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Figure 1: Cascade AdaBoost classifier 
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Figure 2: Cascade Adaboost training procedure. 
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Figure 3: Integral image at point (x, y)



Figure 4: Computing rectangle features using integral image.
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Figure 5:  A sample image (cube_a).  

Figure 6:  A sample image (cube_b). 

Figure 7:  A sample image (cube_c). 
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Figure 8: Cropped cube samples of different label sets.



Figure 9: A few negative samples used in the training.
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h, w

find ./posImgDir -name "*.jpg" | sort -V -f > posImgList.txt 
find ./negImgDir -name "*.jpg" | sort -V -f > allNegImgList.txt 
 
#=======Select a subset from allNegImgList.txt========== 
numNeg=222 
k=0 
while read varLine 
do 
     echo "$varLine" >> negImgList.txt  
     ((k++)) 
     if [ $k -ge $numNeg ] 
        then 
        break 
     fi   
done < allNegImgList.txt  



h, w

perl  ./bin/step2.pl\ 
      posImgList.txt\ 
      negImgList.txt\ 
      vecSampleDir\ 
      960\ 
      "opencv_createsamples\ 
      -bgcolor       0\ 
      -bgthresh      0\ 
      -maxxangle 0.005\ 
      -maxyangle 0.005\ 
      -maxzangle 3.141\ 
      -maxidev       3\ 
      -w            20\ 
      -h            20" 

find ./vecSampleDir/posImgDir -name '*.vec' | sort -V -f > 
./vecSampleDir/vecList.txt 
./bin/mergevec ./vecSampleDir/vecList.txt  
./vecSampleDir/allPositiveSamples.vec 



opencv_traincascade -data trainedClassifier\ 
                    -vec  ./vecSampleDir/allPositiveSamples.vec\ 
                    -bg   negImgList.txt\ 
                    -numPos              770\ 
                    -numNeg              222\ 
                    -numStages            20\ 
                    -precalcValBufSize   512\ 
                    -precalcIdxBufSize   512\ 
                    -stageType         BOOST\ 
                    -featureType        HAAR\ 
                    -w                    20\ 
                    -h                    20\ 
                    -bt                  GAB\ 
                    -minHitRate        0.996\ 
                    -maxFalseAlarmRate 0.500\ 
                    -weightTrimRate    0.950\ 
                    -maxDepth              1\ 
                    -maxWeakCount        100\ 
                    -mode                ALL 
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Figure 10: Best detection result in cube_b using label set 1.

Figure 11: Best detection result in cube_a using label set 4.
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Figure 12: Impact of sample size on detection rate and false alarm rate.

Figure 13: Impact of sample size on the training time.
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Figure 14: Impact of window size on detection rate.

Figure 15: Impact of window size on training time.
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posImgList.txt\ 
negImgList.txt\ 
vecSampleDir\ 
 210\ 
"opencv_createsamples\ 
-bgcolor        0\ 
-bgthresh       0\ 
-maxxangle  0.005\ 
-maxyangle  0.005\ 
-maxzangle  3.141\ 
-maxidev        3\ 
-w             20\ 
-h             20" 
 

 
-numPos              160\ 
-numNeg              150\ 
-numStages            20\ 
-precalcValBufSize   512\ 
-precalcIdxBufSize   512\ 
-stageType         BOOST\ 
-featureType        HAAR\ 
-w                    20\ 
-h                    20\ 
-bt                  GAB\ 
-minHitRate        0.996\ 
-maxFalseAlarmRate 0.500\ 
-weightTrimRate    0.950\ 
-maxDepth              1\ 
-maxWeakCount        100\ 
-mode                ALL 
 



Figure 16: Detection result of cube_b using the label set 1.

Figure 17: Detection result of cube_b using the label set 2.
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Figure 18: A few selected positive samples from two label sets.

The samples of label set 2 have much wider margins than that of label set 1.
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Figure 19: Detection result of cube_a using the positive samples of label set 3.

Figure 20: Detection result of cube_a using the positive samples of label set 4.

Figure 21: Detection result of cube_a using the positive samples of label set 5.
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