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1. Introduction gent aids for the handicapped. We consider here

the requirements for a blind aid navigation sys-

An important area of application of intelligent tem. The aid for the partially blind can be in the
system is that of developing user friendly intelli- form of special equipment to enhance the visual
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ability of the user. However, for the totally blind
such equipment must be replaced by a guiding
system. A robot system equivalent to the guide
dog has been sought and attempted in (1] and
[2]. However, limitations of current robotics te-
chnology have made difficult the realization of an
“artificial guide dog”. In addition, the task is
made difficult by the desire of the user to be able
to interact with the guiding system. Strictly spea-
king, the blind person needs a physical system
only to the extent to which this system provides
accurate information for his use. For example,
such information could be given in natural, or
specialized (Braille) language. Information of en-
vironment-spatial relation, obstacles, quality of the
path, and traffic conditions (pedestrian and vehi-
cle) adjusted to the individual needs are expected
to enable the user to perform the desired actions.
In this paper, we focus on a intermediate step
towards developing a Blind person Aid Navigation
System(BANS) based on a linguistic interpreta-
tion of visual information. More precisely, we aim
at building an Image Based Linguistic Guiding
System(IBLGS), where the visual and numerical
information are fusioned and linguistic instruc-
tions are generated. From this point this paper is
organized as follows : In section 2 the general ar-
chitecture and functions for IBLGS are introdu-
ced. In section 3, for illustration purposes we co-
nsider the example of “finding a bench in a park
and describing the path to reach the bench”.

2. Overview of IBLGS

Currently, we envision the architecture of the
IBLGS as consisting of seven functional compone-
nts(Fig.
Image Processing,

1) : Dialogue, Target Identification,
Image Based World Map,
Image Based Controller, Language Data Base, and
Generation of Linguistic Instructions Components.

We now describe briefly these components.

2. 1. Dialogue

This component is responsible for the interface
between the user and the IBLGS system. The
dialogue takes place in order to identify the goal
and to guide the user towards it. Typically it con-
sists of the following steps :

— The user requests the IBLGS to find the ta-
rget object. (A search for the desired object is
triggered by a call to the Target Identification
Functional Component).

— Upon successful identification of the target
object the user asks the system to describe the
path from the current location to the target locat-
ion.

— Adequate linguistic instructions are genera-
ted taking into account the user’s individual wal-
king characteristic abilities.

2. 2. Target ldentification

This component consists of two modes for ide-
ntifying a given objective target : Target Image
Memory and Pattern Matching mode. The basic
method for this is the model based object recog-
nition method of [3] which makes use of the re-
sults of the image processing component and a
model stored in the Target Image Memory.

If the target object exists, the system informs
the user and waits for the users’s next request{e.
g. to be guided to the target object or find ano-
ther target). If the user wants to be guided to it,
the system gives the linguistic instructions to ap-
proach to the target. The instructions are genera-
ted using the given numerical information of the
target and environmental space described in the
Image Based World Map component. The given
numerical information in the world map is the

position of the identified, the situation of obstac-



les, the route to the target, etc.

Input Image

An Image Based Linguistic Guiding System(IBLGS) 3

Environmental Image

( Image
Based
Controller

Image
Processing

Identification

( CCD

System

Target

= 2

Error

Dia-
logue

Extracting

%’ Fuzzy

Rule

Q(Linguistic Instruction Generation

\—__/

N—

Image Based
World Map

f
Objective Image k

)¢

Language
Data Base

)

Fig. 1 General Framework for IBLGS

2. 3. Image Processing

The traditional image processing method is
adopted in IBLGS. The input image is provided
by a CCD system.

2.4. Image Based World Map

A world map is required for guiding the user
to the objective target. The guiding is done by
comparing the input image to the image in critical
points along the path. These images, or alternati-
vely, the descriptions, are stored in a data base.
The image retrieval method based on descriptions
of the contents of the image developed in [4] can
be extended to handle this step. The Image Ba-
sed World Map component is constructed from
numerical data and image data. The World Map
component consists of two modes - the numerical
map of a given environmental space and the gui-
ding image data base. In IBLGS, we assume that
the information necessary for these two modes is

given, i.e., the route and position of obstacles are
assumed known.

2.4.1. Numerical Map Mode

The minimum information given by this mode
concerns location of target, location of obstacles,
and a route to the target.

2.4.2. Guiding Image Data Base Mode

Two kinds of information are needed along the
path : (i)information concerning the approach to
a critical check point, and (ii)information on each
check point corresponding to the direction from
which it is approached.

2.5. Image Based Controlier

In this section, we describe two modes for
Image Based Controller component : Image Va-
riation Extracting and Fuzzy Inference mode.

