Door-detection using computer vision and fuzzy logic
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Abstract: One of the existing methods to perform the navigation in indoor environments consists in using a
topological map in combination with appropriate behaviours. Door is a very common element in this kind of
environments and its detection can be very useful either to know the environment structure, to aid an exploration
task and to perform an efficient navigation. In this work we use the information provided by the camera of a

robot to assign a belief degree on the existence of a door in it. The segments of the images captured are analyzec

in order to detect those segments that could belong to the frame of a door. Several fuzzy concepts are defined

to lead the search process and find different cases in which doors can be seen. Features of the segments lik

size, direction or the distance between them are measured and analyzed using fuzzy logic in order to establish

a membership degree of the segments on the defined fuzzy concepts. The proposed method has proved fc

successfully detect typical doors of indoor environments under strong perspective deformations using grey-level
images. Furthermore, according to our experimentation it is suitable for real-time applications in mobile robots.
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1 Introduction used to detect door in color images. One of the nets
is employed to detect the lateral and vertical bars of
In the autonomous robot area, a robot must be able tdhe door and the other to detect the corners. The
extract useful information using its sensorial system nets receive as input subwindows of the image of size
despite the presence of noise and imprecision in thel8x18 centered in each pixel with the hue and satura-
sensor data. This information must be adapted to aidtion components. After the classification process, an
the robot to perform the task it has assigned. analysis of the components found is performed to de-
In indoor navigation, the robot must reach a desti- tect if there is any door present in the image. The sys-
nation point departing from an initial position. One tem has the disadvantage of requiring a high computa-
the approaches to solve this task consists in using dional effort in processing each image. Furthermore it
topological map [13] and a behaviour-based approachcan not detect fully opened doors and it is dependent
[1, 2, 4]. For that purpose, it is necessary to have per-on the color of the doors used for training.

ceptual models that allow the robot to detect distin-  Based on a functionality-based approach, a method
guished places of the environment either to create &g generic object recognition used for robot naviga-
topological map or to navigate properly in it. In pre- tionjs presented in [10]. Other related works use neu-
vious works [3] we have developed a fuzzy percep- | networks in order to classify the segments of the
tual model based on ultrasound that establishes a begggrg [6], add information provided by other sensors

lief degree on the existence of typical places of indoor [11] or focus on the door-detection problem in corri-
environments like walls, corners, corridors or doors. ggrg [12].

This model uses fuzzy logic both to design the con- _ _
cepts and to manage the imprecision and vagueness, N this work we present a new method for visual
The aim of this work is to use the information pro- door—d_etectlon based on t_h_e_extractlon of the segments
vided by the camera placed on our Nomad 200 mobile©f the image and the definition of several fuzzy con-
robot to establish a new belief degree on the existence€PtS. The segments of the images are analyzed in
of doors in indoor environments. In future works this order to detect which of them belong to the frame of
belief degree, obtained using vision, will be integrated & door.  The fuzzy concepSimple Frame(SF) and
with other values that the robot can obtain applying Pouble Frame(DF) are defined to differentiate those
the fuzzy perceptual model previously developed. situations in which the frame edges of a door can be
The door-detection problem using vision has beenS€€n. Features of the segments like size, direction or
previously treated using different approaches. In thethe distance between them are measured and analyzed

work developed in [7], a pair of neural networks are using fuzzy logic in order establish a membership de-
gree on the defined fuzzy concepts. In a first step, the

“This work has been partially supported by the MCYT project €dges of the image are extracted using Canny [3], then
TIC2003-04900 the Hough Transform [9] is calculated to extract the




main segments of the image [8]. Using fuzzy logic, other occasions, when we look at a door it is possible
the relationship between the segments is measured tto detect its two frame edges. We model this situa-
detect the presence of the concepts SF and DF. Theion by the fuzzy concepgDouble Frame(DF) that is
method is able to detect typical doors of indoor en- schematically represented in Figure 1(b).

vironments under variable illumination conditions in  The detection process starts applying the Canny
grey-level images. The method can detect the doorsedge detector [5] on a grey-level image. The resultis a
under strong perspective deformations caused by thedinary imagel (z, y) where pixels labeled asue be-

two degrees of freedom (DOF) allowed for the cameralong to edges in the original image. In order to ease the
of our robot. Furthermore, according to our experi- notation we assume that the dimensions of the image
ments it is suitable for real-time applications in a mo- is NxzN. The edge pixels detected are used to com-
bile robot Nomad 200 equipped with a vision system pute the Hough Transform [9] and then the segments

and a laptop. of the image are extracted [8]. Let us denote the set
of extracted segments by = {S°, 51, ..., 5"}. Each
2 Visual door-detection segment is composed by two poiris = {p{, p}},

wherep} = (2%, y%) (coordinates in the image plane).

