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import os 
import csv 
import time 
import numpy as np 
import cPickle as pickle 
from thesisLearnModel import learnDBN 
from thesisProcessGestures import preprocessData 
 
 
def main(): 
    experimentStartTime = time.time() 
    layerList = [[2000,1000,1000]] 
    learningRateList = [0.0001] 
    finetuneRateList = [0.01] 
    runCounter = 1 
    layerCounter = 1 
    lrCounter = 1 
    frCounter = 1 
    for layerStructure in layerList: 
        for learningRate in learningRateList: 
            for finetuneRate in finetuneRateList: 
                for whichGesture in range(3,0,-1):  
                    for whichHand in range(2,1,-1):  
                        modelSettings = [] 
                        modelSettings.append(layerStructure) 
                        modelSettings.append(learningRate) 
                        modelSettings.append(finetuneRate) 
                        experimentRun(modelSettings, whichGesture,  
                                      whichHand, runCounter,  
                                      layerCounter, lrCounter,  
                                      frCounter) 
                        runCounter += 1 
                frCounter += 1 
            lrCounter += 1 
        layerCounter += 1 
    experimentEndTime = time.time() 
     
     
def experimentRun (modelSettings, whichGesture, whichHand,  
                   runCounter, layerCounter, learningRateCounter,  
                   finetuneRateCounter): 
    dataFolder = 'dataPublication' 
    logTimeList = [] 
    logDatasetsList = [] 
    logPreprocessList = [] 
    logModelList = [] 
    logModelList.extend(modelSettings) 
    logModelList.extend([10,100,1000,1]) 
    logResultList = [] 
    outInterim = os.path.join(dataFolder, '00_saves/') 
    outTrain = os.path.join(dataFolder, '01_train/')  
    outValid = os.path.join(dataFolder, '02_validation/')  
    outTest = os.path.join(dataFolder, '03_test/')    
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    modelPrequel = str(runCounter).zfill(3) 
    learnStartTime = time.time() 
    dataResult = getDataSetChaLearn(outInterim, outTrain,  
                           outTest, outValid,  
                           logTimeList, logDatasetsList, 
                           modelPrequel, whichGesture,  
                           whichHand, learnStartTime) 
    dataSet, validSetTime, logLists = dataResult 
    logTimeList, logDatasetsList = logLists 
    if whichHand == 1: 
        if whichGesture == 1: 
            logPreprocessList = [40,'yes',0,0,0,'none'] 
        if whichGesture == 2: 
            logPreprocessList = [0,'none',100,35,50,'yes'] 
        if whichGesture == 3: 
            logPreprocessList = [40,'yes',100,35,50,'yes']    
    else: 
        if whichGesture == 1: 
            logPreprocessList = [40,'no',0,0,0,'none'] 
        if whichGesture == 2: 
            logPreprocessList = [0,'none',100,35,50,'no'] 
        if whichGesture == 3: 
            logPreprocessList = [40,'no',100,35,50,'no'] 
    model, logLists = learnDBN(modelSettings[0], modelSettings[1],  
                               modelSettings[2], datasets=dataSet,  
                               logTimeList=logTimeList,  
                               logResultList=logResultList) 
    logTimeList, logResultList = logLists 
    pickle.dump(model,  
        open( os.path.join(outInterim, modelPrequel + '_model.pkl'),  
        'wb'), -1) 
 
    modelTime = time.time() - learnStartTime 
    logList = [] 
    logList.append(modelPrequel) 
    logList.extend(logDatasetsList) 
    logList.extend(logPreprocessList) 
    logList.extend(logModelList) 
    logList.extend(logTimeList) 
    logList.extend(logResultList)  
    myfile = open(os.path.join(outInterim, 'log.csv'), 'a') 
    wr = csv.writer(myfile) 
    wr.writerow(logList) 
    myfile.close() 
 
 
def getDataSetChaLearn(outInterim, outTrain, outTest, outValid,  
                        logTimeList, logDatasetsList, 
                        modelPrequel, whichGesture, whichHand,  
                        learnStartTime): 
    dataSetStartTime = time.time() - learnStartTime 
    savePrequel = str(whichGesture) +'_'+ str(whichHand)  
    if not os.path.exists(os.path.join(outInterim,  
                            str(savePrequel) + '_train_data.npz')): 
        trainSet = preprocessData(outTrain, whichGesture, whichHand) 
        trainSet[1][:][:,0] = [x - 1 for x in trainSet[1][:][:,0]] 
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        np.savez(os.path.join(outInterim,  
                str(savePrequel) + '_train_data.npz'),  
                 trainSet=trainSet[0], trainSetIDs=trainSet[1]) 
    else: 
        trainFiles = np.load(os.path.join(outInterim,  
                str(savePrequel) + '_train_data.npz')) 
        trainSet = (trainFiles['trainSet'].astype('float32'),  
                    trainFiles['trainSetIDs']) 
    trainSetTime = time.time() - learnStartTime 
    logTimeList.append(round(trainSetTime-dataSetStartTime,2)) 
    if not os.path.exists(os.path.join(outInterim,  
                            str(savePrequel) + '_test_data.npz')):             
        testSet = preprocessData(outTest, whichGesture, whichHand) 
        testSet[1][:][:,0] = [x - 1 for x in testSet[1][:][:,0]] 
        np.savez(os.path.join(outInterim,  
                str(savePrequel) + '_test_data.npz'),  
                 testSet=testSet[0], testSetIDs=testSet[1]) 
    else: 
        testFiles = np.load(os.path.join(outInterim,  
                str(savePrequel) + '_test_data.npz')) 
        testSet = (testFiles['testSet'].astype('float32'),  
                   testFiles['testSetIDs']) 
    testSetTime = time.time() - learnStartTime 
    logTimeList.append(round(testSetTime-trainSetTime,2)) 
    if not os.path.exists(os.path.join(outInterim,  
                str(savePrequel) + '_validation_data.npz')):  
        validSet = preprocessData(outValid, whichGesture, whichHand) 
        validSet[1][:][:,0] = [x - 1 for x in validSet[1][:][:,0]] 
        np.savez(os.path.join(outInterim,  
                str(savePrequel) + '_validation_data.npz'),  
                 validSet=validSet[0], validSetIDs=validSet[1]) 
    else: 
        validFiles = np.load(os.path.join(outInterim,  
                str(savePrequel) + '_validation_data.npz')) 
        validSet = (validFiles['validSet'].astype('float32'),  
                    validFiles['validSetIDs']) 
    validSetTime = time.time() - learnStartTime 
    logTimeList.append(round(validSetTime-testSetTime,2)) 
    logDatasetsList.append(trainSet[0].shape) 
    logDatasetsList.append(validSet[0].shape) 
    logDatasetsList.append(testSet[0].shape) 
    return ((trainSet[0],trainSet[1][:][:,0]),  
            (validSet[0],validSet[1][:][:,0]),  
            (testSet[0],testSet[1][:][:,0])), \ 
            validSetTime, \ 
            (logTimeList, logDatasetsList) 
        
