function game_state_sensor_brio100_ultra()
% GAME_STATE_SENSOR_BRIO100_ULTRA  (R2025b, noise-hardened)
% Live webcam overlay with robust background suppression and shape/color/position.
% Keys: [B]=Background  [G]=Go  [R]=ROI  [D]=Debug  [S]=Save  [Q]=Quit
   %% -------- Tunables (adjust if needed) --------------------------------
   P.maxObjects     = 9;
   % Camera selection (auto prefers Brio/Logitech; you can force below)
   P.targetRes      = '640x480';
   P.forceCamName   = '';     % e.g., 'Brio' or full camera name; '' = auto
   P.forceCamIndex  = [];     % numeric index; [] = auto
   % Foreground extraction (balanced for classroom lighting)
   P.binSensitivity = 0.48;   % adaptive threshold on background diff (0..1)
   P.morphDisk      = 2;      % speckle cleanup radius (2–4 typical)
   P.minArea        = 100;    % reject tiny specks
   P.maxArea        = 6e5;    % reject huge blobs
   P.useColorGate   = true;   % AND diff with a color gate (S & V)
   P.satGate        = 0.18;   % low gate to keep real colored pieces
   P.valGate        = 0.18;
   % Stripe/edge noise guards
   P.minMinorFrac   = 0.012;  % reject long thin components (min side)
   P.maxAR          = 9.0;    % reject extreme aspect ratio components
   P.clearBorder    = false;  % set true if border clutter dominates
   % Background model update (optional steady drift correction)
   P.bgUpdateWhenQuiet = true; % update background if scene mostly still
   P.bgQuietFrac   = 0.01;    % "quiet" if <1% fg area
   P.bgEMAAlpha    = 0.02;    % small EMA rate (0=no update)
   % Color classification (HSV)
   P.minSat        = 0.20;    % sample-level classification gates
   P.minVal        = 0.20;
   P.hueCenters    = struct('Red',0.00,'Yellow',0.16,'Green',0.33,'Blue',0.66);
   P.hueAccept     = 0.12;    % widen slightly for classroom light
   % Shape classification thresholds
   P.circleCircMin = 0.80;    % circularity ≥ this → Circle
   P.cornerMergeR  = 5;       % px radius to merge corner responses
   P.squareARMax   = 1.25;    % 4-corner & AR ~1 → Square, else Rectangle
   % Debug view
   P.showDebug     = false;   % toggled by [D]
   %% -------- Camera open -------------------------------------------------
   cams = webcamlist;
   if isempty(cams), error('No webcams found. Connect Brio and install USB Webcam support.'); end
   camIdx = chooseCameraIndex(cams, P.forceCamName, P.forceCamIndex);
   cam    = webcam(camIdx);
   cam.Resolution = chooseResolution(cam, P.targetRes);
   % Prime
   frame = snapshot(cam);
   [H,W,~] = size(frame);
   centerXY = [W/2, H/2];
   %% -------- UI / Overlays ----------------------------------------------
   hFig = figure('Name',titleBar(false,false,P.showDebug),'Color','k','NumberTitle','off',...
                 'MenuBar','none','ToolBar','none');
   hAx  = axes('Parent',hFig);
   hIm  = imshow(frame,'Parent',hAx); axis(hAx,'image'); axis(hAx,'off'); hold(hAx,'on');
   % ROI support
   S.hasROI = false; S.roiMask = true(H,W); hROI = [];
   S.debugMode = P.showDebug;
   % Pre-create graphics
   maxN = P.maxObjects;
   hCentroid = gobjects(maxN,1); hBox = gobjects(maxN,1); hText = gobjects(maxN,1);
   for i=1:maxN
       hCentroid(i) = plot(hAx,nan,nan,'o','MarkerSize',8,'LineWidth',1.5,'Color',[0.1 1 0.1]);
       hBox(i)      = rectangle(hAx,'Position',[0 0 0 0],'EdgeColor',[1 1 0],'LineWidth',1.25,'Visible','off');
       hText(i)     = text(hAx,5,5,'','Color',[1 1 1],'FontSize',11,'FontWeight','bold',...
