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Abstract—Hough transform together with Canny edge detector are proposed to use for road lines
detection at different weather conditions at various places. Canny operator is used for edge detection on
image, then Hough transformation is applied for the detection of extended objects. Proposed testing of
such combination of two methods is done on datasets of frames from the unmanned aerial vehicle
benchmark. The goal of this research is to obtain comparative results of Hough transform use
effectiveness at different conditions and to develop set of recommendations for the implementation of the
proposed software for automatic detection of lines in the image in order to identify the roadway and
improve the effectiveness of further recognition of ground moving objects. The research was implemented
with the help of means of Python 3.6 language in the environment of Anaconda, Skicit image library.

Index Terms—Image processing; Hough transform; Hough space; line detection; Canny detection.

I. INTRODUCTION

Linear object detection on video sequence is one
of fundamentals for visual landmark detection aboard
unmanned aerial vehicle (UAV). Linear objects can
include roads, railways, rivers, elongated buildings,
coastline, etc. Their stability and distinctive features
make them reliable visual landmarks, appropriate for
correlation extreme navigation.

Edge detection provides object contours but has
such significant drawback as redundancy of
information. Separation of contours which belong to
linear objects is of great interest. Algorithm must
operate under noisy conditions and in real-time mode.

The effectiveness of Hough transform [1] is
conditioned by the quality of input data: the edges
should be defined distinctly. The usage of Hough
transform on the noisy images is constrained, but
running it after Canny edge detection algorithm can
provide preprocessing stage with the aim of noise
reduction.

Methods, wused for investigation images
preprocessing and during basic handling, use quite
resource-intensive calculations, that is why the
problem of optimization is valid for such algorithms.

II. PROBLEM STATEMENT

Problem statement is formulated in the following
way. Given the image (frame) it must be
preprocessed (converted from the full-colored RGB
image into the grayscale), detected for edges (so

called image segmentation) and then problem of
contours association with linear objects must be
solved with consequent analyses of solution
efficiency. Let's consider each step.

Edge is significant changes in the gray values in
an image, which can be detected by using a discrete
approximation to the gradient. The gradient is the
two-dimensional equivalent of the first derivative in
x, y directions and is defined as the vector
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Assuming the definite threshold of gradient
magnitude it is possible to separate image pixels on
those related to background and those related to the
edge (object). Modification of the most of edge
detection algorithms is Canny algorithm [2], [3], that
includes noise filtering and gives adjustable
parameters for optimization: signal-to-noise ratio
and two thresholds (low and high) for good line
localization.

Obtained binary image where zero pixels
correspond to black background and ones are related
to edges (contours of objects) must be further
processed. Here the method of Hough transform is
selected for line detection on such binary image.

A straight line is defined by the equation

y=mx+b. (1)
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And can be calculated for any pair of active points
on the image (x, y) related previously to edge. The
main idea of Hough transform method is to take into
consideration the characteristics of the line in terms of
its parameters, that is, parameters m and b. Thus, the
parameter space for the lines will be two-dimensional
and consist of two parameters — inclination angle m
and the intersection point of line with OY axis, b. But
for this type of equation, there is exist the problem for
vertical lines definition. In this case the infinite
values of m and b parameters are received.

If, however to present the line with the help of
parameters of vector perpendicular to this line and
passing through the origin of coordinates, this
problem disappears [5].

III. ALGORITHM AND ANALYSIS OF METHOD
FOR DETECTING EXTENDED OBJECTS

As has been mentioned before, classical Hough
transform appears to be linear and is used for line
detection.

Let’s define the line through two parameters R
and 0. Parameter R represents the length of indicated
vector, and O indicates the vector’s angle to the
coordinates axis.

In this case, line equation will be presented in the
following way:

_ _[cosb r
r= (sinej)ﬁ(sinej' @

Or it can be rewritten in the following form:

r=x-cosO+y-sin0. 3)

Thus, each line on the image can be presented be
two parameters of its vector of normal — » and 6.
These parameters will be unique under condition of
0<06<m and reR orif 0<0<2m and r>0. By
creating the accumulator array with the defined step,
it is possible to put there the values of the defined
parameters. This array is also called the Hough space
for lines on the plane or simply accumulative space.

Infinite number of straight lines can pass through
the one point. In case this point has the coordinates
(xy,),), then all the straight lines passing through it,

will satisfy the following equation:
r(0) =x,cos0+ y,sinb, 4)

where r and 6 can have arbitrary values from the
above described range.

This corresponds to the sine curve in the
accumulative space (r,0) which is unique for each
separate point. Sine curves of several points
superimpose on one another. Their intersection
points in the parameter space determine the straight
line parameters (r,0), which pass through the points

defining the sine curves, which can be seen in Fig. 1.
Thus, points which forms straight line, define sine
curves which intersect in one point of accumulative
space which in its turn sets the parameters of target
line. Eventually, the task of line searching comes
down to the task of searching the maximum in the
parameters accumulative space.
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Fig. 1.
IV.

