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Abstract—A feature detection system has been developed  This work proposes a new technique for circle detection
for real-time identification of lines, circles and legs from  that can be also used in line detection, the Internal Angle
laser data. A new method suitable for arc/circle detection \sriance (1AV). This technique presents a linear complexity
is proposed: the Intemal Angle Variance (IAV). Lines are O(n) where the average and the standard deviation are
detected using a recursive line fitting method. The people . : g
leg detection is based on geometrical constrains. The system the heaviest calculations, and are also the only parameters
was implemented as a fiducial driver in Player, a mobile robot  the user needs to specify. Compared to other methods like
server. Real results are presented to verify the effectiveness of the Hough transform for circle detection [2] that have
thbe proposed algorithms in indoor environment with moving  yarameters to tune like the accumulator quantification,
objects. . - . .

Index Terms— Arc/circle detection, leg detection, laser fea- ours 1S S|mlpler to implement, with lower computatlonal
ture detection, Player, mobile robot navigation costs, proving to be an gxcellent methOd for r?a! time
applications. A recursive line detection method similar to
[3] and [4] was also implemented.

The robotics research community should have algorithms

For Robotic Freedonjl] become a reality, robots must ready to deploy and compare, in a expansible, uncon-
be able to recognize ObjeCtS, structures and persons, §(tj'ained framework. With this idea in mind we deVElOped
they can perform tasks in a safe and proficient way. StocRUr algorithms in a standard open robotics platform, Player
replacement, street cleaning and zone security are Sonﬁ%], a network server for robot control. In 2003 the Robotics
examples of tasks not adequate for persons, they could Behgineering Task Force identified Player as thee facto
delegated to machines so that persons live in more hedonféandard open robotics protocol. We also want to encourage
societies. Although Laser Measurement Systems (LMS) déhe academic community to join this design/development
not provide sufficient perception to accomplish this tasks oPhilosophy.
their own, they can be a great help, specially for navigatio
tasks where we require fast processing times not achievab
with camera based solutions. The detection of objects can be done by feature based

Current navigation systems benefit from detecting indoofPProaches (using laser scanners) [6]-{8]. As discussed in
(columns, corners, trashcans, doors, persons, etc.) ahdl feature to feature matching is known to have the shortest
outdoor (car parking poles, walls, cars, etc.) structures fofun-times of all scan matching techniques. .
intelligent and safe navigation while performing tasks in- N€xt we introduce the more relevant research in the
volving those structures. Many structures are decomposabf€tection of the features we work with.
in shapes of geometric primitives, that can be used for ;) Circle detection:In [10] line detection w_as executeq
scene interpretation. This geometric perception is importarifSing the sparse hough transform and circle detection
to make spatial inferences, this is a building block ofthrough algebraic circle fitting by least squares. In [11]

the Avtificial Intelligence required to accomplish complex Were tested two methods for circle detection, one on-line
tasks. and other offline. On-line circle detection using the un-

Our choice of primitive feature to detect are lines scented Kalman filter, and offline using Gaussian-Newton

arcs/circles and legs. Lines and arcs are mostly use@ptimization of the circle parameters. Extracting tree trunks

for navigation, scene interpretation or map building. LegWas aIso.attempted. None of these _approaches solves f{he
problem in an elegant manner making use of geometric

detection applications range from following persons, to ) i
excluding leg segments from Simultaneous LocalizatiorProPerties of arcs that we suggest in this paper.
And Mapping (SLAM) scan matching in order to reduce 2) Leg detection:In [9] is shown that SLAM accuracy

noise. With fast feature extraction techniques, there i4S @ffected by moving segments, this system would benefit

processing time left for other tasks, like scan matching)"’ith identification of leg-like segments for removal from

navigation, scene interpretation, etc. scan matching. ,
Two main approaches for leg detection are known. The