2.5.1. Image Variation Extracting Mode
The basic mechanism for obtaining error infor-



4 SRNEBEGE £18% ¥R, 1994

mation is a match between stored knowledge
about the environment at, or around the check
points and the input image. The matching is done
either at the image level, or at the level of desc-
riptions of the contents of the image. Two kinds
of error values between the input picture and an
element of the given image data base are obtai-
ned :

(i) Error in Variation for left or right direc-
tion(EV) : This error results from the left or ri-
ght variation between the objective image of the
world map and the input image at a check point.

(ii) Error in Height(EH) : This is the distance
error hetween a check point and the user’s real
position. It can be obtained from the error in hei-
ght between the input image and the correspon-
ding stored image.

2.5.2. Fuzzy Inference Mode

In this mode the fuzzy rules needed to correct
the user’s actions are constructed. Initially, these
rules will encode the knowledge and experience
of an expert. In a more advanced version of the
system these could be, at least partially, learned.
The range of each input variable, EV and EH is
covered by a fuzzy partition of cardinality three.
Therefore nine fuzzy IF-THEN rules are constru-
cted. The consequent part is the correction value
of the user’s direction.

2.6. Language Data Base

In this component, two kinds of linguistic exp-
ressions needed for the communication with the
user are generated . linguistic instructions for at-
taining the goal and linguistic instructions for ap-
proaching a check point. These linguistic instruc-
tions are generated from Atomic Words(AW), Li-
nguistic Hedges(LH) and Auxiliary Phrases(AP)
using rules of combination specified in a special
purpose grammarl[5] [6]. The atomic words are

expressed by fuzzy sets whose membership func-
tions are obtained from local computations based
on the current position and desired direction. The
auxiliary phrases explain the goal and interme-

diate environment.

2.6.1. Instructions for a Goal

Linguistic instructions on the route and the en-
vironmental space for the user before approaching
the target object are generated .

~— Atomic words for explaining the approach
direction : These words are the membership fun-
ctions for the objective target. Examples of such
words are . about left angle, medium left, straight,
medium right, and about right angle.

— Linguistic hedges for explaining the app-
roach direction : For a finer representation of the
approach direction hedges are used to change
atomic words. This is done by shifting the center
value of the membership function of an atomic
word. Each linguistic hedge for the approach di-
rection is specified by a linguistic label and the
corresponding shift . (slightly, 0.2), (rather, 0.4),
(more, 0.6), (pretty, 0.8), and (very, 1.0).

— Atomic words for number of steps necessary
for approach : This mode supplies two member-
ship functions for the number of steps needed to
reach an objective point : about ‘n’ steps, about
‘(nt+1)’ steps.

— Linguistic hedges for explaining the number
of steps necessary for approach : These hedges
changes the approach step word. It is specified by
a linguistic label and the value for shifting the
center of the fuzzy set corresponding to an atomic
word. Examples of such linguistic hedges are : (
slightly, 0.15), (rather, 0.3), (more, 0.5).

~ Auxiliary phrases for subgoals . This mode
supplies the phrases for explaining a subgoal for
approaching the next check point. Examples of

“

such phrases are : “Approach the point P17,



Turn left/right at the point P1”, “Walk n steps”.

~ Auxiliary Phrases for situation explanation :
These phrases are for explaining a given environ-
mental space : before, will pass, will arrive, etc.
For example : “You will pass a fountain on the
left”.

2.6.2. Instructions for a check point

Linguistic instructions for the correction of the
user’s approach of the target based on the values
derived from the Image Based Controller are ge-
nerated.

— Atomic words for explaining the left/right
variation : These words express the membership
functions of EV and indicate the direction in
which the user erred, to the left or to the right,
from the given path.

— Linguistic hedge for left/right variation :
The linguistic hedges used to refine the explana-
tion of the left/right variation specify the amount
of shift of the center value and the associated la-
bel : (a little, 0.3), (rather, 0.5), (pretty, 0.75).

— Atomic words for explaining the distance er-
ror . These words express the membership func-
tions of EH and indicate the user’s advancement
with respect to the objective point : near, just, far.

— Linguistic hedge for the distance error - The
distance error explanation membership functions
are changed by these linguistic hedges : (a little,
0.3), (rather, 0.5), (pretty, 0.75).

— Atomic words for explaining corrections in
the direction . These words modify the user’s ac-
tion on the basis of the values obtained from the
fuzzy inference rules in the Image Based Contro-
ller. Examples of these words are . left angle,
medium left, straight, medium right, right angle,
eight o'clock direction, and four o'clock direction.

