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ADAPTIVE TWO-STEP METHOD FOR PROVIDING THE DESIRED VISUAL
QUALITY FOR SPIHT

Lossy compression has been widely used in various applications due to its variable compression ratio.
However, distortions are introduced unavoidably, and this decreases the image quality. Therefore, it is often
required to control the quality of the compressed images. A two-step method has been proposed recently to
provide the desired visual quality. The average rate-distortion curve was used to determine the proper
parameter value that controls compression. However, its performance for the wavelet-based coder Set
Partitioning in Hierarchical Trees (SPIHT) is insufficient because there are very wide limits of visual quality
variation for different images for a given value of the compression control parameter (CCP). Additionally,
previous work has demonstrated that the level of errors, which is the subject of our study relates to texture
features of an image to be compressed, where texture presence is an inherent property of remote sensing
images. In this paper, our goal is to develop an adaptive two-step method for SPIHT to improve accuracy. The
following tasks were solved. First, a prediction of visual quality for a particular parameter value is conducted.
The prediction scheme is based on the information extraction from a certain number of image blocks to
perform a visual quality calculation of the image compressed for a given CCP value. A threshold is adopted as
the complexity grouping; in this paper, images are divided into two groups: simple and complex images.
Second, the results of the grouping determine the adaptive curve model adopted. Finally, a two-step
compression method is applied according to this curve. The classical metric Peak signal-to-noise ratio (PSNR)
is employed to evaluate the image quality. The research method is based on a validation experiment that is
conducted for an image set covering different image complexity and texture features. The comparison results of
four typical desired values prove that the accuracy has been generally improved, the variances of both the first
and second steps have been reduced sufficiently, and the mean absolute error has also been
improved. Conclusion: the improvement effects are significant, particularly in the low desired visual quality. A
remote sensing image is taken as an example to analyze in detail; the quality of the decompressed images
meets the users visual requirement, and the errors are acceptable.
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(aerial and satellite) images collected from platforms
with limited storage resources and limited transmission
bandwidth, such as airborne and spaceborne [6, 7].

Introduction

Nowadays, images have become the most critical
data in information recording and transmission with the
development of imaging technology and the extensive
use of various smart applications [1-3]. A dramatic
increase in the size and volume of images is observed,
which leads to the difficulty in data saving and
transferring in conditions of a limited bandwidth of a
communication line. Consequently, compression is the
essential mean to reduce the size to save storage space
and improve transmission efficiency.

In general, compression techniques can be divided
into two categories, namely lossless and lossy,
respectively [4, 5]. The latter is widely used since it
produces higher compression ratio (CR) than the
former. This is especially important for remote sensing

However, the cost is that a certain degree of
distortion will be introduced alongside high CR. Severe
distortion results in the decompressed images’ poor
quality and affects further processing or visual
perception. Therefore, like CR, image quality is also an
important factor in lossy compression and should even
be considered as a priority in many cases [8-10]. If the
terminal is a human, noticeable distortions will be
visible and affect the visual perception [1, 11]; if the
decompressed images need to be processed by machine
algorithms, poor quality negatively influences the object
estimation accuracy or probability of correct
classification [12-14]. In these conditions, it is
necessary to control the distortions within a certain
range.
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Generally, CR increase is accompanied by image
quality decrease, and vice versa; it is determined by
compression control parameter (CCP), adopted coder
and image features [12, 15-17]. The essential part of
controlling the distortions is setting the proper CCP for
a compressed image in lossy compression according to
quality requirements. Concerning this task, the earlier
contributions were from two aspects. The first is
providing the desired quality through the iterative
method. In [18], the formulation of 2D Discrete Cosine
Transform (DCT) coefficient and iterative JPEG2000
encoding scheme was proposed to control the quality of
a reconstructed image. The second is based on
prediction of quality based on the chosen statistical
parameter. In [19], a deep learning-based picture-wise
just noticeable difference prediction model was
proposed for lossy compression according to the
perceptually lossy/lossless predictor results.

