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1 IntrodutionThe fratal oding sheme is a new tehnique for image ompression and has evolved greatly from its�rst version proposed by Jaquin [1℄, [2℄. In onventional fratal oding shemes, an image is partitionedinto non-overlapping range bloks. The larger domain bloks are seleted from the same image and anoverlap. A graysale image is enoded by mapping the domain blok D to the range blok R with theontrative aÆne transformation [2℄ R̂ = �f� � (S ÆD) +4gg; (1)where SÆ represents the ontration operation that maps the domain blok to a range blok. Then theparameters (alled the fratal ode) desribing the ontrative aÆne transformation that has the mini-mum mathing error between the original range blok R and the oded range blok R̂ are transmittedor stored. The fratal ode onsists of the ontrast saling �, luminane shift 4g or the blok mean(the average pixel value of the range blok) �R [3℄, isometry �, and the position PD of the best-mathdomain blok in the domain pool. In the deoding stage, an arbitrary image is given as the initial imageand the deoded image is repeatedly reonstruted by applying the ontrative aÆne transformation tothe iterated image.There are many modi�ed versions proposed to improve the fratal oding tehniques. Most of thestudies fous oni) the type of the image partition, e.g., [26℄�[30℄,ii) re�ning the blok transformation, e.g., [4℄�[10℄, [24℄,iii) the redution of the omplexity of the enoding proess, e.g., [21℄, [31℄�[33℄,iv) speeding up the iterative deoding proess [11℄�[14℄, andv) the ombination of the onventional fratal oding sheme with traditional blok-based image odingtehniques, e.g., [25℄, [34℄�[37℄.However, only few literatures [4℄, [23℄ make a study of designing an eÆient domain pool in whihthe redundanies between the domain bloks an be redued. Therefore, we aim to design an eÆientdomain pool for the fratal oding shemes in this paper. In Ref. [4℄, the LBG proedure is designedfor odebook (domain pool) training in onventional fratal oding shemes. It onsiders the enoding2



proedure only and it is not easy to obtain an idential odebook in the deoder unless an o�-linetransmission is used. In our design, the domain pool is on-line transmitted and hene we obtain anidential odebook in the deoder. On the other hand, a still image oding based on vetor quantization(VQ) and fratal approximation utilized the LBG algorithm to design the domain pool [23℄. The domainpool generated in [23℄ is based on the image approximated by transform VQ and then deimated by afator of four. And the stati odebook is previously onstruted with several images of di�erent types.As we will desribe in Setion 4, it has a great di�erene with our domain pool design sine we willonstrut the domain pool (e.g., odebook) only with the mean image and not with several images.In general, the domain pool in onventional shemes onsists of the domain bloks obtained bysubsampling the original image [1℄, [17℄, [26℄, or hoosing some neighboring bloks of the range blok[5℄, [21℄, [37℄. A better oding performane an be ahieved if we use a larger domain pool in theenoding stage. However, there exists some redundanies between the domain bloks, espeially for alarge domain pool or the domain bloks hosen from the neighboring bloks of the range blok. If we anredue the redundanies between the domain bloks, then the onstruted domain pool beomes moreeÆient. Therefore, a better performane an be expeted beause the domain bloks in our domainpool ontain more information than those in the domain pools of onventional fratal oding shemes.The LBG algorithm [18℄ used to generate the odebook in the VQ tehniques [16℄ has shown itsability to redue the redundanies between the training vetors. Based on the same odebook in boththe enoder and deoder1, we an enode/deode an image. Sine there is no transmission of domainbloks in onventional fratal oding shemes, the LBG algorithm annot be diretly applied to generatethe domain bloks. In order to obtain the same domain bloks in both the enoder and deoder in thefratal oding sheme, here we propose an iteration-free fratal oding sheme that an satisfy thisrequirement.The blok mean an be found in the fratal ode in a modi�ed ontrative aÆne transformation[3℄. We an generate the same mean image whose pixel values are the blok means of all the rangebloks in both the enoder and the deoder. Therefore, the LBG-based method an be used to designthe domain pool based on the mean image. Here two novel methods for designing the domain poolare employed. First, the domain pool is onsisted of the domain bloks generated by the LBG-based1The VQ tehniques use an o�-line transmission of odebook.3



