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Abstract—This study aims to determine the optimal method
for implementing real-time Homography transformation using
FPGA. We performed simulations of Homography transforma-
tion for each pixel and image region.

Index Terms—Homography, pixel, area, FPGA

I. INTRODUCTION

Homography transformation is one of the most basic image
transformation techniques. In recent years, the demand for the
multi-function cameras and applications have been increasing
for the use of remote classes and remote work. In remote
classes, a blackboard may be projected and distributed by a
camera. However, depending on the positions of the camera
and the teacher, it may be difficult to read the blackboard. One
of the solutions to this problem is to set up the camera so that
it is not covered by the teacher and to perform Homography
transformation. In order to achieve this during remote classes,
Homography transformation must be performed in a time
shorter than the input interval for videos [1].

II. PRINCIPLE OF HOMOGRAPHY TRANSFORMATIONS

Homography transformation is the transformation of an
arbitrary quadrilateral into an arbitrary quadrilateral. The shape
of the quadrilateral can be transformed by computing the
coordinates corresponding to each point. In general, when the
coordinates (x, y) of a quadrilateral are transformed to the
corresponding coordinates (x′, y′) by Homography transfor-
mation, using the following equation.

x′ =
ax+ by + c

gx+ hy + 1
(1)

y′ =
dx+ ey + f

gx+ hy + 1
(2)

In this study, as shown in Fig. 1, lines E, F, E’, F’ are drawn
to divide rectangle ABCD before deformation and rectangle
A’B’C’D’ after deformation in the same ratio, and the pixel
values of the rectangle before deformation are put into the
coordinates of the corresponding rectangle after deformation.

In the Homography transformation of this study, the cross-
ratio method was used. The cross-ratio is the ratio of AC:CB
and AD:DB when there are four points A, B, C, and D on
a line. As shown in Fig. 2, there are four straight lines from

Fig. 1. Homography Transformation diagram (coordinates).

point O, and two overlapping lines n and m are drawn for those
lines, and the points of contact A, B, C, D, A’, B’, C’, D’ are
given. The following equation is expressed as a compound
ratio.

AC ·BD

AD ·BC
=

A′C ′ ·B′D′

A′D′ ·B′C ′ (3)

Fig. 2. Multiple ratio of distance [2].

III. PROPOSED METHOD

In order to investigate a suitable program for real-time Ho-
mography transformation, a program for Homography trans-
formation [3] is implemented on FPGA and the results of
transformation speed are compared. Two methods are exam-
ined for comparison. The size of the image used is 1440 ×
810.
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AF : AB = A′F ′ : A′B′ (4)
AE : AD = A′E′ : A′D′ (5)

Fig. 3. Homography Transformation diagram.

Table 1 shows implementation environment.

TABLE I
IMPLEMENTATION ENVIRONMENT

CPU Intel Core i7-11800H 2.30・4.60GHz
FPGA Zynq UltraScale+ MPSoC ZCU104

SW Vitis 2021.1

A. Per-pixel calculation

For the per-pixel calculation, a program is implemented on
FPGA to find the coordinates in the area to be transformed in
the pre-transformed image corresponding to the coordinates
of one pixel in the post-transformed image. We will also
investigate the limits of parallel processing and optimize the
program by combining it with sequential processing.

Fig. 4. Pixel calculation.

B. Per area Calculation

The image is divided into regions to be transformed, and
each region is processed by a projective transformation. Op-
timization of the segmentation method is performed to see if
there is any difference in computation speed by changing the
method of segmentation. The projective transformation of the
segmented regions is implemented in parallel processing to
speed up the process, and the speed is measured.

Fig. 5. Image of area calculation.

IV. SIMULATION RESULTS

A simulation run of our method showed that the com-
putation time of a single pixel was 484 ns. If all pixels
were computed sequentially, it would take about 0.565 sec.
In the region-by-region processing, the region was divided
by x-coordinates. The coordinates (0,0) to (0,809) of the
transformed image were calculated as a single region, and
it was found to take 9427 ns. If all regions are calculated
sequentially, it would take approximately 0.0136 sec.

TABLE II
PROGRAM COMPARISON RESULTS

Label Clock cycle [ns] Cycles Latency [ns]
single pixel 11 44 484

area 11 857 9427

Table II shows that the per-pixel calculation is faster than
the per-region calculation. In the case of sequential processing,
the per-pixel calculation takes about 0.565 sec and the per-
region calculation takes about 0.0136 sec, so the per-region
calculation is faster. However, when parallel processing is
implemented, it is expected to be faster than sequential pro-
cessing. It is also expected that the per-region calculation will
be faster due to parallel processing, and that the speed will
change as the regions are changed.

V. CONCLUSIONS

In FPGA implementation, parallel processing is adopted to
enhance the processing speed. since the processing speed for
each region is considered to be dependent on the method of
division, parallel processing is implemented based on how the
speed changes when the region is divided as shown in Fig. 5. In
addition, we will implement a program that can automatically
detect the regions for Homography transformation using edge
detection.
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