In this section it is explained how the visual door- When the segments are extracted the analysis to detect
detection process is performed. Our approach is base®0ssible doors is performed. The first step consist in
on the detection of the segments of the image that forma classification of the segments in order to reduce the
part of the frame of a door. Therefore, we look for computational effort required for the posterior analy-
those segments that form the frame of a door. Sis. The classification process is explained in the next

When the frame of a door is captured in a image, Section.
it can form two edges with its surrounding. On one
hand, there is the edge formed by the frame and the2.1 Segment classification
wall. On the other hand there is the edge formed by .
the frame and either its leaf (if their colors are differ- 1he total number of extracted segment could be high
ent) or the gap of the door (if it is open). Therefore, and it is desirable to reduce it and select only those
based on our experience we have identified two pos-that could belong to the frame of a door. Therefore,
tected. First case, only one of the edges of the frameS€gments are of interest, the vertical segments that be-
is present. This case has been formally defined by thdond to the lateral part of a frame and the horizontal
fuzzy concepSimple FramgSF). Second case, both Ségments that belong to the upper part of the frame.
edges of the frame are present. This case has beelyevertheless, it is important to remember that we wish
formally defined by the fuzzy concepouble Frame O detect the doors under the perspective deformations
(DF). Both cases can better been understood by seeflat makes the segments appear not completely ver-
Figure 1. Although Figure 1 shows the ideal case in tical neither horizontal. Therefore, we have defined
which the segments of the frame are completely ver- W0 fuzzy concepts to represent both cases and man-
tical and horizontal, it only happens when the camera@ge this deformations. The fuzzy conc¥pttical Seg-
is completely in front of the door and aligned with the Ment(VS) regards to those segments that belong to the
floor. Nevertheless, due to the two DOF that provides lateral frame of a door. The fuzzy concerizontal
the pan-tilt unit over which is placed our camera, the S€gmenfHS) regards to those segments that belong to
segments will normally appear in different directions the upper part of the frame of a door. Both concepts
and with a different sizes. Our aim is to detect the are defined using fuzzy logic as explained below.

doors despite these perspective deformations and scale 'f we analyze indoor environments we could see
changes. that doors are relatively tall objects. Therefore their

vertical segments (VS) are projected with a large and

- P relatively vertical aspect. On the other hand, the hor-
izontal segments of the upper part of the frame (HS)
can be projected in a wide range of sizes and orien-
tations around horizontal direction. Nevertheless, we
can assume that they are in upper positions of the im-
age. Direction, size and height features of a segment
S are used to establish its membership degree to the
fuzzy concepts VS and HS.

Direction is measured using the linguistic vari-

The fuzzy concepSimple Framas used to repre- able Direction(S*) that has the three possibles val-
sent an edge of the frame of a door. It is defined as a4€S Showed in Figure 2(a). The input value for this
pair of vertical segments (belonging to the lateral of a V&riable is the direction of the segment calculated by
door) joined in its upper part to a horizontal segment directionS(S*) as expressed in Equation 1. The vari-
(belonging to the upper part of a door). Schematically able directionS(S*) € [0, 1] is equal tol when the
an SF can be represented as shown in Figure 1(a). Irangle between the segmetit and thex axis of the

(@) (b)

Figure 1: Fuzzy concepts (a) SF and (b) DF
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Figure 2: Fuzzy labels for the variables of the system

IF THEN

Direction  SizeS YPosition V) HS(SY) ‘ yo + o

horizontal small high low high Y Pos(S") = 02N L (3

horizontal medium high low high

horizontal  big high low high The use of these linguistic variables allows us to de-

medium  small high low medium fine the fuzzy concepts VS and HS. The fuzzy sets re-

mgg:ﬂm med'um high low Nigh |ated to the concept V'S are shown in Figure 2(d) and
g high low high : .

