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SUMMARY

This rparer deals with 2 trial which aims to helr the blind
w3lk outdoors freely by usindg 3 machines i.e, 3 robot: In the
first half of the rarer several methods of walkind 3ids for the
blind are examined and coamarared with each other. As 3 result:»
use of 3 duide dod is found to be the best existing way because
of its intelligent functions. But it 3lso has some sproblems due
to the fact that it is an animal., We Present a guidance system
usind 3 robot which rerlaces some functions of a real suide dod.
In the latter h3lf we develor the design concert of a duide dog
robot system and investidate the eproblens concerning with the
realization of the functions of 3 duide dog by a machine system.

INTRODUCTION

Sight is the most imrportant sinse for dasily life among the
human senses., It can be es3sily understood by imasginins the
inconvenience which we would exrerience if we lost our sight. In
1980 the number of visually handicarred rersons who live in Jaran
suffering from that inconvenience is as higsh as about three
hundred and thirty-six thousands. Their acute reauirements are
the free communication and the orientation/mobilitu. The latter
is the basis of the inderendent outdoar travel.

There have been manuy attemrts to helr therblind for-their
inderendent travel. Ouwing to the recent advancement of electronic
technieues it has become rossible to process coarlex imformation
by 3 comparatively small rprocessors and devices for walking aids
which use these techniques have ‘been develored, But the
information Processing of these devices are so simrple that their-
function onls works well owing to the helr of user’s reaaining.
information srocessing ability. Consequently the use of these
devices forces the user to pay attention to them andy if
#rolondeds tires the user., These devices need imrroveaent in
these asrects. It is also meanindful to add other new functions
such as the function of route guidance in a2 town.

Rasically there are two w3us to assist the.walk of the blind
systematically. One is to invest in the environment and make a
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sustem that sends information about the environment to the blind
by devices locasted in many places of the environment. The other
is that the blind rerson carries 3 device which searches the
surroundind around him and obta1ns the information which enables
him to walk.

The former was contains followind examples. Rudged plastic
Pplates called "braille blocks® can be rlaced 3lond an edde of &
rlatform of 3 railway station and be used to inform the blind rot
to f3ll down from the rlatform. Traffic lights can send sound
informations esreciallw by music. The difference of the level
between 3 redestrian waw and 3 motorway where thew are crossing
can be eliminated for easy walkindg. The latter was contains a
guide dog and new devices which assist walkind.

Of course it is favorable if both waus are achieved
simultanegusly., But the former way is difficult becsuse of the
followingd rroblems, One. is that the financial surport becomes
larde because the livind ares is two-dimensional and the nuamber
of devices which we must set to suide the blind becomes so sreat.
Ariother rproblem is that such devices have conflicts with existing
facilities set in - 'the. town such 3s sidgns or marks for the
traffic., In the latter way on the contrary we 3im to restrict the
financial investiment to be 3s small 3s rossible and give
excellent functions to the eauirment which 2 asan can carry to
assist his walk, The functions of the eaquirment include
recognition of its environment, knowledde of its rosition and
orientationsy detection of the obstacles or danderous stuations
which disturb its course and duidance of 3 blind person while
informing him of 3 suitable wauw, Though we cannot give 31l of
these ideal functions to the eauirment immediatelyr this waw
seems to be the main way which leads to the true inderendent
travel.

EXISTING AIDS FOR INDEPENDENT TRAVEL

A white cane is the most basxc: widely used and useful toocl
to surrort the walk of the blind. This tool is used. with the
remainind sensesy i.e. auditory.and tactile senses. A blind
rerson constructs his mental map about the area bu searching.
around him with this tool. He 3lsoc uses it when he walks with his
remainind senses according to his mental mar.

A duide dod is used to dsuide 3 blind person outdoors using
its fine functions prorer to 3 living thindg. Rerortedlus this
method was first attemrted in dood earnest in 1918 in Germanu.
Since then it has been used exrloiting its high information
rProcessing abilityy especialluy the sbility of pattern recodnition
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and the fast adartation to the chandes of its environment. But 3
duide dod 3lso has its inherent defects. Among these are the
difficulity of trainings its short life 3s comrared with msan‘s
lifey the need for the plasce to keer it and the care it reauires
of its keerer as intense as it would reaquire to have one more
family member. These rrobleas limit the number of the suide dosgs
which are in use in Jaran to be much smaller than the number of
the rpotentisl users.

