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Abstract

As an emerging human-computer interaction ap-
proachvision based hand interaction is more natural
and efficient. Howeverin order to achieve high ac-
curacy, most of the existing hand posture recognition
methods need a large number of labeled samples which
is expensive or unavailable in practice. In this pa-
per, a co-training based method is proposed to rec-
ognize different hand postures with a small quantity
of labeled data. Hand postures examples are repre-
sented with different features and disparate classifiers
are trained simultaneously with labeled data. Then
the semi-supervised learning treats each new posture
as unlabeled data and updates the classifiers in a co-
training framework. Experiments show that the pro-
posed method outperforms the traditional methods with
much less labeled examples.

1. Introduction
With the development of computing technology,

computers are well integrated in our daily life. Many
computer applications require more and more Human-
Computer Interaction (HCI). However, the interaction
nowadays is usually done using dedicated devices such
as mouse, keyboard and pen. These devices of inter-
action are always not natural and cumbersome. The
easiest way to interact with the machine would be the
ways of daily communication between human and hu-
man. Hand gesture is frequently used in people’s day-
to-day life. It’s also an important component of body
languages in linguistics. Compared with those devices
mentioned above, hand gestures are more natural in in-
teraction. Integrating the use of hand gestures in HCI
will be of great benefit and make the interaction much
more natural and intuitive.

In order to use hand gestures in HCI, it is indispens-

able to make hand gestures interpreted by computers. A
common technique is to use magnetic sensors, acoustic
or inertial trackers and data gloves. These extra sen-
sors and instruments may be easy to collect hand con-
figuration and motion and give accurate results. How-
ever, these equipments are usually expensive and bring
much cumbersome experience to users. The less in-
trusive methods for gesture interaction are vision based
gesture interaction, which have many appealing charac-
teristics. The prominent one is that it realizes a natural
interaction between human and computers independent
of external dedicated devices. Moreover, vision based
gesture interaction has the advantage of being unobtru-
sive.

In this paper, we focus on the problem of hand pos-
ture recognition. Here the hand posture means the
pose or configuration of the hand in one single im-
age. There have been a number of research efforts
on hand posture classification or recognition in recent
years. Ong and Bowden[8] distinguished hand postures
with boosted classifier tree and obtained fairly good re-
sults. However, the classifier in their method too com-
plicated and time-consuming. In addition, the samples
are with simple and similar backgrounds and the train-
ing requires thousands of labeled samples. Kolsch[6]
employed fanned boosting detection for classification
and got nearly real time results. While the training pro-
cess is extremely time exhausting. Just et al introduce
modified census transform (MCT) into hand gesture
classification[5]. Their method gives fairly good aver-
age accuracy above 80 percent with the classifier trained
with more than 2,000 samples per posture, while the
performance in recognition experiments under complex
background was not much satisfactory. These prevalent
methods for recognition are learning based with specific
features. However, thousands of labeled samples are in-
dispensable in most of these methods. And the train-
ing is usually time costly. Furthermore, the traditional



methods convert or normalize a variety of features into
a unified feature space, which ignores the distinct at-
tributes of the different features.

To address the problems mentioned above, a hand
posture recognition approach with Co-training strategy
is proposed in this paper. The main idea is to train two
disparate classifiers with each other and improve the
performance of both classifiers with unlabeled samples.
This proposed method improves the recognition perfor-
mance with less labeled data in a semi-supervised way
based on Co-training framework[1] .The rest of this pa-
per is organized as follows. Section 2 briefly introduces
some related works about Co-training. In section 3, the
proposed method is described in detail. Then experi-
ments results on the standard dataset are provided sec-
tion 4. Finally, we will conclude and propose some fu-
ture directions.

