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Abstract
Since omnidirectional images contain many circular arc segments, radial directional processing for
detection of certain features in the image is more appropriate than horizontal or vertical directional
processing, as with usual rectangular images. Com)

based on the well-known Bresenham raster algorith

putation of the proposed radial processing algorithm is
m for line drawing in discrete integer space, and thus it
is very fast and efficient. Experimental comparisons between the proposed algorithm and conventional
horizontal processing in terms of feature detection and computational efficiency are presented.
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1. Introduction
Omnidirectional image has a 360° all-directional view that contains much more information than

conventional image. Omnidirectional images can be acquired through a catadioptric approach that

uses an ordinary camera and a curved mirror|

with a structured light technique can be used

they are simple and cost effective, such omnic

alternative to ultrasonic ring sensors or mo

1]. The omnidirectional imaging system combined
as an omnidirectional ranging system [3,4]. Since

lirectional ranging systems can be employed as an

orized laser scanners [2]. An exemplar 360° all-

directional distance measurement system was proposed based on the catadioptric omnidirectional

imaging approach with structured light, as illustrated in Fig. 1 [3,4]. To calculate the distance to

an object from the extracted structured light image, image processing such as differentiation

between neighboring pixels should be performed in order to detect feature points of the structured

light pixels. In general, horizontal, vertical, o diagonal directional processing is appropriate for

typical rectangular images from a conventio
shown in Fig. 1 (b) or (c), radial directional pr
detecting edge feature points of the structured

1 camera. However, for the omnidirectional image
seessing from the optical center is more suitable for

ight pixels.

In this paper, an efficient radial directional processing algorithm for omnidirectional structured

light images is proposed based on the comp

raster algorithm. Commonly used in the fi

utational structure of the well-known Bresenham

eld of computer graphics, the Bresenham raster
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algorithm draws a line between two given points using only simple operations such as integer

addition or subtraction.

Laser Sourcs

)

Fig. 1. Omnidirectional structured light imaging system and structured light pixel image: (a)

light, (b) Omnidirectional structured light image,

Omnidirectional ranging system with structur
(c) Extracted structured light pixel image

2. Radial directional processing for featire detection

As shown in Fig. 1 (b) and (c), the omnidirectional image contains many circular arc edges.
Thus, the edge feature points in the image might be missed by vertical or horizontal directional
processing in the quantized image space of discrete pixel units, as demonstrated in Fig. 2. Fig, 2
(a) is an example of a circular arc image. Horizontal processing yields the result shown in Fig. 2
(b). For simplicity, horizontal directional differentiation of the image is assumed for the feature
detection. In contrast, with radial processing, the direction angle resolution can be set arbitrarily;
as a consequence, it is possible to detect every feature pixel on an arc edge, as shown in Fig. 2 (c).

To detect the feature points in an omnidirectional image through the radial directional algorithm,
processing for the pixels in one directional angle from the optical center and repetition of the
processing for all directional angles up to 360° should be performed. A simple brute-force radial’

processing approach for a certain directional angle 6 is shown in Fig. 3 (a).
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Fig. 2. Results of feature point detection for the omnidirectional structured light image: (a)
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Circular arc segment of an omnidirectional structured light image, (b) Result of horizontal
processing, (c) Result of radial processing
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In Fig. 3 (a), (x,, ) is the starting point of the radial processing, i.e., the

Assuming that the optical center coincides with the center of the 640x480

optical center, (x.,y.) -

sized image, the length

of radius » would be /320> +240% = 400. The ﬁmction round(-) casts the argument as an integer,

and processing (m, n) is an image processing function such as differentiation between neighboring

pixels at location, (m,n). This simple approach includes floating point operations for rsiné and

rcos@; thus, numerous computations are required. Moreover, depending on the size of Ar, a

certain pixel might be omitted or unnecessarily processed twice.

=0 =
for(r=0; r <400; r+=Ar) for(x =g} x<x,; x++)
{ { ‘
x=x_+rcostd; putpixel (x,);
y=}j +rsing: if(e + m < 0.5)
» ; E=g+m;
processing (roue (x), rourd () BT
} y++, €=g+m-1;
}
(@ (o) ()

Fig. 3. Algorithm comparison: (a) Simple radial processing algorithm for a directional angle 4, (b)

Pseudocode for the Bresenham line drawing algorithm, (c) Illustration of the Bresenham

algorithm

To solve these problems, the computation of the well-known Bresenham raster algorithm is

adopted for the radial processing in this paper. The Bresenham line drawing algorithm determines

the points in discrete integer space in order to plot an approximate line be!

tween two given points

(x,,»,) and (x,,,) . The pseudocode representation of the Bresenham raster algorithm is given in

Fig. 3 (b) assuming that the slope m=(y, ~,)/(x, ~x,) between two

points is 0<m<1. In

this case, the reference coordinate is x . Starting from x_, the value of x is incremented by 1 and

the corresponding error £ in y is repeatedly increased by m . According to the fraction of the

error, a pixel (x,y) is marked as an approximation point on the line at eac step(Fig. 3 (c)). In the

pseudocode, putpixel (x,y) is the marking function. The line of m>1 is symmetrical to that of

0 <m <1 with respect to the diagonal line y = x. Thus, the algorithm described in Fig. 3 (c) can -

be applied to the line of m >1 simply by switching the variables x and y [5].

