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Abstract. The recognition of human gestures in real time is still open problem
due to low success rate of systems recently reported in scientific literature. This
paper presents the proposed method and designed prototype for motion analysis
and classification for human-computer interaction. The method is based on
pattern recognition techniques of artificial vision without applying any markers
or special sensors as well as utilizing low resolution cameras and simple hardware
specifications. The proposed method provides interaction of user with computer
via gestures in habitual and normal manner in order to activate system events (up,
left and right) in real time. The proposed heuristic classifier recognizes specified
gestures with an appropriate system context precision of 91.25 %. Comparing the
obtained results with recent reports, the proposed approach provides satisfactory
gesture recognition in real time with low resolution cameras.

Keywords: Pattern recognition · Gesture recognition · Artificial vision ·
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1 Introduction

Nowadays, the most common interfaces between human and computer systems still are
the keyboard and the mouse, but the tendency in a short term has been focused on devices
with touchscreen and gesture recognition with movements executed by the user [1]. The
gestures are generated from body movements such as arms, hands, fingers, head, face
or body [2].

Karam [3] reported that hands are the most used to execute gestures compared with
any other body parts, as it is a natural part of human’s communication, either for senti‐
ments as for intentions. Therefore they are the most adequate for the natural interaction
with computers too. The research concerning pattern recognition is directed to systems
that can identify human gestures as entries and process them to control devices, mapping
those gestures as commands. The main technologies at the present moment are based
on artificial vision and contact [4]. We will focus in the artificial vision (AV) recognition.
The capacity to detect gestures using AV and pattern recognition, allows to explore a
variety of interaction techniques to control different environments, for example:
changing the music volume or manipulating the thermostat without approaching to it [5].
In devices based on touchscreens for gesture recognition, it is necessary to detect the
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beginning of the movement, called gesture localization [6], which is recognized at the
moment of making contact with the surface or the sensible part of the device.

By keeping record of the executed movement over the surface or tactile sensor, the
registered sequences are verified to evaluate if they match with the established classifi‐
cations. If a system matches with any of the gestures to which the system responds, it
is considered as an action by the user and then the system triggers an event in response.
This kind of feedback doesn’t exist in touchless systems. Several research groups are
“on the run” in developing the standard scope for pattern recognition. There are several
alternatives for pattern recognition, from complex devices, such as complete body suits,
to non-invasive devices such as infrared depth cameras as Kinect early known as Prime‐
Sense of Israeli 3D sensing company [2]. There are also complex methods such as those
which by using wireless network signal they detect the corporal movements and recog‐
nize the human gestures [5].

Through movement analysis using a web cam and user interface for a simple
computing tasks system, new technologies are within reach of everyone. Using AI would
be a practical way of solving gesture recognition [7]. Thus, the main purpose of this
paper is gesture interpretation, using a static camera as well as to present a novel and
fast method to classify gestures.

The rest of paper is organized as follows. Section 2 presents an analysis of well-
known relevant methods of real time gestures recognition systems based in artificial
vision. Section 3 describes the proposed method and Sect. 4 presents the heuristic and
classification approaches. Section 5 shows experimental results and performance eval‐
uation of the proposed method. Finally, Sect. 6 presents conclusions and future work.

2 Related Works for Real Time Gesture Recognition

According to Mitra [2], gesture recognition is the process where the user acts a gesture
out and the receptor recognizes it as an input. According to this, we could interact with
machines, sending them messages as a signal relating them with the environment and
the system’s syntaxes. In order to achieve this, the image processing and furthermore,
feature extraction are required. Most of vision based systems, comprehend three stages:
detection, following, and classification or recognition [8]. At the first stage the chal‐
lenges are the hands recognition and segmentation of the desire region within the image.
This process is imperative to eliminate irrelevant information from the background and
then follow the movement as a sequence. Several characteristics had been taken into
consideration in different methods to achieve this like color, shape, movement or
templates [8]. Due to space-time variations, desired segmentation of the hand and correct
movement tracking are still a higher challenge. Errors at this early stage of the process
cause deviation of the real trajectory during movement tracking [9].