     
if __name__ == '__main__': 
    main() 
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import zipfile 
import warnings 
import csv 
import shutil 
import Image 
import ImageDraw 
import os 
import cv2 
import numpy as np 
 
 
class GestureSample(object): 
    def __init__ (self,fileName): 
        if not os.path.exists(fileName) or \ 
           not os.path.isfile(fileName): 
            raise Exception("Sample path does not exist: " + \ 
                            fileName) 
        self.fullFile = fileName 
        self.dataPath = os.path.split(fileName)[0] 
        self.file=os.path.split(fileName)[1] 
        self.seqID=os.path.splitext(self.file)[0] 
        self.samplePath=self.dataPath + os.path.sep + self.seqID 
        if os.path.isdir(self.samplePath) : 
            self.unzip = False 
        else: 
            self.unzip = True 
            zipFile=zipfile.ZipFile(self.fullFile,"r") 
            zipFile.extractall(self.samplePath) 
        rgbVideoPath=self.samplePath + os.path.sep + self.seqID + \ 
                        '_color.mp4' 
        if not os.path.exists(rgbVideoPath): 
            raise Exception("Invalid sample file. " + \ 
                            "RGB data is not available") 
        self.rgb = cv2.VideoCapture(rgbVideoPath) 
        while not self.rgb.isOpened(): 
            self.rgb = cv2.VideoCapture(rgbVideoPath) 
            cv2.waitKey(500) 
        depthVideoPath=self.samplePath + os.path.sep + self.seqID + 
\ 
                        '_depth.mp4' 
        if not os.path.exists(depthVideoPath): 
            raise Exception("Invalid sample file. " + \ 
                            "Depth data is not available") 
        self.depth = cv2.VideoCapture(depthVideoPath) 
        while not self.depth.isOpened(): 
            self.depth = cv2.VideoCapture(depthVideoPath) 
            cv2.waitKey(500) 
        userVideoPath=self.samplePath + os.path.sep + self.seqID + \ 
                        '_user.mp4' 
        if not os.path.exists(userVideoPath): 
            raise Exception("Invalid sample file. User " + \ 
                            "segmentation data is not available") 
        self.user = cv2.VideoCapture(userVideoPath) 



�+��
�

�

        while not self.user.isOpened(): 
            self.user = cv2.VideoCapture(userVideoPath) 
            cv2.waitKey(500) 
        skeletonPath=self.samplePath + os.path.sep + self.seqID + \ 
                        '_skeleton.csv' 
        if not os.path.exists(skeletonPath): 
            raise Exception("Invalid sample file. " + \ 
                            "Skeleton data is not available") 
        self.skeletons=[] 
        with open(skeletonPath, 'rb') as csvfile: 
            filereader = csv.reader(csvfile, delimiter=',') 
            for row in filereader: 
                self.skeletons.append(Skeleton(row)) 
            del filereader 
        sampleDataPath=self.samplePath + os.path.sep + self.seqID + 
\ 
                        '_data.csv' 
        if not os.path.exists(sampleDataPath): 
            raise Exception("Invalid sample file. Sample " + \ 
                            "data is not available") 
        self.data=dict() 
        with open(sampleDataPath, 'rb') as csvfile: 
            filereader = csv.reader(csvfile, delimiter=',') 
            for row in filereader: 
                self.data['numFrames']=int(row[0]) 
                self.data['fps']=int(row[1]) 
                self.data['maxDepth']=int(row[2]) 
            del filereader 
        labelsPath=self.samplePath + os.path.sep + self.seqID + \ 
                        '_labels.csv' 
        if not os.path.exists(labelsPath): 
            warnings.warn("Labels are not available", Warning) 
        self.labels=[] 
        with open(labelsPath, 'rb') as csvfile: 
            filereader = csv.reader(csvfile, delimiter=',') 
            for row in filereader: 
                self.labels.append(map(int,row)) 
            del filereader 
            
    def __del__(self): 
        if self.unzip: self.clean()         
             
    def clean(self): 
        del self.rgb; 
        del self.depth; 
        del self.user; 
        shutil.rmtree(self.samplePath)      
         
    def getFrame(self, video, frameNum): 
        numFrames = video.get(cv2.cv.CV_CAP_PROP_FRAME_COUNT) 
        if frameNum<1 or frameNum>numFrames: 
            raise Exception("Invalid frame number <" + \ 
                    str(frameNum) + \ 
                    ">. Valid frames are values between 1 and " + \ 
                    str(int(numFrames))) 
        video.set(cv2.cv.CV_CAP_PROP_POS_FRAMES,frameNum-1) 
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        ret,frame=video.read() 
        if ret==False: 
            raise Exception("Cannot read the frame") 
        return frame 
     
    def getBGR(self, frameNum): 
        return self.getFrame(self.rgb,frameNum) 
     
    def getDepth(self, frameNum): 
        depthData=self.getFrame(self.depth,frameNum) 
        depthGray=cv2.cvtColor(depthData,cv2.cv.CV_RGB2GRAY) 
        depth=depthGray.astype(np.float32) 
        depth=depth/255.0*float(self.data['maxDepth']) 
        depth=depth.round() 
        depth=depth.astype(np.uint16) 
        return depth 
     
    def getUser(self, frameNum): 
        return self.getFrame(self.user,frameNum) 
     
    def getSkeleton(self, frameNum): 
        numFrames = len(self.skeletons) 
        if frameNum<1 or frameNum>numFrames: 
            raise Exception("Invalid frame number <" + \ 
                    str(frameNum) + \ 
                    ">. Valid frames are values between 1 and " + \ 
                    str(int(numFrames))) 
        return self.skeletons[frameNum-1] 
     
    def getSkeletonImage(self, frameNum): 
        return self.getSkeleton(frameNum).toImage(640,480, 
                                                  (255,255,255)) 
 
    def getNumFrames(self): 
        return self.data['numFrames'] 
     
