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7@/(@!3:'$%/(!+2:,+!(,&-!7'$!.$3-!%,!%/H@%3+!'+-!$3(.&3!%@3!#'::!/+$/-3!%@3!$,(Y3%!7@/:3!'+!,.%3&!

$.&&,.+-/+H!:'23&!,A!&.##3&!#'+-$!':$,!@3:-!%@3!\,/+%!(,++3(%3-!'+-!'::,73-!A,&!'!7/-3&!&'+H3!,A!$%'%/(!
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&,%'%3-!'&,.+-!7,,-3+!-,73:!&,-$!'+-!7,,-!,+!7,,-!/$!+,%!'+!/-3':!$.&A'(3!(,+%'(%!A,&!$:/-/+H!<'&%$)!
aG8O!7,&Y3-!'$!'!-3(3+%!:.#&/('+%!#.%!%@3!#3$%!,+3!7'$!'+!,/:!#'$3-!:.#&/('+%!4'-3!#2!0/+5+3)!

N@3!<.::32!('#:3!$2$%34!/+6,:63-!$/+H:3!-/&3(%/,+!%3+$/,+!,A!%@3!'(%.'%,&$!'+-!%@3&3A,&!%@3!A/+H3&$!
+33-3-!'+-!f&3%.&+!%,!c3&,g!&363&$3!'(%.'%,&!,&!$/4<:2!$%'%3-P!$,43!%2<3!,A!3:'$%/(!(,.+%3&!A,&(3!%,!

&3%&'(%!%@3!\,/+%!'A%3&!/%!7'$!+,%!:,+H3&!#3/+H!A:3T3-)!C2:,+!('#:3$!7,&3!,.%!A'$%P!&.##3&!#'+-$!7,&Y3-!
73::!#.%!@'-!%,!#3!$%&3%(@3-!':,+H!%@3!#'(Y!'$!%@3!&3$/$%/63!A,&(3!/$!<&,<,&%/,+':!%,!%@3!%,%':!4'%3&/':!
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tic; % Start timer. 
  
%%%%% CLEAN MATLAB %%%%% 
clear; 
clc; 
close all; 
  
disp('Initializing Vision...'); 
Occulus=videoinput('winvideo',1,'RGB24_640x480'); 



  
disp('Initializing Mecha-Patti...'); 
obj = serial('COM14'); 
set(obj, 'Terminator', 'CR'); 
set (obj, 'BaudRate',9600,'DataBits',8,'Parity','none','StopBits',1) 
obj.FlowControl = 'none'; 
fopen(obj) 
disp('Initialization Complete.'); 
  
while(1) 
%i = 1:20 
    tic; 
     
%    close all; 
%    pause(2); 
    rgbImage = getsnapshot(Occulus); 
    %rgbImage = imread('pic10.jpg'); 
%     imshow(rgbImage); drawnow;  
%     close all; 
%      
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    %HSV - Hue, Saturation, Value Analysis% 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    hsvImage = rgb2hsv(rgbImage);   %Convert RGB image into HSV image 
    hImage = hsvImage(:,:,1);       %Isolate hue layer 
    sImage = hsvImage(:,:,2);       %Isolate saturation layer 
    vImage = hsvImage(:,:,3);       %Isolate value layer 
     
    BlueHueLow = 0.6;            %Set threshold levels 
    BlueHueHigh = 0.8; 
    BlueSatLow = 0.5; 
    BlueSatHigh = 1; 
    BlueValLow = 0.2; 
    BlueValHigh = 1; 
     
