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SUMMARY

Recently, various trials have been made to extend the applicability of the
robotics technology in service area. Human following robot has been the most
interesting research topics in this area. The purpose of the human following
robot is to follow the trajectory of human. The human tracking robot should
always be aware of the position of human beings and should have the ability
to travel autonomously and reach that position. Thus, localization is the
crucial issue for the guide robot researches because autonomous navigation is
strongly dependent on the localization performance.

Another important issue for realization of the human following robot is
how the robot always perceives the position of a human in an environment
with many obstacles or in sloping terrain. Th conventional methods that use
Image or range sensor such as a camera or a ultrasonic sensor could not
solve this problems.

This thesis suggests an outdoor localization, a human position recognition
method and a human trajectory tracking method based on GPS. For
localization in outdoor environment, we develop an effective localization by
using inexpensive GPS and odometry without using any INS system. Position
and orientation information from DGPS and the digital compass are combined
with encoder data from robot’'s wheels to estimate more accurate position of
the robot using extended Kalman filter. The concept of “validation gate” will
be introduced to ensure the reliability of the measured values for the error of
DGPS.

The thesis also proposes a method to autonomously follow the human
trajectory that is generated by connecting the positions of humans. In order
to show the feasibility and effectiveness of the methods, we also present

experimental results of various situations using a real robot in a real world.
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Table 1 State of arts for human following robot

Multiple
Sensor Method Problem Simultaneous
Operations
- Impossible to distinguish
- Scanning method
between  objects and
Ultrasonic | —Sensing the distance and
human
or Infrared | direction between the sensor Impossible
- human should be placed
Sensor and human
in front of robot
- Large Direction error
- Impossible to distinguish
between  objects and
human
Two - Recognizing the distance and
- Target human should be
Infrared direction by wusing distance Impossible
placed in front of robot
Sensor two ultrasonic sensors
- Large  Direction and
Distance errors




- Tracking performance is

The LED attached to the not good due to slopes,
LED +
human blink continuously, and obstacles, etc. Impossible
Camera
the robot recognizes it - Being influenced by the
intensity of the light
- Being influenced by the
intensity of the light
The robot continuously specific
Camera - Long processing time Impossible
parts or face
and difficult to image
processing
- Same problem as
- Same method as Camera
Camera + Camera
- The voice sensor is used to
Voice - Voice sensor cannot Impossible
detect the direction of a
Recognition give distance
human
information
- Expensive
Various types of fixed sensors | — Multiple sensors must
Intelligence
are placed in advance and the be placed in the work
Space Possible
position of human and robot space in advance
Method
are transmitted to the robot - Low flexibility of work
space
- RF sensor mounted on robot
Ultrasonic transmits radio wave
- Same problem as
Sensor+RF | -The distance and angle are Impossible
ultrasonic sensor
Receiver calculated by  using two
ultrasonic waves
- Expensive
- Impossible if there is a
Laser It continuously the human’s
Obstacle Impossible
Sensor legs by using laser scanner

- Human should be placed

in front of robot
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Fig. 11 Driving part of the robot

Table 2 Specifications of Driving Parts

Length(m) Size(m) Weight(Kg) | Payload(Kg) Battery
0.445 0.393 x 0.237 9 25 12 VDC
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Fig. 13 Picture of human following robot
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Fig. 14 Characteristic of DGPS data
Table 3 Statistical characteristics of DGPS data
Maximum error Root mean square error standard deviation
4.80m 2.80m 1.65
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Fig. 15 Experimental environment
for localization
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Table 4 Reference positions (unit : m)

Position No. TM_x(North) TM_y (East)
1 45944.46 159005.61
2 45862.76 159005.19
3 45816.35 159049.59
4 45860.74 159091.39
5 45942.46 159089.33
6 45984.93 159050.41
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Fig. 16 Localization results

Table 5 Error characteristics of localization (unit : m)

46000

Reference position DGPS only EKF
1 191 1.03

2 3.38 1.42

3 1.76 2.21

4 418 1.22

5 2.65 2.10

6 478 2.07

RMS 3.11 1.68

Max. 478 2.21

Std. 1.11 0.46
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Table 6 Reference position of line (unit : m)
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Fig. 20 Results of line tracking
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Table 7 Characteristics of position error (unit
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Fig. 22 Experimental environment
for curve tracking

Table 8 Reference positions of curve path (unit : m)

No. Reference Position
(159043.34, 45983.37)
(159030.15, 45978.39)
(159019.71, 45971.28)
(159012.51, 45962.09)
(159008.24, 45952.32)
(159006.76, 45940.74)

OO | W N |+
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Fig. 23 Results of curve tracking
Table 9 Characteristics of error for curve path(unit : m)
The Reference Path | The Reference Path The Human
Reference
and Human Position | and Robot Position | Position and Robot
Position
Error Error Position Error
1 0.00 0.00 0.00
2 1.01 0.82 0.19
3 0.52 0.51 0.01
4 0.11 0.11 0.00
5 1.12 1.31 0.21
6 0.81 1.31 0.5
RMS 0.60 0.68 0.15
Max. 1.12 1.31 0.21
Std. 0.47 0.57 0.20
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