A two-step compression method has been
proposed recently, which avoids the multi-iteration to
improve time efficiency and correct the parameter in
terms of the initial quality of the first step compression
to reduce the error [20-22]. Given this, the two-step
method outperforms the existing distortion control
methods. Our previous works have proved that this
method works well for the DCT-based coder AGU and
HEVC-based coder BPG [21-23], and its adaptive
version reduces the errors for the metric PSNR [24].
However, the accuracy of providing a desired quality
for the Discrete Wavelet Transform (DWT)-based coder
Set Partitioning in Hierarchical Trees (SPIHT) is
insufficient sometimes [25] because of several reasons
that will become clear after more detailed analysis.

The goal of this paper is to propose and study the
adaptive two-step method for the SPIHT coder and to
further improve its accuracy. It is confirmed by the
validation experiment that pre-classification of image
complexity helps to choose the appropriate curve model
and does improve the results in terms of PSNR, which
had large errors in our previous works.

The rest of this paper is organized as follows.
Positive features of SPIHT are described in Section 1.
The basics of the two-step method applied to SPIHT are
defined in Section 2. Adaptation strategy is described in
Section 3. The experiment validation is presented in
Section 4. The discussion is given in Section 5. Finally,
Section 6 summarizes the work and provides
conclusions.

1. Peculiarities and applications
of SPIHT

SPIHT [26] is known to be one of popular methods
of lossy image compression. It uses wavelet
decomposition of an image to be compressed and

inherent similarities across the sub-bands. The most
important wavelet coefficients are coded in the first
order. Due to this, similarly to the later introduced
standard JPEG2000, several positive features are
provided. First, progressive compression can be
provided. Second, a desired compression ratio can be
ensured. Third, better performance compared to JPEG
in terms of traditional quality metrics as mean square
error (MSE) or peak signal-to-noise ratio (PSNR) is
usually achieved. In addition, SPIHT is rather fast and
can be freely used. These advantages can be extremely
useful if the main requirements to image compression
method and algorithm stem from the desire to transfer a
compressed image via a band-limited communication
link within a given time.

The aforementioned properties explain the wide use
of SPIHT in practice. For example, SPIHT application
for lossy compression of medical images in magneto-
resonance and computer tomography systems is
considered in the papers [27, 28]. The use of different
modifications is analyzed by many researchers. In
particular, the use of different wavelets is studied in
[28], the authors of [29] consider the use of Burrows-
Wheeler transform within the SPIHT framework in
attempts to improve general performance of the SPIHT
coder.

Performance of SPIHT is mostly analyzed in terms
of conventional quality metrics as MSE or PSNR.
Meanwhile, there is an obvious tendency to using visual
quality metrics including combined ones [30]. However,
even for the conventional metrics, there are certain
problems for SPIHT if it is desired to provide not a
given CR, but a desired quality. For a given CR or bits
per pixel (BPP), quality of images compressed by
SPIHT (as well as by many other compression
techniques) vary in very wide limits (see data in [25],
the examples will be given in Section 2). Then, by
setting some fixed BPP, it is difficult to provide a
desired quality for any image to be compressed and one
has to carry out adaptation to image content [25]. Such
an adaptation can be done in different ways where the
two-step method proposed in [25] and further called as
basic is one of them. This method is fast (since it is
based on two compressions and one decompression)
but, for certain practical situations, it is not accurate
enough. Thus, below we discuss how the accuracy can
be improved.

2. Review of basic two-step method
on SPIHT

The basic two-step method of image compression
consists of two main stages. The first one is preliminary
image compression/decompression with the initial CCP
determined by the average rate-distortion curve obtained
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off-line (in advance). The second compression stage is
conducted with the recalculated CCP referring to image
quality feedback in the first step. This approach is based
on several assumptions. The first assumption is that
rate-distortion curves behave similarly and particular
rate-distortion curves for all images do not differ a lot
from the aforementioned averaged rate/distortion curve
obtained in one or another way. The second assumption
is that the rate/distortion curves are monotonous
functions for all images and these functions can be quite
accurately approximately linearly, i.e., using only the
first derivative where derivative values for particular
rate/distortion curves are supposed to be quite close to
that one for the average curve for the same CCP. If
these assumptions do not hold, the method can fail in
one or another way or, at least, its performance can
radically worsen and become inappropriate.