Coming up next, some of the most used methods from the past 5 years for gesture
recognition with AI are summarized according to Athavale [4] (see Table 1). All of them
work in real time, searching and detecting skin color, which makes them sensible to
image color and lighting as well as users must have their hands uncovered.
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Table 1. Summary of recent relevant methods for human gesture recognition.
Source: Bhuyan 2014 [9] Kshirsagar 2013 [10] Palochkin 2014 [11] Rios-Soria 2013 [12] Lee 2013 [13]
Advantage robust easy easy easy Fast/robust
Disadvantage short gestures weak static gestures static gestures expensive
Features TVa TV C-Hb C-H TV
Extraction CRFc FSMd Viola-Jones heuristic SVMe

Face detection Yes No No No Yes
Motion tracking local features states skin detection Lucas-Kanade skin detection Kanade-Lucas-Tomasi
Training Yes NO Yes NO Yes
Classification classifier templates parameter analysis parameter analysis templates
Background simple complex simple simple complex

aTrajectory vector; bConvex hull; cConditional random fields; dFinite state machine; eSupport vector machine

The overall success rate of the recent and the most relevant systems for gesture
recognitions lie in the range of 70–96 % [1, 9, 11, 13]. As mentioned before, the gesture
analysis methods as usual use skin recognition, which in case of presence of gloves
would disable most of them [14]. Some methods process only static gestures applying
complex algorithms that frequently do not provide fast recognition required for real-
time applications. In this paper the proposed approach has been developed for high speed
short gestures recognition in real-time using image acquisition and processing tool
without any high quality requirements.

3 The Proposed Method for Gesture Detection

Commonly, an object detection process includes a differences frame implementation,
background elimination and a method for the movement tracking. To achieve these
several processes to work at real time we start making two copies of each frame in
reduced different sizes: one with 50 × 50 pixels and another one with 100 × 80. The
biggest image (the one with 130 × 95) is scanned for face detection using the Viola-
Jones method [15]. When a face is detected the system grabs the frame t and the frame
t-1 of the 50 × 50 frames and starts subtracting them in a loop until there is no face
detection.

It this proposal we used a frame differences method due to its high speed to detect
the motion in a video sequence. This is done with a dyadic pixel by pixel comparison
and the difference calculation on both spatial axes x, y of the image [16]. Then a color
reduction is done on each frame f on the pixel P at the t moment on the x, y position and
its V value is obtained with the luminance calculation with its RGB values using the
following equation (Eq. 1).

V = 0.21 ∗ red + 0.72 ∗ green + 0.07 ∗ blue (1)

Each of the frames f (x, y, t − 1) and f (x, y, t) are gray scale images and continuous
from the real time input video sequence. Their difference is expressed as follows (Eq. 2)
drawing desired pixels of detected objects in motion in black.

Dt(x, y) = −1|V(f (x, y, t − 1) − V(f (x, y, t)| (2)

Then the difference obtained from the matrices Dt is used to create a new binary
image Bt by taking each Dt value and evaluate it at different thresholds. If the Dt value
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lies between uMax and uMin, then corresponding pixel in Bt would be 0, otherwise the
pixel is depicted as 1 (Eq. 3).

Bt(x, y) = val; val = 0, uMin > val < uMax

Bt(x, y) = val; val = 1, uMin < val > uMax
(3)

At the same time all of the gray values are evaluated to create the binary image. For
this two histograms are established Hx and Hy each of them with 50 values. The x histo‐
gram (Hx) will have all the values of the columns of the binary image and the y histogram
(Hy) all the ones that correspond to each row (see Fig. 1).

The motion tracking is achieved by crossing the maximum values in each of the
histograms and the final classification is done by tracking the intersection of these two
values of the histograms and comparing them to the heuristics (see Fig. 2).

Fig. 1. Object in motion and its histogram. Despite of blurred object in motion due to low
resolution camera, the approach satisfactory detects the region of interest.

