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Abstract

The aim of this research is the realization of an autonomous mobile robot which
can perform many kind of tasks in a real environment for a long duration with-
out supports by human operators. We call such autonomy long term activity.

A robot, which works for long term autonomously should be able to get
re-charging the battery without failure, at least. As the first-step of long term
activity, we made a basic experiment in which our mobile robot are presented
in this paper. In the experiment, our robot “Yamabico-Liv” survived over a
week while it had repetitively performed going in and out of the battery charge
station every 10 minutes. In this paper, the implementation and result of this
experiment, and next one which is now undergoing are presented.

1. Long term activity of autonomous robots
1.1. Problem - long term activity

We are investigating on the long term activity of autonomous mobile robots.
Long term activity means that the robot performs given tasks continuously
without any human’s supports.

Most of the currently existing intelligent robots can work only for a limited
time, and require to be reset and maintained their hardware and software at
each task. For example, when we try to perform a navigation experiment, we
reset the hardware and software of the robot at first, and bring it to the starting
point by pushing or by manual control before an experiment. And when the
experiment is finished at the goal destination, we reset the system again. The
robot is autonomous only during the exact duration of the experiment. Our
aims are to automate these troublesome procedures and develop a robot which
can work for long term.

1.2. Elementary technologies for long term activity

For long term activity, to realize high-level robustness, durability of hardware,
rich basic functions, energy supply function and system level software which
manage them are needed. Among them, it is one of the most important abilities
to get energy from the environment to survive. It has to deal with many kinds



of possible obstacles in its tasks and go back to its home position to supply its
battery.

To get energy time to time autonomously, a special energy supply base is
prepared and placed in the environment where robot works. We call it a robot
base.

1.3. Target long term activity

We realize long term activity of a robot by taking the following steps. First,
realize basic long term activity to charge batteries autonomously while going
in and out of the base for a week. Next, realize a long term activity in which
robot performs one task during basic long term activity. And then, realize long
term activity in which robot performs multiple tasks during basic long term
activity.

In this work, we put a concrete goal that our experimental mobile robot
“Yamabico-Liv” can perform several kinds of tasks autonomously in the corri-
dor and our laboratory for a week (10080 minutes). [1]

2. A first-stage experiment
2.1. Motion in experiment

As a first basic trial of long term activity, we have implemented hardware and
software of an autonomous robot to make repetitive motion of going out from
the base and going into dock with base. The experimental environment is
placed in our laboratory( 3L302 room in Univ. of Tsukuba), where is usually
busy with students and not prepared for the robot specially.

The robot moves for 150[cm] from the base to a fixed point and goes back
from the point to the base to re-charge the batteries. The robot repeats with
this navigating motion every 10 minutes continuously for a week.

2.2. Experimental platform “Yamabico-Liv”

We are trying to realize long term activity on “Yamabico-Liv” which is based
on our experimental platforms Yamabico for robotics research (Figure 1). We
have been developing a series of small size wheeled mobile robots as the research
platforms which are named Yamabico, and we have more than 30 Yamabico
robots in our laboratory and are using them for various experiments on au-
tonomous mobile robots. In addition to the standard functions of Yamabico
robots, “Yamabico-Liv’ has some extra hardware and software integrated on
it for long term activity.

2.2.1. Basic function of Yamabico

Yamabico is a small size (40cm cubed) mobile robot platform with functionally
distributed controller architecture.

It is using DC motors, and PWS (Power Wheeled Steering) driving mecha-
nism. It has a dead-reckoning function using integration of pulse from encoders
attached to the motors. Standard Yamabico has four ultrasonic sensors which
can measure the distance to the objects in the environment. The seven seg-
ments of touch sensors on the bumper detect the collision with obstacles. It
also has a function to emit synthesized or recorded voice sounds. These func-



tions are distributedly implemented as the function modules , and on master
module there is a task level program which makes a total motion of the robot.
Operator who uses the Yamabico has to develop this level program.[2]

“Yamabico” uses two 12[V]4[Ah] lead acid batteries, and its life time is
about 1 hour. To make Yamabico work longer, it is necessary to supply energy
from environment.

Figure 1. Yamabico-Liv( left:front view, right:back view)

2.2.2. Additional functions for Yamabico-Liv
Yamabico-Liv has some additional functions for long term activity.

Battery management system Besides the electric terminal to get energy,
Yamabico-Liv has a sensor which measures the input/output electric current
of the batteries, and a software which computes the remaining power energy of
the batteries. It can also recognize the connection to the energy supply dock.

Optical position sensor for docking We installed two photo-micro-sensors
facing to the floor, along the axis of the wheels. This sensors detect a reflecting
tape stuck in front of the base, and know the accurate position for connecting
to the base.

2.3. An energy supply base and terminals

The energy supply base is placed in the environment in order to charge
Yamabico-Liv batteries. Yamabico-Liv and the supply base have special elec-
tric terminals. By butting them into contact, Yamabico-Liv can get electricity
to charge the batteries.

The supply base is shown in Figure 2. It is boxed shape, and contains
the terminal which is a 22[cm]*6[cm] sheet copper connected to a DC power
supply. A delicate sloped floorboard is provided in the entrance of the base
in order that Yamabico-Liv can connect to the base terminal without motors



driving. The terminal is supported by a spring to ease an impact during the
connection and provides a margin for positioning error of Yamabico-Liv. The
terminal of Yamabico-Liv is also the same size sheet copper, and connected to
the batteries.

Figure 2. Energy supply base( left:front view, right:top view)

2.4. Base-docking motion
In this experiment, Yamabico-Liv goes out from the base, moves to a fixed
point and navigates back to connect to the base.