In previous works, the result of applying the two-
step method to SPIHT has occurred considerably less
optimistic than for the DCT-based coder AGU [21, 25].
In particular, the largest residual errors of providing a
desired metric value took place for simple structure
images and/or low desired quality. The reason is that
these images’ rate-distortion curves differ a lot from the
average one, which led to the inappropriate initial CCP
and erroneous estimate of derivative used in calculation
of the corrected CCP.
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1. Dependences of PSNR on BPP for SPIHT

Fig. 2. Sample images: a) Frisco, b) Goldhill

A part of average rate-distortion curve is given in
Figure 1, two examples of particular rate/distortion

Fig.

curves are also presented for comparison and detailed
analysis. The images are shown in Figure 2. The curve
for the test image Goldhill is very similar to the average
one; therefore, accuracy of quality provided by the
conventional two-step method for this test image is
high, the residual error is appropriate [25]. However, for
the simple structure image Frisco (that contains large
quasi-homogeneous regions), the rate/distortion curve
differs a lot from the average curve. This results in the
residual error that is the largest among the test images
considered in [25]. Therefore, the accuracy is worth
improving especially for simple structure images and
low desired PSNR. The two-step compression method
[25] requires simultaneous fast realization of both fast
discrete wavelet and cosine transforms.

3. Adaptive two-step method
on SPIHT

Aiming at the problem that the difference in image
complexity results in the mismatch of the average rate-
distortion curve, an adaptive method was proposed for
AGU [24]. Because of its effective improvement, and
thanks to the image quality prediction method proposed
recently [31], it is possible to apply an adaptive two-step
method to SPIHT.

The main idea consists in the following. We
assume that it is possible to easily, reliably and quickly
pre-classify an image to be compressed and refer it to
two (or even more) classes (categories). Having average
rate/distortion curves for all classes and assuming that
particular rate/distortion curves for images of a given
class are close to the corresponding average
rate/distortion curve, it is possible to set the initial (first
step) CCP better and to use a better estimate of
derivative in the second step.

In this study, we have limited ourselves by
considering two classes. The average rate-distortion
curves were obtained from two basic image sets. In this
paper, all basic images were divided into simple and
complex groups. The grouping was based on the image
quality prediction value for a fixed CCP, bit per pixel
(BPP) in the SPIHT coder [24, 31].

Let us briefly review the previous method of
quality prediction for SPIHT. This prediction method is
based on the fixed relationship between the dependence
of the visual quality values of the coder SPIHT and
discrete cosine transform (DCT) coder AGU [31].

The average dependence curves of PSNR
(PSNRspivt and PSNRagu) on CR for two coders are
similar, and the deviation is basically fixed for each CR
value. Then, the PSNR value for SPIHT can be
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calculated as equation (1). The following algorithms are
adopted to obtain the prediction result:

1) for a given BPP, the CR of SPIHT is determined
by CR~8/BPP [25];

2) Then this CR value is utilized to calculate the
Poq for AGU according to equation (2) , where the Poq
denotes the mean probability that quantized DCT
coefficients in 8x8 blocks are equal to zero [32],
calculated as equation (3);

CR =0.9462*exp(2.895P,, ) +

)
1.045*10C"9 exp(35.52P,,),
(Np1)
(2 oy Nn)
i ) ®
(64Ny)

Here N, denotes the number of DCT coefficients
to be zeroed after quantization for an n-th block, Np
denotes the number of the considered 8x8 pixel blocks
randomly chosen in a considered image;

3) search for the proper QS value corresponding to
the Pog. First, set an initial value of QS, e.g., equal to 0O,
then gradually increase it until the percentage of DCT
coefficients with absolute values smaller than QS/2 is
smaller than Pog;

4) predict the PSNR for AGU according to the
following equations

Dq(n,k,1) :{%}k =0,...7,1=0,...,7; (4)

ADq(n,k,1) =QS*Dqg(n, k,I)-D(n, k,I),

5
k=0,..7,1=0,..7; ®)
1 <N
MSE==3 " MSE, =

1 N N7 7 ©)

2.