    BlueHueMask = (hImage >= BlueHueLow) & (hImage <= BlueHueHigh); 
    BlueSatMask = (sImage >= BlueSatLow) & (sImage <= BlueSatHigh); 
    BlueValMask = (vImage >= BlueValLow) & (vImage <= BlueValHigh); 
    BlueHSVMask = uint8(BlueHueMask & BlueSatMask & BlueValMask); 
    smallestAcceptableArea = 100; 
    BlueHSVMask = uint8(bwareaopen(BlueHSVMask, smallestAcceptableArea)); 
    structuringElement = strel('disk', 4); 
    BlueHSVMask = imclose(BlueHSVMask, structuringElement); 
    InvBlueHSVMask = ~BlueHSVMask; 
    BlueHSVMask = cast(BlueHSVMask, class(rgbImage));  
    BlueMaskedImageR = BlueHSVMask .* rgbImage(:,:,1); 
    BlueMaskedImageG = BlueHSVMask .* rgbImage(:,:,2); 
    BlueMaskedImageB = BlueHSVMask .* rgbImage(:,:,3); 
    BlueMaskedRGBImage = cat(3, BlueMaskedImageR, BlueMaskedImageG, 
BlueMaskedImageB); 
    InvBlueHSVMask = cast(InvBlueHSVMask, class(rgbImage));     
    BlueMaskedImageR = InvBlueHSVMask .* rgbImage(:,:,1); 
    BlueMaskedImageG = InvBlueHSVMask .* rgbImage(:,:,2); 
    BlueMaskedImageB = InvBlueHSVMask .* rgbImage(:,:,3); 
    BlueMaskedRGBImage2 = cat(3, BlueMaskedImageR, BlueMaskedImageG, 
BlueMaskedImageB); 



     
    RedHueLow = 0.9;            %Set threshold levels 
    RedHueHigh = 1; 
    RedSatLow = 0.7; 
    RedSatHigh = 1; 
    RedValLow = 0; 
    RedValHigh = 1; 
     
    RedHueMask = (hImage >= RedHueLow) & (hImage <= RedHueHigh); 
    RedSatMask = (sImage >= RedSatLow) & (sImage <= RedSatHigh); 
    RedValMask = (vImage >= RedValLow) & (vImage <= RedValHigh); 
    RedHSVMask = uint8(RedHueMask & RedSatMask & RedValMask); 
    smallestAcceptableArea = 100; 
    RedHSVMask = uint8(bwareaopen(RedHSVMask, smallestAcceptableArea)); 
    structuringElement = strel('disk', 4); 
    RedHSVMask = imclose(RedHSVMask, structuringElement); 
    InvRedHSVMask = ~RedHSVMask; 
    RedHSVMask = cast(RedHSVMask, class(rgbImage));  
    RedMaskedImageR = RedHSVMask .* rgbImage(:,:,1); 
    RedMaskedImageG = RedHSVMask .* rgbImage(:,:,2); 
    RedMaskedImageB = RedHSVMask .* rgbImage(:,:,3); 
    RedMaskedRGBImage = cat(3, RedMaskedImageR, RedMaskedImageG, 
RedMaskedImageB); 
    InvRedHSVMask = cast(InvRedHSVMask, class(rgbImage));     
    RedMaskedImageR = InvRedHSVMask .* rgbImage(:,:,1); 
    RedMaskedImageG = InvRedHSVMask .* rgbImage(:,:,2); 
    RedMaskedImageB = InvRedHSVMask .* rgbImage(:,:,3); 
    RedMaskedRGBImage2 = cat(3, RedMaskedImageR, RedMaskedImageG, 
RedMaskedImageB); 
     
    YellowHueLow = 0;            %Set threshold levels 
    YellowHueHigh = 0.4; 
    YellowSatLow = 0.5; 
    YellowSatHigh = 1; 
    YellowValLow = 0; 
    YellowValHigh = 1; 
     
    YellowHueMask = (hImage >= YellowHueLow) & (hImage <= YellowHueHigh); 
    YellowSatMask = (sImage >= YellowSatLow) & (sImage <= YellowSatHigh); 
    YellowValMask = (vImage >= YellowValLow) & (vImage <= YellowValHigh); 
    YellowHSVMask = uint8(YellowHueMask & YellowSatMask & YellowValMask); 
    smallestAcceptableArea = 100; 
    YellowHSVMask = uint8(bwareaopen(YellowHSVMask, smallestAcceptableArea)); 
    structuringElement = strel('disk', 4); 
    YellowHSVMask = imclose(YellowHSVMask, structuringElement); 
    InvYellowHSVMask = ~YellowHSVMask; 
    YellowHSVMask = cast(YellowHSVMask, class(rgbImage));  
    YellowMaskedImageR = YellowHSVMask .* rgbImage(:,:,1); 
    YellowMaskedImageG = YellowHSVMask .* rgbImage(:,:,2); 
    YellowMaskedImageB = YellowHSVMask .* rgbImage(:,:,3); 
    YellowMaskedRGBImage = cat(3, YellowMaskedImageR, YellowMaskedImageG, 
YellowMaskedImageB); 
    InvYellowHSVMask = cast(InvYellowHSVMask, class(rgbImage));     
    YellowMaskedImageR = InvYellowHSVMask .* rgbImage(:,:,1); 
    YellowMaskedImageG = InvYellowHSVMask .* rgbImage(:,:,2); 
    YellowMaskedImageB = InvYellowHSVMask .* rgbImage(:,:,3); 