    def getComposedFrame(self, frameNum): 
        rgb=self.getBGR(frameNum) 
        depthValues=self.getDepth(frameNum) 
        user=self.getUser(frameNum) 
        skel=self.getSkeletonImage(frameNum) 
        depth = depthValues.astype(np.float32) 
        depth = depth*255.0/float(self.data['maxDepth']) 
        depth = depth.round() 
        depth = depth.astype(np.uint8) 
        depth = cv2.applyColorMap(depth,cv2.COLORMAP_JET) 
        compSize1 = (max(rgb.shape[0],depth.shape[0]), 
                     rgb.shape[1]+depth.shape[1]) 
        compSize2 = (max(user.shape[0],skel.shape[0]), 
                     user.shape[1]+skel.shape[1]) 
        comp = np.zeros((compSize1[0]+ compSize2[0], 
                         max(compSize1[1],compSize2[1]),3),  
                        np.uint8) 
        comp[:rgb.shape[0],:rgb.shape[1],:]=rgb 
        comp[:depth.shape[0], 
             rgb.shape[1]:rgb.shape[1]+depth.shape[1], 
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             :]=depth 
        comp[compSize1[0]:compSize1[0]+user.shape[0], 
             :user.shape[1], 
             :]=user 
        comp[compSize1[0]:compSize1[0]+skel.shape[0], 
             user.shape[1]:user.shape[1]+skel.shape[1], 
             :]=skel 
        return comp 
     
    def getGestures(self): 
        return self.labels 
     
    def getGestureName(self,gestureID): 
        names=( 
           'vattene','vieniqui','perfetto','furbo','cheduepalle', 
           'chevuoi','daccordo','seipazzo', 'combinato', 
           'freganiente','ok','cosatifarei','basta','prendere', 
           'noncenepiu','fame','tantotempo','buonissimo', 
           'messidaccordo','sonostufo') 
        if gestureID<1 or gestureID>20: 
            raise Exception("Invalid gesture ID <" + \ 
                            str(gestureID) + \ 
                            ">. Valid IDs between 1 and 20") 
        return names[gestureID-1] 
 
 
class Skeleton(object): 
    def __init__(self,data): 
        self.joins=dict(); 
        pos=0 
        self.joins['HipCenter']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
                                 map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['Spine']=(map(float,data[pos:pos+3]), 
                             map(float,data[pos+3:pos+7]), 
                             map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['ShoulderCenter']=(map(float,data[pos:pos+3]), 
                                      map(float,data[pos+3:pos+7]), 
                                      map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['Head']=(map(float,data[pos:pos+3]), 
                            map(float,data[pos+3:pos+7]), 
                            map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['ShoulderLeft']=(map(float,data[pos:pos+3]), 
                                    map(float,data[pos+3:pos+7]), 
                                    map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['ElbowLeft']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
                                 map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['WristLeft']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
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                                 map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['HandLeft']=(map(float,data[pos:pos+3]), 
                                map(float,data[pos+3:pos+7]), 
                                map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['ShoulderRight']=(map(float,data[pos:pos+3]), 
                                     map(float,data[pos+3:pos+7]), 
                                     map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['ElbowRight']=(map(float,data[pos:pos+3]), 
                                  map(float,data[pos+3:pos+7]), 
                                  map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['WristRight']=(map(float,data[pos:pos+3]), 
                                  map(float,data[pos+3:pos+7]), 
                                  map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['HandRight']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
                                 map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['HipLeft']=(map(float,data[pos:pos+3]), 
                               map(float,data[pos+3:pos+7]), 
                               map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['KneeLeft']=(map(float,data[pos:pos+3]), 
                                map(float,data[pos+3:pos+7]), 
                                map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['AnkleLeft']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
                                 map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['FootLeft']=(map(float,data[pos:pos+3]), 
                                map(float,data[pos+3:pos+7]), 
                                map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['HipRight']=(map(float,data[pos:pos+3]), 
                                map(float,data[pos+3:pos+7]), 
                                map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['KneeRight']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
                                 map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['AnkleRight']=(map(float,data[pos:pos+3]), 
                                  map(float,data[pos+3:pos+7]), 
                                  map(int,data[pos+7:pos+9])) 
        pos=pos+9 
        self.joins['FootRight']=(map(float,data[pos:pos+3]), 
                                 map(float,data[pos+3:pos+7]), 
                                 map(int,data[pos+7:pos+9])) 
     
    def getAllData(self): 
        return self.joins 
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    def getWorldCoordinates(self): 
        skel=dict() 
        for key in self.joins.keys(): 
            skel[key]=self.joins[key][0] 
        return skel 
     
     
    def getJoinOrientations(self): 
        skel=dict() 
        for key in self.joins.keys(): 
            skel[key]=self.joins[key][1] 
        return skel 
     
     
    def getPixelCoordinates(self): 
        skel=dict() 
        for key in self.joins.keys(): 
            skel[key]=self.joins[key][2] 
        return skel 
     
     
    def toImage(self,width,height,bgColor): 
        SkeletonConnectionMap = (['HipCenter','Spine'], 
                                 ['Spine','ShoulderCenter'], 
                                 ['ShoulderCenter','Head'], 
                                 ['ShoulderCenter','ShoulderLeft'], 
                                 ['ShoulderLeft','ElbowLeft'], 
                                 ['ElbowLeft','WristLeft'], 
                                 ['WristLeft','HandLeft'], 
                                 ['ShoulderCenter','ShoulderRight'], 
                                 ['ShoulderRight','ElbowRight'], 
                                 ['ElbowRight','WristRight'], 
                                 ['WristRight','HandRight'], 
                                 ['HipCenter','HipRight'], 
                                 ['HipRight','KneeRight'], 
                                 ['KneeRight','AnkleRight'], 
                                 ['AnkleRight','FootRight'], 
                                 ['HipCenter','HipLeft'], 
                                 ['HipLeft','KneeLeft'], 
                                 ['KneeLeft','AnkleLeft'], 
                                 ['AnkleLeft','FootLeft']) 
        im = Image.new('RGB', (width, height), bgColor) 
        draw = ImageDraw.Draw(im) 
        for link in SkeletonConnectionMap: 
            p=self.getPixelCoordinates()[link[1]] 
            p.extend(self.getPixelCoordinates()[link[0]]) 
            draw.line(p, fill=(255,0,0), width=5) 
        for node in self.getPixelCoordinates().keys(): 
            p=self.getPixelCoordinates()[node] 
            r=5 
            draw.ellipse((p[0]-r,p[1]-r,p[0]+r,p[1]+r), 
                         fill=(0,0,255)) 
        del draw 
        image = np.array(im) 
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        image = cv2.cvtColor(image, cv2.COLOR_RGB2BGR) 
        return image 
 