~ 64N n:OZk:OZI:OADq(n’k’I) ,
PSNR :1O*Iog10(MAX2 / MSE) , @)

where D(n,k,1) denotes a set of DCT coefficient for an
n-th block, ADg(nk,) denotes the difference after
quantification, MAX defines the image dynamic range;

5) plus the fixed average deviation on the
prediction PSNR of the coder AGU as equation (1).
Finally, the predicted PSNR for SPIHT is obtained.

This prediction approach described above provides
an estimate value of PSNR for a given BPP using some
calculation to replace the actual compression. The time
consumption is about 2/3 of SPIHT compression, and
the standard deviation of residual errors of providing a
desired PSNR is about a few dB.

In this paper, the predicted value (7) is utilized to
pre-classify an image to be compressed to two groups,

simple and complex structure ones. The BPP is given as
0.5, 300 8x8 random image blocks are chosen to
calculate the prediction PSNR (7). The basic image set
prediction results are shown in Figure 3.

0 5 10 15 20 25 30 35 40

Test image index

Fig. 3 Prediction of PSNR for SPIHT (BPP=0.5)

Let us set the PSNR=30 dB as the threshold
(Horizontal dotted line in Fig. 3); if the prediction
PSNR is larger than 30 dB, then the image is treated as
the simple one (marked as a red dot). Otherwise, it
belongs to the complex image set (marked as a black
square).

As we can see in Fig. 3, most images belong to the
class of “complex structure images”. Only 7 out of 39
test images have been classified as simple structure
ones.

The average curves drawn from images of two
classes are shown in Figure 4. It can be seen from
analysis of these curves that the average values for
simple images are considerably (by 10-15 dB) higher
than for the complex ones due to image different
complexity.
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Fig. 4. Grouped dependences of PSNR on BPP
for SPIHT

The proposed pre-classification approach is
performed for each image to be compressed.
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The considered image is automatically classified as
simple or complex images; the average curve is chosen Table 1
adaptively; the two-step method is implemented Dependence of PSNR (in dB) on BPP for SPIHT
according to the following equations: _ BPP 05 06
Test image~. | " . 6 | ...
BPP, ; = BPP,y + o aes —PSNRae . gy ["Mrt_prepared | ... 38211 |38.742| ...
M Tests | ... 36.317 |37.323 | ...
_ . Lenna | ...... 37.235 |38.039 | ......
BPPaes = BPPiic + F)Sl\leeslvl ) Test9 | .. 31013 |32.346 | ...

. ) ) Baboon | ...... 25.628 | 26.497 | ......
where BPPeg is the _Ieft _margm of the adap'_uvely chosen Testt | 20881 | 21584 |
average rate/distortion interval, PSNRa. is the PSNR -

- . . Diego | ...... 26.632 | 27.271 | ......
average distortion value corresponding to the BPP
estimate. M' is the derivative corresponding to the BPP Testlds | ... 20.373 | 21088 ......

estimate, PSNRinit is the decompressed image quality in
the first step, BPPqes is corrected by equation (2) and
used at the second step of compression.

4. Validation Experiment

Below we study the proposed method for SPIHT
which has several known advantages like fast execution
speed and wide application in lossy compression [15,
33]. The experiment has been conducted in three stages
to verify its feasibility.

First, thirty-nine gray-scale images [34, 35] were
chosen as the basic image set, including nine general-
purpose images and thirty texture images, some of
which are shown in Figure 5. This image set was
divided into two groups, and then serial experiments
have been conducted for each image and a wide range
of BPP values; some of the data are shown in Table 1.
Finally, the average rate-distortion curves (see Figure 4)
have been obtained.