                        'Interpreter','none','Visible','off','BackgroundColor','k','Margin',2);
   end
   % State
   S.bgRGB       = [];
   S.running     = false;
   S.hasBG       = false;
   S.frameCount  = 0;
   S.lastGS      = makeEmptyGameState();
   S.bgFloat     = [];   % single precision EMA background
   S.allowBgUpd  = true;
   set(hFig,'KeyPressFcn',@(src,evt) onKey(evt.Key));
   addlistener(hFig,'ObjectBeingDestroyed',@(~,~) cleanup());
   %% -------- Main loop ---------------------------------------------------
   while isgraphics(hFig)
       try
           frame = snapshot(cam);
       catch
           warning('Camera snapshot failed. Exiting.');
           break;
       end
       if S.hasROI
           frameMasked = applyROIMask(frame, S.roiMask);
       else
           frameMasked = frame;
       end
       % update view
       if isgraphics(hIm), set(hIm,'CData',frameMasked); else, break; end
       if S.running && S.hasBG
           [annot, gs, quiet] = analyzeFrame(frameMasked, S.bgRGB, P, centerXY, S.roiMask, S.debugMode);
           S.lastGS = gs;
           % optional background EMA update when scene is quiet
           if P.bgUpdateWhenQuiet && quiet && P.bgEMAAlpha>0 && S.allowBgUpd
               if isempty(S.bgFloat)
                   S.bgFloat = im2single(S.bgRGB);
               end
               S.bgFloat = (1-P.bgEMAAlpha)*S.bgFloat + P.bgEMAAlpha*im2single(frameMasked);
               S.bgRGB   = im2uint8(S.bgFloat);
           end
           % overlays
           for i=1:maxN
               if i <= annot.count
                   set(hCentroid(i),'XData',annot.centroids(i,1),'YData',annot.centroids(i,2),'Visible','on');
                   set(hBox(i),'Position',annot.bboxes(i,:),'Visible','on');
                   txt = sprintf('[%d] %s | %s | (%d,%d) | %.1f°', i, ...
                         annot.colors{i}, annot.shapes{i}, round(annot.centroids(i,1)), ...
                         round(annot.centroids(i,2)), annot.anglesDeg(i));
                   set(hText(i),'Position',[annot.bboxes(i,1),max(1,annot.bboxes(i,2)-16)],...
                         'String',txt,'Visible','on');
               else
                   set(hCentroid(i),'Visible','off'); set(hBox(i),'Visible','off'); set(hText(i),'Visible','off');
               end
           end
       else
           % hide overlays when idle
           for i=1:maxN
               set(hCentroid(i),'Visible','off'); set(hBox(i),'Visible','off'); set(hText(i),'Visible','off');
           end
       end
       S.frameCount = S.frameCount + 1;
       if isgraphics(hFig)
           set(hFig,'Name',titleBar(S.running,S.hasBG,S.debugMode));
       end
       drawnow limitrate;
   end
   cleanup();
   %% --------- nested: key handler & cleanup ------------------------------
   function onKey(k)
       switch lower(k)
           case 'b'
               S.bgRGB = snapshot(cam);
               if S.hasROI, S.bgRGB = applyROIMask(S.bgRGB,S.roiMask); end
               S.hasBG = true; S.bgFloat = []; beep;
           case 'g'
               S.running = ~S.running;
           case 'r'
               % toggle ROI (drag rectangle to set; second press clears)
               if ~S.hasROI
                   if isgraphics(hROI), delete(hROI); end
                   hROI = drawrectangle(hAx,'Color',[0 0.8 1],'LineWidth',1.5);
                   wait(hROI);  % user finishes
                   mask = poly2mask(hROI.Position(1)+(0:hROI.Position(3)-1), ...