    def getArms(self, side, size, bgColor, offset): 
        im = Image.new('RGB', size, bgColor) 
        if side == 'left': 
            SkeletonConnectionMap = (['ShoulderLeft','ElbowLeft'], 
                                     ['ElbowLeft','WristLeft'], 
                                     ['WristLeft','HandLeft']) 
        elif side == 'right': 
            SkeletonConnectionMap = (['ShoulderRight','ElbowRight'], 
                                     ['ElbowRight','WristRight'], 
                                     ['WristRight','HandRight']) 
        elif side == 'both':     
            SkeletonConnectionMap = (['ShoulderLeft','ElbowLeft'], 
                                     ['ElbowLeft','WristLeft'], 
                                     ['WristLeft','HandLeft'], 
                                     ['ShoulderRight','ElbowRight'], 
                                     ['ElbowRight','WristRight'], 
                                     ['WristRight','HandRight']) 
        else: 
            image = np.array(im) 
            image = cv2.cvtColor(image, cv2.COLOR_RGB2GRAY) 
            return image 
        draw = ImageDraw.Draw(im) 
        for link in SkeletonConnectionMap: 
            originalOrigin = self.getPixelCoordinates()[link[1]] 
            originalTarget = self.getPixelCoordinates()[link[0]] 
            originalOrigin.extend(originalTarget) 
            draw.line(originalOrigin, fill=(255,255,255), width=1) 
        del draw 
        image = np.array(im) 
        image = cv2.cvtColor(image, cv2.COLOR_RGB2GRAY) 
        transformationMatrix = np.float32([[1,0,offset[0]], 
                                           [0,1,offset[1]]]) 
        image = cv2.warpAffine(image,transformationMatrix, 
                               (image.shape[1],image.shape[0])) 
        return image 
 
    def getAngles(self,skel): 
        SkeletonConnectionMap = (['ShoulderLeft','ElbowLeft'], 
                                 ['ElbowLeft','WristLeft'], 
                                 ['WristLeft','HandLeft'], 
                                 ['ShoulderRight','ElbowRight'], 
                                 ['ElbowRight','WristRight'], 
                                 ['WristRight','HandRight']) 
        im = Image.new('RGB', (640, 480), (0,0,0)) 
        draw = ImageDraw.Draw(im) 
        for link in SkeletonConnectionMap: 
            p=self.getPixelCoordinates()[link[1]] 
            p.extend(self.getPixelCoordinates()[link[0]]) 
            draw.line(p, fill=(255,255,255), width=1) 
        del draw 
        image = np.array(im) 
        image = cv2.cvtColor(image, cv2.COLOR_RGB2GRAY) 
        return image 
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def preprocessData(sourceFolder, whichGesture, whichHand): 
    allSampleFiles = os.listdir(sourceFolder); 
    processedGestures = 0 
    allGesturesData = [] 
    allGesturesTruth = [] 
    for currentSampleFile in allSampleFiles: 
        if not currentSampleFile.endswith(".zip"): 
            continue; 
        currentSampleObject = \ 
                GestureSample(os.path.join(sourceFolder, 
                                           currentSampleFile)) 
        gesturesList=currentSampleObject.getGestures() 
        gestureInSample = 1 
        for gesture in gesturesList: 
            processedGestures += 1 
            gestureInSample += 1 
            if whichHand == 1: 
                dominantHand = \ 
                        getDominantHand(currentSampleObject, 
                                        gesture) 
            else: 
                dominantHand = 'none' 
            if whichGesture == 1: 
                currentGestureDataSkel, \ 
                currentGestureTruth = processGestureSkeleton( 
                                             currentSampleFile,         
                                             currentSampleObject,  
                                             gesture, 
                                             gestureInSample, 
                                             dominantHand) 
                allGesturesData.append(currentGestureDataSkel) 
                allGesturesTruth.append(currentGestureTruth) 
            elif whichGesture == 2: 
                currentGestureDataMhi, \ 
                currentGestureTruth = processGestureMHI( 
                                             currentSampleFile, 
                                             currentSampleObject,  
                                             gesture,  
                                             gestureInSample,  
                                             dominantHand) 
                allGesturesData.append(currentGestureDataMhi) 
                allGesturesTruth.append(currentGestureTruth) 
            elif whichGesture == 3: 
                currentGestureDataSkel, \ 
                currentGestureTruth = processGestureSkeleton( 
                                             currentSampleFile,                   
                                             currentSampleObject,  
                                             gesture,  
                                             gestureInSample,  
                                             dominantHand) 
                currentGestureDataMhi, \ 
                currentGestureTruth = processGestureMHI( 
                                             currentSampleFile,                   
                                             currentSampleObject,  



�+7�
�

                                             gesture,  
                                             gestureInSample, 
                                             dominantHand) 
                allGesturesData.append( 
                                np.hstack((currentGestureDataSkel, 
                                           currentGestureDataMhi))) 
                allGesturesTruth.append(currentGestureTruth) 
        del currentSampleObject 
    return ( np.array(allGesturesData).astype('float32'),  
             np.array(allGesturesTruth)) 
 