In the work frames from the UAVDT benchmark
[4] were used which consist of 100 video sequences,
which are selected from over 10 hours of videos
taken with an UAV platform at a number of
locations in urban areas.

The first set of images used for evaluation have
been captured at good weather conditions from high
altitude (> 70 m). Different threshold for Canny
edge detection, varying in the range from 0.05 to 2.6
have been applied. At the end, the highest success
rate (92.3%) was obtained at low threshold being
equal to 0.1 and high threshold being equal to 1.1.
Putting low threshold under 0.1 gave a lot of faulty
lines while setting threshold higher than 1.1 led to
lines missing. The image examples are presented in
Fig. 2 and Fig. 3 and in Table 1.

The second set of images have been obtained at
high altitude at bad weather conditions (fog, rain,
white smoke, bad lightning, etc.). Applying the same
thresholds range used for daylight images did not
give any results. That is why, it was decided to
decrease range values to 0.01. Even though the best
result (46.1% of success) was achieved at values of
low and high thresholds being equal to 0.05, those
result gave a lot of faulty detected lines. Generally,
overall success rate was almost two times lower than
for daylight images. Examples can be seen in Fig. 4
and Fig. 5 and in Table II.

The last set of images have been obtained at night
at medium altitude (30 m — 70 m). Experimental
results showed that optimal threshold values for
images of this weather conditions lie in range from
0.5 to 1.0 for low and high thresholds respectively.
The overall performance was better then for frames
obtained at fog. However, investigation showed that
at low altitude light colored cars together with
flashing of lantern have huge impact on the results
and at such situation, additional image preprocessing

Normal form parameterization
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should be performed. The worst results were
obtained for frames at night light raining weather. in Table III.

Fig. 2. (a) Input Image; (b) Input image after conversion to grayscale

(a)
Fig 3. Results of applying Hough Transformation after Canny Edge detection with: (a) low threshold = 0.1,
high threshold = 1.1; (b) low threshold = 0.6, high threshold = 2.1

Examples can be seen in Figs 6 and 7 and

(b)

(b)

TABLE I RESULTS EVALUATION FOR BIRD VIEW PICTURES AT DAY LIGHT
Canny edge detector Number of
Effici °
Low threshold | High threshold Detected Lines Correct Lines Faulty Lines iciency, %
0.1 1.1 22 12 10 92.3
0.6 1.1 8 7 1 53.8
0.6 2.1 2 2 15.3

(a)

Fig. 4. (a) Input Image; (b) Input image after conversion to grayscale

(b)

Fig. 5.

(2)

(b)

Results of applying Hough Transformation after Canny Edge detection with: (a) low threshold = 0.05,
high threshold = 0.05; (b) low threshold = 0.05, high threshold = 0.3
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TABLE II. RESULTS EVALUATION FOR FRONT VIEW PICTURES AT BAD WEATHER
Canny edge detector Number of Efficiency,
Low threshold High threshold Detected Lines Correct Lines Faulty Lines %
0.05 0.05 11 6 5 46.1
0.05 0.55 2 2 0 15.3
0.05 0.3 5 3 2 23

(@

(b)

Fig. 7. Results of applying Hough Transformation after Canny Edge detection with: (a) low threshold =0.8;
high threshold = 0.8; (b) low threshold = 0.95; high threshold = 1.25

TABLE III.  RESULTS EVALUATION FOR SIDE VIEW PICTURES AT NIGHT LIGHT
Canny edge detector Number of . o
Low threshold High threshold Detected Lines Correct Lines Faulty Lines Efficiency, %
0.8 0.8 7 6 1 54.5
0.95 1.25 1 1 0 9.09

V. CONCLUSIONS

Here the use of Hough transform together with
Canny edge detector for road lines detection at
different weather conditions is discussed. In the
work frames from the UAV benchmark were used.
As the result, comparative values of Hough
transform use at different conditions were obtained.

The best success rate (92.3%) of proposed
algorithm was obtained at daylight at good weather
conditions. The results also showed that for day light
the altitude of flight does not have great influence on
performance.

However, the situation changes for frames
obtained at fog or rain. In that case, with the altitude
increase, the overall performance success decreases
by 32.4%. For better performance at such
conditions, it is recommended to do at low altitude

(10-30) m and to decrease the applied threshold
values to be not higher than 0.6.