*This work is partially supported by FCT Grant BD/1104/2000 to D. most common ?proacr_‘ IS by scan matchlng [6]* which
Castro can only recognize moving persons. The second approach
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takes advantage of geometric shape of legs [12], similaB. Circle detection
to arcs as seen by the laser. Our proposed leg detection iScjrcle detection uses a new technique we called the
based on the geometric shape approach. Internal Angle Variance (IAV). This technique makes use

3) Line detection: Different approaches for extracting of trigonometric properties of arcs: every point in an arc
line models from range data have been presented. The masés congruent angles (angles that have the same number
popular are clustering algorithms [2], [13] and split-and-of degrees) in respect to the extremes.
merge algorithm [3], [4]. The Hough transform is usually ~An example (Figl) of this property : LetP;,P, be
used to cluster collinear points. Split-and-merge algorithmsgistinct points on a circle. Le,,P; be points on the circle
on the other hand, recursively subdivides the scan into setging on the same arc betwed” and P;. Then
of neighbor points that can be approximated by lines.

m(ZP1P2P4) :m(ZP1P3P4) (l)

B. System Overview This is because both angles measure one-half of

m(/PyOP,) The detection of circles involves calculating

Our system is composed by a Laser Measurement Sygqe mean and standard deviation. Positive detection occurs
tem (LMS), mounted on a Activemedia Pioneer 2-DX i standard deviation values below15 radians and

mobile robot, that also suppqrts a laptop equipped Wit"{/alues of mean aperture betwe6f° and 135°. These
Celeron 500MHz processor with 128 Mb of memory. The, a5 that were tuned empirically to detect the maximum

connection from the laser to the computer is made Witmumber of circles, while avoiding false positives. The

a serial-to-usb adapter. The experiments are done with thg,qence of the analysis increases with three factors:
LMS doing planar range scans with angular resolutions the number of in-between points (more than 2)

of 1803 operating at frequencies of about 60 Hz with a « the apertures of the in-between points must have a low
empirical error 0f0.017 meters. The total (laser and robot) standard deviation

scan height .|$).028 meters, this corresponds to ab<§uof . the average aperture angle near the vajueadians,
the knee height of a normal adult. ) . L
this means that more of the circle is visible

The algorithms were implemented in C++ as A deul d . that
Fiducial driver of Player, a GPL [14] robot device wine;itzzfni(?e particular cases and expansions that we

server that supports our Pioneer 2-DX and SICK LMS200 1) Detecting lines:The line detection procedure using

[15] hardware. The feature visualization tool runs on theIAV uses the same same procedure of circles but the mean
client side and was developed in OpenGL. P

is 180° as can be seen in Fig.
2) Detecting arcs embedded in lineklentifying round
C. Paper structure corners of a wall is possible after standard line detection.
This paper is organized as follows. Section Il presentd NiS happens because line detection excludes scan points
the algorithms used to perform the extraction of featuresPréviously identified as belonging to lines from circle
Section IIl describes the encapsulation and software adetection. For this technigue to work we cannot allow small
chitecture used by player and the developed drivers. IRClygons to be formed, this implies line detection with a

section IV real experiments are performed in an indoofMinimum peak error and distance between endpoints. The
environment. Final remarks are given in the section V.  1dea is summarized in Fig.

Il. FEATURE DETECTION

This layer is composed by two procedures: the range
segmentation and the feature extraction. First the scan
data segmentation creates clusters of neighbor points. Later
these segments are forwarded to the feature extraction
procedure, where the following features are considered:
circles, lines and people legs.

