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ABSTRACT

This work presents a new global motion estimation algorithm for MPEG compressed video sequences. It makes
use of a feature extraction technique based on the Generalized Hough Transform, which is able to provide
rotation, scale and displacement parameters when comparing two different frames from a video sequence. Thus,
pan, tilt, swing (rotation along z-axis) and zoom effects will be studied using the proposed algorithm.

DC coefficients of the DCT transform are extracted from the MPEG stream and used to create DC images,
which are the starting point for the global motion estimation algorithm. Further application of the feature
extraction technique to DC images will allow to perform motion estimation, reducing processing time as the
decompression process is avoided.

Pseudocode and details about the implementation of the algorithm as well as statistics to illustrate the
efficiency of the algorithm are provided.
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1. INTRODUCTION

The term global motion is commonly used to describe the motion of background in video sequences. It is
generally induced by camera motion. Global motion estimation depicts the determination of global motion in a
video sequence. One key application of global motion estimation algorithms is to perform video annotation for
further video indexing purposes. Once a video sequence has been annotated the user can make queries about
motion related events in the video. Moreover, motion is frequently associated with semantic information in
video sequences, making it possible to detect certain situations depending on the motion effects, e.g. in sports
videos.1, 2

Several global motion estimation algorithms have been stated. They mainly differ in the parameter model
used: 3-parameter model corresponding to pan and zoom,3–5 4-parameter model corresponding to pan, zoom
and rotation,6 6-parameter affine model7, 8 and 8-parameter quadratic and perspective models.8 The proposed
techniques have been widely used to perform global motion compensation for cameras, video coding and com-
pression. First works used the abovementioned techniques to perform global motion estimation on uncompressed
video, but recently, several works that estimate global motion directly from MPEG compressed video sequences
have been stated.1, 9, 10 Working directly with compressed video reduces processing time, as the decompression
process is avoided. Also, the amount of data to be processed is greatly reduced. A number of these methods

Corresponding authors:
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Menéndez Pidal s/n, 14071 Córdoba, Spain
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Figure 1. Variables defined in the GHT.

work with motion vectors in MPEG streams. However, since motion vectors are usually computed using a
blockmatching technique, they are prone to be erroneous with respect to the real motion.9, 11

This work presents a new technique to perform global motion estimation on MPEG compressed video, with
application to video annotation. In fact, it is an evolution of a previous work where a feature extraction algorithm
for video segmentation was stated.12 In that work a version of the well-known Hough Transform,13 known as
Generalized Hough Transform14 (GHT), is used to perform feature extraction from MPEG compressed video
streams. Then, a scene cut detection algorithm is stated. In this paper, the feature extraction technique is used
to develop algorithms that allow the detection of pan, tilt, swing∗ and zoom effects. Here we assume that the
possibility to distinguish between translation along the z-axis and zoom, as well as translation along the x and y
axes and pan (rotation along y-axis) and tilt (rotation along x-axis) respectively depends on the scene content.
Thus, it is assumed that the captured scene is flat concerning the depth along the z-axis, and so pan and tilt will
be reported as camera translations. Motion information will allow further processing in order to infer semantic
information from the video, or simply to detect certain motion effects.

This paper is organized as follows. Section 2 gives an overview about the GHT. Section 3 describes the
application of the GHT based feature extraction technique to global motion estimation. Experimental results
are shown in Sect. 4. Finally, conclusions and some ideas about future work are stated in Sect. 5.

2. REVIEW OF THE GENERALIZED HOUGH TRANSFORM

The Hough Transform13 was originally used to detect parametric shapes in binaries images. It is a very robust
technique that can even be applied with missing or noisy data. Ballard16 generalized the Hough Transform to
detect arbitrary shapes by computing a reference table used to calculate the rotation, scale and displacement
of a template in an image. This technique had high memory and computational requirements. Thus, several
improvements were proposed. One of the most interesting was proposed by Guil et al.14 In that work, the de-
tection process is split into three stages by uncoupling the rotation, scale and displacement calculation, achieving
lower computational complexity. An evolution of this technique was presented in Ref. 17, where a complete
description is stated. A little review of the process will be done.

