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Real-time Hand Region Detection based on Cascade
using Depth Information

T

Joo Sung II" - Weon Sun Hee™ - Choi Hyung I

ABSTRACT

This paper proposes a method of using depth information to detect the hand region in real-time based on the cascade method. In order
to ensure stable and speedy detection of the hand region even under conditions of lighting changes in the test environment, this study
uses only features based on depth information, and proposes a method of detecting the hand region by means of a classifier that uses
boosting and cascading methods. First, in order to extract features using only depth information, we calculate the difference between the
depth value at the center of the input image and the average of depth value within the segmented block, and to ensure that hand regions
of all sizes will be detected, we use the central depth value and the second order linear model to predict the size of the hand region. The
cascade method is applied to implement training and recognition by extracting features from the hand region. The classifier proposed in
this paper maintains accuracy and enhances speed by composing each stage into a single weak classifier and obtaining the threshold value
that satisfies the detection rate while exhibiting the lowest error rate to perform over-fitting training. The trained classifier is used to
classify the hand region, and detects the final hand region in the final merger stage. Lastly, to verify performance, we perform quantitative
and qualitative comparative analyses with various conventional AdaBoost algorithms to confirm the efficiency of the hand region detection

algorithm proposed in this paper.
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1,/2Ny
5,/ Ny

» Ehd,

ROI'= RECT(z X step,, yXstep,, block,, block,)

, End,

0,...

0, ...
Foli]l = Depth,— Area(ROI)/ (ROIw X ROI, )

for y
—i+1
end

* End, =2Nx—1, End, =2Ny—1
end

s 0

* step, = [w/QN.’E, stepy
* block, = I,/ Nz, block,

+ for x
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“ While F, >y
1. Select the best classifier
d,=D,,.,., and min(e,)
. if e, = 0.5 then decrease D, ., and go step 1.
. Evaluate current cascaded classifier and Update F;
Ne—g
. Put false detections and positive samples into the set NV
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Table 4. The comparison of detection rate and false positive rate of various AdaBoost

The maximum acceptable false positive rate
0.7 0.6 05 04 0.3 0.2 0.1 0
DR 1 0.99 0.98 1 1 0.99 0.99 0.92
Discrete FPR 0.67 0.62 054 091 0.84 0.82 0.84 0.39
Adaboost
Computation 25 25 25 28 27 31 39 106
DR 1 0.89 0.96 0.99 0.96 0.99 0.99 0.94
Real e - = -
Adaboost FPR 0.33 0.41 0.41 0.28 0.43 0.53 0.39 0.07
Computation 13 12 12 11 15 19 23 65
DR 1 0.99 0.98 0.99 0.98 0.98 1 0.85
Gentle _ : —
Adaboost FPR 0.64 0.56 0.33 0.41 0.27 0.37 051 0
Computation 13 11 12 13 15 17 20 7
The DR 0.97
proposed FPR 0
TR Computation 8
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