    YellowMaskedRGBImage2 = cat(3, YellowMaskedImageR, YellowMaskedImageG, 
YellowMaskedImageB); 
     
    %%%%% Count Dots %%%%% 
    RedImage = RedMaskedRGBImage(:,:,1); 
    BWImage = im2bw(RedImage,0.1); 
    BW_filled_Red = imfill(BWImage,'holes'); 
    boundaries = bwboundaries(BW_filled_Red); 
    size(boundaries); 
    [redL, numRED] = BWLABEL(BW_filled_Red); 
     
    BlueImage = BlueMaskedRGBImage(:,:,3); 
    BlueBWImage = im2bw(BlueImage,0.1); 
    BW_filled_Blue = imfill(BlueBWImage,'holes'); 
    boundaries = bwboundaries(BW_filled_Blue); 
    size(boundaries); 
    [blueL, numBLUE] = BWLABEL(BW_filled_Blue);     
     
    %%%%% Plot Images %%%%% 
    close all; 
    figure; set(gcf, 'Position', get(0, 'ScreenSize')); 
    subplot(3,3,1); imshow(rgbImage); 
    subplot(3,3,4); imshow(RedMaskedRGBImage); 
    subplot(3,3,5); imshow(YellowMaskedRGBImage); 
    subplot(3,3,6); imshow(BlueMaskedRGBImage); 
    subplot(3,3,7); imshow(BW_filled_Red); 
    subplot(3,3,8); imshow(BW_filled_Blue); 
    pause(3); 
     
    %%%%% Results %%%%% 
     
    numRED     
    numBLUE 
     
    if(numRED >= 3 & numBLUE >= 3) 
        fwrite(obj,48); 
    elseif (numRED == 1 & numBLUE >= 3) 
        fwrite(obj,49); 
    elseif (numRED == 0 & numBLUE >= 3) 
        fwrite(obj,50); 
    elseif (numRED >= 3 & numBLUE == 1) 
        fwrite(obj,51); 
    elseif (numRED == 1 & numBLUE == 1) 
        fwrite(obj,52); 
    elseif (numRED == 0 & numBLUE == 1) 
        fwrite(obj,53); 
    elseif (numRED >= 3 & numBLUE == 0) 
        fwrite(obj,54); 
    elseif (numRED == 1 & numBLUE == 0) 
        fwrite(obj,55); 
    elseif (numRED == 0 & numBLUE == 0) 
        fwrite(obj,56); 
%     elseif (numRED == 0 & numBLUE == 0) 
%         fwrite(obj,57); 
    end 



  
    toc 
end 
  
fclose(obj); 
  
disp('Sequence Complete');!
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%clear; clc; close all; 
disp('Running MP_Limbo.m'); 
disp('This program uses HSV analysis and thresholding in conjunction with RGB 
masking for color detection.'); 
  
%Read In Image 
rgbImage = imread('pic2.jpg'); 
[rows columns numberOfColorBands] = size(rgbImage);  
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%HSV - Hue, Saturation, Value Analysis% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    hsvImage = rgb2hsv(rgbImage);   %Convert RGB image into HSV image 
    hImage = hsvImage(:,:,1);       %Isolate hue layer 
    sImage = hsvImage(:,:,2);       %Isolate saturation layer 
    vImage = hsvImage(:,:,3);       %Isolate value layer 
     