2. Related work
Co-training was proposed by Blum and Mitchell[1]

as a method for training a pair of learning algorithms.
The basic assumption is that the two learning algorithms
use two different views of the data. The key property is
that some examples which would have been confidently
labeled using one classifier would be misclassified by
the other classifier. The classifiers go through unlabeled
examples, label them, and add the most confident pre-
dictions to the labeled set of the other classifier. There-
fore the classifiers train each other by providing addi-
tional informative examples from unlabeled data. After
Co-training, the final classifiers, which are trained on
labeled and unlabeled data, are significantly improved.

The Co-training strategy has been introduced to
some classic problems in computer vision community.
Recently, Co-training has been used in object tracking
and detection. Levin[7] trains two classifiers to detect
vehicles with the same feature of grey and background-
subtracted images. Javed[4] improves the performance
of two boosting classifiers with Co-training, in which
the based classifiers are Bayes classifiers and features
are derived from PCA of training samples. Tang[10]
obtains two SVM classifiers with color histogram and
HOG (histogram of oriented gradient) as two indepen-
dent views of object. The two SVM classifiers are com-
bined to get the location of object in video and new sam-
ples are generated to update the SVMs online.

3. Posture recognition with Co-training
Inspired by Blum and Mitchell’s work in web-

page classification[1], a co-training based hand posture
recognition method is proposed in this paper. Two dif-
ferent views of samples, haar and HOG features are

used to train disparate classifiers for hand posture recog-
nition. These features describe different type of infor-
mation in samples. Simple combination of these classi-
fiers ignores the complementation characteristics of dif-
ferent features. To improve the performance, these dis-
parate classifiers are trained together in a uniform coop-
eration process.

3.1 Multiple views
One approach for object representation is to use Haar

features. The advantage of using the Haar features
is that they can be calculated very efficientlyAnd the
boosting learning based on Haar features has many suc-
cessful applications in face detection and recognition.
LBP (Local Binary Pattern) or MCT[5] are more robust
to illumination variation and employed in face recogni-
tion with higher accuracy. However, the binary pattern
histogram in LBP methods[5] lose its statistical signif-
icance with only a small training set available. As the
intention in this paper is to train classifiers with less la-
beled data, LBP based features are not suitable for the
proposed method.

Histogram of oriented gradients (or HOG) is another
feature for object representation and is frequently used
in pedestrian detection [3]. Since this feature descriptor
operates on a dense grid of localized cells and reflects
the shape or appearance information of object, we apply
it in hand posture recognition with LDA(linear discrim-
inant analysis ) as weak classifiers.

3.2 The learning of posture classifiers
In the proposed method, two boosting based clas-

sifiers are co-trained to differentiate one hand posture
against others. One classifier uses haar features and the
other use HOG feature.

One important aspect to keep the co-training effec-
tive is that each classifier labels only those unlabeled
samples on which it can make a confident prediction
and add them to the training data of the other classifier.
So the additional samples should have large margins on
one classifier. In our method, the sequential logistic
regression algorithm[2] is used to obtain the boosting
classifiers. Denote the outputs from the weak classifiers
by the vector �h ∈ [−1,−1]n and the weights associated
with these classifiers by �α ∈ [−1, 1]n,

∑n
j=1 �αj = 1,

n is the number of weak classifiers. According to
Schapire[9], large margins on the training set imply
correct classification on test data both experimentally
and theoretically. That is, if there is some real number
θL > 0 such that the probability that �h · �α > θL is
significant and the conditional probability that �h corre-
sponds to a confident prediction given that �h · �α > θL

is close to 1. Schapire[9] concludes that there exists θL

estimated on the training or validation set, for which the



risk of misclassification on test data is very low. So the
samples confidently labeled with threshold criteria can
be added to the training data of another classifier.

