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MOBILE ROBOT WITH WIRELESS LOCATION
SENSING APPARATUS

[0001] This application claims priority benefit of, and is a
continuation in part of, application Ser. No. 10/654,540. Ser.
No. 10/654,540 claimed the priority benefit of application
Ser. No. 10/047,574 “Mobile robotic with web server and
digital radio links”, filed Jan. 14, 2002, and since issued as
U.S. Pat. No. 6,658,325. Application Ser. No. 10/047,574 in
turn claimed benefit of provisional patent application
60/261,741 “Mobile robotic system with onboard internet
web server, and short-range bi-directional digital radio links
to external computerized devices”, filed Jan. 16, 2001. The
application additionally claims priority benefit of provi-
sional patent 60/834,616, “Mobile robot with wireless loca-
tion sensing apparatus”, filed Jul. 31, 2006.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to means by which mobile
robots may precisely locate themselves, navigate, and target
objects with high precision using location technology based
on short-range digital wireless links. Such robots can be
directed to precisely locate various targets of interest, and
accurately move to these targets. This technology is particu-
larly useful for telemedicine applications, in which the
robots are controlled by healthcare workers over the Inter-
net, and are used to interact with patients and medical
equipment, and find medical supplies.

[0004] 2. Description of the Related Art

[0005] One problem that hinders more widespread adop-
tion of robotics technology is navigation technology.
Robotic navigation from location to location, and robotic
detection and movement to objects which may be in an
unknown location, can require sophisticated vision systems
considerably more capable than present automated vision
detection systems. As a result, non-visual robotic navigation
technology continues to be an important alternate way to
achieve robotic navigational needs.

[0006] Although such improved robotics navigation sys-
tems can be used for a broad variety of different robotics
applications, including military applications, vehicle navi-
gation, factory automation, agriculture, security, and home
automation, it is impractical to discuss all possible applica-
tions simultaneously. As a result, in this disclosure, robotic
medical and telemedicine applications will be used as spe-
cific application examples. It should be understood, how-
ever, that this particular application is simply one of many
applications where improved robotics navigation technology
can be useful.

Review of Robotic Healthcare and Telemedicine Technol-
ogy

[0007] Modern medicine, and nursing in particular, is
facing a demographic crisis, particularly in the United States
and Europe. There is a large cohort of aging baby boomers
that will require an increasing amount of attention for the
foreseeable future. At the same time, there are fewer young
workers entering nursing. As a result, the entire healthcare
community, and particularly nursing, will need to find ways
cope with this increasingly unfavorable nurse-to-patient
ratio.
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[0008] Although, in other fields, automation has a good
track record of enabling a smaller number of workers to
handle an increasing amount of work, these efforts have
been less successtul in nursing. The job is extremely com-
plex, requiring the nurse to move through constantly chang-
ing healthcare facility environments in order to locate
patients and materials, and make rapid on-the-spot decisions
requiring a lot of judgment. Additionally, any attempt to
automate or streamline nursing must take into account the
beneficial effects of a one-on-one nurse-patient relationship.

[0009] The demographic crisis will not go away, however,
and at the same time, advances in modern electronics
continue to make automation increasingly cost effective and
sophisticated.

[0010] There have been a number of previous attempts to
produce nursing or health care robots. One company that is
presently active in this field is ‘InTouch-Health” of Goleta
California InTouch-Health produces the RP-7 Remote Pres-
ence Robotic System. This system allows a healthcare
worker to direct a RP-7 robot through a healthcare facility by
way of a WiFi short-range radio link to a remote computer
station. The RP-7’s operator can control the robot as it roams
through a healthcare facility by way of a web browser and
joystick on the remote computer station. The operator can
also project an image of himself or herself through a display
on a screen mounted on the robot.

[0011] Although one-on-one teleconferencing is indeed
desirable, nursing involves much more. One particularly
time-consuming part of the job is finding people, and finding
medical supplies, followed by bringing the people and
medical supplies to particular locations. For example, a
patient many need to be located and directed to go to a room
for therapy. Pills or medication need to be located, and given
to a patient. A second time-consuming part of the job is
reading medical equipment and adjusting medical equip-
ment. In this case, a medical sensor may need to be read, or
a bed or other equipment adjusted.