The second part of the classification involves the face detection. It is used as a local
reference parameter. The gesture detection and motion tracking start with a recognized
face. At this moment we have new dynamic thresholds inside the image which are based
on the position of the detected face.

We looked up for proportions of thresholds, where three gestures (up, right, left)
could be recognized without collision reducing in this way false positives and true
negatives. If both of the histograms are empty then it means there is no detected motion
from the user. The block diagram of the procedure for fast gesture recognition and
classification is shown in Fig. 3.

Applying fast feature extraction approaches with quite low computational
complexity, the gesture detection is done effectively in real time as well as the used
procedures are simple and easy to implement with low cost hardware.
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Fig. 2. The motion tracking by crossing the maximum values in each of the histograms detecting
the maximum motion in the image sequence.

Fig. 3. Block diagram of the algorithm for gesture detection and recognition

4 The Proposed Algorithms for Recognition and Classification

In skeleton based classification, the gesture is determined by comparing the movement
and the position of the wrist, elbow and shoulders from the detected body [17]. We start
face recognition taking into account that it is important not only to determine if there is
a user in motion, but also a face position must be detected. A face will be used as the
reference of hand motion in relation to a human body without restricting its position.

This is used to determine three thresholds to create three different rules in order to
find if the detected movement is left, right or up gesture. All the detected movements
above the face are ignored. This allows the user to move in a natural way filtering several
true negatives.

Three final thresholds related to a face have been proposed to use. The first one is
measured as a center point of the height of the recognized face and it is used to detect
the up gesture. If the face is detected at the starting point of the superior left side on the
image P(x, y) with a height H and a width W, then the center point would be calculated
as it follows (see Eq. 4)
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W
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H
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The second threshold is set to the right of the face at a distance localized in the face
width multiplied by 2.5. This is the approximation of the hand position pointing towards
right above its shoulder and elbow (see Eq. 5).

U2 = P(x − W ∗ 2.5, y +
H

2
) (5)

The last threshold is at the end of the right side of the image, given by the same point
P(x, y) and the addition of the face width W (see Eq. 6).

U3 = P(x + W, y) (6)

On the Fig. 4 we can see the image with each of the mentioned thresholds. Addi‐
tionally, there are two moments considered for gesture activation M(t) and M(t − 1). If
a motion at the point P(Hx(Max), Hy(Max)) crosses one of the thresholds with two
moments at the same time then the gesture is activated. With the histogram crossing the
position of a movement is stored as a moment Mt−1(P

(
Hx(Max), Hy(Max)

)
) from the

previous frame and one of the actual frame Mt(P
(
Hx(Max), Hy(Max)

)
). This generates

a directional vector with the motion direction.
On Fig. 5 we can see the yellow cross of the center of face detection, done on a

50 × 50 image. The red lines indicate where the 3 thresholds are placed according to the
position of a face. The white pixels are part of motion detection on the image and finally,
with color circles we can see the motion vector direction. The red circle (closest to cross)
represents where the motion came from and the green one (right most) shows the final
position and defines the direction.

Fig. 4. Two examples of three thresholds related to a face used for gesture detection
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Fig. 5. Motion vector defined by red starting (left) circle and green final (right) circles. (Color
figure online)

When the vector v completely crosses one of the thresholds, a gesture is detected
and classified given by the direction of the vector G(v) (see Eq. 7).

G(v)

⎧⎪⎨⎪⎩

UP, v > U1
LEFT , v < U2

RIGHT , v > U3

(7)

Additionally, the particular priority of gestures for classification is applied. The
highest priority has the up gesture, then the outside threshold is analyzed specifying the
right gesture and finally, the left gesture is evaluated analyzing presence of motion from
center of the face to the left direction.

On the Fig. 6 we can see the histograms, the movement found by the histograms, the
detected face (yellow cross) and the motion vector with the thresholds drawn in red
accordingly with the face position.