Fig. 5. Basic image sample:
a) simple images, b) complex images

Second, twenty images [34, 35] have been chosen
as the test image set to conduct the validation
experiment with curve models from the basic image set.
These test images have been also split into two groups
with the same prediction and classification strategy used
in the basic image set.

Some of images are presented in Figure 6.

Fig. 6. Test image sample:
a) simple images, b) complex images

Finally, an adaptive two-step method validation
experiment has been implemented for two groups of
images. Three typical values have been chosen for the
metric PSNR, and the results are presented in the next
section. For comparison, the results for the previous
two-step method [25] for these test images have been
obtained as well.

5. Discussion of the results

In this section, the experiment results are presented
and comparatively analyzed. The results of the previous
method are shown in Table 2, and the results for the
adaptive method are given in Table 3, where the
experiment was conducted for simple images and
complex ones separately, but the data were combined
into one Table to facilitate comparison.

In our study, four typical PSNR are chosen as the
desired values, 40 dB, 35 dB, 32.5 dB, and 30 dB,
respectively. These values roughly correspond to three
levels of visual lossless, JDN distortions, visible
distortion, and clearly visible distortion [21, 36].

For statistical analysis, the variances of image
quality in the first and second steps have been
calculated and denoted as VARfj and VAR,
respectively. The MAX sfina denotes the maximum value
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of errors for each group, and the MAE denotes the
Mean Absolute Error for each group data.

Table 2
Statistic results for the basic method on test images

PSNRes(dB) | VARfir | VARsc | MAXAfina | MAE
40 37.6386 | 1.9183 | 5.9907 |0.5049
35 41.831 | 5.4447 | 55956 |1.5911
325 45.0757 | 8.0088 | 6.4782 |1.9306
30 48.7648 | 13.5432 | 7.9147 |2.5726
Table 3

Statistic results for the adaptive method on test images
PSNRues(dB) | VARsir | VARsxc | MAXAfina | MAE

40 22.2946 | 2.4362 5.81 0.8618

35 24.4809 | 5.2552 | 4.7989 | 1.7228

325 19.9957 | 1.6254 4.76 0.6347

30 32.9900 | 2.0219 5.378 07799

Fig. 7. Remote sensing image example: a) original
image, b) PSNRpr, = 40.708, CR = 4.086

From these data comparisons, it is proved that the
adaptive scheme improves the overall accuracy of the
two-step method for SPIHT lossy compression. First,
the variances in the first step compression have been
reduced sufficiently with the better initial CCP; second,
the residual errors of visual quality providing are
smaller and more convergent due to the adaptive
selection of the average rate-distortion curve, which is
more significant at a low desired quality (30 dB).

Fig. 8. Remote sensing image example:
a) PSNRpro = 33.944, CR = 7.160,
b) PSNRpro = 27.098, CR = 19.112

For a detailed analysis of the adaptive method on
remote sensing images [37], one example is shown in
Figures 7 and 8. The example image was compressed
for the desired quality equal to 40 dB, 35 dB, and 30
dB, the original image and decompressed image with
small CR are presented in Figure 7,a and 7,b,
respectively. The image in Figure 6, b has an excellent
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quality, which is indistinguishable from the original
image. The image in Figure 8, a has a good quality, and
the distortion is not easy to notice; the image in
Figure 8, b has relatively bad quality, but it allows to
understand the content of the image in spite of
distortions that are mainly concentrated in texture/detail
areas; meanwhile the high compression ratio (CR) is
achieved. The example also shows that the largest
residual error is observed for PSNRges = 30 dB.

It is demonstrated that the proposed adaptive
method for two-step compression is able to provide the
desired quality for SPIHT coder. The user can set a
proper desired value according to requirements for a
given application, and achieve the highest CR.

6. Conclusions

In this study, we have presented an adaptive two-
step method of providing the desired quality for the
SPIHT coder to improve the accuracy. The proposed
scheme employs different average rate-distortion curves
for an image to be compressed depending on its
complexity which is characterized by the prediction of
the decompressed image corresponding to a fixed CCP.
Experimental  results have demonstrated the
effectiveness of the proposed scheme especially if the
desired quality is quite low according to PSNR. The
pre-classification algorithm is fast and helps to improve
the two-step method for the SPIHT coder.