 
def processGestureSkeleton(currentSampleFile, currentSampleObject,  
                           gesture, gestureInSample, dominantHand): 
    gestureID, startFrame, endFrame = gesture 
    gestureLengthFinal = 40 
    gestureLength = endFrame - startFrame 
    if dominantHand == 'left': 
        selectedJoints = ( 
              'ShoulderLeft','ElbowLeft','WristLeft','HandLeft', 
              'ShoulderRight','ElbowRight','WristRight','HandRight', 
              'ShoulderCenter', 'Head','Spine', 
              'HipLeft','HipCenter','HipRight') 
    else: 
        selectedJoints = ( 
              'ShoulderRight','ElbowRight','WristRight','HandRight', 
              'ShoulderLeft','ElbowLeft','WristLeft','HandLeft', 
              'ShoulderCenter', 'Head','Spine', 
              'HipRight','HipCenter','HipLeft') 
    centralJoint = 'Spine' 
    selectedJointPairs = ( 
      ['HandLeft',centralJoint], ['WristLeft',centralJoint],  
      ['ElbowLeft',centralJoint], ['ShoulderLeft',centralJoint], 
      ['ShoulderRight',centralJoint], ['ElbowRight',centralJoint],  
      ['WristRight',centralJoint], ['HandRight',centralJoint], 
      ['ShoulderCenter',centralJoint], ['Head',centralJoint],  
      ['HandLeft','HandRight'], ['ElbowLeft','ElbowRight']) 
    oldFrameSkel = currentSampleObject.getSkeleton(startFrame) 
    oldJointWorldCoords = oldFrameSkel.getWorldCoordinates() 
    oldPairDistances = [] 
    for jointPair in selectedJointPairs: 
        mobileJoint = np.asarray(oldJointWorldCoords[jointPair[0]]) 
        centerJoint = np.asarray(oldJointWorldCoords[jointPair[1]]) 
        oldPairDistances.append(np.sqrt((centerJoint-mobileJoint).\ 
                                dot((centerJoint - mobileJoint)))) 
    oldPairDistances = np.asarray(oldPairDistances). \ 
                                reshape(len(oldPairDistances),1) 
    cv2.normalize(oldPairDistances,oldPairDistances, 
                  0,1,cv2.NORM_MINMAX) 
    oldJointMovement = np.zeros((len(selectedJoints),1)) 
    gestureFrame = np.vstack((oldPairDistances, oldJointMovement)) 
    gestureImage = gestureFrame 
    for numFrame in range(startFrame+1,endFrame): 
        currentFrameSkel = \ 
                currentSampleObject.getSkeleton(numFrame) 
        currentJointWorldCoords = \ 
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                currentFrameSkel.getWorldCoordinates() 
        currentPairDistances = [] 
        for jointPair in selectedJointPairs: 
            mobileJoint = \ 
                    
np.asarray(currentJointWorldCoords[jointPair[0]]) 
            centerJoint = \ 
                    
np.asarray(currentJointWorldCoords[jointPair[1]]) 
            currentPairDistances. \ 
                    append(np.sqrt((centerJoint - mobileJoint). 
                                   dot((centerJoint - 
mobileJoint)))) 
        currentPairDistances = np.asarray(currentPairDistances).\ 
                    reshape(len(currentPairDistances),1) 
        cv2.normalize(currentPairDistances, 
                      currentPairDistances,0,1,cv2.NORM_MINMAX) 
        currentJointMovement = [] 
        for joint in selectedJoints: 
            oldPosition = np.asarray(oldJointWorldCoords[joint]) 
            currentPosition = \ 
                    np.asarray(currentJointWorldCoords[joint]) 
            currentJointMovement. \ 
                    append(np.sqrt((currentPosition - oldPosition). 
\ 
                            dot((currentPosition - oldPosition)))) 
        currentJointMovement = \ 
                np.asarray(currentJointMovement). \ 
                reshape(len(currentJointMovement),1) 
        cv2.normalize(currentJointMovement, 
                      currentJointMovement,0,1,cv2.NORM_MINMAX) 
        gestureFrame = np.vstack((currentPairDistances,  
                                  currentJointMovement)) 
        gestureImage = np.hstack((gestureImage, gestureFrame)) 
        oldPairDistances = currentPairDistances 
        oldJointWorldCoords = currentJointWorldCoords 
        oldJointMovement = currentJointMovement 
    newSize = (gestureLengthFinal,  
               (len(selectedJoints) + len(selectedJointPairs))) 
    if gestureLengthFinal > gestureLength: 
        gestureImage = cv2.resize(gestureImage,  
                                  newSize,  
                                  interpolation=cv2.INTER_CUBIC) 
    else: 
        gestureImage = cv2.resize(gestureImage,  
                                  newSize,  
                                  interpolation=cv2.INTER_AREA ) 
    newForm = gestureImage.shape[0]*gestureImage.shape[1] 
    return np.reshape(gestureImage, (newForm)), gesture 
 
 
def processGestureMHI(currentSampleFile, currentSampleObject,  
                      gesture, gestureInSample, dominantHand): 
    gestureID, startFrame, endFrame = gesture 
    framesPerSecond = 20 
    MHI_DURATION = float((endFrame - startFrame)) / framesPerSecond 
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    THRESHOLD = 35 
    oldFrameBGR = currentSampleObject.getBGR(startFrame) 
    frameHeight, frameWidth = oldFrameBGR.shape[:2] 
    currentMHI = np.zeros((frameHeight, frameWidth), np.float32) 
    for currentFrameCount in range(startFrame+1,endFrame): 
        if currentFrameCount % 2 == 0: 
            currentFrameBGR = \ 
                    currentSampleObject.getBGR(currentFrameCount) 
            currentFrameDifference = \ 
                    cv2.absdiff(currentFrameBGR, oldFrameBGR) 
            currentFrameDifferenceGray = \ 
                    cv2.cvtColor(currentFrameDifference,  
                                 cv2.COLOR_BGR2GRAY) 
            ret, currentMotionMask = \ 
                    cv2.threshold(currentFrameDifferenceGray,  
                                  THRESHOLD, 1, cv2.THRESH_BINARY) 
            timestamp = cv2.getTickCount() / cv2.getTickFrequency() 
            cv2.updateMotionHistory(currentMotionMask,  
                                    currentMHI, timestamp,  
                                    MHI_DURATION)   
            oldFrameBGR = currentFrameBGR 
    gestureImage = \ 
            np.clip((currentMHI-(timestamp-MHI_DURATION))  
                    / MHI_DURATION, 0, 1)    
    if dominantHand == 'left': 
        gestureImage = np.fliplr(gestureImage) 
    factor = 0.1 
    frameHeight, \ 
        frameWidth = \ 
            (int(frameHeight*factor), int(frameWidth*factor)) 
    gestureImage = \ 
        cv2.resize(gestureImage, (frameWidth, frameHeight),  
                   interpolation=cv2.INTER_AREA ) 
    newForm = gestureImage.shape[0]*gestureImage.shape[1] 
    return np.reshape(gestureImage, (newForm)), gesture  
 
 
def getDominantHand(sampleObject, gesture): 
    _, startFrame, endFrame=gesture 
    oldFrameSkel = sampleObject.getSkeleton(startFrame) 
    oldJointWorldCoords = oldFrameSkel.getWorldCoordinates() 
    leftHandPositionOld = \ 
            np.asarray(oldJointWorldCoords['HandLeft']) 
    rightHandPositionOld = \ 
            np.asarray(oldJointWorldCoords['HandRight']) 
    leftHandDistance = 0 
    rightHandDistance = 0 
     