method. Next, the blok-averaging method is proposed to avoid the training proess in the LBG-basedmethod. The LBG-based method redues the redundanies between the generated domain bloks andthus the onstruted domain pool is more eÆient. Compared with the onventional fratal shemesthose require iterations, the oding performane is improved based on the LBG-based and the blok-averaging methods for the domain pool design in the proposed iteration-free fratal oding sheme. Theomputer simulation shows that the deoding time is greatly redued and the deoded image quality isalso improved.The organization of this paper is as follows: We introdue the onventional fratal oding shemethat requires iterations in the deoding stage in Setion 2. Setion 3 desribes the proposed iteration-freeode for fratal image ompression. Two design methods of the domain pool are employed to improvethe performane of the iteration-free oding sheme in Setion 4. We perform the omputer simulationin Setion 5 to verify the improvement of the proposed domain pool design for the iteration-free sheme.Finally, a onlusion is given in Setion 6.2 Conventional Fratal Coding ShemeThe employed domain pool designs based on the LBG-based and the blok-averaging methods areompared with those in the onventional fratal oding shemes. In onventional fratal oding shemes,the ontrast saling is no more than one to avoid the possible divergene in the iterative deoding proess.On the other hand, we replae luminane shift in the fratal ode by the blok mean [3℄ to obtain agood initial image in the deoding stage.The domain pool designs in the onventional fratal oding shemes are desribed as follows: Basi-ally, the domain bloks are seleted from the original image and the blok size is four times as largeas the range blok (i.e., D=4R). We investigate the oding performanes of the onventional frataloding sheme that uses two methods to design the domain pool. First of all, the domain pool onsistsof the domain bloks subsampled from the original image and it is denoted as the `subsampling' method.For an image of size M �M , the sampling period (T ) in both the horizontal and vertial diretions isdetermined by T = b M �BpND � 1; T � 1; (2)4



where B �B is the domain blok size and ND is the number of the domain bloks in the domain pool,and b� denotes hoosing a smaller and the losest integer of the real number in the braket. Next,we hoose the ND domain bloks that are neighboring to the range blok and it is denoted as the`neighboring' method. Then the ontrative aÆne transformation is used to �nd the fratal ode foreah range blok.In the deoding stage, the initial image onsists of the range bloks whose pixel values are equalto eah blok mean. The deoded image is iteratively reonstruted with the same ontrative aÆnetransformation that was denoted in the fratal ode. Sine the initial image in the deoder is di�erentfrom the original image in the enoder, the domain bloks in the enoder are di�erent from that foundin the deoder. There exists a distortion between the oded image in the enoder and the deodedimage in the deoder. To redue this distortion, it is desirable to generate the same domain pool inboth the enoder and deoder.The riterion for the deoded image to ahieve a onvergene is determined as follows: Let the nthiterated image be denoted as f (n). The average error e(n) between the nth and (n�1)th deoded imagesis alulated by e(n) = 15122 512Xi=1 512Xj=1(f (n)i;j � f (n�1)i;j )2; (3)where f (n)i;j denotes the (i; j)th pixel in nth deoded image. If the ratio = je(n)� e(n� 1)je(n� 1) (4)is smaller than a threshold value th, the deoded image onverges and the iteration proess terminates.Otherwise, the iteration proess will not stop until the riterion  � th is satis�ed.3 Iteration-Free Code DesignIn order to obtain the same domain bloks in both the enoder and deoder without using an o�-line transmission, here we propose an iteration-free fratal image ode that the information of thedomain bloks are hidden in the fratal odes. Therefore, the LBG-based and the proposed blok-averaging methods an be applied to redue the redundanies between the generated domain bloks.The proposed enoder and deoder are desribed in the following subsetions.5



