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Development of a Mobile Robot with Vision System (2)

HE kil M e BE B
TAKATA Ken—ichi OHURA Shinji FUJIKI Satoshi MATSUDA Toshihiro
g ik %R AF %EB
NABESAWA Hirofumi SHIMIZU Taka— aki TANINO Katsumi

Abstract

In contrast to industrial use, robot is not be yet general in consumer application such as household and medical care. This type of
robot should accommodate itself to unpredictable environment and should manipulate complicated job. It is essential for it to
recognize the environment through its sensory systems and to decide following aclions.

Last year, we developed a mobile robot with vision system (Massugu—Kun) which provided quite basic capabilities among those
above—mentioned. This year, based on the preceding work, we improved its capat:—ilities such as turning corners and detecting
obstacles. The robot (Magaru—kun) has new stepping motors whose gear ratio is smaller than before, more over can be made to
move 50 times faster. Besides the head camera, 3 CCD cameras ( front, left and right of the body) were added for the control of turn
of corners. The control procedure of the turning is as follows:

(1) Move along the wall until detecting the corner with head camera

(2) Calculate the distance from the corner and proceed before the corner

(3) Switch to the left(right) camera and proceed to the position starting the turn

(4) Turn the corner controlling its position with left{right) camera

(5) Repeat (1) through (4).

Throughout the movement, the robot examines with front camera whether there is obstacle or not in its way. If it detects the
obstacle, the robot stops until the abstacle is removed. To maintain reasonable time of complicated image processing, we improved

some software programs such as Hough Transformation routine.
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A simulation of metal forging process

— A finite element simulation for the optimization of work pieces and tools in cold forging process —

X OMA 1 FiE HKk ER

NAGAMORI Kazuhisa SAYAMA Teshihiko SHIMIZU Takaaki

& A Bx B3 2% RE

TAKABAYASHI Sotohiro MATSUMOTO Iwao TANINO Katsumi
Abstract

One of the most serious problem in cold forging process is damage of tools caused by the fact that the extremely high load is applied
to the tools over the yielding point of work piece. In many forging industries, tools with appropriate life are finally produced through many
trial and error process with high cost. Metal forging process simulation is expected to utilize for the optimization of work pieces and tools
as in mobile or machine manufacturing, where CAE represented by FEM simulation technology has been using and rewarded with great
success in reducing fabrication process and prediction of products' defects.

In this investigation, some techniques for cold forging process were developed to evaluate the stress appeared in the tools, deformation
shapes and plastic strain distribution of work piece. As the resull, cold forging simulation was performed easily by adding some numerical
techniques to general purpose analysis program such as body contact algorithm or mesh rezonig methed, and with comparatively high
precision using simple expression of flow stress—plastic strain curve obtained from upsetting test. Some simulation results with real
forging products and related several dies verify the possibility that cold forging simulation could introduced in design phase for the

optimization of work pieces and tools.
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Study of Wet Etching for Electronic Circuits
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Abstract
Wet etching is widely used to produce conductible patterns of electronic circuits (ex. TFT—LCD). Mixed solution ofHsPO«— HNOs—CHas
COGCH are commonly employed for wet etching of aluminum, The composition and temperature of solution
all shall influence the etching rate and the degree of undercutting property and taper angle.
We attempt to study these variables and to find the most suitable etching solution and discuss the mechanismof wetelching of

aluminium.

The results are summarized as follows;
(1) The etching rate increased with addition of HNOs, although it was scarcely affected with increasing of HNOs content.
(2) The taper angle could be controled by HNOs content.
(3) The etching rate decreased with increasing of CHaCOCH content. But CHaCOOH protects the photo resist and detach Hz gas from the
surface of substrate.
(4) The etching rate was stabilized with addition of a small quantity H20,
(8) The etching rate and the taper angle were scarcely affected by dissolved aluminum content until 5g/1.
(6) Bath temperature of 40°C was suitable for the etching. The productivity lowers under 30°C and the detection of end point of etching is
hard above 50°C .
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Development of an actuator using shape memory alloy film
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Abstract

NiTi shape memory alloy (NiTi—SMA) devices can be exhibit advantages such as large deformation and recovery force, small
temperature hysteresis of rhombohedral phase austenite phase, tough to repeated use and ability to use resistance heating as a
source of heat energy for the shape recovery. NiTi—SMA devices have, however, a disadvantage in that they exhibit a slow response

due to their low of the cooling rate. Therefore, NiTi— SMA films are expected for use as micro devices because they have a short
respanse time due to their high cooling and heating rates.

In this study, a grip type actuator that consisted of two layers (SMA layer and inverse layer) was fabricated for trial. The SMA layer
was deposited by dual source RF magnetron sputtering apparatus, and the inverse layer was deposited by sputtering and electroless
plating. The results are as follows.

(1) The micro—fabrication process of SMA films was established.

(2) The heat resisting resin spread by spinner was most suitable for under layer between a silicon substrate and a SMA film,

(3) Electroless plated Nickel layer was most suitable for the inverse layer, because it adhered to SMA uniformly and the quality of

this layer was satisfactory without any defaults.

(4) It was verified that the grip type actuator worked repeatedly by current.
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Table 1 Sputtering conditions.