New devices which come from the develorment of the
electronic technolody are besginning to be used. A blind rerson
carries such 3 device with him and it searches in front of him
with its sonic or ortical sensors to aceuire the necessary data.
After processind the datas it sends information asbout the walking
space to him. Thus he can know the condition in front of hia as
he walks. One of these devices is called 3 laser canelll., A saall
semiconductor transmitter of laser is set in 3 cane. Laser Pulses
are sent in three derectionss i.e. usrwardr, forward and downwards
and their reflections are collected bu lenses and are detected by
rhoto-diodes. The existance of obstacles are detected bu the
magnitude of these sidgnals, This information is presented by
‘means of sound to.the man. Kay develored sonic glassesC2] which
wutilize the ultrasound skillfully. Ultrasound whose freauency is
changed with time in the share of triasnsular pulses is sent from
the transmitter attached on the dlasses. The reflected sound is
mixed with the transmitted sound to make beat which a man can
hear. A blind rerson hears this signal throudh earrhones. It is
sa3id that the user can know the distance to the obstacley its
direction and the characteristics of its surface from the ritchs
the magnitude and the tone of the beat, respectively., There is
still snother ture of devices which utilizes ultrasound. Among
these are Pathsounder(33, the Mowat SororC43, ete. The difference
betuween the latter ture of devices 3nd the previocusly mentioned
tyre is that these devices check whether there is an obstacle
which the user can not detect and warn him only if there is one.

fis the former devices ceaselessly give the sisgnal about the
environment to the users he must concentrate his attention on it
and make his decision 311 the time while he walks outdoors usins
them. On the other hand the latter devices are better because
they send information only when it is necessary to warn the man.
But neither of them have enoush functions saticfactorily do00d to
aid the walking of the blind. For exsmrles thew have not the
function to guide the man along the street. A suide dog has nore
and better functions than these devices. ’

From this view roint we started the MELDOG prodect in 1977
at the Mechanical Ensineering Laboratorw to develor 3 device
which has the functions of a duide dog, The rest of this parer
describes the desidgn conceert of the device and the Pproblenms
encountered during the construction of the sustem.
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GUIDE DOG ROBOT

From the analusis of the functions of 3 real suide dosgs the

*

functions a guide dos robot should have are !

(1)suidance of its master along the streets
(2)avoidance of obstacles on the uwaw :
(3lcommunication with its master.

Function (1) is the most basic function which is to guide a
man under his cosmandsy i.e., g0 straight, turn left or turn
right., There are two modes of guidance. One is successive
guidance, In this mode when the robot reaches 3 landmark of a
crossingy it informs the man of the condition of the crossings
e.d, its ture is three forked and the next landmark on the risht
is #100s the distance to it is Sms etc., Then the man orders the
direction in which he would like to so. The other mode is
automatic guidance. In this mode the man tells the robot his
destination before he starts. The robot selects a suitable route
to the destination and duides him along the selected route. This
is the function which a real dguide dog does not have. It is one
of the merits of usindg 3 robot. .

Function (2) is to deteét obstacles and avdid them
automatically or in cooreration with the mans while function

(3)is to communicate with the man to work (1) and (2)
effectivelyu.

As 3 rolicy to desisgn a3 sSuide dod robotr we first realize
each of its functions by arprorriste methods for machines. Then
we combine them into 3 man-machine sustem with harmonu. Figure 1
shauws the totsl system of the duide dog robot with the functions
(1>y (2) and (3)., We selected wheeled locomotion for the duide
dod robot for the simplicity of desidnindg assuming the area where
it travels is smooth. Other mechanisms such as walking aschines
with twor four or six legss though thew have the adartability to
uneven: surfacess are now 3t the stzde of study and toco remote
from sractice for us to emrloy them., The robot consists of
several sub-sustems each of which does some rpart of the
aforementioned functions. Theu are controlled by a3 micro-coaputer
mounted on the robot. We use batteries 3s the rower source on
board the robot. -

In order to duide 3 man by the robot two sters should be
taken. The first ster is the duidance of the robot itself slonsd
the streets and the second step is the suidance of the man bw the
rabot. For the duidance of the robot we avoided the rattern
recodnition of deneral scenes which is a3 difficult probles in the
field of artificial intellidences and instead adorted the method
to use marks a3s 3 clue for the robot to krnow its rosition and
orientation in the streets. In this casse these marks should be
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Fig.1 Guide Dog Robot Susten

simple so that the investiment for marks will be smazll. We used =z
white straidht line with a width of 15 cm and 3 lensth of sbout
2,0 ms which is called 3 landmark. The robot collects its
orientation error which arises during its running between marks
by tracking the mark. The trackind peformance of the robot is
checked by the comruter simulation. Figure 2 shows the examples
of the comruter simulation. Further results of the simulation and
the tracking rerformance of the test hardware were rerorted in
£313. . ' : ’

