A color-coded real-time vision system for a NAO humanoid robot
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Abstract communicate with the robot by means of a TCP module of thedlipat-

server that we have developed. Figure 1 shows the proposediano
For both humans and robots vision is a very important seraentis the architecture.

task of interpreting spatial data, indexed by more than dnesision.
For a humanoid robot, a robust vision system should be alpeadde
accurate information about the environment and a preciserig¢ion of
the objects of interest. This paper presents an implenientaf a vi-
sion system for a humanoid robot designed to perform in euboled
environments. From acquiring images, processing them etetting the
objects of interest based on color classification, all tlyo@thms have
been tested on the NAO soccer playing humanoid robot. Ferrifiot s (OB
the world is simplified to a number of colors that are meanihgf the
mentioned context. The vision system that we propose cdorpeiin *
real time and it has proven its practical efficiency. Morepwe present e
an innovative algorithm for self-calibration of the mostpiantant intrinsic
parameters of the camera, as well as two external appliatieveloped @ Agoritms
for debugging and color calibration. One of the most imparfaatures Real Time Vision Module @
of the vision system that we propose is its modularity, whitbws it to
be used on a wide range of robotic platforms, with a minimumioer of
changes.
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Figure 1: Block diagram of the proposed vision system.

The camera is accessed using V4L2 API, a kernel interfacarfar
log radio and video capture and output drivers. The califmatnodule
Humanoid robotics is the branch of robotics that focusesaweioping 'S €xecuted whenever the environment or the lighting cemstchange,
robots that have an overall appearance similar to the humedy dnd can "aVing the purpose of setting the parameters of the cametaasdhe
perform tasks that until now were strictly designated famans. images acq_wred give the_best possible r(_apre_sentatloreafuhoundlng

Probably the most important sense for a humanoid robot ismis world. IZ_)etaHs pf the algorithm for self-calibration of tkamera are pre-
Just like in the case of humans, the main way for a robot to stated S€Nted in Section 3. .
the world with all the objects that are surrounding him is byams of ~ FOr the detection process, with the use of a look-up tabld, Bn
vision. The performance of a humanoid vision system is gigomflu- Means of the OpenCV library, the raw buffer can be conventéal an
enced not just by the hardware architecture of the robot lustipby its 8-Pit grayscale image in which only the colors of interest mapped us-
body movements. ing a one color to one bit relationship (orange, green, whidow, blue,

In this paper we provide a concise description of a real-tingel- PiNk and blue sky, while gray stands for no color). The neepss the
ular vision system based on color classification for a huritanabot. S€2rch for the colors of interest in the grayscale imagechwhie call an
We start by presenting an overview about the system, ongjiits mod- |ndgx image, using ver.tlcal or horizontal scan lines, fokd by the for-
ularity which makes it intuitively easy for being exportexivarious hu- Mation of blobs from pixels that have the same color. Thestmie then
manoid platforms. Then we propose an algorithm for selibeation of marked as ijects if they pass the validation cntenaw@n&ftonstructed
the intrinsic parameters of the camera based on the histogfanten- Pased on different measurements of the blobs (boundingevea, center
sities of the acquired images and a white area, known in agvafor Of mass of the blob). The color segmentation and object detecare
the color segmentation algorithm a lookup table and hotiar vertical d€tailed in Section 4.
scan lines are used. Finally, we present some validatioroappes fora  Having the possibility of running the vision module as a serihe
good recognition of the objects of interest by the robot. two applications that we have developed, NaoCalib and Nawdfi can

The vision system that we present in this paper has beerdtaste &ct as clients that can receive, display and manipulate ake coming
used with the NAO robot, currently used as the standard ioptitform from the robot. Thus, NaoViewer is a graphical applicatibat tallows
in the RoboCup Standard Platform League [2], [5]. In thisiemment, the display both of the original image as well as the corredpw in-
the robots play soccer on a green field with white lines, witroeange dex image con_talnlng thg validation marks_for each objem@rest that
ball and they defend yellow and blue goals. Thus, the reptatien of Was found. This application was essential in terms of untdeding what

the surrounding world of such robot is slightly simplifiedtivbase on the robot “sees” since most humanoid robots have small psirg capa-
color codes. bilities that do not support the use of any graphical intfthat might

be used for the display and manipulation of images. NaoGslébvery
. helpful application that we developed for the calibratidritee colors of
2 System overview interest and it is presented in more details in Subsectipn 3.

1 Introduction

The architecture of the vision system that we propose carivized into

three main parts: access to the device and image acqujsitibration of 3 Calibration of the vision system

the camera parameters and object detection and classificMioreover,

apart from these modules, two applications have also beaxiapeed for The accuracy of the representation of the colors in an imag&iced by
calibrating the colors of interest (NaoCalib) and for daing purposes the camera of the robot is related to the intrinsic pararseiethe cam-
(NaoViewer). These two applications run on an external agempand era such as: brightness, saturation, gain, contrast oewaitance. By



controlling these parameters relatively to the illumioatof the environ- processing time. The image acquired in the YUV format is eotad to
ment we can acquire images that accurately represent theusding an index image (image of labels) using an appropriate LUT.