3.1 EnoderThe basi ow hart of the enoder in the proposed iteration-free sheme is shown in Fig. 1. Theinput M�M image is partitioned into the non-overlapping range bloks of size B�B. First of all, wesequentially measure the mean and variane of eah range blok. After all the means of the range bloksare obtained, we an generate a mean image of size M=B�M=B with eah pixel orresponding to theblok mean. If the variane of the range blokVarfRg = 1B2 X0�i;j<B(ri;j � �R)2 (5)(where ri;j denotes the (i; j)th pixel in the range blok) is smaller than the threshold value Eth, thenthe range blok is oded by the mean. Otherwise, the range blok will be oded by the ontrativeaÆne transformation. Note that in this ase, the size of the mean image should be muh larger thanthat of the domain blok, i.e., M=B�M=B � B�B. Otherwise, it will not be easy to �nd a goodmapping between the domain and range bloks beause only a few domain bloks an be taken fromthe mean image. The size of the domain blok is the same as that of the range blok and thus theontration proedure in onventional fratal oding shemes is eliminated. We therefore proeed witha new ontrative aÆne transformation between the range blok and the domain blok generated fromthe mean image. The generation of the domain blok will be disussed in Setion 4.The parameters used in the new ontrative aÆne transformation are spei�ed as follows: Theluminane shift is replaed by the mean [3℄ whih is oded by six bits. The ontrast saling is usuallysmaller than 1.0 to avoid the divergene aused by the iterations in onventional fratal oding shemes.However, we an make the ontrast saling be greater than 1.0 beause our sheme is iteration-free. Asshown in [17℄, the ontrast saling an be greater than one to ahieve the minimum distortion betweenthe range blok and the transformed domain blok. Therefore, we use an extended range for the ontrastsaling. In our design, the ontrast saling is determined by testing all the values in the following setfn=4, n=1, 2, 3, � � �, 8g to �nd the best one that minimizes the distortion. We thus need three bits todenote the ontrast saling. On the other hand, the eight isometries for shu�ing the pixels in the blokare the same as those in [2℄ and are oded by three bits.
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The new ontrative aÆne transformation an be expressed byR̂ = �f� �D + �R � � � �Dg = �f� � (D � �D) + �Rg; (6)where R̂ is the oded range blok and �D is the mean of domain blok. Note that the ontrationproedure is eliminated and the term �R�� ��D is equal to the luminane shift in [2℄. After testing allthe ombinations of the parameters in Eqn. (6), the fratal ode is determined while the oded blok R̂has the minimum distortion from the original range blok R. The distortion between the original andoded range bloks is represented by the mean-squared-error (MSE) measurement de�ned asMSE(R; R̂) = 1B2 X0<i;j�B(ri;j � r̂i;j)2; (7)where r̂i;j denotes the (i; j)th pixel in the oded range blok. We �nally attah a header for eah rangeblok to denote its oding status (either oded by the mean or aÆne transformation). Therefore, thedeoder an orretly reonstrut eah oded range blok aording to the header.3.2 DeoderFig. 2 shows the ow hart of the deoder in the proposed iteration-free sheme. We �rstly reeivethe entire fratal ode and determine whether or not the range blok is oded by the mean from itsheader. The mean image is reonstruted with the mean information in the fratal odes. Note that thismean image is idential to the mean image used in the enoder sine both are onstruted by the sameblok means. Therefore, the domain bloks generated from both mean images are also the same. If theblok is oded by the mean, the value of eah pixel in the deoded blok is equal to the mean value.Otherwise, we perform the ontrative aÆne transformation to reonstrut the oded range blok. Thedeoding proess ends when the last range blok is reonstruted.At this point, no iterations are required and thus no onvergene riterion and divergene problemfor the deoded image to be onerned with. The deoding of the onventional fratal oding shememay require two iteratively refreshed images or one image memory [12℄ in the iteration proess. However,only the �xed mean image that an be reonstruted from the reeived fratal odes is required in ouriteration-free sheme. Hene the required memory size in the proposed iteration-free deoder is muhsmaller than that in the onventional fratal image deoder. On the other hand, having no iterationsmeans that the range bloks an be deoded in parallel. The arhitetural omplexity of the proposed7