Applicability of the proposed approach is
demonstrated for one remote sensing image. Lossy
compression of panchromatic remote sensing data is one
possible area where the adaptive two-stage method can
be useful taking into account wide limits of complexity
variations of such images. In addition, image
complexity can be analyzed for Y component of color
and multispectral remote sensing data for compression
of which SPIHT and its multichannel modifications are
employed. Besides, it is expected that the adaptive
version can be exploited for medical image compression
especially when visually lossless compression is
needed.

In the future, we expect that a simpler and faster
image complexity algorithm can be found for the two-
step method, and more refined adaptive curves will be
employed to further improve the accuracy.
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AJANTUBHUM JIBOETAITHAM METO/I 3ABE3IEYEHHS
BAXKAHOI BI3YAJIBHOI IKOCTI JJISI SPIHT
. JTi
CTHCHEHHS 3 BTparaMd HIMPOKO BHKOPHCTOBYETHCS B PI3HMX JONATKAaX 3aBASAKH 3MIHHOMY Koe(ilieHTy
crucHeHHA. ONHAK HEMHUHY4YE BHOCSATBHCS CIIOTBOPEHHS, 1 Il 3HIKYE SAKICTh 300pakeHHS. TakuM YHMHOM, 9acTo
MOTPiOHO KOHTPOIIOBATH SIKICTh CTHCHYTHX 300paskeHb. HemogaBHO Oyito 3ampoIIOHOBAHO JBOETATTHUN METOI JUIS
3a0e3mneueHHs GakaHoi BisyanbHOI sikocTi. OcepenHeHa KpruBa KOe(IlieHT CTHCHEHHs/ CITOTBOPEHHS BHKOPHCTaHA
JUIsl BU3HAYEHHS NPaBUIIBHOTO 3HAYCHHS MapaMeTpa, IO KOHTPOIIOE CTUCHEHHS. OnHaK e(pEeKTUBHICTh MiIXOoy IS
BefiBnerHoro komepa Set Partitioning in Hierarchical Trees (SPIHT) € HemocTaTHBOIO, OCKINBKH iCHYIOTH YK€
IIMPOKI MEXi Bapiarlii Bi3yaJbHOI SKOCTI JUIS pi3HUX 300pakeHb I (PiKCOBAaHOTO 3HAYCHHS Iapamerpa, Io Kepye
crucHeHHAM. KpiM Toro, momepenHs: podoTa MpoJeMOHCTPYBaIa, M0 PiBEHb IMOMIJIOK, IO € MpeIMeTOoM HAIIoro