                                    hROI.Position(2)+(0:hROI.Position(4)-1), H, W);
                   S.roiMask = mask; S.hasROI = true; S.allowBgUpd = true;
                   if S.hasBG, S.bgRGB = applyROIMask(S.bgRGB, S.roiMask); end
               else
                   S.hasROI = false; S.roiMask = true(H,W);
                   if isgraphics(hROI), delete(hROI); end
               end
           case 'd'
               S.debugMode = ~S.debugMode;
           case 's'
               trySave(S.lastGS);
           case 'q'
               if isgraphics(hFig), close(hFig); end
       end
   end
   function cleanup()
       try, clear cam; end
       try, assignin('base','gameState', S.lastGS); end
   end
end
%% ===================== PIPELINE ==========================================
function [annot, gameState, isQuiet] = analyzeFrame(rgb, bgRGB, P, centerXY, roiMask, showDebug)
   if nargin<6 || isempty(roiMask), roiMask = true(size(rgb,1),size(rgb,2)); end
   gameState = makeEmptyGameState();
   gameState.images.current    = rgb;
   gameState.images.background = bgRGB;
   % ---- 1) Background difference on V channel (robust to chroma shifts)
   hsv   = rgb2hsv(rgb);
   hsvBG = rgb2hsv(bgRGB);
   diffV = imabsdiff(hsv(:,:,3), hsvBG(:,:,3));
   diffV = medfilt2(diffV,[3 3]);                            % suppress sensor banding
   % Adaptive threshold
   bw = imbinarize(diffV,'adaptive','ForegroundPolarity','bright','Sensitivity',P.binSensitivity);
   % Optional color gate (remove neutral background variations)
   if P.useColorGate
       bw = bw & (hsv(:,:,2) > P.satGate) & (hsv(:,:,3) > P.valGate);
   end
   % ROI mask
   bw(~roiMask) = false;
   % Morphological cleanup
   bw = imopen(bw, strel('disk', P.morphDisk));
   bw = imfill(bw, 'holes');
   if P.clearBorder, bw = imclearborder(bw); end
   bw = bwareaopen(bw, P.minArea);
   % Remove long skinny or extreme AR components
   bw = removeThinAndExtreme(bw, P.minMinorFrac, P.maxAR);
   gameState.images.diff    = im2uint8(mat2gray(diffV));
   gameState.images.cleaned = bw;
   isQuiet = nnz(bw)/numel(bw) < P.bgQuietFrac;
   if showDebug
       showDebugMasks(diffV, bw);
   end
   % Connected components
   CC = bwconncomp(bw);
   R = regionprops(CC,'Area','BoundingBox','Centroid','PixelIdxList','Perimeter',...
                      'MajorAxisLength','MinorAxisLength','Orientation','Eccentricity','Solidity','Extent');
   % Size filter (second pass)
   keep = find([R.Area] >= P.minArea & [R.Area] <= P.maxArea);
   R = R(keep);
   % Keep the largest P.maxObjects
   if numel(R) > P.maxObjects
       [~,ord] = sort([R.Area],'descend'); R = R(ord(1:P.maxObjects));
   end
   n = numel(R);
   colors = cell(n,1); cIDs = zeros(n,1);
   shapes = cell(n,1);
   cents  = zeros(n,2); bboxes=zeros(n,4);
   angles = zeros(n,1);  % from image center to centroid
   % Precompute HSV
   H = hsv(:,:,1); S = hsv(:,:,2); V = hsv(:,:,3);
   for i=1:n
       px = R(i).PixelIdxList;
       c  = R(i).Centroid;
       bb = R(i).BoundingBox;
       cents(i,:)  = c;
       bboxes(i,:) = bb;
       dx = c(1)-centerXY(1); dy = -(c(2)-centerXY(2));
       a  = rad2deg(atan2(dy,dx)); if a<0, a = a + 360; end
       angles(i) = a;
       % --- Color using only saturated pixels inside each blob
       satMask = S(px) > max(P.minSat,0.20) & V(px) > max(P.minVal,0.20);
       if any(satMask)
           hMean = mean(H(px(satMask)),'omitnan');
           sMean = mean(S(px(satMask)),'omitnan');
           vMean = mean(V(px(satMask)),'omitnan');
       else
           hMean = mean(H(px),'omitnan'); sMean = mean(S(px),'omitnan'); vMean = mean(V(px),'omitnan');
       end
       [cIDs(i), colors{i}] = classifyColorHSV([hMean,sMean,vMean], P);
       % --- Shape
       shapes{i} = classifyShape_polyCorners(R(i), bw, P);
   end
   % Build gameState
   gameState.key = {'0','Empty'; '1','Red'; '2','Green'; '3','Yellow'; '4','Blue'};
   gameState.objects = repmat(struct('colorID',0,'colorName','Empty','shape','None',...
       'centroid',[NaN NaN],'angleDeg',NaN,'bbox',[NaN NaN NaN NaN],...