The robot 3lso knows its rposition in the arez from the code
assigned to each mark, Another function of this mark is its use
in 3 mar. For examrle if we make a mar (2 kind of data base)
which contains the relations of the markss e.g, the code of the
mark next to a certain marksy the distance to its» the necessarw
steering ansle to reach its and the condition of the road around
its the robot can read the mar and get the information necessary
for suidance. The mar can also be useful as the a eprigri
knowledde when the robot analuzes sceme data in order to find
obstacles. Selection of the ortimal route in the automatic
suidance model5S) is carried out using this aar. The robot sets
the necessary information of the crossing from this m3ar and
transmits it to the man in successive guidance mode, This mar mau
be stored in 3 mass storade such 3s cassette tares.
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Fig.2 (3) Computer simulation of
the track of the robot. Dots
around the robot indicate the
detector of landmark. The robot
tracks faster and more stable as’ -
the rosition of the detectors moves forward on board the robot.
(b) Characteristics of the tracking chande according to the
rarameters of the eauation (1) which decides the steering andle
from the measurements of the landmark detectors.
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When 3 blind rerson walks with a gsuide dodgs he holds the
harness attached to his dod and is duided by it. This is not =
d00d w3yv in the case of 3 duide dod robot because it askes the
control of the robot’s traveling difficult and mauw put the man
3 dangerous situation. Thus we develored an ultrasonic
measurement system for the robot to measure the rosition of the
man behind it. We call this sustem *master guide®*lé], Fidure 3
shouws the master duide of MELDOG MARK II. An ultrasonic
transmitter is attached to the belt of the blind rerson and two

in
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ultrasonic receivers are mounted on the urrer end of the robot,
Two distances between the transmitter 3and the receiversr r1 and
r2s are measured from the traveling time of the ultrasound. Using
rl and r2 both the distance of the man from the robot and his
direction relative to the robot are calculated by the Frincirle
of triangulation. The man takes the initiative in deciding the
walkind sreedsy for the srpeed ot the robot is controlled to be the
same 3s that of the man keering the distance between them
constant im. If the man dces out of the rermitted zone behind the
robot while he walkss the robot sends 3 sidnal for him to correct
his lateral rosition error. The feasibility and effectiveness of
these functions aforessid were checked by an outdoor exreriment
using the test hardware MELDOG MARK I and II [CS51s C&3]. Fidure 4
shows the outdoor exreriment with MELDOG MARK III.

In order to reslize the function (2) we note the velocity
and the distance of the obstacles. We define Vro as the velocity
of the obJect relative to the robot and v a3s the comronent of Vro
rarallel to the line which conneéts the obstacle and the robot.
Dealing with 3 moving obstacle derends larsgely on v.

Fig.3 Master Guide

Fig.4 Outdoor exreriment with
MELDOG MARK III,
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For simplicity let us first consider the one~-dimensional
cases» that iss the robot and the obstacle move on 3 same
obstacle is doing sway from the robots and the robot can continue
its usual duidance because no trouble will harrpen with the
obstacle, When v is eausl to or the obstacle is doing in front of
the robot 3t the same ‘sreed as the robot and there will be no
rroblem unless the robot sreeds ur for. soae reason. If v directs
in the orrosite direction of the obstacle and its absolute value
is smaller than the robot’s sreedy that means the obstacle is
going in the same direction with smaller sreedr and the robot
must slow down until .its sreed coincides with that of the
obstacle. In this case the robot informs the man that it has
reduced its sreed. If v is equal to the robot’s sreedsy the )
obstacle is static. If the absolute value of v directs to the
orrosite direction of the obstacle and its absolute value is
dreater than that of the robot’s sreeds the obstacle 'is
sbsolutely coming toward the robot., In this case the robot
immedistely stors and warns the obstacle and the man’ and if
rossible avoids the obstacle in cooreration with the man,

In the case that an obstacle is not sovings, the robot should
detect its rosition and size, It there is enousgh space to pass
throushs the robot m3uy proceed avoidins the obstacle. But if it
is imrossible for the robot to rass throughs the robot aust turn
back and choose another route which leads to the same
destination. )

