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Abstract—In this article authors briefly describe the
concept and an exemplary implementation of a scalable vision
understanding system. In the practical implementation a
popular humanoid robot NAO is being used. The robot’s video
processing algorithm is capable of connecting to a remote
computational resource (server or cluster) for running more
sophisticated image understanding algorithms. The novelty of
this paper involves the possibility to connect to a remote
computational resource if needed. An exemplary way of using
such a system – by building a remote cognitive system – is
given. Basic outlines for further development of new service
(Knowledge As a Service) for mobile robots are also given.

Index Terms—Artificial intelligence, Computer vision,
Humanoid robots, Cognitive informatics.

I. INTRODUCTION
Robots are present in our everyday life in almost every
possible field, ranging from toys [1] to military applications
[2]. Some of them offer limited interactivity, especially if
the robot’s task is a repeatable set of preprogrammed
movements (e.g. in industrial applications), but there are
also robots equipped with sophisticated algorithms, making
them capable of nontrivial decisions and complex
actions/reactions [3].
Man-machine interaction is also a vast topic. It includes
inter alia remotely controlled robots/machines (with no
decision-making algorithms), but also robots capable of
conversations in a natural language [4].
Another aspect of Human-Machine Interaction (HMI) is
robots’ cognitive capability – sophisticated inferring and
decision-making algorithms, which take the machine’s
intelligence far beyond automata and simple if-then
reasoning.
II. MACHINE VISION
One of the most important information sources, relevant
to any living beings, is undoubtedly vision. Researchers
have been struggling to get as much information from this
source as it is possible – with limited results for now.
One of the main challenges, when it comes to machine
vision, is the complexity of transforming visual information
into conceptual information.
The vast majority of Computer Vision systems share the

same approach to process the visual input:
- image acquisition / frame acquisition (optics, CMOS,
hardware, driver, handle, video input),
- image format conversion (usually to 24bpp RGB, in
some cases HSV or YUV – depending on processing
requirements),
- (noise filtering) – filtering high frequencies (single
pixels varying from the surrounding),
- (CMOS de-noising) – correcting the CMOS noise by
modification of R,G,B values of every pixel in
CMOS matrix if they are not 0 in a black image,
- basic image corrections (brightness, gamma, contrast,
histogram, etc.),
- (blur+sharpen – as a basic approach to jpeg artefact
filtering),
and afterwards, second stage of image processing is being
performed – to find and mark objects in the analysed
image/frame [5]:
- edge detection (for easy finding contrasting shapes and
objects – usually done by using the Canny Edge
Detector),
- digital morphology binary operations (for e.g. marking
areas covered by a specific object, inter alia erosion,
dilation, opening, closing).
These stages make it possible to perform segmentation
(process of distinguishing fragments of an image, which
might contain a separate object to be recognized), as well as
recognition (the process of identifying an object – a result of
the segmentation – as a known one).
The whole algorithm that should be implemented to get a
decent Computer Vision system is in any case challenging.
However, there are some resources, libraries, and
environments that are very helpful – e.g. the OpenCV
library [6]. OpenCV simplifies visual data manipulation and
offers many functions for basic as well as advanced image
processing (e.g. Canny Edge Detector or Face Detection –
are available by adding just one line of code to an
application). For this reason the OpenCV library is common
in the majority of the Computer Vision (CV) systems and
frequently used in Machine Vision (MV) systems.
Nevertheless, there are some CV/MV systems that try to
infer, basing on a given image, while not using common
algorithms (edge detection, binary operations). These
methods use either depth information from a stereovision
camera (or depth infrared sensor e.g. Kinect or Laser Range

Finder) for easier segmentation, or they try to use various
feature detectors to get high-level image understanding by
using as little low-level image processing as possible. This
branch of CV systems often relates to ANN AI (Artificial
Neural Networks Artificial Intelligence), Cognitive Systems,
Deep Learning algorithms and other knowledge-oriented
approaches to Computer Vision.
III. NAO HUMANOID ROBOT AND ITS VISION SYSTEM
NAO robot is an autonomous, mobile, humanoid robot
designed by the French company Aldebaran Robotics [7].
This robot, developed since 2004, was offered to
universities and educational institutions in 2008. Main areas
of application of this design are widely understood
education and supported by the manufacturer use of the
robot in the therapy of autistic children [8,9]. A significant
advantage of this design is its full programmability. The
manufacturer
shall
provide
frequently
updated
documentation and dedicated development environment
Choregraphe [10] and Webots for NAO [11] for Linux,
MAC and Windows.