world [4]. The table consists of 16,777,216 entrie%“(B bits for Y, 8 bits for U
and 8 bits for V). Each bit expresses whether one of the coloirgerest
(white, green, blue, yellow, orange, red, blue sky, grayeaior) is within
the corresponding class or not. A given color can be assigmaulltiple
The algorithm uses the histogram of intensities of the aequimages classes at the same time. For classifying a pixel, first theevaf the
for calculating some statistic measurements of the imadushvare then color of the pixel is read and then used as an index into thie.tathe
used for compensating the values of the gain and exposurechpsiof 8-bit value read from the table is called the "color mask'hef pixel.

a Pl controller. Moreover, a white area, whose location mithage is

known in advance, is used for calibrating the white balafdee human 4.2 Color segmentation and blob formation

intervention is only needed for positioning a white objetthe prede-
fined area. The algorithm only needs an average number ob#tel to
converge and the processing time of each frame is approgiyna®0ms

3.1 Self-calibration of the cameraintrinsic parameters

Having the colors of interest labeled, scan lines are usedlétecting
transitions between colors [3]. For the detection of goals f#eld lines
rtlcal search lines are used, while for the detection®btdl both verti-

From the gray level histogram the Mean Samplt:(]\iall)lije (MSV) K Ff{\and horizontal scan lines can be used. Both for vertiwdhearizontal
be computed based on the following formuldSv = 1247)(] where scan lines, it is possible to configure the number of scars liade used
X;j is the sum of the gray values in regigrof the h|stogram The MSV in order to reduce the processing time. Both types of scas Igtart in
represents a useful measure of the balance of the tondbdisin in the the upper left corner of the image and go along the width aadéight,
image. . The histogram is divided into five regions. The imiageon- respectively, of the image. For each scan line, the run kemgormation
sidered to have the best quality when the MS\2.5. The values for the of each color of interest is saved and further used for blomé&ion. The
gain and exposure are compensated with the help of the Ribtlenuntil scan lines are then validated and can be further used fordbefdrma-
the value of the MSV for the images acquiredd2.5. tion.

For the calibration of the white balance, the algorithm thvatare Blobs of certain colors of interest are formed based on thdength
proposing assumes that the white area should appear wihiite atquired information of parallel scan lines. Having the blobs formeeveral val-
image. In the YUV color space, this means that the averagesvafi U idation criteria are applied in the case of the orange ball @frthe blue
and V should be close to 127 when both components are codedswier yellow goals, respectively. In order to be considered llyegoal, a
bits. If the white-balance is not correctly configured, theslues are Yellow blob has to have the size larger than a predefined nuafipexels.
different from 127 and the image does not have the correcrgolThe In the situation in which the robot sees both posts of thegydiaé middle
white-balance parameter is composed by two values, blwgrenand red point of the distance between the two posts is marked as tiné qfdin-
chroma, directly related to the values of U and V. terest for the robot. In the case when just one of the poseeis, $ts mass
center is marked. For the validation of the ball, the areatheforange
blobs are calculated and the blob validated as being thenialbe the

3.2 Calibration of the colorsof interest one that has the area over a predefined minimum value andsiestlto

Along with the calibration of the parameters of the cameraalibra- the robot.
tion of the color range associated to each color class has peitformed
whenever the environment or the illumination conditionarge. These 5 Conclusions and Future Wor k
two processes are co-dependent and crucial for image séagfivaenand
object detection. This paper presents a real-time reliable vision system fbumanoid
NaoCalib is an application used for the manual calibraticthe col- robot. From calibrating the intrinsic parameters of the esanto color
ors of interest and it allows the creation of a configuratitantfiat contains classification and object detection the results presentedepthe effi-
the Hue, Saturation and Value minimum and maximum valueleo€ol- ciency of our vision system. The main advantages of our @uras
ors of interest [1]. The configuration file is a binary file tlagiart from its modularity, which allows it to be used with a large numbtdifferent
the H, S and V maximum and minimum value also contains thesotiriumanoid robots and the real-time capabilities allow usswthe camera
values of the intrinsic parameters of the camera. It is thported to the at 30fps even with a low processor as the one used in the NAGLrob
robot and loaded when the vision module starts. Future developments of our work include more validatiotecia for
the ball detection based on circular histograms and classifraining
. . which are more generic and are not color dependent. Alsolgjogitim
4 Object detection for finding transitions from one color of interest to anothglt be further

. L . ) ] o applied for the detection of the team markers.
In this application color is a strong hint for the detectiom aalidation of

an object of interest. However, it is not sufficient. Thistget presents
our approach for the detection and validation of the objettsiterest,
based on color segmentation followed by blob formation amdsure-
ments computations for the validation of the blobs.

The results obtained both in terms of processing times acdracy
percentages prove the reliability of our system. The visipstem that
we propose can be used in real time, with the camera worki3@fais [2]
since the total processing time spent by the image proaealgorithms is
28ms. This processing time was obtained using the hardwel@ecture .
of the NAO robot, which is based on a single-core 500MhZ CPtJ256 e-prints, July 2008.

RAM. Out of this, the most time-consuming task is the one afvesting [3] A.J.R.Neves, D. A. Martins, and A. J. Pinho. A hybrid visisystem
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