Target-substrate distance f0mn
RF power NiTi 300w
Ti 100W
Deposition rate 1em/h
(unit : mm)
Back pressure 1. Gx1073 Pa
Ar pressure 2.4x10°" Pa
substrate rotation 20 npon K4 Froriyy
Fig.4. A teflon instrument.
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Fig.5. Fabrication methods of inverse force films.
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Table 2 Sputtering conditions of inverse force film.
(Beig ] (7 1 >) (w8 ] (7~ P ’
v A d
G Target—substrate distance 60mm
(98%1?1230‘) PR )
2Zmin MCU—-AHS) RF power Ni 150W
L] g 65C 2~5 zm/h Cu 150W
2 Ao ¥ M pH:12.2~13.0
T, FoTH (so*’c) (MCU-BHS) Cr 150W
(T-22) | \7Tmin + Back pressure 16 X 10~ P
. a
¥ K e
PP 90<T Ar pressure 24 X 107" Pa
(VoF—TH\l~2xm h W T-22 it sl 20
YFu—T o :
Mcu-,ms)””'“’””“ L Tulduon Lp-m
MCU-BHS Time 3.5.8.10.13Hr
X6 4EEEAyFoTo—
Fig.6. Flows of electroless plating.
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Table 3 Relationship between substrate,
under layer and quality of film.
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Study of High Performance Technology in Machine by Micro— moving Mechanism
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Abstract

The carriage straightness is require for a machine tool or coordinate measuring machine. The deviation in the relative distance
between the work and the tool, is caused by the error in straight motion of the carriage with machine tool. In the measuring machine,
the signal from the displacement sensor includes inevitably the error due to the erratic straight motion of the carriage.

In this study, we would like to develop the system which correct the error in straight motion of the carriage and to make the
carriage high accuracy. By using the light position sensor and the piezo— compensator, the carriage on a slide table is able to travel
straight along the laser beam as a standard straight datum. This system enable the straightness of a slide table to be less than 14m
for vertical direction and something like 1, m for horizontal direction. It is possible to imprbve surface waviness by adjusting this

straightness compensation system to machining.
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Study of Giant Magnetostrictive Alloy Films
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Abstract

The magnetostrictive alloy films can be used for micro magnetomechanical devices such as micro—actuators operating without
power supply cable, if the films have large striction at low magnetic field. In this study, we prepare Tb—Fe and Sm—Fe films by
sputtering method and investigate how to obtain both soft magnetic properties and large magneto—striction in these systems. Then
we make a cantilever by accumulating Tb—Fe and Sm—Fe on a aluminum film and measuring displacement of the free end of the
cantilever.

The results and conclusions are summarized as follows:

() The Tb—Fe thin films have easy—axis perpendicular to the film planes in the compesitional rang of 26—30 at% of Tb content and
have in—plane easy—axis in the range of 40— 55 at%. On the other hand, films of Sm—Fe have in—plan easy—axis in the wide
range of 18— 60 at% of Sm content.

(2)The Thb—Fe thin films have large magneto—strictions in the neighbourhood of 40 at% of Tb content and exhibit maximum strition
in 41 at% at low magnetic field (1kCe).

(3)The Sm—Fe thin films have large magneto—strictions in the range of 30—40 at% of Sm content and exhibit maximum strition in
37 at% at low magnetic field (1kOe).

(4)Curie temperture of the magnetostrictive films are 100—110°C in Tb—Fe films and 150—160°C  in Sm—Fe films respectively at

the compositional range of exhibiting large magneto—strictions.
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Development of Redox Solar Cell System
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Abstract

Nowadays, photovoltaic devices for electricity generations is prohibitively expensive at present, The objective of this study is to
create a low cost photovoltaic cell which exhibits a higher energy conversion efficiency. The device is based on redox reaction of the
surface between titanium dioxide film and metal/ITO electrode in electrolyte under photo—irradiation. Although these elements are
chemically stable, safe and cost keeping, its efficiency still stays low. We examined various parameters to improve it, such as TiOz
thin layers preparation conditions by sol—gel method, electrode material, inorganic or organic electrolytes, and contribution of dye
on energy conversion efficiency. Results are as follows;

1) In prepared samples of TiCz film on Ti—electrode, samples which coated Ti—alkoxide sol and heated up to 800° C and
maintained for 20min had best maximum output power (9.1 &2 W/ecm?).
2) In TiOz films on ITO- glass, samples coated with the sol and heated up to 450" C had best maximum output power
(1.5 W/em?) .
3) 0.2M NaOH aq. solution was the best electrolyte.
4) Samples sensitized by dye Ru—~Lz and top— coated with the same sol showed good light harvesting efficiency (3.6 & W/cm ).
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Study of the Total Indoor Environmental Control System
forthe Disabled and the Elderly

hHE A A @
IGARASHI Ryuiji YAMAMOTO Toshiyasu

Abstract

Environmental— control— system (ECS) is typically used as an assistive device to control the indoor electric, and communication devices
for the activities of daily living at home on the disabled and the elderly. ECS is operated by several types of the switches suitable for the
residual functions of the disabled with the difficulties in the upper extremities. Here a new integrated ECS system has been developed
especially for the severely disabled person with the electric wheelchair.

The main contents discussed are (1) the input switch controller,(2) the infared remote controll system, and (3)

the display panel.
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