       'area',NaN,'perimeter',NaN,'orientationDeg',NaN,'solidity',NaN,'extent',NaN), P.maxObjects, 1);
   for i=1:n
       gameState.objects(i).colorID   = cIDs(i);
       gameState.objects(i).colorName = colors{i};
       gameState.objects(i).shape     = shapes{i};
       gameState.objects(i).centroid  = cents(i,:);
       gameState.objects(i).angleDeg  = angles(i);
       gameState.objects(i).bbox      = bboxes(i,:);
       gameState.objects(i).area      = R(i).Area;
       gameState.objects(i).perimeter = R(i).Perimeter;
       gameState.objects(i).orientationDeg = R(i).Orientation;
       gameState.objects(i).solidity  = R(i).Solidity;
       gameState.objects(i).extent    = R(i).Extent;
   end
   gameState.colorNames  = string(extractfield(gameState.objects,'colorName'))';
   gameState.centroidsXY = vertcat(gameState.objects.centroid);
   % Return overlay annotations
   annot.count     = n;
   annot.centroids = cents;
   annot.bboxes    = bboxes;
   annot.anglesDeg = angles;
   annot.colors    = colors;
   annot.shapes    = shapes;
end
%% ===================== HELPERS ===========================================
function s = makeEmptyGameState()
   s = struct();
   s.key = {'0','Empty'; '1','Red'; '2','Green'; '3','Yellow'; '4','Blue'};
   s.objects = struct([]);
   s.images  = struct('background',[],'current',[],'diff',[],'cleaned',[]);
   s.colorNames  = strings(0,1);
   s.centroidsXY = zeros(0,2);
end
function [id, name] = classifyColorHSV(hsvMean, P)
   H = hsvMean(1); S = hsvMean(2); V = hsvMean(3);
   if S < P.minSat || V < P.minVal, id=0; name='Unknown'; return; end
   dR = circHueDist(H, P.hueCenters.Red);
   dG = circHueDist(H, P.hueCenters.Green);
   dY = circHueDist(H, P.hueCenters.Yellow);
   dB = circHueDist(H, P.hueCenters.Blue);
   [dmin, which] = min([dR,dG,dY,dB]);
   if dmin > P.hueAccept, id=0; name='Unknown'; return; end
   switch which
       case 1, id=1; name='Red';
       case 2, id=2; name='Green';
       case 3, id=3; name='Yellow';
       case 4, id=4; name='Blue';
   end
end
function d = circHueDist(h,c), d = abs(h-c); d = min(d, 1-d); end
function shp = classifyShape_polyCorners(R, bwMask, P)
% Circle vs polygon via circularity & corner aggregation (no external toolboxes)
   A = R.Area; Per = max(R.Perimeter, eps);
   circ = 4*pi*A/(Per*Per);
   if circ >= P.circleCircMin
       shp = 'Circle'; return;
   end
   bb = round(R.BoundingBox);
   x1 = max(1, bb(1)); y1 = max(1, bb(2));
   x2 = min(size(bwMask,2), bb(1)+bb(3)-1);
   y2 = min(size(bwMask,1), bb(2)+bb(4)-1);
   sub = bwMask(y1:y2, x1:x2);
   per = bwperim(sub);
   C   = cornermetric(per);
   C   = imhmax(C, 0.01*max(C(:)));         % suppress weak peaks
   BWc = imregionalmax(C);
   [cy, cx] = find(BWc);
   pts = [cx, cy];
   if isempty(pts)
       nCorners = 0;
   else
       cents = mergeClosePoints(pts, P.cornerMergeR);
       nCorners = size(cents,1);
   end
   if abs(nCorners-3)<=1
       shp = 'Triangle';
   elseif abs(nCorners-4)<=1
       % Distinguish square vs rectangle by aspect ratio
       ar = max(R.MajorAxisLength,1) / max(R.MinorAxisLength,1);
       if ar <= P.squareARMax, shp = 'Square'; else, shp = 'Rectangle'; end
   else
       shp = 'Other';
   end
end
function cents = mergeClosePoints(pts, r)
% Simple greedy clustering (no Statistics TB needed)
   used = false(size(pts,1),1); cents = [];
   for i=1:size(pts,1)
       if used(i), continue; end
       d = hypot(pts(:,1)-pts(i,1), pts(:,2)-pts(i,2));
       grp = find(d <= r & ~used);
       used(grp) = true;
       cents(end+1,:) = [mean(pts(grp,1)), mean(pts(grp,2))]; %#ok<AGROW>
   end
end
function bwOut = removeThinAndExtreme(bwIn, minMinorFrac, maxAR)
% Drop components that are long/skinny (banding) or extreme aspect ratio.