The radial processing proposed in this paper adopts the computational method of the Bresenham
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raster algorithm, as explained in Fig. 4. Witho
size of the image. It should be noted that the ¢
image center at (320, 240). For a certain direc
through the image center should satisfy the fo
or 0<m<1, two points (x,,y,) and (x,.5,) fo
algorithm are obtained as follows: Let iy,
iy, = round (y,- x, tan 6) (Fig. 4). Theri; ifiy, 20

(x5 75) =0 B,), (%, 7.) = (

where iy, is the round-off integer of y when x
iy, <0, the two points should be

G yy) = (i, 0 (%5 70) 7
where ix, = round (xc +y, /tan 9) and ix,= raund{

processing region of x is 0<x<639 whe

45°<9<90° or 1<m<w, it is possible to get
be noted that the reference axis is y instead of
points according to the method used in the cas

the Bresenham-based radial processing are ot
angle ¢, and the radial processing should be p
-90°< 8 <90°.

(0,479,

639, ,)

ol ¢
iXys

e of m < 0. To summarize,

erformed for all directional

) SOOYEONG YI

ut loss of generality, we assume 640x 480 for the

ptical center, (x,,y,), does not coincide with the

tional angle @, a pixel pos[ion (x,y) on the line

lloWing& tanf = (y-y,)/(x~x,). When 0°<6 <45°

r the radial processing baled on the Bresenham

e the round-off integer of y when x=0, ie.,

, the pair of points (x,y,) and (x,,y,) are

M
=639, i.e., iy,= round {y,~ (639~x,)-tan 6} . And if

479) ()
x,+(479- y_[tan 6)} . It should be noted that the

n iy, 20 and i, <x<i, when iy, <0 . When

(x,,v,) and (x,,y,) in a similar manner. It should

x in this case. It is also poLsible to obtain the two

(x,,y,) and (x,,y,) for

stained using (1) and (2) for a certain directional

angles within the range

i, 4m) 7 (639,479)

fi<mens
.
|

4 639,1,)

©.1,)¢"

©,0) 1~

0<x<63

-] (639,0)

' Kxsiv,

refere

ence axis

Fig. 4. Radial processing based on the Bresenham raster algorithm
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3. Experiment Results 1

This section presents the performance of the proposed radial processipg in terms of feature
detection and computational efficiency and compares it with that of <j:onventiona,1 horizontal
processing. As the image processing for detecting features, simple differentiation between
neighboring pixels and thresholding are employed in this paper. Fig. 5 shaows the results of the
feature detection for the omnidirectional structured light image in Fig. 1 ((%:). The resultant feature
image from the proposed radial processing in Fig. 5 (b) is much brighter ﬁhan the image in Fig. 5
(a) because of the density of the structured light pixels detected in the image processing. Many
image features of the structured light pixels are missed, especially in the highlighted region of Fig.
5 (a). In order to compare the computational efficiencies, the repeat count$ of the for-loops in the
image processing algorithm are énalyzed. In the brute-force image proceséing presented in Fig. 3

(a), processing of one dimensional line requires 400 for-loop counts, and the overall processing

needs 400x360° x10 =1,440,000 counts when A6 =0.°. In comparison, the repeat counts needed in

the proposed radial processing with ag =0.1° are as follows: When |m} <1, the reference axis is x

and the counts are 640x90° x10 = 576,000; When |m| > 1, the reference axis is y and the counts are

|
480x90° x10 = 432,000 . Thus, the total number of counts is 1,008,000, which is approximately 2/3
|

of the counts for the brute-force processing algorithm. It should be noted that the number of for-
loop repetitions in the proposed radial processing is lower than in the above analysis since the
explored interval in the reference axis is reduced according to the positioin of the optical center

\
(x.,7,)- Therefore, compared to the basic algorithm in Fig. 3 (a), the proposed radial processing

algorithm is advantageous not merely because it uses only integer operatiéns but also because it

has fewer for-loop repetitions.

I

b) Radal proce

Fig. 5. Results of image processing

1 sing

(a) Horizontal processing

4. Conclusion

i
This paper proposes radial directional image processing for feature detection in omnidirectional
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images. To detect edge feature points in a circ%ulan omnidirectional image,
\
an optical center is more suitable than conventional horizontal or vertical

The computational structure of the radial proc%ssing algorithm suggested i

radial processing from
directional processing.

this paper is based on

the well-known Bresenham raster algori'thmJ which uses only simple integer operations with
|

fewer repeat counts and thus makes thei overall computation high
experiments on an omnidirectional structuredi light image, it is verified {
processing algorithm exhibits better pe:ﬁo&nmm in regards to edge
structured light pixels. |
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