Let E be the edge points set in an image. The edge points of the image are characterized by the parameters
(x, y, θ), where x and y are the coordinates in two dimensional space and θ is the angle of the gradient vector
associated to this edge point. An angle, ξ, called difference angle is also defined. Its value indicates the
positive difference between the angles of the edge points gradient vectors that will be paired. All the variables
abovementioned are shown in Fig. 1.

∗The basic camera operations, as defined in Ref. 15, are pan, tilt, swing, zoom and translation, where swing is the
rotation along the z-axis.



From this description, three transformations will be defined. Let pi and pj be two edge points, (xi, yi, θi)
and (xj , yj , θj) their associated information, and ξ the difference angle to pair points, transformation T can be
written as follows:

T (pi, pj) =

{

(θi, αij) θj − θi = ξ
0 elsewhere

(1)

αij =

(

arctan
yi − yj
xi − xj

6 θi

)

,

that is, αij is the positive angle formed by the line that connects pi and pj and the gradient vector angle of the
point pi.

Transformation S uses a similar expression to that in Eq. 1 to calculate the distance between the two paired
points. This transformation is defined as follows:

S(pi, pj) =

{

(θi, αij , dij) θj − θi = ξ
0 elsewhere

(2)

dij =
√

(xi − xj)2 + (yi − yj)2.

Finally, transformation D uses an arbitrary reference point O and two vectors ~ri and ~rj :

D(pi, pj) =

{

(θi, αij , ~ri, ~rj) θj − θi = ξ
0 elsewhere

(3)

~rk = O − pk, k = i, j.

Transformation T can be used to compute the rotation angle β. The result of applying transformation T to
the image is an image orientation table (IOT ) whose cells contain the pairings obtained. α and θ values are stored
in rows and columns respectively. When a pairing with an αij and θj value is calculated, IOT [αij ][θj ] position is
increased. Because different pairings might coincide with the same αij and θj values, the content of IOT [αij ][θj ]
will indicate how many of them have these values. This transformation is also applied to the template to obtain
a template orientation table (TOT ). α values are unaffected by rotation, scale and displacement, while θ is only
affected by rotation. Then, if the template is included in the image, the TOT will be included in the IOT . If the
template is rotated in the image, the TOT will be shifted circularly in the column direction in the IOT . Figure
2 shows the TOT of a rectangle, and the TOT of the same rectangle rotated 45◦.

To obtain the value of β a modified normalized cross correlation function is used.18 A modified correlation
process is needed because sampling errors, noise or small deformations can make the paired points spread in a
small window around the ideal (α, θ) value. Thus, correlation should be carried out using points in the TOT and
small windows in the IOT . The value of r that originate the maximum value of R(r) will indicate the rotation
angle β. The expression of this modified correlation process is given below:

R(r) =

∑

α

∑

θ TOT [α][θ − r] ·W [IOT [α][θ]]

NIO ·NTO
(4)

NIO =

√

∑

α

∑

θ

IOT [α][θ] ·W [IOT [α][θ]]

NTO =

√

∑

α

∑

θ

TOT [α][θ] ·W [TOT [α][θ]]

W [F [i][j]] =
∑

w1

∑

w2

F [i+ w1][j + w2].

Transformation S is invariant to displacement and proportional to scale. This transformation is applied to
the template to obtain a template scale table (TST ) which contains the distances between the paired points in
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Figure 2. TOT of a rectangle.

the template. On the other side, transformation D is applied to the image to obtain an image displacement table
(IDT ). The rotation angle β, computed in the previous step, is used to shift circularly the TST . Then, cells
in TST and IDT with the same (α, θ) values are compared to obtain the scale factor s. The distance between
every pair of points in IDT [α][θ] is computed and compared with all the distances in TST [α][θ] to vote in a
one-dimensional accumulator array. Maxima in this accumulator indicate possible scale values.