vertical small medium  low are identical to the fuzzy sets related to the concept

vertical medium high low HS. The two rule bases shown in Table 1 are used to

vertical big high low calculate the membership degree of a segn#rtb

the concepts VS and HS in the ran@el]. Both val-
Table 1: Rule bases for classification of segments inUes are calculated by a fuzzy inference process and
vertical or horizontal its corresponding defuzzification. We shall denote the
membership degree of a segméhto the fuzzy con-
‘ cepts VS and HS by/S(S%) and HS(S?) respec-
image is3. On the contrarydirectionS(S*) is equal tively.
to 0 when S’ is parallel to ther axis of the image. Each one of the extracted segment is analyzed and
its corresponding membership degréés(S*) and
HS(S?) to the fuzzy concepts VS and HS are calcu-
|y — yS\) 1 lated. The aim of this process is dual, on one hand
o —a ) @D to classify the segments into horizontal and vertical
segments. On the other hand, to eliminate those seg-
ments that, according to its features, does not seem

guistic variableSizeS(S?) that has the three possi- to belong to the frame of a door. Therefore, the val-
bles values showed in Figure 2(b). The input value uesV5(5) andH 5(S") are computed and only those

of this variable is the size of the segment expressed>c9Ments Whos%member_shu%de%rgle to one ofdthe two
by size(S?) € [0,1] as calculated in Equation 2. concepts exceed a certain threshald are used in
y . A , the following phases. Those whose membership de-
The variabledist(pj, py) in Equation 2 represents the  grees 1o the fuzzy concepts VS and HS are belqw
Euclidean distance between the extreme pointS‘of  are considered to have a low possibility of belong-
and Nv/2 is the maximum possible distance between ing to the frame of a door and thus are removed to
two points in the image (the diagonal). The variable speed up the further processing. Sl is selected for
size(S") is equals td) when the size of th8” isOand  the next phases then it is classified as vertical seg-
itis equals tal whenS? has the size of the diagonal of ment if V.5(S%) > HS(S?) and horizontal segment
the image. in the other case. Let us denote the set of vertical
segments selected a5 = {V°,....V?/VS(S)) >
(P dist(p, p}) a1 A VS(SH > HS(SY} and the horizontal one
size(S") = NV2 @ asH = {HO,.. H"/HS(S) > a1 A VS(ST) <
_ . _ _ HS(S%)}. High values ofa; could make only pass
Finally, the height of the segment in the im- few segments and thus speed up the detection process.
age is measured using the linguistic variable Nevertheless, there could be rejected segments that re-
Y Position(S"). It has the three possible val- ally belong to the frame of a door and thus the door
ues showed in the Figure 2(c). Its input value, could never be detected. The appropriate valuevior
Y Pos(S*) € [0, 1], is the position of the middle point is important and has been selected based on the exper-
of the segment in the vertical axis of the image calcu- imentation performed.
lated using Equation 3. Low values indicates that the Figure 3 shows an example of the classification pro-
segment has its middle point in the upper part of the cess with an image of our environment. Figure 3(a)
image and vice versa. shows an image captured with the camera of our robot.

; 2
directionS(S*) = — arctan(

m |21 — 5|

The size of the segment is measured using the lin-
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(a) Original image (b) All extracted segments (c) Horizontal segments (d) Vertical segments

Figure 3: Segment classification process

In Figure 3(b) there are printed all the segments ex-distV H(F*) € [0,1] is calculated using the Equation
tracted in the image. Figures 3(c) and 3(d) shows the4. The variablelistV H (F?) calculates the maximum
segments classified as horizontal and verticals usingof the distances between the upper extreme points
the previously commented method. Once the interest-of each vertical segment and the horizontal one. If
ing segments has been selected and classified, they argistV H(F*) is equals td) it means that the distance
analyzed in order to find if their relationships shows between them is null. On the contrary, if it is equals to
that there is frame of a door. 1 it means that the distance between them is the maxi-
mum possible, the diagonal.

2.2 Simple Frame Detection GstV H(F) = maz{dist(Supi, L), dist(Sup’, R')}
Next step is to analyze if there is any simple frame NV2 ‘
(SF) in the set of extracted segments. The fuzzy con- (4)
cept SF expresses the idea that there is an horizon-

tal segment (HS) joined to a pair of vertical segments LAt L . ) =V
(VS) ?n its ufope)r Jpart. The fpuzzy concepts I—?S and Segments, the linguistic variableg DistVV (F*) is

VS has been previously calculated. Nevertheless, it isUS€d and its five possibles values are the same that the
yet necessary to analyze if there is a trio of segmentsshowed in Figure 2(e). Its input valugi,stV'V (F"), is
veals that belongs to a frame. The fuzzy concipt- between the upper points of both vertical segments to
ple Frame Cohesio(SFC) is defined for that purpose. the ranggo, 1J.