However, it would be inefficient to add each confi-
dently labeled sample to training data of the other clas-
sifier. The samples labeled during co-training improve
the performance of the boosted classifier only if the
samples have small or negative margin. If the samples
have been labeled confidently by the boosted classifier
with large margin, add it to training will have little ef-
fect on the final classifier. Thus the unlabeled samples
which are confidently labeled by current classifier and
have a small margin simultaneously are indispensable.
The threshold θs on the score of the boosted classifier
can also be established through the training or valida-
tion set. Once a sample has been labeled and if it has a
small margin, it’s used for updating the boosting classi-
fiers.

Figure 1. The learning of posture classi-
fiers

The co-training and classifier update algorithm in the
proposed method is shown in Figure 1. CHOG and
CHaar are classifiers with HOG and haar respectively.
The number of classes is denoted with Nc. The function
SeqLogBoost implements the sequential logistic regres-
sion algorithm.

The update of classifier CHaar and CHOG is shown
in Figure 1. To simplify the threshold selection, the
threshold θL for the large margin is selected as the high-
est score achieved by negative samples in labeled and
unlabeled data, and θS for the small margin is the low-
est score achieved. To be more conservative, ω1 and ω2

are set to 1.5 and 2 in our experiments.

4. Experiments
The dataset used to validate the proposed method

is the benchmark dataset in the field of hand posture
recognition -Triesch dataset[11]. It consists of 10 hand
signs performed by 24 different people against different
backgrounds. The backgrounds are of three types: uni-
form light, uniform dark and complex. Figure 2 gives
some posture examples.

To train and test the proposed method with these im-
ages, they are cropped and resized to 128x128, followed
by histogram normalization. As the samples of each
posture contain only 72 images, which is insufficient for
the training of boosting based classifier. So it’s neces-
sary to increase the available number of samples. Here
some little perturbations are added to the initial images.
The images are shifted, scaled and rotated. Then 35 im-
ages are generated for each original image. Thus there
are totally 25200 images, 2520 images for each hand
posture.

Figure 2. Hand posture examples
The dataset is divided into 2 subsets: training set, and

test set. For each hand posture, there are 1050 images in
training set and 1470 images in test set. One classifier is
trained for each posture. For a given posture test image,
all classifiers are applied and the classifier giving the
highest score is selected to label the test posture. The
negative samples which are necessary to each posture
classifier comprise samples of nine other postures and
have equivalent number of images with positive sam-
ples.

The initial two classifiers of haar and HOG feature
are trained with 150 positive samples. Then in each
step of classifier update, 300 samples are added to train-
ing set as unlabeled data, which contains 150 positive
samples mixed with the same amount of negative sam-
ples, until the 1050 positive samples for each posture
are used up. The recognition accuracies for 10 pos-
tures are shown in Figure 3. Each plot in Figure 3 gives
recognition accuracy on one posture.

As is shown in Figure 3, co-training based
classifiers(hogco and haarco) obtain better results than
single classifiers (hog and haar) in general. For the
postures difficult to recognize, such as d, g, i and y,



Figure 3. Accuracy of hand posture recognition

recognition accuracy is improved by 5 9 percent with
co-training for both classifiers with haar and HOG. The
most significant improvement appears on posture d with
HOG and posture i with haar. While for the easier pos-
tures a, b and c, the improvement by co-training is 2 4
percent, not as significant as difficult postures, as the
accuracy of a, b and c are rather high (above 85%) by
single classifiers without co-training with little space for
improvement by simple boosting training. For all pos-
tures, HOG is a more effective feature descriptor than
haar. The average accuracy on the dataset by indepen-
dent classifiers with HOG and haar is 85.3% and 77.4%
After co-training, the accuracy is 90.1% with HOG and
82.7% with haar. Both the co-trained classifiers out-
perform the MCT classifiers in [5] with the amount of
labeled data decreased.

5. Conclusion
In this paper, a co-training based hand posture recog-

nition method is proposed. Haar and HOG features are
used to build single classifiers respectively and the two
classifiers then train each other with unlabeled data. Ex-
periments on standard dataset show that the proposed
method improves recognition accuracy of boosted clas-
sifiers with much less labeled data.
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