imgVals(ynn,xnn,6);  
                    break ;  
                end ;  
            end ;  
            if  (hitctrb ~= hitctr);  
                break ;  
            end ;  
        end ;  
        for  ynn = y-buff:y+buff;    %NNI 
            for  xnn = x-buff:x+buff;  
                if  reshape(img(ynn, xnn, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                    continue ;  
                end ;  
                p = reshape(img(ynn, xnn,1:bands2), bands2,1);   %get 
the nearest neighbor pixel vector  
                if  strcmp(malgorithm, 'SAM' );  
                    SAM = acos(dot(t, p)/(norm(t)*n orm(p)));  
                    if  (SAM <= ss);  
                        imgVals(ynn,xnn,6) = hitctr b;  
                    end ;  
                else ;  
                    if  reshape(img(ynn, xnn, 1:bands2),bands2,1) == 
zeros(bands2,1);  %check for masked pixel  
                        continue ;  
                    end ;  
                    MF = (t-iM)' * invC * (p-iM);  
                    MF = MF/1000;  
                    if  (MF >= ss);  
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                        imgVals(ynn,xnn,6) = hitctr b;  
                    end ;  
                end ;  
            end ;  
        end ;  
    end ;  
end ;  
  
%create shapefile  
disp( 'create shp' );  
tars = reshape(imgVals, [],8);  
[r,c]=find(~isnan(tars(:,6)));  %select only pixels with target 
designator  
tars = tars(r,:);  
[r,c]=find(tars(:,6) > 0);  
tars = tars(r,:);  
ii = size(tars, 1);  
if  ii > 0;  
    %find unique entries  
    hits = sortrows(tars,6);  
    uhits = unique(tars(:,6));  
    sizeUhits = size(uhits,1);  
    %shapefile  
    [TargetsE(1:sizeUhits).Geometry] = deal( 'Polygon' );  
    for  i = 1:sizeUhits;  
        [r,c] = find(tars(:,6)==uhits(i));  %get hits matching this 
unique  
        lon = [];  
        lat = [];  
        ctr = 0;  
        for  j = 1:size(r,1);    %gather all the lat/lon  
            z = size(lon,2);  
            lon(z+1) = tars(r(j),2);  
            lat(z+1) = tars(r(j),3);  
            lon(z+2) = tars(r(j),4);  
            lat(z+2) = tars(r(j),5);  
        end ;  
        minx = min(lon');   %identify TL & BR  
        maxx = max(lon');  
        miny = min(lat');  
        maxy = max(lat');  
        %populate shapefile entry  
        TargetsE(i).BoundingBox = [minx miny; maxx maxy];  
        lon1 = [minx maxx maxx minx minx];  
        lat1 = [maxy maxy miny miny maxy];  
        TargetsE(i).Lon = lon1;  
        TargetsE(i).Lat = lat1;  
        TargetsE(i).Lon1 = tars(r(j),2);  
        TargetsE(i).Lat1 = tars(r(j),3);  
        TargetsE(i).tgt = tars(r(1),6);  
        TargetsE(i).x = tars(r(1),8);  
        TargetsE(i).y = tars(r(1),7);  
        TargetsE(i).Merit = tars(r(1),1);  



160 
 

    end ;  
  
    dspec = makedbfspec(TargetsE);  
    fname = strcat(char(imagesXLS(zxls,3)), '/Data/' , 'XX-' , 
char(imagesXLS(zxls,1)), '-' , char(NefXLS(mspectra,2)), '-' , 
malgorithm);  
    fname = strcat(fname, '-B' , num2str(buff));  
    tmp = num2str(ss);  
    tmp = strrep(tmp, '.' , '_' );  
    fname = strcat(fname, '-' , tmp);  
    shapewrite(TargetsE, fname, 'DbfSpec' , dspec);  
end ;  
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