    for currentFrameCount in range(startFrame+1,endFrame): 
        currentFrameSkel = \ 
                sampleObject.getSkeleton(currentFrameCount) 
        currentJointWorldCoords = \ 
                currentFrameSkel.getWorldCoordinates() 
        leftHandPositionCurrent = \ 
                np.asarray(currentJointWorldCoords['HandLeft']) 
        rightHandPositionCurrent = \ 
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                np.asarray(currentJointWorldCoords['HandRight']) 
        leftHandDistance += \ 
            np.sqrt((leftHandPositionOld - leftHandPositionCurrent). 
              dot((leftHandPositionOld - leftHandPositionCurrent))) 
        rightHandDistance += \ 
            np.sqrt((rightHandPositionOld-rightHandPositionCurrent). 
              dot((rightHandPositionOld-rightHandPositionCurrent))) 
        leftHandPositionOld = leftHandPositionCurrent 
        rightHandPositionOld = rightHandPositionCurrent  
    if (leftHandDistance > rightHandDistance): 
        return 'left' 
    return 'right' 
 �
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import time 
import numpy as np 
import theano 
from thesisDBN import DBN 
 
 
def learnDBN(layerStructure=[1000,1000,1000], pretrain_lr=0.014,  
             finetune_lr=0.1, batch_size=10, pretraining_epochs=100,  
             training_epochs=1000, k=1, datasets=None,   
             logTimeList=None, logResultList=None): 
    startLearnTime = time.time() 
    datasets = makeSharedData(datasets) 
    (train_set_x, train_set_y) = datasets[0]  # @UnusedVariable 
    (valid_set_x, valid_set_y) = datasets[1]  # @UnusedVariable 
    (test_set_x, test_set_y) = datasets[2]  # @UnusedVariable 
    n_train_batches = \ 
            train_set_x.get_value(borrow=True).shape[0] / batch_size 
    numpy_rng = np.random.RandomState(123) 
    dbn = DBN(numpy_rng=numpy_rng,  
              n_ins=train_set_x.shape.eval()[1], 
              hidden_layers_sizes=layerStructure, 
              n_outs=20) 
    basicModelTime = time.time() - startLearnTime 
    pretraining_fns = \ 
            dbn.pretraining_functions(train_set_x=train_set_x, 
                                      batch_size=batch_size, k=k) 
    preTrainingFunctionsTime = time.time() - startLearnTime 
    for i in xrange(dbn.n_layers): 
        for epoch in xrange(pretraining_epochs): 
            c = [] 
            for batch_index in xrange(n_train_batches): 
                c.append(pretraining_fns[i](index=batch_index, 
                                            lr=pretrain_lr)) 
        logResultList.append(np.mean(c))     
     
    preTrainingTime = time.time() - startLearnTime 
    logTimeList.append( 
            round(preTrainingTime-preTrainingFunctionsTime,2)) 
    train_fn, validate_model, test_model = \ 
            dbn.build_finetune_functions(  # @UnusedVariable 
                datasets=datasets, batch_size=batch_size, 
                learning_rate=finetune_lr) 
    fineTuningFunctionsTime = time.time() - startLearnTime 
    patience = 4 * n_train_batches   
    patience_increase = 2.     
    improvement_threshold = 0.995   
    validation_frequency = min(n_train_batches, patience / 2) 
    best_params = None  # @UnusedVariable 
    best_validation_loss = np.inf 
    test_score = 0. 
    done_looping = False 
    epoch = 0 
    while (epoch < training_epochs) and (not done_looping): 
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        epoch += 1 
        for minibatch_index in xrange(n_train_batches): 
            minibatch_avg_cost = train_fn(minibatch_index) 
            iterations = \ 
                    (epoch - 1) * n_train_batches + minibatch_index 
            if (iterations + 1) % validation_frequency == 0: 
                validation_losses = validate_model() 
                this_validation_loss = np.mean(validation_losses) 
                if this_validation_loss < best_validation_loss: 
                    if (this_validation_loss < best_validation_loss 
\ 
                        * improvement_threshold): 
                        patience = \ 
                            max(patience,  
                                iterations * patience_increase) 
                    best_validation_loss = this_validation_loss 
                    best_iter = iterations  # @UnusedVariable 
                    test_losses = test_model() 
                    test_score = np.mean(test_losses) 
            if patience <= iterations: 
                done_looping = True 
                break 
    logResultList.append(epoch) 
    fineTuningTime = time.time() - startLearnTime 
    logTimeList.append( 
            round(fineTuningTime-fineTuningFunctionsTime,2)) 
    logResultList.append(round(test_score * 100.,2)) 
    logResultList.append(round(best_validation_loss * 100.,2)) 
    return dbn, (logTimeList, logResultList) 
 
 
def makeSharedData(datasets): 
    train_set, valid_set, test_set = datasets 
    def shared_dataset(data_xy, borrow=True): 
        data_x, data_y = data_xy 
        shared_x = theano.shared(np.asarray(data_x, 
                    dtype=theano.config.floatX), #@UndefinedVariable 
                    borrow=borrow) 
        shared_y = theano.shared(np.asarray(data_y, 
                    dtype=theano.config.floatX), #@UndefinedVariable 
                    borrow=borrow) 
        return shared_x, theano.tensor.cast(shared_y, 'int32') 
    test_set_x, test_set_y = shared_dataset(test_set) 
    valid_set_x, valid_set_y = shared_dataset(valid_set) 
    train_set_x, train_set_y = shared_dataset(train_set) 
    datasets = [(train_set_x, train_set_y),  
                (valid_set_x, valid_set_y), 
                (test_set_x, test_set_y)] 
    return datasets 
 �
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import numpy as np 
import theano 
import theano.tensor as T 
from theano.tensor.shared_randomstreams import RandomStreams 
 