A. Range Segmentation

. . . . Fig. 1. The angles of points inside an arc are congruent in respect to
Is the clustering of consecutive scan points, which dughe extremes

to their proximity probably belong to the same object. The
segmentation criterion is based on the distance between two
consecutive point$; and P; . Points belong to the same
segment as long as the distance between them is less than a
given threshold. Isolated scan points are rejected. Because
our laser readings have a maximum statistical error@f7  Fig. 2. The angles inside a line are congruent in respect to the extremes
meters [16] we don’t have any error compensation schem@nd measura80 degrees

180° 180°
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jf my = Ys — Y2 (5)

T3 — T2
f The center of the circle is the intersection of the two
lines perpendicular to and passing through the midpoints
of the linesP; P, and P, P3. The perpendicular of a line
/ with slope m has slope%, thus equations of the lines

cho
)
Q%Q»
aroom
\o%omdp perpendicular to liness and b and passing through the
midpoints of P, P, and P, P5 are
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/
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These two lines intersect at the center, solvingfgives
_ mamp(y1 — y3) + mp(T1 + T2) — Mma(z2 + 73) @8)
2(mp —my)

The y value of the center is calculated by substituting the
x value into one of the equations of the perpendiculars.
The value of the radius is the distance from paift to

the center of the circle.

The data we keep from circles is the first and last
indexes of the laser scan where the circle was detected,
the Cartesian coordinates of the center, the radius, and the
standard deviation.

Fig. 4. The apertures of a "V" shaped corner grow around a local
minimum C. Circle prerequisites

To avoid analyzing all segments for circles, each segment
must validate one geometric condition, the middle point
must be inside a area delimited by two lines parallel to the

to detect a tree trunk, or a object that resembles a cylindey;
L ) . : ine segment composed by the extremes of the segment, as
this is possible by increasing the threshold of the standar g ) o . "
can be seen in Figh. To make this validation simpler, it is

deviation. Experimental tests demonstrated that not SO eceded by a rotation around thexis. The full operation
regular arcs can be found between5 and0.40 radians b y : P

of standard deviation is explained by the following equations.

When this acceptance threshold is increased false pos- lefty — right,

Fig. 3. Detection of embedded arcs

3) Detecting "arc-like" shapesSuppose that we want

. o ) angle = arctan , 9)
itives can be found. A further analysis is then required left, — right,

to isolate the false positives, an example of this is the point = x cos(angle) — ysin(angle)  (10)
"V" shaped corner in Fig. This case can be isolated diameter = d(le ftmost, rightmost)  (11)

by finding the point with the smallest aperture (middle
in this case) and verifying if four neighbor points have
progressively bigger apertures, if this happens we have Where angle is the angle to rotate (robot facing axis),
negative detection. With the certain we have detected & ft andright are the Cartesian coordinates of the left and
circle all that we need now is to estimate it's center andight extremes of the segment adds a Cartesian distance
radius. From analytic geometry, we know that there is gunction anddiameter is the distance between the leftmost
unique circle that passes through three points. For thesgénd rightmost points.

points we will use the extremes of the segméht and Note that the delimiting zone is adjusted to include
P3 and the point with the aperture value most close to theircles of small sizes where the SNR of the laser is small.
averagel,. Two lines can be formed through 2 pairs of When detecting big circles it is possible to shorten this
the three points, the first passes through the first two pointémit for better filtering of the segments to analyze.

Py and P, the second line through the next two poiits
and P;. The equation of these two lines is

—0.7 x diameter < point < —0.1 X diameter  (12)

D. Leg detection
The procedure for detecting legs is an extension of the

Yo =ma(z — 1) + 11 (2)  circle prerequisitedl-C, with the extra constrains of the
yp = mp(x — x2) + Yo (3) distance between end-points falling within the range of

) _ _ expected leg diameter8.{m and0.25m) and the segment
Wherem is the slope of the line given by not being partially occluded. Sometimes legs get classified
Yo — Y1 as circles also. The ambiguity should be solved by higher

CT e — 1y @ order layers.
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Fig. 5. Condition that selects segments for circle analysis \
The data we keep from leg detection are the first and '

last indexes of the laser scan where the leg was detected,

and also the Cartesian coordinates of the middle point of

the segment.
(©) (d)

E. Line detection
g. 6. The process of Recursive Line Fitting: a) principle directions, b)
The line detection procedure uses the Recursive Lln@rst line segment identified, c) principle direction of second segment, d)

Fitting algorithm. This algorithm will try to fit lines to the both lines detected
segment being analyzed.