SFC expresses if a trio of segments are near enough to . PR

be part of the frame of a door. The definition of this distVV(F) = dist(Ly, Ry,) (5)
concept is explained below. Nv2

Thzeroc;ss stqrtsfselegtlnlg for each h(]")rlzczntal 59" Now that these fuzzy variables has been defined
mentH’ € H a pair of vertical segments//, V*} € is" nossible to calculate the membership degree
\% ?nd aznalygze the_m. Liet us denote the trlo}by:_ SFC(F?) € [0,1] of F' to the fuzzy concept SFC.
{L', Sup’, R'}, being L' € V the leftmost verti- s calculated using a rule base by a fuzzy inference
cal segmentSup’ € H the horizontal segment and process and its corresponding defuzzification. The
R' € V the rightmost vertical segment of the selected fuzzy sets related to the possible values of the concept
trio. A SFC are identical to those shown in Figure 2(d).

When a triof™ is part of a frame, the upper points  SFC(F?) indicates that the separation between the
of the vertical segments’ andR'should be very close segments off? is appropriate to belong to a frame,
to the extreme points of the horizontal ofiep’. Fur- but it does not take into account the corresponding
thermore, the vertical segments should not be verymembership degree of each individual segment to the
near. Let us denot&up! to the leftmost extreme ~CONCepts VS and HS. Finally, the membership degree
point of the segmenSup’ and Supi. to the right- 5L (F*) € [0,1] of F* to the fuzzy concept FE is cal-

most one. Likewise we denof¥, to refer to the up- cullated as exprehssed |n”Ecr1]uat|_onl_6E(1~;]’) dgei n°t|

int of the seamaiit and sim.  ©MY expresses how well the trio is cohered, but also
permost extreme point 0 g | SIM- — how well its segments accomplish the corresponding
ilarly R;. There have been defined two linguistic fuzzy concepts HS and VS.

variables that measure the above mentioned distances

using these extreme pointsSegDistV H(F') and  SF(F') = min{SFC(F"),VS(L'), HS(Sup'), VS(R")}.

SegDistVV (F?). A _ (6
SegDistV H(F?) measures the distance between Only thosel™ whose membership degrse’(£) ex-

the vertical segments and the horizontal one and itC€€ds a threshold, are used in the following phase.

can have the five possible values represented by thé-et us denote this setd@ = {F°, ..., F" /SF(F") >
fuzzy sets shown in Figure 2(e) . Its input value as}. As in the previous case, the proper selection of

In order to evaluate the distance between the vertical



(a) SF (b) DF (c) DF (d) False positive

Figure 4: True and False Positive detections

oy is an important issue and it has been selected based Experimental Results
on our experimentation. Image 4(a) shows an example

of SF detected in a image of our environment.
In order to test the performance of the system, a

database with images of our environment has been cre-
ated. The image database is composed by 531 images,
390 with doors and the rest without doors. The pro-
posed fuzzy system has a total succesR6f over the
database. This value considers either the success in the
In some cases, it is possible to see the two frame edge#nages with doors and without doors. Theie Pos-

of a door. For example when the door is seen openitive Fraction of the initial system i9.905, it means
from the side that does not contains its leaf, or whenthat the system detects the doors in #e% of the

the door is closed but the color of its leaf is differ- images with doors. Thé&alse Positive Fractions

ent from the color of the frame. Therefore, the set of 0.035, it means that the system detects false doors only
frame edged’ selected in the previous phase is ana- in the 3.5% percent of images that does not contain
lyzed in order to detect if two of them belong to the doors.

same door. The fuzzy concepouble Frame(DF) Fi 4 how d f . t
evaluates if two frames belong to the same door (see dlgures (al-c) s_tpw ogl_rrs] ot our en\{[lrotr)lrrllen _seetn
Figurel(b)). The previous phase allows the detectiontjhn er sevetra tr[])ogo‘ltrl]ons. t c rs]egrge? St gongmg N
of frames by the concept SF. A new fuzzy concept, € concepts that the system has detected areé super-

Frame Similarity(FS), evaluates the degree in which Q)Peotsgfjlel?eghtgeic QS d(l)tocrgr;nbeen\slﬁgrq’mtgr?tsmviittrr]mogifl-s
two framesF"* and F are parallel and near. The def- b

inition of this concent is based on the philosophY em- ferent illumination conditions and under strong per-
ptis P pny spective deformations that makes the segments appear
ployed to create the variables and rule sets of the pre-

viously described concents and due to space Iimita_not completely vertical neither horizontal. Figure 4(d)
. Y . Epts pac shows a false positive detected by the system. They
tions it is not explained in this paper. Then, using both