— Linguistic hedge for corrections in direction
: The membership functions of atomic words for
corrections of directions are changed by the given
hedge based on the shift necessary in the center

An Image Based Linguistic Guiding System(IBLGS) 5

value, as follows . (slightly, 0.2), (rather, 04), (
more, 0.6), (pretty, 0.8), and (very, 1.0).

- Subgoal auxiliary phrases | This mode supp-
lies the phrases for explaining a subgoal : “app-
roach the point P27, “turn around the point P2
to the left”.

— Auxiliary phrases for situation explanation -
These phrases explain a given environmental
space using terms such as : in front of, will pass,

will arrive, etc.

2.7. Linguistic Instruction Generation

In this component, linguistic instructions are
generated using the image based world map, the
language data base controller.

2.7.1. Format of an Instruction
A linguistic instruction consists of three kinds
of elements : Linguistic Hedge(LH), Atomic
Word(AW) eventually modified by a linguistic
hedge and Auxiliary Phrases(AP). A dictionary of
words and the grammar rules needed for combi-
ning these are also supplied. For example, a li-
nguistic instruction might be as follows : “walk
straight, turn a little to the right after five steps”,
In this example ‘walk’ and ‘turn’ are auxiliary
phrases, ‘straight’, ‘right’, and ‘five steps’ are
atomic words, and ‘a little’ is a linguistic hedge.
The general algorithm for generating a linguis-
tic instruction has the following steps :
Step.1 : Matching with atomic word.
Step.2 : Matching with linguistic hedge.
Step.3 : Construction of linguistic instructions
taking into account the following :
3.1 the user’s characteristics
3.2 output of the Image Based Control-
ler
3.3 the user’s request.
The following section will illustrate this algori-
thm on a simple test problem.
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3. Instruction Generating Example

In this section we explain the process of gene-
rating the linguistic expression on the test prob-
lem of finding a bench in a park. We assume that
the following are known :

— the Image Based World Map, and all nume-
rical data for the environmental space ;

— the bench and its location(identified by the
Target Identification component in Fig. 2) 3

— the error between an objective image and
the current input image(obtained by Image Va-
riation Extracting Mode and Image Processing

component).

3.1. World Map for the “bench problem”

This map consists of the image of two check
points P1, P2 and numerical data in the X-Y euc-
lidean space in Fig. 2. The data for the route are
as follows -

— Distances(in meters) between two points as
follows : dist(P0, P1) =25, dist(P1, P2)=7.5, dist
(P2, P3)=125.

— The User’s characteristics . length(1 step) =
60(cm) and walking speed=15(step/sec).

— Approaching angle | EA;=20°, EA:;=70°,
and EA;=40°.
4 ™\
Bulletin
\ Board Bench

—

]

Fig. 2 Image Based World Map

>
>

3. 2. Linguistic Instruction Generation

Two kinds of linguistic instruction are genera-
ted . a global linguistic instruction(for the entire
approach to the before beginning to start) and lo-
cal linguistic instructions(for each check point).

3.2.1 Global Instruction Generation

The process of generating linguistic instruction
is explained by four steps.

— Step.1(matching with atomic words) : The
atomic words are chosen according to the highest
membership value corresponding to the current
input. Thus for the situation in Fig. 3. we have
the following choices -

) “Medium Left” is selected for the input
angle 20°from PO to P1(see Fig. 3, for direction
of approach).

ii) “About 42 Steps” is selected for the dista-
nce between PO and Pl(see Fig. 4.).

— Step.2(choosing linguistic hedges) : For de-
ciding the direction of approach the difference
between the center of “medium left” and the in-
put is RD=(—45)~(—20)=25. The portion of
the support of ‘Left Medium’ in the positive di-
rection is obtained : PS=45. The shifted rate of
the input from the the Left Medium is RD/PS=0.
56.

About Left Left . Right About Right
Angle Medium Straight  Medium  Angle
—90 —45 —20 0 45 90

Fig. 3 Membership functions for the atomic wo-
rds indicating the direction of approach



About 41 Steps About 42 Steps
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24 246 25 252 25.8(m)

Fig. 4 Membership functions for the atomic words
indicating the number of steps

According to the definition of the linguistic hedges
for this mode the linguistic hedge ‘more’ that has
nearest weight from 0.56 is selected. The truth mo-
difier ‘not’ is used if the input is negative and right
from the center of a selected atomic word, or if the
input is positive and left of the center of a selected
atomic word. Thus if the input is 20, the selected li-
nguistic hedge would be ‘not more’.

For deciding the number of approach steps needed
for approach a similar procedure is used : The me-
mbership function shifting rate is obtained to be :
RD= 1252—251 =02, PS=06(the given step),
and RD/PS=0.33. The linguistic hedge ‘rather’ is
selected. The modifier ‘not’ is used for input values
to the left of the center of the atomic word selected.
Thus when the input is 25, the selected linguistic
hedge is ‘not rather’.