TABLE |
1) Obtain the line passing by the two extreme points FORMAT OF FIDUCIAL DATA FIELDS
2) Obtain the point most distant to the line
3) If the fitting error is above a given error threshold, Field # Feature Type
Line Circle Leg

split (where the greatest error occurred) and repeat
with the left and right sub-scan

laser index of first
laser index of last

1
2
The fitting function is the Orthogonal Regression of 3 slope | centery | middles
a Line [17]. This approach tries to find the "principle g #g';‘if“s Cf:éfugy middley
directions" for the set of points. An example of the process 6 error Std —
can be seen in Fig.
The recursively process break conditions are:
1) few points to analyze The feature detection code runs on the server (where the
2) distance between extremes is outside the specified iRardware is located) but can also run on simulations either
configuration using Stage or Gazebo.
3) fitting error under threshold Player defines data structures and procedures for com-
To avoid creation of small polygons three rules weremunicating between clients and a server. Of the avail-
stated: able data structures we choose figucial interface
1) more than 5 points for communicating with our client. This interface was
2) distance between extremes greater thanmeters originally conceived to provide access for devices that
3) maximum fitting error0.02 meters detect coded fiducials (markers) in the environment. It

For each line we keep the first and last indexes of th&ommunicates to the client a list of detected fiducials with
laser scan where the line was detected, the slope, bia@neid , onetype and 6 arbitrary data fields. We altered

number of points ana|yzed and the error returned. the fiducial proxy on the client Side, so that no default
conversions were applied to the units on the data fields,
IIl. ENCAPSULATION IN PLAYER allowing the fields to act like a list of 6 integers.

The proposed algorithms were implemented as a Player The id field is used to define a unique key for the
[5] driver. This software offers the following possibilities: detected feature, thiype field as the name suggests is

« Hardware support an integer representing the detected geometrical primitive,
« Saving log files the other 6 fields further characterize the feature. See table
« Client / Server architecture | for detailed information.

« Open Source When the driver class is instantiated it reads parameters
« Modularity from a file. If some parameters are not defined in the

« Stage and Gazebo, two simulators distributed in thdile, they are filled with default parameters specified in
same site [5] the program source code. It's also possible to change/read



TABLE Il
AVAILABLE CONFIGURATION PARAMETERS

Name Default | Meaning
laser 0 Index of thelaser device to
be used
seg_threshold 80 Segmentation threshold (mm)
circles 1 Algorithm for circles (0 dis- —
able) e e
lines 1 Algorithm for lines (0 dis- - \ ‘
able)
legs 1 Algorithm for legs (0 disable) L
circle_std_max 0.15 Maximum standard deviation o
allowed o
circle_max_len 99999 | Analyze segment for circles o
if length(mm) is inferior
circle_min_len 150 Analyze segment for circles \
if length(mm) is superior
circle_min_pts 4 Minimum number of points
for circle analysis
line_min_len 150 Analyze segment for lines if
length (mm) is superior :
line_min_pts 5 Mlnl_mum num_ber of points Fig. 7. Lines detected (color red) in a real test scenario
for line analysis

2) Circle and leg detection testsThis test occurred
in a hallway entrance, with some architectonic entities:
request. two benches, two columns, walls and corners. Benches are

Four configuration request are possible: parametergymed by two cylinders with radius equal to the columns
change, parameters query, position of the laser and fielg,is.

configuration on the fly by sending @nfiguration

of view changes. In this test a student pulls a perfectly round cylinder of

radius equal to the column, mounted on a wheeled platform

around two columns. Without being planned a student lady
To test the accuracy our system a visualization toolwearing jeans) passed by the low right corner.

named PlayerGL was developed in OpenGL [18]. PlayerGL |n this scenario benches are a technical challenge to