Fig. 2. Coverage and location of the NAO robot cameras (side view of the
NAO’s head)

The table below summarizes important CPU and cameras
parameters of the V4 and V5 versions of NAO robots.
TABLE I. SPECIFICATION OF SELECTED MODELS OF NAO
ROBOTS [12]
V4
V5
Processor ATOM Z530
1.6 GHz CPU, 1 GB RAM

Processor ATOM Z530
1.6 GHz CPU

WiFi 802.11 b/g/n

WiFi 802.11 a/b/g/n

2 cameras 960p@30fps (YUV422 color space)
Shutter type: ERS (Electronic Rolling Shutter)
Imaging array: active pixels (H×V) 1288×968
View: 72.6° DFOV (60.9°HFOV, 47.6 VFOV)
Framerate
Resolution

Fig. 1. NAO humanoid robot V4

A. NAO hardware
NAO has a total of 25 degrees of freedom (DOF), 11
DOF for the lower part, which includes legs and pelvis, and
14 DOF for the upper part including trunk, arms and head
[12]. For the purpose of control NAO robot a specialized
Linux-based operating system NAOqi is applied. The NAO
V4 generation is equipped with an ATOM Z530 1.6GHz
CPU and the motherboard with 1 GB RAM. The
communication process with the robot is enabled with the
WiFi 802.11g protocol and through the Ethernet port. Also
the communication via infrared sensors is possible [12].
NAO is also equipped with a vision recognition system
based on two 1280×960px cameras, which can capture up to
30 images per second [12]. NAO’s cameras operating in
YUV colour space with separated threshold values per
channel. This enable to make a choice between brightness
and colour channels, where the threshold value for
brightness channels is higher, what significantly improves
the invariance of illumination [12].
The robot has two switchable cameras (fig. 2) the
workspace of which partially overlaps. As a result, we can
increase the area of robot’s observation, which combined
with moving head is quite acceptable.
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B. NAO Software
NAO contains a set of algorithms for detecting and
recognising objects, such as faces, small ball or special
landmarks. The NAOqi Vision API comes with a list of core
modules that allow developers to manage the vision
components of NAO robot. This module contains different
vision functionality, like picture taking and video recording,
etc. For example ALLandMarkDetection is a vision module,
in which NAO recognises special landmarks named
NAOmarks. It is possible to place those landmarks at
different locations and depending on which landmark NAO
detects, appropriate information about the detected object is
given [12].
Image from the camera can be used as a starting point for
author image processing algorithms or use the built-in
module. In NAO’s default learning mode it is possible to
provide custom images and tags (names) by uploading them
to the NAO. Recognition module will return a string
variable with the name (previously set) of recognized object.
Also it’s possible to send images or streaming video to
external system where vision processing will be continued.
Authors decided to capture one video stream from NAO’s
front
camera,
using
Python-level
ALVideoDeviceProxy::getImageRemote() method – the only

one available in API to get images (mono stream) to
external system.

big/small/…, etc.) and if there is a need for any new words
or definitions, console input and a keyboard is being used.
The NAO is running a Python script, which captures
video frames from its front camera and makes them
available for transferring (from NAO, through NAOqi, to a
remote location), by using the getImageRemote() method.
The external server executes the getImageRemote()
method asynchronously, causing the NAOqi to send a data
frame containing an image from a camera (or two images
from both cameras). Authors did not find the possibility to
get a video stream from NAO, but nevertheless transferring
single asynchronous frames seems to be better, while not
using network bandwidth when there is no need to. The
figure below presents the scheme of image transfer from
NAO robot to external server.