[0012] A nurse’s time must be leveraged, however. A
nurse spending his or her time maneuvering a single prior-art
robot using a joystick is almost certainly less productive
than a nurse without such a robot. In order for a robotic
system to actually leverage scarce nursing resources, a nurse
should be able to control multiple robots simultaneously, and
the tedious task of locating people and things needs to be
automated. Ideally, the nurse should be able to issue high-
level commands to the robot such as: “find equipment
z,”“bring patient x to location y,”*bring medicine X to
patient y,”“read instrument g,”*“adjust equipment p”. The
nurse should then be able to turn her attention to other
matters while each robot automatically carries out its par-
ticular task.
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[0013] Several things are needed in order to make this
concept workable:

[0014] 1: Technology is needed that enables robots to
automatically find a wide variety of things (people, medi-
cation, equipment) that usually don’t have a fixed loca-
tion.

[0015] 2: Robotic control methods are needed which are
easy to use, and extremely flexible.

[0016] 3: The hardware and software modules used should
be very low-cost, very robust, and essentially “off the
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shelf.” The robot should be inexpensive enough (both in
cost per robot and added institutional infrastructure) as to
make economic sense.

[0017] Although self-propelled mobile robots have been
the subject of speculative literature and experimentation for
a number of years, the field is still in its infancy. With the
partial exception of industrial automation for highly repeti-
tive situations, educational purposes and toys, and the pre-
viously discussed RP-7 healthcare robot, mobile robots are
not widely used. This is because the problems of coping with
machine vision, artificial intelligence, general purpose
robotic “arm” and “hand” like actuation systems, limited
battery life, and the like make it difficult to devise flexible
and general purpose systems suitable for widespread use.

[0018] Because robotic artificial intelligence is particu-
larly difficult to achieve, human operators often remotely
control robots. A number of techniques for robotic remote
control (teleoperation) are known in the art, and these are
discussed in the book: “Remote Control Robotics” by Craig
Sayers, published by Springer-Verlag, N.Y., (1998) and
incorporated herein by reference.

[0019] Other prior art includes U.S. Pat. No. 4,964,062,
which teaches a type of robotic arm that may be controlled
by radio from a remote location, and may be programmed by
radio from a remote location. U.S. Pat. No. 5,331,413
describes an external camera used to view a robot. U.S. Pat.
Nos. 5,231,693 and 5,046,022 describe methods of semi-
automating telerobotic control. U.S. Pat. No. 6,144,844
describes methods to compensate for variable teleoperation
delay.

[0020] Prior art for robotic navigation technology includes
U.S. Pat. Nos. 5,940,346 and 6,674,687 which teach acous-
tic navigation techniques; U.S. Pat. No. 7,079,924 which
teaches vision navigation techniques, and infrared naviga-
tion techniques such as the Evolution Robotics “North-
Star™” system, which a robot navigates by observing infra-
red light spots projected on the ceiling, disclosed in U.S.
provisional applications Nos. 20050211880, 20050213082
and 20050213109.

[0021] Zigbee wireless radio location engine technology is
taught by D Taubenheim, S Kyperountas, N Correal. “Dis-
tributed Radiolocation Hardware Core for IEEE 802.15.4,”8
Dec. 2005, Motorola Labs, Plantation, Florida, USA; and by
K. Aamodt. “Chipcon Products from Texas Instruments,
CC2431 Location Engine, AN042”, Texas Instruments,
2005.

[0022] This Zigbee location engine technology uses the
signal strength of the radio signal values from known
reference nodes to deduce relative locations.

[0023] For robotic navigation purposes, the wireless con-
trol technology originally developed for internet controlled
robots, originally disclosed in provisional application No.
60/261,741, and subsequently discussed in more detail in
copending application Ser. No. 10/654,540, as well as in
commonly owned U.S. Pat. Nos. 6,658,325 and 7,096,090,
can be highly useful. This technology is incorporated into
this disclosure herein by reference, and to facilitate discus-
sion, portions of this are discussed and restated below.
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Mobile Robots with Web Servers and Digital Radio Links

[0024] Recently, programming techniques used to
increase the power and flexibility of the Internet have
matured, and a number of these newer programming tech-
niques can also be adapted to robotic control methods. In
particular, this includes programming languages, interfaces,
and protocols used to generate (serve) and interpret (browse)
World Wide Web pages on the Internet.