deoder is obviously lower than that of the onventional deoder that requires iterations. Therefore,the proposed deoder is very suitable for the hardware implementation and high speed appliations.4 EÆient Domain Pool DesignIn order to obtain an eÆient domain pool in whih the redundanies between the domain bloksare redued, here we �rstly employ the LBG algorithm and seondly propose a novel blak-averagingmethod to generate the domain bloks. Therefore, we expet that the oding performane will beimproved ompared with the onventional fratal shemes.4.1 LBG-Based DesignFratal oding tehniques have shown a similarity to VQ tehniques and an be onsidered as the self-VQ for images [1,19℄. Therefore, the odebook and odevetor used in the VQ tehnique are similar tothe domain pool and domain blok used in fratal oding shemes, respetively. In VQ, the enoder anddeoder use the same odebook and the oded and deoded images in both the enoder and deoderare also the same. As shown in Setion 3, we an obtain the same mean image in both the enoder andthe deoder without using an o�-line transmission in the proposed iteration-free ode. We thus designan eÆient domain pool based on the mean image.The LBG algorithm [18℄ is usually used to design an eÆient odebook in the VQ tehniques. Weapply the LBG algorithm to design the domain pool in the proposed iteration-free sheme. Here we usethe mean image as the training image and all the possible image bloks (with the same size as the rangeblok) in the mean image as the training vetors. Suppose that there are K training vetors denoted byvi for 1� i � K in the training image, we estimate L reonstrution vetors (i.e., domain bloks) fromK training vetors. The reonstrution vetors are determined by minimizing the average distortionde�ned by Eav = 1K KXi=1MSE(vi; v̂i); (8)where v̂i denotes vi that has been quantized into one of the reonstrution vetors. In the LBGalgorithm, we begin with an initial estimate of the reonstrution vetors si for 1� i � L. We thenlassify the K training vetors into L di�erent lusters orresponding to eah reonstrution vetor.This an be done by omparing a training vetor with eah of the reonstrution vetors and hoosing8



the vetor that results in the smallest distortion. A new reonstrution vetor is determined from thevetors in eah luster. This ompletes one iteration of the proedure, whih an be stopped when theaverage distortion Eav does not hange signi�antly between two onseutive iterations.By applying the LBG algorithm to all the possible image bloks in the mean image, eah generateddomain blok has the smallest average distortion with those image bloks in the same luster. Therefore,we onstrut the domain pool by speifying an L value to obtain a desired number of domain bloks.The LBG algorithm redues the redundanies of similar image bloks in the mean image. Hene thegenerated domain bloks have fewer redundanies than the domain bloks diretly obtained from themean image. Apparently, the onstruted domain pool is more eÆient.However, the training proess in the LBG algorithm requires iterations to obtain the minimumquantization error. The larger the odebook size, the bigger the iteration number. The LBG algorithmis employed in both the enoder and the deoder to generate the domain bloks. Therefore, it alsorequires the iteration proess to generate the domain bloks in the deoder. This is the limitation inapplying this method to the domain pool design for the proposed iteration-free sheme. To solve thisproblem, we next propose the blok-averaging method by whih the domain blok is diretly generatedwithout iterations.4.2 Blok-Averaging MethodIn the mean image, the training vetors hosen from the neighboring bloks have a high similaritybeause most parts of the bloks are overlapped. They an be onsidered as the vetors of the sameluster in the LBG algorithm. Here the blok-averaging method is proposed based on the similaronept of the LBG algorithm. We ompute the entroid of four bloks whih are adjaent and partlyoverlapped in the mean image to generate a domain blok. More image bloks an be averaged toredue more redundanies among them. However, it is expeted that the orrelation between the fourneighboring bloks will be higher than that between more neighboring bloks. Therefore, we use onlyfour neighboring bloks in the blok-averaging method.Fig. 3(a) shows some sets of four neighboring bloks with a four-pixel sampling period in the meanimage. In this �gure, eah blak point denotes the top-left orner of an image blok and we use it torepresent a B�B image blok. Their relative positions are shown in Fig. 3(b). The pixel �di;j in the9