Fig. 6. Final frame composed by the histograms for motion detection, the detected face (yellow
cross) and the motion vector with the thresholds drawn in red (Color figure online)
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The method compared with other proposals is the simplest in implementation and
the easiest one from computational complexity point of view. It is not necessary to
recognize skin color and the searching ace position is used only as the reference param‐
eter to establish the thresholds for detection of the motion of user hands.

It is important to mention that the simplicity of each part contributes to low require‐
ments for used hardware and implementation of the whole procedure.

5 Experimental Results and Evaluation

In Table 2 the results of several experiments are presented. The tests have been carried
out with volunteers using the designed system based on the proposed method for gesture
recognition. Every user had a session of interaction with a system making different
gestures in a random sequence. All of the volunteers were sitting down, so the individual
height of each user wouldn’t varies too much to become an issue of adjustment every
time at each test. Table 2 resumes the total number of attempts of each user for every
produced gesture (up, right, left) and precision of recognition of gesture of this particular
user by system. The recognition rates of each gesture for all users are resumed in the
columns.

Table 2. Results of gesture recognition by different users

Type of gesture
Attempts up/% right/% left/% Success

rate
User 1 13 5 4 4 92.3 %
User 2 28 4 11 13 92.8 %
User 3 19 5 8 6 93.1 %
User 4 17 4 8 5 86.5 %
User 5 38 4 18 16 88.8 %
User 6 12 4 4 4 98.1 %
Total attempts: 127 26 53 48
Total precision: 98.7 % 95.1 % 83.0 % 91.25 %

The average success recognition rate computed taking into account the number of
attempts proportional to contribution of each user is about 91.25 %. That is a quite
acceptable result for system that has no any particular requirements for high quality tool.
For instance, the tests were made using webcam of low resolution (800 × 600) at the
approximated distance of 1.5 m in ambient with soften indoor light.

The precision of recognition varies from 86.5 % (the case when user 4 has been
illuminated with diffuse ambient light only) to 98.1 % (the case when user 6 has been
illuminated with additional directional light from lamp directly to his face). Better illu‐
mination facilitates the face detection and increases precision of recognition.

Analyzing columns of Table 2, it is important to mention that the gestures up and
right have been recognized with the highest precision (98.7 % and 95.1 %, respectively),
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while the recognition of left gesture (83 %) had errors due to more complex background
of hand in motion to left for right handed users.

In Table 3 the final comparison of success rate of the proposed and recently used
methods discussed in Sect. 2 is presented. Unfortunately, the most of reports use their
proper non-standard video sequences or databases for performance evaluation of
proposed and designed systems for gesture recognition. Therefore, the presented in
Table 3 recognition rate may be considered only as related possibly achived efficiency
of systems for gesture analysis in very specific controled environment described into
each particular report.

Table 3. Recognition rate of well-known and the proposed systems for gesture recognition

[9] [10] [11] [12] [13] Proposed
Success rate 96 % 65.7 % 80 % 93.17 % 80 % 91.25 %

One of the main disadvantages of the proposed method is its sensitivity to the lighting
conditions. Since the method was thought to work in airport information modules, the
lighting of that ambient should be sufficient for satisfactory operation of the gesture
recognition system. Besides this, the proposed low cost and simple procedure for gesture
detection and recognition could be used for design several interactive systems with ease
navigation. The real time gesture recognition during natural human-computer interac‐
tion may be considered as significant advantage of the proposal comparing it with other
well-known systems.

6 Conclusions

We found that most recent methods for gesture recognition using artificial vision as
whole or as part of their method depend on the skin recognition and some of them use
specialized hardware. We proposed a simple and fast method to detect, track and recog‐
nize short gestures with high precision. It works with simple heuristics classifying three
basic gestures in real time during natural human interaction with computers.

Compared to the high percentage of correct recognition of the gestures up and right
we can assume that the heuristics of the lateral gesture left might not be the optimal still
yet. In the future research we need to improve the performance of the approach, make
adjustments to find new heuristics for gesture detection and recognition as well as incre‐
ment the discrimination ability of the method in case of a the complex background and
low or variable illumination.
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