[0025] World wide web (also called “Web” or “Net”)
servers are computer programs, such as “Apache”, and the
like, that communicate over the internet in the form of
variants of Standard Generalized Markup Language
(SGML), such as Hypertext Markup Language (HTML),
Extensible Markup Language (XML), Extensible HTML
(XHTML), Dynamic HTML, and the like. These servers
accept commands from a remote user, and respond by
returning SGML variant “web pages” or forms, which can be
read and interpreted by the remote user’s browser.

[0026] Data is transferred over the Internet through a
series of “routers”, where each router acts to receive a data
packet from one part of the network that the router is
connected to. The router examines the destination address of
the data packet, consults the router’s memory to determine
the router’s current understanding of the network configu-
ration, and then sends the data packet along to another router
that will normally bring the data closer to the final destina-
tion address. Alternatively, if the router is directly connected
to the final destination, the router will send the data packet
directly to the final destination.

[0027] For purposes of this discussion, “web page” is
defined as an SGML variant, HTML, XML, or XTML
electronic document on the World Wide Web, identified by
a unique Universal Resource Identifier (URI) or unique
Universal Resource Locator (URL), and transmitted over the
Internet using the TCP/IP protocol. Usually, but not always,
such pages are also transmitted using the HT'TP protocol as
well.

[0028] Also for purposes of this discussion, “web server”
is defined as computer program functionality (either stand
alone, or part of an operating system) that, in response to an
internet URL or URI request, sends back a “web page” file
to the internet address that made the request, or alternatively
passes the URL or URI request through a “Common Gate-
way Interface” or CGI like protocol to a CGI compliant
program, or equivalent, and when the CGI compliant pro-
gram has output, and passes the output back to the internet
address that made the original URL or URI request.

[0029] In addition to familiar web pages based upon
variants of SGML and the HTTP protocol, other TCP/IP data
transmission protocols can also be used. In general, any data
packet type that is transmitted by the TCP/IP protocol is
suitable, and any compatible TCP port can be used. In
addition to the HTTP transfer protocol, other TCP/IP trans-
fer protocols and URLs such as gopher, mailto (email),
news, nttp, telenet, wais, etc. may also be used. In general,
any protocol and internet protocol (IP) datagram and IP
header field that transmits data packets over the internet can
be used for the present art, since these data packets can
always be reassembled by the receiving program and refor-
matted according to user or system preference. Thus for
example, a “web page” could be transmitted by nonstandard
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means, such as the mailto (or email) protocol, and used or
reformatted by the receiving program to accomplish essen-
tially the same functions as a webpage sent by the HTML
protocol.

[0030] Use of the CGI interface, or equivalent interface,
greatly enhances the flexibility and power of web/server—
SGML variant web form technology. Here, the HTML or
SMGL variant web form can be instructed to pass data of
any sort to and from the user to programs, executable scripts,
or software processes that are distinct (external) from the
main web server program. This non-web server software
may be a database, image manipulation program, robot
control program, or any other independently running pro-
cess. Data submitted from a web browser to a web server’s
CGI interface is generally submitted either appended to a
CGI URL address (GET method, limited to 255 maximum
characters of data) or through a STDIN standard input
method (POST method, no data size limitation). Data from
a web server to a web browser may be of any sort, as long
as it complies with the Multipurpose Internet Mail Exten-
sions (MIME) format.

[0031] Prior art on the GCI interface includes U.S. Pat.
Nos. 6,041,362; 5,961,594; 5,905,908; and 5,742,845. A
more complete CGI discussion is given in Dwight, Erwin
and Niles book: “Using CGI, Second Edition”, 1997, pub-
lished by Que corporation, and incorporated herein by
reference.