During the night light, it was observer that light
colored cars together with flashing of lanterns have
great influence on algorithm performance results.
So, it is recommended to use additional image
preprocessing in order to overcome this limitation.
The worst results were obtained for frames at night
light raining weather.
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M. II. Myxina, B. 10. [lepxau, A. II. [Ipumak. Kom0Oinanis nepersopenns Xaga ta gerextopa xkpais Kenni s
MiIBUILIEHHS Pe3yJbTaTiB 3HAXOIKEHHS JIHiHHUX 00’ €KTiB

IeperBopennst Xada pazoM 3 neTeKTopoM KpaiB KeHHi MpOMOHYEThCS BUKOPUCTOBYBATH JUIS BUSIBJICHHS JOPOXKHIX
JIHIA TpU PI3HUX MMOTOJHUX YMOBax B pisHMX Micusax. Omepatop KeHHI BUKOPHCTOBYETHCS /sl BUSIBJICHHS KpaiB Ha
300pa)KeHHI, TOTIM 3aCTOCOBYETHCS IiepeTBOpeHHs Xada s BUSIBICHHS MPOTSHKHHUX 00'ekTiB. [IponoHoBane
TECTyBaHHS TaKoi KOMOIHaIii TBOX METONIB BUKOHYETHCSI HA HA0Opax AaHUX KaJPiB 3 €TaJOHHOTO TECTY O€3MiJIOTHOrO
JITagbHOrO amapaTy. MeTo JaHOro JOCTIDKEHHS € OTPUMaHHS IOpPIBHSUIBHHX pe3yNlbTaTiB  e(pEeKTUBHOCTI
BUKOPHCTaHHsS TepeTBopeHHs1 Xada B pi3HUX yMoBax 1 po3poOka Habopy peKOMeHIamild 00 BIPOBAPKEHHS
MIPOITOHOBAHOTO TIPOrPaMHOT0 3a0e3MeYeHHs] Ui aBTOMAaTHYHOTO BUSBJIEHHS JIiHIA Ha 300paKeHHI 3 METOI0
iTeHTUdIKAIT TPODKIKOI YaCTUHHM 1 MiABUINECHHS €()EKTHBHOCTI IOAAJbIIC PO3IMI3HABAHHS HA3EMHHX PYXOMHX
00’exTiB. JlocmimKkeHHs: MPOBOAMIOCS 3a JonoMororo 3aco0iB MmoBu Python 3.6 B cepenoumii Anaconda, 0i0mioTexku
300pakens Skicit.

KirouoBi ciioBa: 00poOka 300paskenb; nepersopeHHs Xada; npoctip Xada; BUIBICHH JiHil; nerektop KeHHi.
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M. II. Myxuna, B. 10. [lepkau, A. II. Ilpumak. KomOnnanus npeodpasoBanus Xadga u gerekropa kpaes Kennu
1151 IOBBILIEHHS Pe3yJIbTATOB HAXO0K/IEHHS JUHEHHBIX 00bEKTOB

[IpeobOpa3oBanue Xada BMecTe ¢ AeTeKTOpOoM KpaeB KeHHU npeaiaraeTcs UCIONIb30BaTh I 00OHAPYKCHUS JOPOKHBIX
JIMHUHA TIPU Pa3IUYHBIX ITOTOJHBIX YCIOBHSIX B pa3HbIX MecTax. Omepatop KeHHM ucnonmb3yercs Ui oOHapy»KeHUs
KpaeB Ha W300pa)KeHUH, 3aT€M MNpUMEHsieTcsi npeoOpasoBanne Xada Ui oOHApYKEHHs NPOTSHKEHHBIX OOBEKTOB.
[Ipennaraemoe TecTUpOBaHHE TaKOW KOMOHMHAIIMM ABYX METO/IOB BBINOJNHSETCS HAa HaboOpax IaHHBIX KaJpoB U3
STAJOHHOI'O0 TecTa OECHHMJIOTHOTO JIETaTeNIbHOTro ammapata. llenblo TaHHOrO HWCCIeNOBaHMS SIBISIETCS MONTYyYeHHE
CPaBHHUTENBHBIX PE3yJIbTaTOB A((PEKTUBHOCTH HCIIONB30BaHUS INpeoOpa3oBanusi Xada B pa3iW4HBIX YCIOBUSX H
pa3paboTka HabOpa peKOMEHJANNH 110 BHEIPEHHIO NMPEAIaraeMoro MporpaMMHOTO 00ecTIedeH s U1l aBTOMaTHIECKOTO
OOHapy)XeHHsl JIMHHH Ha M300paKEHUH C IIEJIbI0 WACHTU(UKAIUKM MPOE3KEH YacTH W TMOBBIMIEHHS dPPEKTUBHOCTH
JaNbHEHIIee pacro3HaBaHUe HAa3eMHBIX ABIKYIIMXCS 00BEKTOB. lcciemoBaHne MPOBOIWIOCH C MOMOIIBIO CPEICTB
si3pika Python 3.6 B cpene Anaconda, OubroTekn nzo0pakeHuii Skicit.

KarwueBsbie cioBa: 00paboTka HM300pakeHuit; npeoOpazoBanust Xada; NpocTpaHCTBO Xada; BBISBICHUE JIMHUY;
nerexrop Kennu.
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