 
class DBN(object): 
    def __init__(self, numpy_rng, theano_rng=None, n_ins=784, 
                 hidden_layers_sizes=[500, 500], n_outs=10): 
        self.sigmoid_layers = [] 
        self.rbm_layers = [] 
        self.params = [] 
        self.n_layers = len(hidden_layers_sizes) 
        assert self.n_layers > 0 
        if not theano_rng: 
            theano_rng = RandomStreams(numpy_rng.randint(2 ** 30)) 
        self.x = T.matrix('x')   
        self.y = T.ivector('y')   
        for i in xrange(self.n_layers): 
            if i == 0: 
                input_size = n_ins 
            else: 
                input_size = hidden_layers_sizes[i - 1] 
            if i == 0: 
                layer_input = self.x 
            else: 
                layer_input = self.sigmoid_layers[-1].output 
            sigmoid_layer = HiddenLayer(rng=numpy_rng, 
                                    input=layer_input, 
                                    n_in=input_size, 
                                    n_out=hidden_layers_sizes[i], 
                                    activation=T.nnet.sigmoid) 
            self.sigmoid_layers.append(sigmoid_layer) 
            self.params.extend(sigmoid_layer.params) 
            rbm_layer = RBM(numpy_rng=numpy_rng, 
                            theano_rng=theano_rng, 
                            input=layer_input, 
                            n_visible=input_size, 
                            n_hidden=hidden_layers_sizes[i], 
                            W=sigmoid_layer.W, 
                            hbias=sigmoid_layer.b) 
            self.rbm_layers.append(rbm_layer) 
        self.logLayer = LogisticRegression( 
            input=self.sigmoid_layers[-1].output, 
            n_in=hidden_layers_sizes[-1], 
            n_out=n_outs) 
        self.params.extend(self.logLayer.params) 
        self.finetune_cost = self.logLayer. \ 
                        negative_log_likelihood(self.y) 
        self.errors = self.logLayer.errors(self.y) 
 
    def pretraining_functions(self, train_set_x, batch_size, k): 
        index = T.lscalar('index')  
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        learning_rate = T.scalar('lr')   
        n_batches = train_set_x. \ 
                get_value(borrow=True). \ 
                shape[0] / batch_size   
        batch_begin = index * batch_size 
        batch_end = batch_begin + batch_size 
        pretrain_fns = [] 
        for rbm in self.rbm_layers: 
            cost, updates = rbm.get_cost_updates(learning_rate, 
                                            persistent=None, k=k) 
            fn = theano.function(inputs=[index, 
                            theano.Param(learning_rate,  
                                         default=0.1)], 
                                 outputs=cost, 
                                 updates=updates, 
                                 givens={self.x: 
                                    train_set_x[batch_begin: 
                                                batch_end]}) 
            pretrain_fns.append(fn) 
        return pretrain_fns 
 
    def build_finetune_functions(self, datasets, batch_size,  
                                 learning_rate): 
        (train_set_x, train_set_y) = datasets[0] 
        (valid_set_x, valid_set_y) = datasets[1] 
        (test_set_x, test_set_y) = datasets[2] 
        n_valid_batches = \ 
                valid_set_x.get_value(borrow=True).shape[0] 
        n_valid_batches /= batch_size 
        n_test_batches = test_set_x.get_value(borrow=True).shape[0] 
        n_test_batches /= batch_size 
        index = T.lscalar('index')   
        gparams = T.grad(self.finetune_cost, self.params) 
        updates = [] 
        for param, gparam in zip(self.params, gparams): 
            updates.append((param, param - gparam * learning_rate)) 
        train_fn = theano.function(inputs=[index], 
              outputs=self.finetune_cost, 
              updates=updates, 
              givens={self.x: train_set_x[index * batch_size: 
                                        (index + 1) * batch_size], 
                      self.y: train_set_y[index * batch_size: 
                                        (index + 1) * batch_size]}) 
        test_score_i = theano.function([index], self.errors, 
                 givens={self.x: test_set_x[index * batch_size: 
                                        (index + 1) * batch_size], 
                         self.y: test_set_y[index * batch_size: 
                                        (index + 1) * batch_size]}) 
        valid_score_i = theano.function([index], self.errors, 
              givens={self.x: valid_set_x[index * batch_size: 
                                        (index + 1) * batch_size], 
                      self.y: valid_set_y[index * batch_size: 
                                        (index + 1) * batch_size]}) 
         
        def valid_score(): 
            return \ 
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                [valid_score_i(i) for i in xrange(n_valid_batches)] 
 
        def test_score(): 
            return \ 
                [test_score_i(i) for i in xrange(n_test_batches)] 
 
        return train_fn, valid_score, test_score 
 
    def getPredictionFunction(self):  
        return theano.function(  
            inputs=[self.x],  
            outputs=[self.logLayer.y_pred])  
 
 
class RBM(object): 
    def __init__(self, input=None, n_visible=784, n_hidden=500, \ 
        W=None, hbias=None, vbias=None, numpy_rng=None, 
        theano_rng=None): 
        self.n_visible = n_visible 
        self.n_hidden = n_hidden 
        if numpy_rng is None: 
            numpy_rng = np.random.RandomState(1234) 
        if theano_rng is None: 
            theano_rng = RandomStreams(numpy_rng.randint(2 ** 30)) 
        if W is None: 
            initial_W = np.asarray(numpy_rng.uniform( 
                  low=-4 * np.sqrt(6. / (n_hidden + n_visible)), 
                  high=4 * np.sqrt(6. / (n_hidden + n_visible)), 
                  size=(n_visible, n_hidden)), 
                  dtype=theano.config.floatX) #@UndefinedVariable 
            W = theano.shared(value=initial_W, name='W',  
                              borrow=True) 
        if hbias is None: 
            hbias = theano.shared(value=np.zeros(n_hidden, 
                dtype=theano.config.floatX),  #@UndefinedVariable 
                name='hbias', borrow=True) 
        if vbias is None: 
            vbias = theano.shared(value=np.zeros(n_visible, 
                dtype=theano.config.floatX),  # @UndefinedVariable 
                name='vbias', borrow=True) 
        self.input = input 
        if not input: 
            self.input = T.matrix('input') 
        self.W = W 
        self.hbias = hbias 
        self.vbias = vbias 
        self.theano_rng = theano_rng 
        self.params = [self.W, self.hbias, self.vbias] 
 
    def free_energy(self, v_sample): 
        wx_b = T.dot(v_sample, self.W) + self.hbias 
        vbias_term = T.dot(v_sample, self.vbias) 
        hidden_term = T.sum(T.log(1 + T.exp(wx_b)), axis=1) 
        return -hidden_term - vbias_term 
 
    def propup(self, vis): 
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        pre_sigmoid_activation = T.dot(vis, self.W) + self.hbias 
        return [pre_sigmoid_activation,  
                T.nnet.sigmoid(pre_sigmoid_activation)] 
 