A more evolved technique to calculate s is to use TST and IDT to obtain two vectors, template distances
histogram (TDH) and image distances histogram (IDH). These two vectors are the histograms of the distances
of every pairing in both the template and the image respectively. TST is shifted circularly using β. Then, non
null cells in TST and IDT with the same (α, θ) values are used to compute TDH and IDH respectively. Next,
TDH is scaled for every scale value s within a predefined range, obtaining TDHs. Finally, a correlation process
is performed between every TDHs and IDH. The correlation value is stored in S(s). The maximum value of
S(s) will indicate the value of the scale factor s. The expression of the correlation process is similar to that one
in Eq. 4. It is given below:

S(s) =

∑

d IDH[d] ·W [TDHs[d]]

NIS ·NTS
(5)

NIS =

√

∑

d

IDH[d] ·W [IDH[d]]

NTS =

√

∑

d

TDHs[d] ·W [TDHs[d]]

W [F [i]] =
∑

w

F [i+ w].

Finally, transformation D is applied to the template to obtain a template displacement table (TDT ). The
rotation angle β is used to shift it circularly. Non null cells in TDT and IDT with the same (α, θ) values are
compared. The reference vectors stored in TDT [α][θ] are scaled and applied to the coordinates of the paired
points in IDT [α][θ] to vote in a bidimensional space. The maximum position in this space will indicate the
situation d, in the image, of the reference point defined in the template shape.

Figure 3 shows the segmentation of the method. The first stage computes the rotation β of the template in
the image using only the information provided by TOT and IOT . β, along with TST and IDT , are used in the
second stage, where the scale factor s is computed. Finally, the third stage makes use of β, s, TDT and IDT to
obtain the coordinates d in the image, of the reference point defined in the template.

This method allows to use more than only one difference angle ξ. The extra information obtained with the
usage of more than one difference angle can be useful to deal with special shapes, occlusions and/or noisy images.
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Figure 3. Segmentation of the process.

3. ALGORITHMS FOR GLOBAL MOTION ESTIMATION

Transformations T , S and D defined by the GHT allow the detection of arbitrary shapes in binaries images.
Although it was originally designed to work with images, the application of the GHT to video processing has
yielded interesting results when developing scene cut detection algorithms.12 The way in which the GHT is
applied to video processing is the following: Let us assume that template and image are two different frames
from a video stream, fi and fj , where i+ l = j and l is a small value so that fi and fj belong to the same shot.
Thus, transformations T , S and D are applicable to fi and fj , so that rotation, scale and displacement values
can be computed between them.

The basis of the algorithm is to set a swing, zoom or displacement mark for every frame in the video stream
where the appropriate kind of motion has been detected. It computes rotation, scale and displacement values
along a n-frame window. The first frame in the window (f) is compared to the next ones (f+1, f+2, . . . , f+n−1)
obtaining n − 1 values of rotation (RV (0), . . . , RV (n − 1)), scale (SV (0), . . . , SV (n − 1)) and displacement
(DV (0), . . . , DV (n − 1)). Further study of these values will allow to mark frame f as a swinging, zooming
and/or displacing frame, according to rotation, scale and displacement values respectively. Finally, as a swing,
zoom or displacement effect lasts for several frames, some of these frames may remain undetected. Thus, a
process to properly mark these frames has to be carried out. Also, isolated detections lasting for less than a
predefined number of frames should be removed. Next sections will describe these steps in more depth.

Although this method is suitable to process uncompressed video sequences, full decompression of video and
subsequent processing has two main drawbacks. On one hand, time is spent on performing the full decompression
stage. On the other hand, the amount of data to be processed is considerably higher, increasing processing time.
As we did in Ref. 12, we propose to work with the DC coefficients from the MPEG stream in order to obtain
DC images as a subsampled representation of the full frame. Once the DC image has been computed from the
MPEG stream, the aforementioned algorithm is applied. The process to obtain estimated values for all DC
coefficients in every frame in the stream (type I, P or B) is stated in Ref. 19.