. usually are big rectangular objects typical in indoor
o ) o e/ gt of ienvionments such s cupboards o wndous. The
fuzzv loaic. A threshoith- is used. as in the previous clusion of additional information, like color or ultra-

y logic. 3, ' pre sound, could be used for discriminating these cases.
cases, to select those pairs whose membership degree
to the concept DF is high enough to be considered for We want to point out that the time consumed by the
a posterior analysis. Figures 4(b) and 4(c) shows ex-system in the analysis of each image allows its use for
amples of CF detected in images of our environment. real fipp_licatiOfnS in éibmort])ilel robot. The visus(tjldpré)-

The presence in a image of the fuzzy concept DF C€SSINg Is performed by the laptop computer added to
gives a higher degree of belief on the existence of aguli g(;]mad_rﬁoo robot. It 'f a ﬁent't‘hmtlv runnlngt_at
door that the detection of a SF. This is because it is ™ _ | tz. € texperlrgu_an S S]j%‘év a %\t/e_rqge Ime
more difficult that the projection of an object in the ;Jse 0 corr%pfu e gar::_ Image to ms o a'nlpr% a
image forms a DF than a SF. Objects like cupboards@Me rate of; fps with images of siz820:288. This
or paintings can form SF in the images but they are frame rate is enough to be used in real applications a
less likely to form a DF. Nevertheless, either the de- mobile robot.
tection SF and CF would be used in a posterior fusion We wish to comment that either the values of the
process with the fuzzy perceptual model based on ul-membership functions and the values|of, ..., as]
trasound. Both informations, the provided by the vi- have been determined based on the knowledge ac-
sual and ultrasound systems, would complement eachguired in the experiments carried out. It could be in-
other to create a global belief degree on the existenceaeresting a procedure for its automatic selection that
of a door in the environment. will be performed in future works.

2.3 Double Frame Detection



4 Conclusions and Future work

There has been developed a method for the visual de-
tection of doors based on the analysis of the segments
detected in the image. The proposed method is robust
to perspective, scale changes and variable illumination
conditions. Additionally, it is independent on the di-
mensions of the image, it uses no color information
and it can be employed for real-time application in our
robot.

In order to differentiate the several cases in which

a door can be seen, there has been defined two con-[3]

cepts using fuzzy logic that are searched in the image:
Simple Frameand Double Frame The use of fuzzy
logic has allowed to classify the segments ivéotical
SegmentandHorizontal Segmentssing a linguistic
description. Then, using the classification performed,

agent system based on active vision and ultra-
sounds applied to fuzzy behaviour based nav-
igation. In Proc. International Symposium on
Robotics and Applications (ISORA2004) (In
CD-Rom) 2004.

2] E. Aguirre and A. Gonalez. Fuzzy behaviors

[4]

the spatial relationships between the segments are ana-

lyzed to see if there is arfyimple Framen the image.
Then, the relationship between the frames detected is
analyzed looking foDouble Frames

The use of fuzzy logic has allowed, on one hand, to
limit the search space of the set of possible segments
and to define in a natural way fuzzy concepts. On the
other hand, it allows to analyze the segments with dif-
ferent directions and size obtaining a high degree of
flexibility in the manipulation of the information con-
tained in the images. This flexibility is necessary to
take into account the different perspective deforma-
tions caused by the two DOF of our camera. Finally,
fuzzy logic has allowed to express a belief degree on
the existence of a door that will be able to with the be-
lief degree of a previously developed perceptual model
based on ultrasound. Therefore, the information pro-
vided by one sensor can be complemented by the pro-
vided by the other.

The experiments carried out show that the proposed
method can detect effectively the door of our environ-
ment with a high degree of succe$2%). We con-
sider that the method is valid for a great variety of
doors commonly present in indoor environments.

A weakness of the method is that as it has been de-
fined requires the three segments of the frame to be
present in order to find it. Nevertheless, the experi-
ments carried out shows that in some occasions one

of the segments can be hidden. Therefore, as futurd11]

work, the method will be modified to consider this cir-

cumstance and to have the ability of detect partially
occluded doors. For that purpose, either the active
role of the robot (as an element that can move in the
environment) and the additional information provided

by the previously developed perceptual model, will be
taken into account. Finally, we consider also the au-
tomatic selection of the membership functions and the
rest of parameters employing some tuning technique.

[13]
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