A. Visualization tool

has the following capabilities: recognize; we defined Benches as two cylinders (with
« Two type of camera views (plant and projection) with radius equal to the columns radius) separated by a distance
full freedom of movement of 1.3 meters from their centers.
« On the fly configuration of thelaser and One challenge is to detect correctly the mobile cylinder
fiducial devices in all the course; right now lots of false positive of benches
« Two grid types, Polar and Cartesian happen when the mobile cylinder is at a distance from the
« Screen logging of detected features other cylinders equal to the bench distance. To overcome

PlayerGL is a invaluable tool for testing, comparing andthiS misdetection we plan to introdudd anchorswith
tuning the methods presented. trackers, in a higher processing layer, not described in this

paper.

IV. EXPERIMENTAL RESULTS AND DISCUSSION The results in Fig9 show that the circle detection (green
circumferences) was accurate, and no objects in the back-
ground were misdetected as circles. Scene interpretation is

To illustrate the accuracy of our methods two tests arelone when possible so that the architectonic entities (walls,
shown, one for line detection and other for arc/circle andccorners, columns, benches) present are also visualized.
leg detection with some scene interpretation. Our robot is Detected legs are represented as the tiny purple circles.
the black figure with a blue square (representing the laser)t is possible to see the tracks of the student pulling the
The Euclidean grid unit isneters. mobile cylinder as well as the girl passing in the corner. If

1) Line detection testsWith the objective of showing the environment is not crowded those tracks should suffice
the possibilities of SLAM using line detection, we run for following a person. Note that there are no detection of
this test in a corridor of University of Algarve, with some legs in the background, mostly in the cylinders where some
students appearing in the laser scan. false positive legs could happen. That was possible due to

The snapshop in Fig.shows lines perfectly detected in the occlusion check that only recognizes legs if they are
red. Leg detection is represented in green to demonstratet partially occluded. Sometimes legs were classified as
the possibilities of tracking of persons and exclusion of legcircles.
segments from SLAM trackers for noise removal. The number of leg detections decreases as the range

A. Tests performed



increases. This happens because the algorithm operates

with at least 3 points. To compensate this loss of detaih]
increasing the resolution t6.25° works well, detecting

legs even at 8 meters. [2

(3]

[4]

Fig. 8. Panoramic photograph of test scenario for circle and leg detectior’t5]

(6]
. e

[71

(8]

[9]

Fig. 9. Screen capture of PlayerGL, at the end of our feature detection
test. Circle detection of the mobile cylinder are the green circumferences,
legs are purple circles. Interpretation of walls, columns and benches i
also achieved.

fi3]
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cooperative robot geometric map building, etc. Distribution
in the Player robot server ensures that this algorithms will
be further tested and improved.

In the sequence of this work the driver will be expanded
to support more fast laser feature detection algorithms,
mostly lines and polygons and also benchmark statistics.
Our visualization tool PlayerGL will interpret sets of
primitives for real-time 3D interpretation of trashcans,
doors, chairs, etc. When that is finished we will transpose
that interpretation heuristics to another Player fiducial
driver, the final goal being the reconstruction from laser
scan data of a dynamic scene, with moving persons, and
easily differentiable structures.


http://marshallbrain.com/robotic-freedom.htm
http://playerstage.sf.net
http://mathpages.com/home/kmath110.htm
http://www.opengl.org

	Introduction
	Background and related work
	Circle detection
	Leg detection
	Line detection

	System Overview
	Paper structure

	Feature detection
	Range Segmentation
	Circle detection
	Detecting lines
	Detecting arcs embedded in lines
	Detecting "arc-like" shapes

	Circle prerequisites
	Leg detection
	Line detection

	Encapsulation in Player
	Visualization tool

	Experimental results and discussion
	Tests performed
	Line detection tests
	Circle and leg detection tests


	Conclusion and future work
	References