As for tuo-demensional cassesy let us consider the three
tuyrical cases shown in Fig.5y i.e. (3) the obstacle is crossing
the robot’s course rerrendicularlys (b) the obstacle is crossinsg
the robot‘s course obliauels and (c) the obstacle is moving
#3rallel to the robot’s course. The relative velocity of the
obstacle to the robots Vros is time-invariant snd is shown as the
vector Vro in each cases. The comronent of VUro sarsllel to the
line which connects the obstacle and the robots.vsy chandes as the
robot Proceeds. Surrosing the directions the distance and the
relative velocity comronent v of the obstacle are detected, we
use the followind criterion to avoid an obstacle! x=miXd+m2%v
where d is the rosition vector of the obstacle relative to the
robot whose norm-is the distance between theas al and m2 are
Farameters selected rrorerly, The meaning of this eauation ‘is as
follows. If v directs in the osprosite direction of the obstacles
that means the obstacle is coming toward the robots and if d is
S0 larde that vector x directs to the obstacles there will be no
oprortunity for the robot and the obstacle to collide with each
other, On the other hands if d is small, that is» the obstacle is
near the robot and if v is larde enoush for vector x to direct in
the orrosite direction of the obstacler there is a possibility
for the robot and the obstacle to collide with each other.
Generally if x directs to the obstacle 3nd its absolute value is.
gSrester than some threshold rrorerluy givens the robot can take
its normal sguidance mode.
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Fig¢.S Avoidance of obstacles.
Vr! Velocits of a3 robotr Vo! Velocity of am obstacle
d ¢ Position vector of an obstacle relative to @ robot

We rlan to use semiconductor cameras and arrays of
ultrasonic sensors to detect obstacles aon the way. These sensors
search 3 comparatively small area(Sm radius) around them and
detect both the direction and the distance of an obstacle. The
velocity component v can be obtained from the tuwo sets of data
measured 3t 3 short time interval. We now have constructed an
exrerimental off-line system and are studsing the reliable
detection of the necessary data,

For the function (3) 3 eproblem arises about what
communication channel should be used between the man and the
robot. Two kind of sensess auditory and tactile sensess are
widely used as channels ta transmit informsation between 2 man and
3 machine in many man-machine swystem. However, we do not want to

use these senses for the duide dod robot because the blind use
" these remainind senses to set information about the environaent
more intensely than if they had sight. We restricted the use of
hearing only to 3n emerdency case. Conseeuently. we adorted a new
charinel of electrocutanous stimulstion usind emerdwy controlled
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Frulses. This method is an sepplication of our studs sbout the
information trasmission using electrocutaneous stimulationl731s
[81. The information is coded by the enerdws value and the
reretition rate of the electrocutaneocus stimulation Ppulse and
sent to the man. We used this method to test the function (2)
to spresent the man his lateral rosition error by an enerdy
modurated rpulse signal and succeeded in the guidance of him bw
MELDOG MARK I. So far we have discussed the communication froa
the robot to the man. For the comaunication in inverse direction
we may use switches and rossibls voices to give commands to the
machine.

RESULTS AND FUTURE PRDBLEHS

In this rarer we zim to realize by machines the functions of
a8 duide dod. A rrincirle to design these functions is Presented.
The feasibility of some part of these functions was demonstrated
by the exreriment usindg the test hardware and was alreadu
rerorted., But there are still many rrobleas left to be solved in
the future, They are. 3s follows.

.Mechanzsm for a moving machine which has high adaptabilitu to
uneven surfaces.

sFPattern recosgnition thst enables the robot to use the existing
obJects 3s landmarks for duidance.

+Method for detecting obstacles @uickly with high relisbilitu.
+0rtimal communication way from the machine to the man.
+Effective disrlay method of the two-dimensional dats such as
scene data to the man.

+Design of machines based on human-factors endineering.
+.Reduction of sizes and weidhts of machines.

+Improvement of relisbility and safety of 3 sustem.

+Enerdy surrply for machines.

BRAKE
| LoGIC
CIRCUIT

BRAKE SIGNAL

WHEEL i
EXCESS DRUM 4
CURRENT i
| DETECTOR H
SHOE
POSITION
DETECTOR

Fig.é Mechanical brake of MELDOG MARK II.
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) fs for the last problem we should use low Power consuartion
devices such as CMOS ture micro-comruters as processing units af
8 robot and 3lso should save power consumed for controllins
motors by swiching its sueply current accardind to the difference
between its rotation rate and the refererice, For this rureroses
for exameley we desidned a mechanical brake for our test
hardwarey which does not consume rpower while it is workins by
self-lockind system. Fid.8 shows its sustenm.

Even a dod has excellent abilities which we cannot imitate
bg machines. In our prodect we dave only a3 few functions of a
guide dog to our duide dosg robot.
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