This is very simple motion, however, we considered various possibilities of
the fail and made a navigation program which can cope with them. It is written
using our state transition language “ROBOL/0”.[3] The number of states are
28 in this program.

When the robot comes back into the base, it starts from position A in
Figure 3 and moves straight and searches the reflecting tape. Using the differ-
ence of time two sensors detects the tape, the angle between the robot and the
tape can be calculated. Using this information, the right angle to the station
can be obtained at the position B. Then it goes into the base and connects the
terminal at C. The connection can be detected by the current to the batteries.
If the navigation fails for some reasons, the robot goes back to the point A,
and tries the same procedure again.

2.5. Result

The experiment was carried out from May 8 to May 15, 2000, over a week. In
this duration, Yamabico-Liv performed the in-and-out navigation 1,080 times
and it run 3,391[m] in total distance. Although the robot met many types of
obstacles during experiment, the program coped with all of them and worked



Wall

X

f—t—t—t——
0 10 20 30 40 50[cm]

Figure 3. Algorithm to connect to the base

Figure 4. Docking motion

continuously.

Among the 1,080 in-and-out navigations, 1,018 times are done smoothly,
however, it could not detect and run over the tape on the floor for 64 times.
Moreover, for 20 times it got wrong angle to the station because of the sensor
noise. The reason of these accidents are the dirt of the tape caused by passen-
gers, or scattered paper on the ground. The collision with obstacles occurred
18 times in the experiment, where the obstacles were the leg of chairs or people.
Other accidents were little slippage caused by a scattered paper.



However, the robot could recover these errors autonomously by detecting a
failure and re-trying the navigation. A really unexpected accident was a power
cut of our building due to a thunderbolt. Fortunately the shutdown lasted a
few minutes and it was no problem for the continuation of experiment except
for our PC for logging data was turned off.

2.6. Consideration

This realized experimental system had already been improved for about some
possible obstacles based on past experiments. Through in this experiment, we
checked the robustness and reliability of this base-docking system.

We also found a difficulty of debugging. Because, it continued to run day
and night, and the robot might stack and fail the motion behind us.

Since our system employs odometry base positioning, the slippage is a
serious problem potentially. Even though little slippage can be corrected using
external sensors, large slippage potentially makes the robot lose its position
and not be able to continue the motion.

3. A second-stage experiment

We are now trying to next step in which a robot survives in the corridor with
navigating longer distance for a week.

3.1. A task in a corridor for next experiment
In the previous experiment, our robot didn’t perform any meaningful tasks. It
continued only basic motion repetitively. Next, we give a task to the robot.
The task is a patrol navigation in the corridor. It starts from the fixed
point near the base in front of the 31,402 room and it goes around the corridor
for 50[m]. The task is done every 1 hour and 192 tasks will be done in a week.
The width of the corridor is about 3[m] and many passengers go through the
corridor.
The target long term activity consists of a docking motion part and a
patrol navigation part. We improved the experimental system as follows:

Improvement of energy supply system In last experiment, we found
one of the most serious error is the bad quality of the electric terminal to
connect to the base. It becomes dirty caused by a little electric spark and it is
dangerous for human and robot. So, we would change to use alternative current
to supply energy. Currently, the electricity through the terminal is AC100[V]
and Yamabico change to DC28[V] using internal power regulator (Figure 5).

3.2. New energy supply base

We designed a new energy supply base. In addition to the power supplying
function, it has an TV cameras and VCR in the upper space (Figure 6) to
record scenery of experiment. This videotape would be used for debugging in
case of failure. Old base is also available to supply energy and Yamabico-Liv
can navigates between them.

3.3. Image recording system for debugging

Since the robot navigates in the corridor day and night for several days, we
cannot watch the whole of experiment. For this reason, it becomes harder to
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Figure 6. Energy supply base( front view, top view)

develop and debug the experimental system than usual.

To solve the problem, we establish a system to monitor the motion of the
robot and its environment over while the robot lives. This system consists of
two CCD cameras and VCR. These work independently from the robot and its
base.
cameras We installed 2 cameras to take motion of the robot during experi-
ment. Since the most important motion is connection to the base, one camera
is installed inside of the base. The other camera is installed on the ceiling of
the corridor to overlook the experiment.
picture mixing machine To record images from cameras, we use picture
mixing machine(P S-2000C) which mingle 4 NTSC signals(max) into one



Figure 7. Image recording system

NTSC signal.

CR with long recording function A picture taken during experi-
ment is recorded to VHS VCR(Panasonic NV-HSB20). It can record 17.5hours
with a tape.

3.4. Navigation software with a task

The navigation program is written in ROBOL/0 and the number of states
are 38. It is divided into docking navigation part and patrol navigation part.
Docking navigation part is almost same as last experiment.

Patrol navigation part is based on the System Route Runner. It is the
map-based robust navigation program for Yamabico, which has been already
implemented by our group. It plans the route between any two point in the
environment map thanks to the MaP(Map management and Planning) function
module and it makes the robot trace the planed route[5]. System Route Runner
also has position estimation function and obstacle detection function using
ultrasonic sensor[4].

3.5. Current progress

Most of the system is accomplished. Up-to-now, Yamabico-Liv could success
the navigation only 20-30 times continuously. We are trying to fix some problem
which potentially makes the failure and improve the robustness.

ummary

In this paper we discussed the concept of the long term activity and its neces-
sary elementary technologies. Then we described our experimental system and



the results of basic experiment of long term activity. As a result, Yamabico-Liv
successed base-docking motion 1’080 times repetitively. We are now in the sec-
ond step of the research. We are planning to further it to be more autonomous
in the real environment.

eferences



VA,

L401

[N

Figure 8. Environment Map in the corridor and 31.402