Fig.3. The view from the perspective of a NAO robot on the ongoing
footballs

IV. BEYOND VISION – REMOTE COGNITIVE SYSTEM
Although the NAO offers using the OpenCV library in its
MV algorithm, there are some fundamental limitations that
hamper the implementation of more sophisticated vision
systems. The basic limitation – commonly met in mobile
robotics – is the limited computational power available in
the robot’s CPU. Unfortunately, the CPU power cannot be
simply increased, while increasing computational resources
usually causes the increase of electrical power consumption,
bigger physical size, and CPU cooling issues.
As a solution to this situation, some of the non-critical
processing procedures can be moved to a remote stationary
computational unit. This might be implemented as a clientserver architecture, where the robot connects to its very own
remote processing unit for more demanding image
processing/recognition procedures. This approach, however,
has some significant disadvantages – first of all lack of
scalability.
Therefore, the authors propose to use a computer cluster
as the remote stationary computational unit. The authors
consequently face subsequent challenges and try to solve
them:
- how to process numerous asynchronous video streams
in a computer cluster (not flooding it) [13]
- how to switch autonomously between video inputs
flawlessly [14],
- how to implement numerous agents/robots to process
vision in a common server [15],
- how to implement “intelligent” behaviour in a robotic
platform [16],
- and lastly, how to refine image understanding and
learning/teaching in a Cognitive System [17].
In this paper, authors describe first successes in
implementing all these conceptions in a real robotic system.
As a robotic platform, NAO humanoid robot was chosen.
It is relatively easy to get the access to its visual input(s),
and to use the speech as a natural way of communicating
with people. At this stage, the algorithm is not capable of
natural two-way conversation, speech commands are limited
to a few preprogrammed choices (yes/no, red/green/…,

Fig.4. Scheme of image transfer from NAO robot to external server. A
broker is an object that provides network access and lets the methods of
attached modules to be called from outside the process.

Fig.5. Screenshot of test-bed application running on NAO.

The current version of the application uses the OpenCV
library for basic image processing, which include basic
image filtering, corrections, and basic segmentation
performed by distinguishing moving object(s). These
procedures are simple enough to be run seamlessly using
NAO’s computational resources. Detecting moving object(s)
is done by subtracting two consecutive frames, and the
position of the moving object is determined by adding
values of pixels in the difference matrix in every row and
column (see edges of the figure 6).

Fig.6. Screenshot of the image processing visualizer, running on server,
with basic MOD (moving object detector), before teaching.

Fig.8. Scheme of image transfer from NAO robot to external server,
including distributed knowledge system (Knowledge As a Service)

V. SUMMARY AND FUTURE WORK

Fig.7. Screenshot of the console input interface – for teaching the robot
names of objects. The teaching plugin was implemented using Fuzzified
Operator Language, introduced in [17].

The remote server’s application in its current version
enables connecting multiple agents (although it was not
tested with more than two). Agents have the possibility to
use common knowledge (i.e. a basic semantic network with
Fuzzified Operators [17]). Basic details of information
representation and the formal implementation of Fuzzified
Operators (e.g. “IS(80%)”) are presented in [17].
In the current version, robots capture images, and after
basic filtering and image preparation they are ready to send
them to the server. If there is a possibility to connect to
server, the images are sent asynchronously to a server, and
the server performs further image processing and analysis.
Moving objects are being detected and marked with a green
rectangle (the image can be seen in image visualizer of the
server application) and the teacher is being prompt for
interaction in the console. Application uses console output
(text) and input (keyboard) for asking and getting answers
from teacher (see fig. 7).

The idea and the implementation presented in this paper
raise new opportunities as well as challenges for further
research on Machine Vision. The main limitation for
implementing image understanding algorithms – limited
computational resources on the mobile robot – has been
overcome. Basic image processing algorithms can be run
locally on the robot, while other, knowledge-related
processing algorithms can be executed remotely, on a
stationary computer.
The next step for the authors will be implementing a
distributed cognitive system in a computer cluster, offering
multi-agent connectivity. Such an idea would give the
possibility to implement one common knowledge server
available as a service to remote agents (humanoids or any
other mobile robots) for storing and retrieving knowledge.
The horizontal goal of the research is developing a
distributed knowledge system’s framework, for connecting
any robot or system equipped with a camera and basic
artificial intelligence capabilities.
Of course, there is still a long way to go before the
proposed distributed knowledge system will be able to
significantly increase the agent’s capabilities. Maybe one
day researchers and hobbyists willing to design an
“intelligent” robot will not have to implement robot’s
behaviour from scratch, but they will be able to connect to a
knowledge system and use the robots’ common knowledge
about objects, about the world, about human. This is a vision
worth struggling for.
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