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Abstract: In this work, we propose a new framework of robot control for a variety of applications to our
unstructured everyday environments. Programming robots can be a very time-consuming process and
seems almost impossible for ordinary end users. To cope with this, this work is to provide a software
framework for building robot application programs automatically, where we have robots learn how to
accomplish a commanded task from the object. An integrated sensing and computing tag is embedded
into every single object in the environment. In the robot controller, only the basic software libraries for
low-level robot motion control are provided from the robot manufacturer. The main contributions of
this work is to develop a server platform that we call Omniscient Server that generates the application
programs and send them to the robot controller through the network. The object-related information
from the object server merges into robot control software to generate a detailed application program
based on the task commands from the human. We have built a test bed and demonstrated that a robot
can perform a common household task within the proposed framework.
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1 Introduction

Controlling a robot is not as easy as we think, par-
ticularly if the robot is deployed in complex, unstruc-
tured environments. Currently, a massive amount of
knowledge about the environment and high-level in-
telligence has to be centralized in the robot controller
and also programmed in detail to have robots perform
commanded tasks even in well-known environments.
Programming robots has proven to be quite an expe-
rience and almost impossible for ordinary end users.
We approach the problem of programming robots from
the point of view of task-oriented integration of dis-
tributed knowledge. For this, we build perception-rich
environments from which the robot extracts and col-
lects useful information easily. An integrated sensing
and computing tag is embedded into every single ob-
ject in the environment. This is quite similar to bar
codes printed on products. However, besides the se-

rial number of the object, the tag includes task-related
information such as the geometric and physical data,
built-in features, and operation constraints and user
manual of the object in order to handle the object
properly. Such information will be provided by the
object to robots whenever requested. Specifically, we
expect each of the manufacturers to input all the in-
formation about their product when it is manufac-
tured. On the other hand, the robot maker or end
user provides no environment models and application
programs in the robot controller.

An architecture for knowledge-based object regis-
tration was also proposed in computer vision [2], [3].
The features of the environments can embed them-
selves in every entity, allowing robots to easily iden-
tify and manipulate unknown objects. We proposed a
new paradigm of the interaction through Radio Fre-
quency Identification (RFID) to control and activate
tag-embedded home appliances [7]. This paper pro-



Real World

Chair ID 1123963
http://123.456.789/
How to…

Stereo ID 57382364
http://124.453.789/
How to…

R
F

I
D

Broad Band
Network

Omniscient
Server

Chair
Manufacturer
Server

Stereo
Manufacturer
Server

Desk
Manufacturer
Server

PC
Manufacturer
Server

Figure 1: A framework for knowledge networking.

poses a framework for knowledge networking and in-
tegration that enables easy deployment of robot sys-
tems into our everyday environments without detailed
knowledge of robot programming. We have built a
test bed and demonstrated that a robot can perform
a common household task within the proposed frame-
work.

2 Knowledge Networks

Normally a robot’s behavior is generated by end
user programming integrating diverse information
about any particular environment that the robot
might face. We have been trying to centralize and
manage all the knowledge about robots’ environments
in their controller. Thus, programming robots can
be a very time-consuming process and seems almost
impossible for ordinary end users. Better manage-
ment of environment knowledge will lead to an easy-
to-program robot system. This section addresses how
to allocate individual information resources and inte-
grate them through knowledge networking as shown
in Fig. 1. Knowledge networking focuses on the inte-
gration of knowledge from different sources. Achieving
such networking requires re-structuring functionalities
in creating and using knowledge.

2.1 Knowledge creation

So far, end users have been trying to create and/or
collect all the knowledge about robots’ environments
with which a task program is built. No one doubts
that each of the manufacturers can create knowledge
that is the best available. Once knowledge is created,
it can be kept up-to-date and optimized based on feed-
back sent by the end users.

2.2 Knowledge storage

An end user centered knowledge base has been used
to store all knowledge. Each of the manufacturers can
maintain their own knowledge server that provides up-
to-date knowledge of product features and the latest
user manual.

2.3 Knowledge integration

Knowledge integration mainly concerns interaction
between new and prior knowledge in a knowledge base
[13]. Diversely distributed information in an envi-
ronment is incorporated into a knowledge integration
server to generate detailed robot task programs.

3 Omniscient Spaces Through RFID

In highly informative, perception-rich environments
that we call Omniscient Spaces, robots interact with



physical objects which in turn afford robots useful in-
formation. “Omniscient” literally means “knowing ev-
erything.” Thus, in Omniscient Spaces, every objects
are known to robots. However, we do not provide
robots with any information about their environments
directly. In robot programming, environment model-
ing always becomes a troublesome issue requiring very
time-consuming efforts to build a knowledge base. In
Omniscient Spaces, a source of information is the ob-
ject or environment itself. Any information can be col-
lected through mutual interaction between the robot
and the object and seamlessly converted into a robot
data. This work is to provide a software framework
for building robot application programs automatically,
where we have robot learn how to accomplish a com-
manded task from the object. To achieve this, we need
to make sure the object in our environments is ready
to provide useful information. An integrated sensing
and computing tag is embedded into every single ob-
ject in Omniscient Spaces.