— Step.3(subgoal auxiliary phrases combination) :
The subgoal auxiliary phrase is constructed from the
Language Data Base and the world map. Examples
of subgoals phrases combinations are :

i) “Approach the point P1(AP), not more(LH)
than left medium(AW)”.

ii) “Walk(AP) about 42 steps(AW) not rather(
LH)”.

— Step.4(situation explanation instruction) : If any
obstacles exist to the left or to the right of the PO-
P1 route, a situation explanation instruction is const-
ructed by combining the world map and the situation
auxiliary phrases mode of from the language data

base. On the route P0O-P1, the combined instruction
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is . “You will pass a fountain to the left”.

The entire linguistic instruction to P3 from P1 is
generated by combining the approach direction inst-
ruction and the situation explanation instruction. All
the linguistic instructions are conveyed to the Dialo-

gue component.

3.2.2. Instruction for Check Point Approach

The check point linguistic instructions are genera-
ted from the given variation error(EV) and height
error(EH) by applying the Fuzzy Inference mode.
The fuzzy rules for correcting the user’s approach
are given in Fig, 5. : If EH < 0, the user is to the
left of the approach direction, and if EH > 0, the
user is to the right of the approach direction. If
EV <0, the user has not arrived at a check point.

negative ze10

-1 0 1 -1 0 1
zero . /;ero\
-1 0 1 - -1 0 1
-1 0 1 -1 0 1
Error for Variation(EV) Erro for Height(EH)
-1 0 03 1
-1 0 1
-1 0 1

Correction Angle

Fig. 5 Fuzzy inference rules for correcting the angle

of approach
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If EV >0, the user has already passed the check
point. The universe of discourse for the consequent
part is the correction value to the user’s direction of
approach of the next check point. The value —1 is
corresponding to —20° and the value 1, 20°. The
left direction is negative and the right direction, po-
sitive. The user’s approach direction is obtained from
the inference value and the approach angle to the
next check point on a given route in Figure 1. If the
output is —10° in approaching the point P1, the
user’s approach angle is (70+(—10))=80° to the
left from the direction of walking. If the output is 10
°, the approach angle is 60° to the left. The correc-
ting value 14.2° for the input EH=0.5 and EV=0.8
is obtained from the fuzzy inference rules of Figure
5. as follows : The obtained value is y*=(Zwy/Zax)

- 20=14.2, where y; is a support of the consequent
part and @i=Ai * Ap, and Ay, Ap are the degree to
which the input matches the premises.

The process of linguistic instruction generation is
explained using the output 14.2°of the Image Based
Controller.

— Step.1(matching with an atomic word) : The
approaching direction 55.8° to the left is obtained
from the output 14.2° and the approach angle —70°.
The obtained value is matched with the given app-
roach direction atomic words(Fig. 3.). The mem-
bership function ‘Medium Left’ is selected as the
direction for the entire approach.

— Step.2(matching with linguistic hedge) @ The
rate of difference RD between the center of Left
Medium and the input is calculated RD= | (—45)
—(—55.8) | = 10.8. The support for the positive di-
rection of the Left Medium is PS=45. The shifted
rate of the input from the Left Medium is RD/PS=
0.24. The weight of linguistic hedge ‘slightly’ is
nearest to 0.24 and therefore is selected. However,
since the value 0.24 is greater than the center of *
Left Medium” the modifier ‘not’ is added to the li-
nguistic hedge, to obtain ‘not slightly’.

— Step.3(subgoal auxiliary phrases combination)
The subgoal auxiliary phrase is constructed from the
Language Data Base and the World Map : “approach
the point P2(AP), left medium(AW), not slightly(
LH)”.

— Step.4(situation explanation) : A situation exp-
lanation is constructed by combining the world map
and situation auxiliary phrases mode of the La-
nguage Data Base. On the route P;—P;, the combi-
ned instruction is as follows : “you will pass a foun-

tain to the left and a sand box to the right”.

4. Conclusion

A general framework for IBLGS(Image Based
Linguistic Guiding System) as an intermediate
step towards building a Blind person Aid Naviga-
tion System(BANS) has been proposed. The as-
sumption underlying this proposal is useful and
information extracted form the environment can
be conveyed to the blind person in a useful li-
nguistic form enabling the user to have initiative
in the interaction with the system and to perform
desired actions. The algorithms necessary for ge-
nerating linguistic instruction make use of the in-
put image and an image based world map and
were illustrated by the problem of finding a be-
nch in a park. The framework of IBLGS will be
effective in building some non-invasive monito-
ring systems and the intelligent bridge system for

automating vessel.
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