    hueThresholdLow = 0;            %Set threshold levels 
    hueThresholdHigh = 0.3; 
    saturationThresholdLow = 0; 
    saturationThresholdHigh = 0.5; 
    valueThresholdLow = 0.2; 
    valueThresholdHigh = 1; 
                                    %Apply thresholds 
    hueMask = (hImage >= hueThresholdLow) & (hImage <= hueThresholdHigh); 
    saturationMask = (sImage >= saturationThresholdLow) & (sImage <= 
saturationThresholdHigh); 
    valueMask = (vImage >= valueThresholdLow) & (vImage <= 
valueThresholdHigh); 
                                    %Create mask of HSV layers 
    hsvMask = uint8(hueMask & saturationMask & valueMask); 
                                    %Eliminate small pixel groups(objects) 
    smallestAcceptableArea = 10; 
    hsvMask = uint8(bwareaopen(hsvMask, smallestAcceptableArea)); 
                                    %Smoothe Edges 
    structuringElement = strel('disk', 4); 
    hsvMask = imclose(hsvMask, structuringElement); 
    InvHsvMask = ~hsvMask; 
     
     
                                    %Convert mask to proper data type. 
    hsvMask = cast(hsvMask, class(rgbImage));  



                                    %Apply the hsvMask to individual RGB 
layers. 
    maskedImageR = hsvMask .* rgbImage(:,:,1); 
    maskedImageG = hsvMask .* rgbImage(:,:,2); 
    maskedImageB = hsvMask .* rgbImage(:,:,3); 
                                    %Combine layers to 1 RGB image. 
    maskedRGBImage = cat(3, maskedImageR, maskedImageG, maskedImageB); 
     
    InvHsvMask = cast(InvHsvMask, class(rgbImage));     
                                    %Inverted HSV Mask 
                                    %Apply the InvHsvMask to individual RGB 
layers. 
    maskedImageR = InvHsvMask .* rgbImage(:,:,1); 
    maskedImageG = InvHsvMask .* rgbImage(:,:,2); 
    maskedImageB = InvHsvMask .* rgbImage(:,:,3); 
                                    %Combine layers to 1 RGB image. 
    maskedRGBImage2 = cat(3, maskedImageR, maskedImageG, maskedImageB); 
     
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%%%%%%%%%%%%PLOT RESULTS%%%%%%%%%%%%%% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
     
    figure; set(gcf, 'Position', get(0, 'ScreenSize')); %Create a new full 
size image. 
     
    subplot(2,1,1); imshow(rgbImage);           %Input 
    subplot(2,1,2); imshow(maskedRGBImage2);    %Output 
     
disp('Program Complete.'); 
!
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%This program will take the masked image from MP_limbo.m and isolate color 
dots 
%for blob detection. 
  
ColoredImage = maskedRGBImage2; 
  
%ColoredImage = rgb2hsv(ColoredImage); 
%RedImage(:,:,2) = 0; 
%RedImage(:,:,3) = 0; 
  
[x y z] = size(ColoredImage); 
  
rgbXtreme = ColoredImage; 
for i = 1:x 
    for j = 1:y 
        PixelVals = [rgbXtreme(i,j,1) rgbXtreme(i,j,2) rgbXtreme(i,j,3)]; 
        [grb, rgbDepth] = find(PixelVals == max(PixelVals)); 
        if rgbDepth == 1 
            rgbXtreme(i,j,2) = 0; 



            rgbXtreme(i,j,3) = 0; 
        end 
        if rgbDepth == 2 
            rgbXtreme(i,j,1) = 0; 
            rgbXtreme(i,j,3) = 0; 
        end 
        if rgbDepth == 3 
            rgbXtreme(i,j,1) = 0; 
            rgbXtreme(i,j,2) = 0; 
        end 
    end 
end 
  
%rgbXtreme2 = ColoredImage; 
%for i = 1:x 
%    for j = 1:y 
%        PixelVals = [rgbXtreme(i,j,1) rgbXtreme(i,j,2) rgbXtreme(i,j,3)]; 
%        [grb, rgbMax] = find(PixelVals == max(PixelVals));         
%        [grb, rgbMean] = find(PixelVals == mean(PixelVals)); 
%        [grb, rgbMin] = find(PixelVals == min(PixelVals)); 
%        rgbXtreme2(i,j,rgbMax) = rgbXtreme2(i,j,rgbMax) - 
rgbXtreme2(i,j,rgbMean); 
%        rgbXtreme2(i,j,rgbMean) = 0; 
%        rgbXtreme2(i,j,rgbMin) = 0; 
%    end 
%end 
  
RedPic = ((rgbXtreme(:,:,1) >= 140) & (rgbXtreme(:,:,1) <= 160)); 
  
  
figure; 
subplot(3,1,1); imshow(ColoredImage); 
subplot(3,1,2); imshow(rgbXtreme); 
%subplot(3,1,3); imshow(rgbXtreme2); 
!