We employ the RFID technology in collecting in-
formation in this work. RFID uses a radio frequency
communication to automatically identify, locate, and
track objects, people, or animals. Basically, radio fre-
quency eliminates the need for an optical line-of-sight
and can be used to provide bi-directional information
flows [6], [9], [14]. Because of its simplicity for use,
especially the passive RFID system has been used for
many years in various RF remote sensing applications.
Passive RFID systems generally consist of three com-
ponents, namely a reader, passive tag, and host com-
puter as shown in Fig. 2. Using radio frequency waves,
the reader transmits a signal to activate a passive tag.
The tag, in turn, transmits encoded data back to the
reader, which acknowledges and logs the signal via the
host computer. The tag has read-write capabilities,
enabling its data to be modified remotely, as necessary.
The encoded information is decoded by the reader’s
on-board micro-controller. Using the characteristic of
frequency bands, typical passive RFID systems can
be designed accordingly [12]. Fig. 3 shows the RFID
read/writer system used in this work. Detailed speci-
fications are given in Table 1 [4].

4 Test bed

We have built a test bed as shown in Fig. 4. Each
of the components are currently connected to a Fast
Ethernet network, which is to be replaced by a radio
transmission where appropriate. A set of dishes and
bowls is on the dinning table. Detailed object informa-
tion is stored in each of the object knowledge servers
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on the network that is provided and maintained by the
object manufacturer. Thus, for instance, dish makers
tag product features and user manual to the dishes.
If a target object is identified, the Omniscient Server
downloads necessary information off object server and
builds detailed motion planning data considering the
robot configurations and position with respect to the
object. The motion planning data is forwarded to the
robot controller to make a robot agent perform a com-
manded task. A ceiling mounted camera is used to get
positions of objects on the table. Specifically, the least
square algorithm is incorporated in the Direct Linear
Transformation method [1] in camera calibration (Fig.
5).

5 Experiments

Figs. 6 shows the knowledge integration process in
the experiments. Our current target task is to have
the home robot take dishes to the dishwasher after
meal. Once such command is given, the Omniscient
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Figure 4: An experimental testbed.

Table 1: Reader specifications in the experiments.

Function Reader/writer

Communication protocol ISO 15693-2
26 kbps

Operating frequency 13.56 MHz

Host interface RS232C or RS422A
9.6 kbps

Read range up to 40 cm

Power requirements AC 100V, 0.1A

Power consumption 10W

Dimensions [mm] 200 × 172 × 40

Operating temp [oC] -10 to 50

Operating humidity [%RH] 5 to 95

Server generates the list of dishes first communicat-
ing with a set of built-in RFID readers under the ta-
ble. After identifying tagged dishes on the table, the
robot needs to know about the accurate positions and
orientations of the dishes with respect to the robot
coordinate frame. One of the shortcomings of RFID
readers is that they are not able to localize tagged ob-

jects accurately. They only inform us whether tagged
objects are in a certain read range of their transmitter
antenna. For local indoor positioning systems, Werb
[16] pointed out that the requirements and basic de-
sign are fundamentally different from those of global
positioning system. A variety of techniques have been
used to locate objects and people indoors [5], [15]. Es-
pecially, in inductively coupled RFID systems, if the
measuring point of radio signal is moved away from the
signal source, the strength will decrease. We proposed
that a robot equipped with RFID reader can identify
a tag from its read range and measure multiple signal
strength samples with different positions. Then, from
the known path of electromagnetic field strength, the
distance of each sample data can be estimated. Given
a set of distance samples with different robot positions,
the robot triangulates the positions and orientations
of tagged objects [8], [10]. To be sure, such an RFID
reader is not yet available and currently under devel-
opment by the authors.

Temporarily, in the experiments, a ceiling-mounted
vision system detects the position of objects [11] using
the image templates on the web address registered on
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Figure 5: Definition of coordinate frames for camera
calibration.

the memory of the tag. Then, the Omniscient Server
generates the motion planning data using knowledge
for handling dishes on each of the product web servers
and position data from the vision system. Detailed
information provided in the experiments is the height
of the grasping point, the deviation from the center
of dishes, the orientation of the robot gripper. Such
an instructive knowledge merges into the robot con-
trol software in the Omniscient Server to run a built-in
program in the robot controller. Once the target po-
sition and orientation is given from each of the knowl-
edge server, the robot system approaches the dishes
with an optimal grasping configuration. Fig. 7 shows
individual scenes.

6 Conclusions

Programming robots has proven to be difficult, par-
ticularly if the robots are deployed in complex, un-
structured environments such as our everyday environ-
ments. We approached the problem of programming
robots from the point of view of task-oriented integra-
tion of distributed knowledge. To achieve this goal, we
have proposed Omniscient Spaces based on knowledge
networking. End users will be relieved of the burdens
of complex robot programming challenges through the
proposed approach, which emphasizes the necessity
of keeping the knowledge about the object and envi-
ronment distributed and communicated whenever re-
quested. This work explored innovative ways to allow
for the realistic deployment of current robot systems
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liminary experiments.

without detailed knowledge of robot programming, es-
pecially into man-made unstructured environments.
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