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JOCITIJKEHHS, € TIOB’SI3aHUM 3 TEKCTYPHUMH OCOOMBOCTSAMH 300pa)keHHSI, sIKe OTPiOHO CTHUCHYTH, Jie HasBHICTh
TEKCTYpH € HEBiJ’€MHOIO BIACTHBICTIO 300pak€Hb IMCTAHIIIMHOrO 30HAYBaHHA. Y Il poOOTiI HAIIOID METOI0 €
PO3pOOUTH aAanTUBHUN ABOETAITHUHI MeTox st miaBuiieHHs TounocTi st SPIHT. BupimyroTbest HacTynHi 3aaa4i.
[lo-mepuie, BHWKOHYETHCSI TPOTHO3YBAHHS Bi3yallbHOI SIKOCTI JUIS TIEBHOTO 3HaueHHs mapamerpa. Cxema
MIPOTHO3YBaHHS 0a3yeTbcsi Ha BHAOOYBaHHI iH(OpMalii 3 MEBHOI KUIBKOCTI OJOKIB AJISI OLIHIOBaHHS Bi3yaJbHOL
SIKOCTI JUIsl 300pakKeHHs, 1[0 CTUCKAETHCA 13 3aJlaHUM 3HAYCHHSIM IapaMeTpy, KU KOHTPOIIOE CTHCHEeHHS. Jlis
TPYIyBaHHS 33 CKJIaJJHICTIO BUKOPHCTOBYETHCS MOPIT; 300paskeHHs PO3ALISIOTECS HA JBl TPYIHU: POCTI Ta CKIIaIHi.
[To-gpyre, 3a pe3yapbTaTOM TpYIIYBaHHS OOHMPAEThCS MOJCTbHA KpuBa. Hapemri, 3riHO 3 I[i€I0 KPUBOIO
3aCTOCOBYETHCS JBOETAIIHE CTHCHEHHS. J[JIs1 OLIHKM SIKOCTI 300pa’keHHS! BUKOPHCTOBYETHCS KIIACHYHA METPHUKA -
mikoBe BimHomieHHS curHan/myMm (PSNR). Meton pocmimkeHHs 0a3yeTbcs Ha EKCIICPUMEHTI UL HaOOpy
300pa)keHb, IO OXOIUTIOE Pi3HY CKJIAIHICTh 1 OCOOIMBOCTI TEKCTYpPH, MPOBOHUTHCS MEPEBIPOYHUNA EKCIIEPUMEHT.
Pe3ysisTaTi MOpIBHAHHA Ul YOTHPHOX THUIOBUX Oa)KaHWX 3HAYEHb JOBONSATH, IO TOYHICTH 3arajioM IIi/IBUILEHA,
cepeqHbOKBAIpaTHYHA IMOXWOKa SK TEpHIoro, Tak i JPYroro eramiB 3HauyHO 3MeHineHa. CepermHs aOcomoTHa
noxuOKa TakoX 3MeHIeHa. BUCHOBOK: e(eKT NOoKpalleHHs € 3HaYHUM, OCOOJIMBO IPH HU3BKil OakaHIi Bi3yaslbHIN
sKocTi. 300pakeHHS JWUCTAHIIWHOrO 30HIyBaHHsS OepeTbCsd SAK MPHUKIA] s JIeTaJbHOTO aHajiily; SKICTh
pO3IaKoBaHUX 300pa’keHb Bi/ANOBiAA€ Bi3yalbHUM BUMOTaM KOPHCTYBaiB i MOMMIIKH € JOIYCTUMHMHU.
KoarouoBi ciioBa: aBoeranHuii miaxiJ; CTHCHEHHS 3 BTpaTamMu; 0a)kaHa sIKiCTh; MOJIEb aJallTHBHOI KPUBOI.