3.1. Swing detection

To establish whether frame f has to be marked as a swinging frame or not, transformation T is applied to every
frame in the window obtaining n orientation tables (OT0, . . . , OTn−1). Remember that a n-frame window starting



Algorithm 1 Swing detection

1: rotCW ← 0
2: rotCCW ← 0
3: for i = 0 to n− 1 do
4: if RV (i) > 180 then
5: rotCW ← rotCW + 1
6: speedCW ← ‖360−RV (i)‖/(i+ 1)
7: else if RV (i) ≤ 180 and RV (i) 6= 0 then
8: rotCCW ← rotCCW + 1
9: speedCCW ← RV (i)/(i+ 1)

10: end if

11: end for

12: if rotCW > 0.75 ∗ n then
13: return (CW, speedCW )
14: else if rotCCW > 0.75 ∗ n then
15: return (CCW, speedCCW )
16: end if

17: return (NO, 0)

at frame f is used. Application of Eq. 4 to each pair of tables ((OT0, OT1), (OT0, OT2), . . . , (OT0, OTn−1)) will
generate n − 1 rotation values (RV (0), . . . , RV (n − 1)). Then, the process depicted in Alg. 1 is performed.
The idea is to study the values in RV vector to conclude whether a swing effect is taking place or not, and, in
the first case, to estimate the swing direction (clockwise or counterclockwise) as well as swing speed (in degrees
per frame). Suppose that most of the rotation values in RV are 0. This clearly indicates that no swing effect
has been detected. However, suppose that RV shows increasing (decreasing) values. This indicates that a
counterclockwise (clockwise) swing effect is taking place. The magnitude of the values in RV will be useful to
estimate swing speed.

Lines 3 to 11 in Alg. 1 make a count of the number of rotation values that indicate a clockwise swing (rotCW ),
as well as a counterclockwise swing (rotCCW ). Also, rotation speed is estimated in degrees per frame. Then,
a swing effect is declared if at least 75% of the rotation values in RV point in the same direction (clockwise or
counterclockwise). This is done in lines 12 to 17.

Swing detection algorithm is carried out for every frame in the video sequence that is being analysed. It sets
a swing mark for every frame belonging to a swing effect. However, depending on the conditions of the swing, it
could fail for certain frames. Thus, a final stage to set swing marks for all the frames belonging to a swing effect
that have not been marked in the previous stage is needed. Figure 4 shows a clockwise swing effect which lasts
for 10 frames, from frame n to frame n+ 9. Numbers under ROT CW label represent the speed of the rotation,
in degrees per frame. However, frames n + 3, n + 6 and n + 7 have not been marked, while frame n + 5 has
been incorrectly marked as a counterclockwise rotating frame. Interpolation mechanisms are used to correctly
mark these frames as clockwise rotating frames and estimate the approximate rotation speed. This stage also
performs the removal of isolated detections which last for less than a predefined number of frames. Frame n+ k
in Fig. 4 illustrates this situation.

3.2. Zoom detection

Zoom detection is very similar to swing detection. However, transformation S is used instead of transformation
T . Comparison of scale tables (ST ) using Eq. 5 will report scale factors that will be analysed in the same way
as Alg. 1 in order to set a zoom in or a zoom out mark for the current frame. A final stage to mark missed
detections within a detected zoom effect, interpolate estimated zoom speed and remove isolated detections is
also needed.
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Figure 4. Operation of the algorithm to fill in holes and remove isolated detections.

3.3. Displacement detection

Once again, the algorithm to detect camera displacements is similar to swing and zoom detection. In this case,
transformation D is used to obtain n−1 displacement values (DV (0), . . . , DV (n−1)), all of which will be analysed
using Alg. 2 in order to estimate displacement angle αd and relative speed vd. Pan and tilt displacement in
pixels can be directly obtained from αd and vd by applying the following expressions:

Pan displacement (pixels) = 8 · vd · cosαd (6)

Tilt displacement (pixels) = 8 · vd · sinαd (7)

The expressions above are multiplied by 8 because DC images instead of full frames are used to perform dis-
placement calculation. Dimensions of DC images are eight times smaller in each dimension than those in full
frames.

To declare a displacement for frame f and estimate displacement angle and speed, Alg. 2 is used. The idea
is similar to that one used in Alg. 1. However, the problem is a little more complicated as there are not only
two directions (clockwise or counterclockwise) but many of them. Suppose that points in DV are aligned with
a vector. Direction of the vector is 45◦. This indicates a mixed pan-right, tilt-up effect. Also, modulus of the
vector will indicate relative displacement speed.