[0032] In addition to SGML variant files (HTML, XML,
XHTML, etc.), programming languages such as Java are
also frequently transmitted by servers on the word wide web.
Java (and Java-like languages such as C#), is a general
purpose, object oriented, high level programming language,
commonly used on the world wide web to deliver enhanced
functionality to web pages. Typically Java commands are
embedded in SGML variant files that frequently sent out
(and occasionally also received) by web servers. Such Java
“applets” can then perform many specialized functions. In
particular, Java applets may be used to extend the basic
SGML functionality, and can translate user commands to
other languages, display video, display interactive graphics,
and other useful functions.

[0033] Web browsers are likewise commonly known in
the art. For the purposes of this patent, a “web browser” is
considered to be a program that can read and interpret the
SGML variant files sent out by web servers, (primarily
HTML files) and optionally execute Java and/or additional
plug-in module commands. Examples of modern web
browsers include Microsoft Internet Explorer 5.0 or greater,
Mozilla Firefox 1.0 or greater, and the like.

[0034] For robotics control purposes, in order to take
advantage of the wide variety of “off-the-shelf” software,
originally written for internet or other purposes, for robotics
control, it is preferable to use software (programs) that run
on standard operating systems, rather than software that
attempts to run directly on the underlying robotic computer
hardware. Standard operating systems, such as Windows,
Linux, Unix, and the like, manage much of the software
burden of a computational system by controlling access to
underlying hardware, memory management, and the like,
relieving the programmer of much complexity.

[0035] Popular (e.g. widely used) multi-tasking operating
systems are particularly advantageous, since thousands of
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programs are available that have previously been written for
them. By use of a popular operating system, a robotics
programmer may leverage his or her limited time and energy
by using standard programs to handle most of the robotics
system, and only writing robot specific software when
absolutely necessary. Using these operating systems, a
robotics software developer need not directly address the
robot’s underlying hardware, but rather can simply write
programs that interact with the operating system. This
reduces or eliminates the need to rewrite these programs for
different robot hardware configurations.

[0036] The one drawback of this approach from a robotics
control standpoint is some potential loss or degradation of
precise real-time determinism and control, which can be
overcome by the use of real-time modifications or patches to
such operating systems. An example of a popular operating
system (Linux), modified to enhance real-time determinism
and control, is taught by U.S. Pat. No. 5,995,745 for “real
time Linux”. Other such real-time operating system
enhancements also exist.

[0037] Previous art teaches that both mobile and non-
mobile robots may have their movement and video functions
controlled remotely by using web browser/web server tech-
nology. In addition to the InTouch-Health RP-7 robot pre-
viously discussed, Intelligent Autonomous Systems Engi-
neering [aboratory of the University of the West of England,
Bristol teaches that web server technology may be used in
mobile robotic systems. They have developed the “Linux-
Bot”. This is a mobile robot, intended as an educational
project, that performs a number of functions, including
movement and wall avoidance, as well as serving web
pages, using an on-board multitasking embedded Linux
operating system environment with a wireless link to a local
area network. The robot has no “arms” or other actuators,
nor other means to control other external computer con-
trolled devices. Its primary purpose is as an academic
training device.

[0038] iRobot Corporation of Somerville, MA produced
the “iRobot-LE”, a mobile robot containing an onboard
computer running an “apache” web server under the Linux
operating system. Users may remotely control this system
over the Internet using standard web browsers. Because the
device contains neither robotic “arms” other actuators, or
means to control other external computer controlled devices,
it has limited practical utility.

[0039] A number of examples of non-mobile robotic sys-
tems, such as robotic arms controlled by remote web brows-
ers over the Internet, also exist. Some of these are docu-
mented in Chapter 4 of the previously discussed “Remote
Control Robotics” reference. Typically these are demonstra-
tion systems that can move a few test items, or perform some
other limited chore. Other examples include different types
of robotic telescopes. In one implementation, a remote
viewer using a standard Internet browser positions a robot
telescope. The telescope is commanded by a version of XML
called AMIL (Astronomical Instrument Markup Language),
which is interpreted by a Java program running locally on
the robotic telescope.

[0040] Although such prior art is useful for situations in
which self-mobile robots are used to directly interact with
their local environment, or in which peripheral devices
attached to non-mobile robots are remotely controlled over



















