AJIATITUBHBIN IBYSTAIIHBI METO/I OGECIIEYEHMSI
KEJATEJIBHOI'O BU3YAJIBHOI'O KAYECTBA JJIA SPIHT
@D. Jlu

Cxarve ¢ TOTepsSMH IIUPOKO HCIONB3yeTcss B Pa3HbIX NPWIOKEHHSX Onarojaps H3MEHSIOMEMYCs
ko3¢ durmenTy cxarus. OTHAKO HEU30EKHO BHOCITCS MCKaKCHHS, M 3TO CHIDKACT KauyeCTBO M300pakeHus. Takum
00pa3oM, 4acTo cieyeT KOHTPOIMPOBATh KaueCTBO CKATBIX N300pakeHnit. HenaBHO ObUT MPEIIOKEH ABYXITAITHBIH
Merton Juisi  OOECIleYeHHs] IHKENaeMOro BH3YaJIbHOTO  KadecTBa. YCpeAHeHHass KpuBas — KodddurmeHt
CKaTHS/UCKQKEHHsT HCIONb30BaHA JUIS ONpEJeNeHUs] NPaBWILHOTO 3HAueHWsl IMapamMerpa, KOHTPOIUPYIOIIEro
coxarue. OnHako 3((GeKTUBHOCTh MOAX0a A BeiBieTHoro koaepa Set Partitioning in Hierarchical Trees (SPIHT)
HEAO0CTAaTOYHA, ITOCKOJIbKY CYIIECTBYIOT OUCHDb IINPOKUEC MPEACIIbl Bapruallui BU3YyaJIbHOI'O Ka4€CTBa IJIs PA3JIMYHBIX
n300paXeHni A1 (UKCUPOBAHHOIO 3HAYCHWS IapaMeTpa, YIpaBIsioLlero cxarueM. Kpome Toro, mpenpimymas
paboTa MpoIeMOHCTPUPOBaia, YTO YPOBEHb OIIMOOK, SBIISIOLIMICS MPeAMeTOM HAILEeTO MCCICAOBAHMS, CBS3aH C
TEKCTYPHBIMH OCOOCHHOCTAMH H300pa)KeHHS, KOTOPO€ HYKHO CXaTb, INe HAJIMYHE TEKCTYpPBl SIBISAETCS
HEOTHhEMJIEMBIM CBOMCTBOM H300paXCHUI AMCTAaHIMOHHOTO 30HAMpPOBaHMA. B manHON pabore Hamiedl HeJiblo
sIBJIsIeTCS pa3paborarh aJalTUBHBIA JABYXATANHbIM crnoco0 s mnossimeHus touHoctH it SPIHT. Pemarorcs
cnepyromye 3aga4u. Bo-mepBbIX, NMPOU3BOOUTCSA IPOrHO3UPOBAHME BU3YAJIBHOIO KadeCTBa Ul OMPENEICHHOIO
3HayeHHs napamerpa. Cxema NpPOTHO3UPOBAHUA Oa3upyercss Ha H3BICYEHHH HH(POPMAIMU M3 ONpPENSICHHOro
KonM4ecTBa OJIOKOB I OLIEHKH BH3YaJbHOIO KadecTBa IS COKMMAeMOIo M300paKeHHs ¢ 3aJaHHBIM 3HaYeHHEM
napameTpa, KOTOPbIi KOHTPOIUPYET CkaTue. J{Jst TpyNImUpOBKY MO CII0KHOCTH HCIIONb3YETCsl TIOPOT; N300paskeHUs
JeNATCS Ha JIBe TPYIIBI: IPOCTHIE W CIOKHBIE. BO-BTOPHIX, MO pe3ylbTaTy rpyHNIUPOBKU BBIOUpAaeTCs MOIeTbHAs
KpuBasi. HakoHell, coriacHO 3TOi KPUBO#, MPUMEHSIETCS IBYXATAIHOE CxKaTHe. J[JIsl OlleHKH KauecTBa U300pasKeHuUs
UCTIOJNB3YeTCsl KIIACCHYecKas MeTpuka — mukoBoe orHolnenue curHan/mmym (PSNR). Merton wuccnemoBanus
Oaszupyercs Ha SKCIEPUMEHTE Ui Habopa HM300pa’keHHH, OXBATHIBAIOIINX DPA3HYI0 CIOKHOCTb M OCOOEHHOCTH
TEKCTYPBI, IPOBOIUTCSA IPOBEPOUHBIN DKCIEPUMEHT. Pe3yabTaThl CpaBHEHMs AT YETBIPEX TUIIMYHBIX JKEIAeMbIX
3HAYEHUH JOKA3BIBAIOT, YTO TOYHOCTH B 1I€JIOM IIOBBIIIEHA, CPENHEKBAIPATHYHAs TIOTPEIIHOCTh KaK IIEPBOro, TaK U
BTOPOT'O 3TANOB 3HAYUTENIHHO yMeHbIIeHa. CpeHss aOCOMOTHAs HOTPEIIHOCTh Takke yMeHblIeHa. BoiBon: a¢dexr
YIydIIEHUs 3HAYUTEIbHBIH, OCOOCHHO TIpH HHM3KOM JKETaeMOM BH3YyaJbHOM KadecTBe. M300pakeHne
JVCTAHIIMOHHOIO 30HUPOBaHMS OEpeTcst B KadecTBE IMpUMeEpa TSl IETaIbHOTO aHAIN3a; KaYeCTBO PaCclaKOBaHHbBIX
n300pakeHNi COOTBETCTBYET BU3YaJIbHBIM TPEOOBAHHSIM MOJIb30BATENEH U OMINOKH JOITYCTHMBI.
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