averaged blok �D an be alulated by�di;j = 14(d1i;j + d2i;j + d3i;j + d4i;j); 0 � i; j < B; (9)where d1i;j � d4i;j represents the (i; j)th pixel in the image boks D1 � D4. Therefore, the alulatedpixel �di;j relates to the information of four adjaent pixels in the original image bloks. The averagedblok replaes the original four adjaent image bloks and the redundanies in the four adjaent imagebloks are thus redued. With these averaged bloks, the onstruted domain pool is more eÆient thanthat onsists of the domain bloks diretly seleted from the mean image.The domain bloks are uniformly seleted from the averaged bloks with a sampling period (T 0) inthe mean image. Let the number of domain bloks in the domain pool be ND, the sampling period inboth the horizontal and vertial diretions an be alulated byT 0 = bM=B �BpND � 1 ; T 0 � 1: (10)Instead of using the training proess in the LBG algorithm, here we only use the four-to-one averagingoperation to generate the domain bloks. Thus the required omputation omplexity is muh less thanthat in the LBG-based method and the high deoding speed property in our iteration-free sheme ispreserved.5 Computer SimulationIn omputer simulation, four 512�512 images (shown in Fig. 4(a)�(d)) with eight-bit graysale resolu-tion are used to test the proposed iteration-free fratal oding sheme. The performane of the deodedimage quality is evaluated by the peak signal-to-noise-ratio (PSNR) and the bit rate (the required bitsper pixel). In our simulation, an image is partitioned into range bloks with the single size, either 8�8or 4�4, or with two-level sizes (both 8�8 and 4�4). Therefore, a general form for the PSNR of thedeoded image is de�ned asPSNR = 10 log10 2552PN8i=1MSE(R8i ; R̂8i) +PN4i=1MSE(R4i ; R̂4i) dB; (11)where N8 and N4 are the total numbers of the 8�8 range blok R8 and the 4�4 range blok R4,respetively. As for the bit rate alulation, it will be given in the following subsetions.10



For all the shemes used in our simulation, we set the threshold values Eth for the variane of 8�8and 4�4 range bloks to be 25. The size of the domain pool is represented by the number of domainbloks in it. There are four sizes used in our domain pool design: ND=16, 64, 256, and 1024. Onthe other hand, the sampling periods T 0 and T , for the blok-averaging method and the onventionaldomain pool design, are determined aording to Eqns. (2) and (10).5.1 Single Blok SizeFirst of all, the range blok with a single size (8�8 or 4�4) is onsidered. The length of the attahedheader Ih to the fratal ode for eah range blok is only one bit (i.e., Ih=1) beause it only denoteswhether or not the range blok is oded by the mean. Therefore, the bit rate an be alulated byB1 = (N� +Naf )(Ih + I�) +Naf (I� + I� + IPD)5122 bit=pixel; (12)for a single blok size, where I�; I�; I�, and IPD denote the required bits for the blok mean, ontrastsaling, isometry, and the position of the domain pool, respetively. In addition, N� and Naf denotethe numbers of the bloks oded by the mean and aÆne transform, respetively.For an image partitioned by 8�8 range bloks, we measure every blok mean and obtain a 64�64mean image. Fig. 5(a) shows that the mean image is very similar to its original Lena image exeptits size. We therefore onstrut the domain pools of di�erent sizes using the LBG-based and blok-averaging methods. There are 57�57 possible image bloks used as the training vetors in the theLBG-based method. We demonstrate an example of the onstruted domain pools that onsist ofND=256 8�8 domain bloks in Fig. 6(a) and (b) for the LBG-based and blok-averaging methods,respetively. As shown in Fig. 6(a), all the trained domain bloks are di�erent with eah other andhene the redundanies between them are redued. On the other hand, the generated domain bloks inFig. 6(b) show a high orrelation with the original Lena image.We determine the oding performane with the ontrative aÆne transformation under the di�erentsizes for the domain pool. Fig. 7(a) shows the simulation results for the Lena image. The numbersshown in the �gure represent the di�erent sizes of the domain pool. The bit rates of all the shemeswhile using the same size of the domain pool are the same. A smaller size for the domain pool leads toa lower bit rate and vie versa. The LBG-based method has an exellent performane by using smaller11