Lines 2 to 16 in Alg. 2 show the process to fill in an orientation histogram h using points in DV . Each bin
in h stores three values: the number of points which orientation is within the range defined by that bin (h(i).n),
the mean orientation of those points (h(i).angle), and finally the mean relative speed of the displacement in that
direction (h(i).speed). Methods PointDirection and HistogramBin are used to calculate the histogram bin
associated with every point analysed. CalcDisplacementSpeed computes the relative displacement speed for
that point. Once that histogram h has been filled in, line 17 computes the highest bin in h, that is, the bin which
stores the highest number of points. Then, a displacement effect is declared if at least 50% of the displacement
values in DV are in the highest bin in h (lines 18 to 21).

Again, a process similar to that one depicted in Fig. 4 is needed to correctly mark undetected frames within
a displacement effect and remove isolated detections which last for less than a predefined number of frames.
Interpolation mechanisms are used to estimate the correct displacement angle as well as relative speed.

4. EXPERIMENTAL RESULTS

This section evaluates the performance of the proposed global motion estimation algorithm working with MPEG
compressed video. Instead of using several videos to study different effects, this work mainly uses a video
sequence that contains several occurrences of each effect to be detected. This sequence, which was recorded
using a camcorder, has 13500 frames and includes 21 swings, 38 zooms and 42 displacements. A sequence with



Algorithm 2 Displacement detection

1: h← CreateEmptyHistogram()
2: for i = 0 to n− 1 do
3: if DV (i) 6= (0, 0) then
4: d← PointDirection(DV (i))
5: bin← HistogramBin(d)
6: s← CalcDisplacementSpeed(DV (i))/(i+ 1)
7: if h(bin).n = 0 then
8: h(bin).angle← d
9: h(bin).speed← s

10: else

11: h(bin).angle← AngleMean(h(bin).angle, d)
12: h(bin).speed← (h(bin).speed+ s)/2
13: end if

14: h(bin).n← h(bin).n+ 1
15: end if

16: end for

17: b← HighestBin(h)
18: if h(b).n > 0.5 ∗ n then
19: return (h(b).angle, h(b).speed)
20: end if

21: return (NO, 0)

such characteristics also allows the study of how the presence of certain effects affects the detection of others. For
example, certain zoom effects cause false displacement detections. Two more sequences have been used in order
to study displacement effects in more depth. One of these sequences has been specifically recorded to include a
pan-right which gradually turns into a tilt-up displacement. The other sequence is the well-known coast guard
sequence, often used to study global motion algorithms. All the sequences are in SIF (352 × 240) format. The
hardware configuration used to run the tests consists of an AMD Athlon K7, 1 GHz, 256 MB RAM, running
Linux 2.2.16. The algorithms have been codified using the GNU g++ compiler version 2.95.2.

Different performance statistics have been stated in the literature. This work considers correct and missed
detections as well as recall and precision statistics for swing, zoom and displacement effects. On one hand, a
detection is said to be correct if at least 50% of the frames belonging to the effect have been correctly marked.
On the other hand, accuracy of the detections as well as false detections are considered in recall and precision
figures. Recall defines the percentage of correctly detected frames in relation to the overall frames of a certain
effect in the video. Precision defines the percentage of correctly detected frames in relation to the overall frames
of a certain effect detected by the algorithm. Mathematical expressions for these parameters are given below:

Recall (%) = 100 ·
c

c+m
(8)

Precision (%) = 100 ·
c

c+ f
(9)

where c is the number of correctly detected frames, m is the number of missed frames, and f is the number of
falsely detected frames. Note that recall and precision statistics rely on the number of correctly or falsely detected
frames, or missed frames. However, correct and missed figures refer not to frames but to effects, composed of
several frames.