   [H,W] = size(bwIn); minMinor = max(2, round(min(H,W)*minMinorFrac));
   CC = bwconncomp(bwIn);
   R  = regionprops(CC,'BoundingBox');
   keep = false(1,CC.NumObjects);
   for i=1:numel(R)
       bb = R(i).BoundingBox; w = bb(3); h = bb(4);
       minor = min(w,h);
       ar = max(w,h) / max(minor,1);
       keep(i) = (minor >= minMinor) && (ar <= maxAR);
   end
   bwOut = false(size(bwIn));
   for i=find(keep), bwOut(CC.PixelIdxList{i}) = true; end
end
function showDebugMasks(diffV, bw)
% Visual toggle: top-left shows diff, top-right shows cleaned mask overlay
   persistent hFigD hAx1 hAx2 him1 him2
   if isempty(hFigD) || ~isgraphics(hFigD)
       hFigD = figure('Name','Debug Masks','NumberTitle','off','Color','k');
       hAx1  = subplot(1,2,1,'Parent',hFigD); imshow(diffV,[],'Parent',hAx1); title(hAx1,'diff V');
       hAx2  = subplot(1,2,2,'Parent',hFigD); imshow(bw,[],'Parent',hAx2);   title(hAx2,'cleaned mask');
       him1  = []; him2 = [];
   else
       if isempty(him1) || ~isgraphics(him1), axes(hAx1); him1 = imshow(diffV,[],'Parent',hAx1); title(hAx1,'diff V'); else, set(him1,'CData',diffV); end
       if isempty(him2) || ~isgraphics(him2), axes(hAx2); him2 = imshow(bw,[],'Parent',hAx2);     title(hAx2,'cleaned mask'); else, set(him2,'CData',bw); end
       drawnow limitrate;
   end
end
function idx = chooseCameraIndex(cams, forceName, forceIdx)
% Prefer Brio/Logi/Logitech, avoid FaceTime/Integrated/Virtual
   if ~isempty(forceIdx) && forceIdx>=1 && forceIdx<=numel(cams), idx = forceIdx; return; end
   if ~isempty(forceName)
       k = find(contains(cams, forceName,'IgnoreCase',true),1);
       if ~isempty(k), idx = k; return; end
   end
   pref = contains(cams, {'brio','logi','logitech'}, 'IgnoreCase',true);
   if any(pref), idx = find(pref,1); return; end
   avoid = contains(cams, {'facetime','integrated','virtual'}, 'IgnoreCase',true);
   good = find(~avoid,1);
   if ~isempty(good), idx = good; else, idx = 1; end
   if idx==1 && isempty(forceName) && isempty(forceIdx)
       warning('Brio 100 not explicitly found; using camera: %s', cams{idx});
   end
end
function res = chooseResolution(cam, target)
   avail = cam.AvailableResolutions;
   if any(strcmpi(avail,target)), res = target; return; end
   wh = regexp(avail,'(\d+)x(\d+)','tokens','once'); wh = vertcat(wh{:});
   wh = cellfun(@str2double, wh); areas = prod(wh,2);
   widths = wh(:,1); smallIdx = find(widths<=1280);
   if ~isempty(smallIdx)
       [~,m]=min(areas(smallIdx)); res = avail{smallIdx(m)};
   else
       [~,m]=min(areas); res = avail{m};
   end
   if ~strcmpi(res,target)
       warning('Target resolution %s not available. Using %s.', target, res);
   end
end
function img = applyROIMask(img, mask)
   if islogical(mask)
       if size(img,1)==size(mask,1) && size(img,2)==size(mask,2)
           for k=1:size(img,3)
               ch = img(:,:,k); ch(~mask) = 0; img(:,:,k) = ch;
           end
       end
   end
end
function trySave(gs)
   if isempty(gs) || ~isfield(gs,'images') || isempty(gs.images) || isempty(gs.images.current)
       fprintf('Nothing to save yet. Press [B] then [G] to start.\n'); return;
   end
   ts = datestr(now,'yyyymmdd_HHMMSS');
   imwrite(gs.images.current,   sprintf('snapshot_%s_current.png',ts));
   if ~isempty(gs.images.background), imwrite(gs.images.background, sprintf('snapshot_%s_background.png',ts)); end
   if ~isempty(gs.images.diff),       imwrite(gs.images.diff,       sprintf('snapshot_%s_diff.png',ts));       end
   if ~isempty(gs.images.cleaned),    imwrite(gs.images.cleaned,    sprintf('snapshot_%s_clean.png',ts));      end
   gameState = gs; %#ok<NASGU>
   save('gameState_latest.mat','gameState');
   fprintf('Saved images and gameState_latest.mat\n'); beep;
end
function t = titleBar(run,hasBG,dbg)
   t = sprintf('Brio Game State  |  [B]gnd [G]o [R]OI [D]ebug [S]ave [Q]uit  |  Run:%s  BG:%s  Debug:%s',...
       onoff(run), onoff(hasBG), onoff(dbg));
end
function s = onoff(x), if x, s='Yes'; else, s='No'; end, end