!
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ColoredImage = maskedRGBImage2; 
  
Red = ColoredImage(:,:,1); 
Green = ColoredImage(:,:,2); 
Blue = ColoredImage(:,:,3); 
Null = zeros(size(Red)); 
  
Avg = Red.*Green.*Blue; 
thresholdValue = 10; 
binaryImage = Avg > thresholdValue; 
binaryImage = imfill(binaryImage, 'holes'); 
labeledImage = bwlabel(binaryImage, 8); 



blobMeasurements = regionprops(labeledImage, Avg, 'all');    
numberOfBlobs = size(blobMeasurements, 1); 
allBlobAreas = [blobMeasurements.Area]; 
allowableAreaIndexes = allBlobAreas > 5000; 
keeperIndexes = find(allowableAreaIndexes);  
keeperBlobsImage = ismember(labeledImage, keeperIndexes);  
TruAvg = Avg; % Simply a copy at first. 
TruAvg(~keeperBlobsImage) = 0;  % Set all non-keeper pixels to zero. 
TruAvg = ~TruAvg; 
  
NewRed = (Red >= 120); NewRed = NewRed .* TruAvg; 
NewGreen = (Green >= 120); NewGreen = NewGreen .* TruAvg; 
NewBlue = (Blue >= 120); NewBlue = NewBlue .* TruAvg; 
NewRed = NewRed .* (~NewGreen); 
  
SuperRed = cat(3, NewRed, Null, Null); 
SuperGreen = cat(3, Null, NewGreen, Null); 
SuperBlue = cat(3, Null, Null, NewBlue); 
  
% figure; 
% subplot(4,3,1); imshow(ColoredImage); 
% subplot(4,3,3); imshow(TruAvg); 
%  
% subplot(4,3,4); imshow(Red); 
% subplot(4,3,5); imshow(Green); 
% subplot(4,3,6); imshow(Blue); 
%  
% subplot(4,3,7); imshow(NewRed); 
% subplot(4,3,8); imshow(NewGreen); 
% subplot(4,3,9); imshow(NewBlue); 
%  
% subplot(4,3,10); imshow(SuperRed); 
% subplot(4,3,11); imshow(SuperGreen); 
% subplot(4,3,12); imshow(SuperBlue); 
!

!
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GreenImage = SuperGreen(:,:,2); 
BWImage = im2bw(GreenImage,0.5); 
BW_filled = imfill(BWImage,'holes'); 
boundaries = bwboundaries(BW_filled); 
size(boundaries); 
[L, NUM] = BWLABEL(BW_filled); 
stats = regionprops(L,'area','centroid'); 
allBlobAreas = [stats.Area]; 
Line1 = (allBlobAreas > 1400 & allBlobAreas < 2500); 
Line2 = (allBlobAreas > 2500); 
keeperIndexes = find(Line1); 
keeperIndexes2 = find(Line2); 
GreenLine1 = ismember(L, keeperIndexes); 
GreenLine2 = ismember(L, keeperIndexes2); 



  
  
  
[L2, numGreen1] = BWLABEL(GreenLine1); 
[L2, numGreen2] = BWLABEL(GreenLine2); 
  
%set(gca,'YDir','normal'); 
[row,col] = find(GreenLine1); 
p = polyfit(col,row,1); 
pp = polyval(p,1:640); 
  
[row2,col2] = find(GreenLine2); 
p2 = polyfit(col2,row2,1); 
pp2 = polyval(p2,1:640); 
  
  
figure; 
subplot(2,2,1); imshow(GreenLine1); axis([0 640 0 480]); 
subplot(2,2,2); imshow(GreenLine2); axis([0 640 0 480]); 
subplot(2,2,3); plot(col,row,'.'); axis([0 640 0 480]); hold on; 
plot(1:640,pp,'-r'); hold off; 
subplot(2,2,4); plot(col2,row2,'.'); axis([0 640 0 480]); hold on; 
plot(1:640,pp2,'-r'); hold off; 
!