    def sample_h_given_v(self, v0_sample): 
        pre_sigmoid_h1, h1_mean = self.propup(v0_sample) 
        h1_sample = self.theano_rng.binomial(size=h1_mean.shape, 
                n=1, p=h1_mean, 
                dtype=theano.config.floatX)  # @UndefinedVariable 
        return [pre_sigmoid_h1, h1_mean, h1_sample] 
 
    def propdown(self, hid): 
        pre_sigmoid_activation = T.dot(hid, self.W.T) + self.vbias 
        return [pre_sigmoid_activation,  
                T.nnet.sigmoid(pre_sigmoid_activation)] 
 
    def sample_v_given_h(self, h0_sample): 
        pre_sigmoid_v1, v1_mean = self.propdown(h0_sample) 
        v1_sample = self.theano_rng.binomial(size=v1_mean.shape, 
                n=1, p=v1_mean, 
                dtype=theano.config.floatX) #@UndefinedVariable 
        return [pre_sigmoid_v1, v1_mean, v1_sample] 
 
    def gibbs_hvh(self, h0_sample): 
        pre_sigmoid_v1, v1_mean, \ 
                v1_sample = self.sample_v_given_h(h0_sample) 
        pre_sigmoid_h1, h1_mean, \ 
                h1_sample = self.sample_h_given_v(v1_sample) 
        return [pre_sigmoid_v1, v1_mean, v1_sample, 
                pre_sigmoid_h1, h1_mean, h1_sample] 
 
    def gibbs_vhv(self, v0_sample): 
        pre_sigmoid_h1, h1_mean, \ 
                h1_sample = self.sample_h_given_v(v0_sample) 
        pre_sigmoid_v1, v1_mean, \ 
                v1_sample = self.sample_v_given_h(h1_sample) 
        return [pre_sigmoid_h1, h1_mean, h1_sample, 
                pre_sigmoid_v1, v1_mean, v1_sample] 
 
    def get_cost_updates(self, lr=0.1, persistent=None, k=1): 
        pre_sigmoid_ph, ph_mean, \ 
                ph_sample = self.sample_h_given_v(self.input) 
        if persistent is None: 
            chain_start = ph_sample 
        else: 
            chain_start = persistent 
        [pre_sigmoid_nvs, nv_means, nv_samples, 
         pre_sigmoid_nhs, nh_means, nh_samples], updates = \ 
            theano.scan(self.gibbs_hvh, 
                    outputs_info=[None,  None,  None, None,  
                                  None, chain_start], 
                                  n_steps=k) 
        chain_end = nv_samples[-1] 
        cost = T.mean(self.free_energy(self.input)) - T.mean( 
            self.free_energy(chain_end)) 
        gparams = T.grad(cost, self.params,  
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                         consider_constant=[chain_end]) 
        for gparam, param in zip(gparams, self.params): 
            updates[param] = param - gparam * T.cast(lr, 
                    dtype=theano.config.floatX) #@UndefinedVariable 
        if persistent: 
            updates[persistent] = nh_samples[-1] 
            monitoring_cost = \ 
                    self.get_pseudo_likelihood_cost(updates) 
        else: 
            monitoring_cost = self.get_reconstruction_cost(updates, 
                                                pre_sigmoid_nvs[-1]) 
        return monitoring_cost, updates 
 
    def get_pseudo_likelihood_cost(self, updates): 
        bit_i_idx = theano.shared(value=0, name='bit_i_idx') 
        xi = T.round(self.input) 
        fe_xi = self.free_energy(xi) 
        xi_flip = T.set_subtensor(xi[:, bit_i_idx], 
                                  1 - xi[:, bit_i_idx]) 
        fe_xi_flip = self.free_energy(xi_flip) 
        cost = T.mean(self.n_visible *  
                      T.log(T.nnet.sigmoid(fe_xi_flip - fe_xi))) 
        updates[bit_i_idx] = (bit_i_idx + 1) % self.n_visible 
        return cost 
 
    def get_reconstruction_cost(self, updates, pre_sigmoid_nv): 
        cross_entropy = T.mean( 
                T.sum(self.input * 
T.log(T.nnet.sigmoid(pre_sigmoid_nv)) + 
                (1 - self.input) * T.log(1 - 
T.nnet.sigmoid(pre_sigmoid_nv)), 
                      axis=1)) 
        return cross_entropy 
 
 
class HiddenLayer(object): 
    def __init__(self, rng, input, n_in, n_out, W=None, b=None, 
                 activation=T.tanh): 
        self.input = input 
        if W is None: 
            W_values = np.asarray(rng.uniform( 
                low=-np.sqrt(6. / (n_in + n_out)), 
                high=np.sqrt(6. / (n_in + n_out)), 
                size=(n_in, n_out)),  
                    dtype=theano.config.floatX) #@UndefinedVariable 
            if activation == theano.tensor.nnet.sigmoid: 
                W_values *= 4 
            W = theano.shared(value=W_values, name='W', borrow=True) 
        if b is None: 
            b_values = np.zeros((n_out,),  
                    dtype=theano.config.floatX) #@UndefinedVariable 
            b = theano.shared(value=b_values, name='b', borrow=True) 
        self.W = W 
        self.b = b 
        lin_output = T.dot(input, self.W) + self.b 
        self.output = (lin_output if activation is None 
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                       else activation(lin_output)) 
        self.params = [self.W, self.b] 
 
 
class LogisticRegression(object): 
    def __init__(self, input, n_in, n_out): 
        self.W = theano.shared(value=np.zeros((n_in, n_out), 
                    dtype=theano.config.floatX), #@UndefinedVariable 
                    name='W', borrow=True) 
        self.b = theano.shared(value=np.zeros((n_out,), 
                    dtype=theano.config.floatX), #@UndefinedVariable 
                    name='b', borrow=True) 
        self.p_y_given_x = T.nnet.softmax(T.dot(input, self.W) + 
                                          self.b) 
        self.y_pred = T.argmax(self.p_y_given_x, axis=1) 
        self.params = [self.W, self.b] 
 
    def negative_log_likelihood(self, y): 
        return -T.mean(T.log(self.p_y_given_x)[T.arange(y.shape[0]), 
                                               y]) 
    def errors(self, y): 
        if y.ndim != self.y_pred.ndim: 
            raise TypeError('y should have the ' + \ 
                            'same shape as self.y_pred', 
                ('y', target.type,  #@UndefinedVariable 
                 'y_pred', self.y_pred.type))  
        if y.dtype.startswith('int'): 
            return T.mean(T.neq(self.y_pred, y)) 
        else: 
            raise NotImplementedError() 
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