Table 1 shows the experimental results of the proposed detection method applied to the first of the test
sequences. A 10 frame window as well as 2 pairing angles, 180◦ and 135◦ have been used. Proposed method
yields very good results for swing and displacement detections and interesting ones for zoom detections. 100%
of the swing effects are correctly detected (21 out of 21). Also, 85% of recall and 95% of precision show that
detections are very accurate. Figure 5 shows cumulative rotation angle for a 90◦ clockwise swing effect that



Motion effect Correct Missed Recall Precision

Swing 21 0 85% 95%
Zoom 32 6 75% 83%

Displacement 41 1 94% 90%

Table 1. Experimental results of the proposed global motion estimation algorithm.

takes place between frames 1219 and 1293 in analysed video sequence. As it is shown in Fig. 5, accumulated
rotation angle at frame 1293 is 92.05◦, which evidences the accuracy of the detection. Even better figures are
reported when displacement effects are considered. Most of false displacements reported are due to zoom effects.
Test have revealed that zoom detection is a little more complicated. However, 84% of the zoom effects are
correctly detected (32 out of 38). False zoom detections are often caused by displacements, resulting in short
zoom detections lasting for less than 15 frames. Time spent on performing motion estimation is about 1.7 seconds
per frame, using the hardware configuration stated before.

Figures 6 and 7 display functions estimated directly from the data reported by the proposed algorithm for
displacement effects. Figure 6 shows displacement angle as well as pan/tilt rate for a sequence including a
pan-right which gradually turns into a tilt-up displacement. Figure 6(a) clearly shows that a pan-right (0◦)
displacement takes place between frames 75 and 135. Also, Fig. 6(b) shows an increasing pan rate while tilt
rate holds a value of 0 pixels per frame. From frame 135 until 180, the displacement angle gradually tends to
90◦. Pan rate decreases while tilt rate rises. From frame 180, displacement angle maintains a value of 90◦, which
indicates a pure tilt-up displacement. Also, pan rate is 0 during a tilt movement.

Similarly, Fig. 7 shows displacement angle and pan/tilt rate for sequence coast guard. This sequence has
two pan movements, pan-left between frames 0 and 65 and pan-right between frames 83-300, as well as a tilt-up
between frames 65-75. Figure 7(a) shows displacement angles for the three different displacement effects detected.
Also, pan and tilt rates are shown in Fig. 7(b). Pan rate is negative in pan-left effects, and positive in pan-right
effects. Tilt rate holds a value of 0 pixels per frame except for the tilt effect, where it reaches values of about 5
pixels per frame. To obtain the results in Fig. 7 some parameters of the algorithm had to be adjusted. During
the pan-left displacement a coast guard ship is moving to the right. Due to the dimensions of the object the
algorithm is unable to estimate the global motion in some frames. Thus, parameter 0.5 in line 18 of Alg. 2 has
been reduced to 0.4. Also, as the tilt-up motion is so fast and short, a 8 frames window instead of 10 has been
used.

5. CONCLUSIONS

This work presents a new global motion estimation algorithm based on the GHT. This technique allows the
comparison of two images in order to obtain rotation, scale and displacement parameters. GHT algorithm has
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been applied to video sequences in order to perform global motion estimation. Thus, this work presents an
algorithm able to detect swing, zoom and displacement effects in video sequences.

Moreover, the proposed method works with MPEG compressed video. As opposed to many other works, our
proposal does not rely on motion vectors from the MPEG stream to perform motion estimation, as they are
prone to be erroneous with respect to the real motion. Also, motion vectors accuracy depends on the quality of
the MPEG compressor. Hence, this work proposes to work with DC images, avoiding the use of MPEG motion
vectors.

Obtained results show that the proposed algorithm performs quite well when detecting swing and camera
displacement effects. Existing effects are successfully detected. Also, start and final frames estimation is often
very accurate. Zoom detection is not so precise. However, very interesting results have been obtained although
start and final frames are sometimes inexact.

Future work will concentrate on the development of algorithms to infer semantic information from video
sequences. The proposed global motion estimation algorithm will be very helpful in such task. Algorithms to
detect gradual transitions such as dissolves, fades, etc. will also be developed.
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Figure 6. Displacement angle and pan/tilt rate for a sequence that includes a pan-right displacement which gradually
turns into a tilt-up displacement.
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Figure 7. Displacement angle and pan/tilt rate for coast guard sequence.