domain pools, while the blok-averaging method has the best performane when the size of domain poolis 1024.For the image partitioned by 4�4 range bloks, the 128�128 mean image for Lena is obtainedand shown in Fig. 5(b). We also onstrut the domain pools of di�erent sizes using the LBG-basedand blok-averaging methods. The simulation results based on the same sizes for the domain pool areshown in Fig. 7(b). Two proposed design methods provide better performanes than the onventionalfratal oding sheme when the size of the domain pool is above 64. As the size of the domain poolinreases, the improvement of the performane beomes more obvious. The PSNR of the deoded imagepartitioned by the 4�4 blok size is muh higher than that partitioned by the 8�8 blok size sine asmaller blok size leads to a smaller mathing error for the aÆne transformation. However, the bit rateinreases signi�antly beause the number of the 4�4 range bloks is four times the number of the 8�8range bloks.5.2 Two-Level Blok SizesFrom the results shown in Fig. 7(a) and (b), the hosen blok size greatly a�ets the bit rate and thePSNR of the oded image. In order to ompromise the bit rate and PSNR for the oded image, it isdesired to partition an image into the range bloks with two-level (parent 8�8 and hild 4�4) sizes.An image is �rst partitioned into parent range bloks and the oding proedures are the same as thatin Subsetion 5.1. If the parent range blok is oded by the ontrative aÆne transformation and thedistortion between the original and oded range bloks, MSE(R8,R̂8), is greater than the thresholdvalue Eth=25, the parent range blok is split into four hild range bloks. The oding proedures forthe hild range blok are the same as that desribed in Subsetion 5.1.Now, the bit rate is a�eted by the number of the partitioned parent and hild range bloks. Themore the parent range bloks in the oded image, the lower the �nal bit rate. If we hoose a larger size forthe domain pool in the parent level, more parent range bloks an satisfy the riterion MSE(R8,R̂8)�25.We thus hoose a large domain pool size (ND=1024) for the parent range blok suh that the numberof the oded parent range blok an be inreased. At the same time, the number of hild range bloksis dereased to obtain a lower bit rate. Finally, the size of the hild domain pool is varied to examinethe PSNR performane of the proposed iteration-free sheme under di�erent bit rates.12



To identify the di�erent partitions for the parent range blok, we attah a variable-length header tothe fratal ode. Table 1 shows the header and the bit alloation for the parent range blok R8. Weassign `0' as the header of the mean-oded parent range blok. For the parent range blok oded by theaÆne transformation, `10' is the header. The header `11' represents that a parent range blok is splitinto four hild bloks. Then, the subheaders `0' and `1' represent the hild range blok oded by themean and the aÆne transformation, respetively. Therefore, the header has various lengths (one, two,and six bits) for di�erent parent range bloks. The bit rate an be alulated byB2 = N8� + 2N8at + 6N84 + (N8 +N4)I� + (N8at +N4at)(I� + I� + IPD)5122 bit=pixel; (13)where N8� ; N8at ; N84, and N4at denote the number of the parent range bloks oded by the mean, odedby aÆne transformation, partitioned into four hild range bloks, and the hild range bloks oded bythe aÆne transformation, respetively.Fig. 8(a) shows the simulation results of the Lena image based on the proposed iteration-free andonventional fratal oding shemes. Using two-level blok sizes, the resultant bit rate and PSNRperformane of the proposed methods are within a moderate range. The LBG-based and the proposedblok-averaging methods signi�antly improve the PSNR under the same bit rate (exept for the asethat the domain pool size ND=16 in the LBG-based method). In order to verify that the proposedmethods also perform well for other images, the simulation results for three other images: Jetplane,Building, and Harbour (shown in Fig. 4(b)�(d)) are also given in Fig. 8(b)�(d). Apparently, theperformane of these images are greatly improved by using the domain pools that are designed basedon the LBG-based and the proposed blok-averaging methods. For example, the PSNR improvementof using the blok-averaging method to design the domain pool for the Jetplane image is more than1 dB (in average) ompared with both the onventional subsampling and neighboring methods at thesame bit rate. Based on these simulation results, we verify that the proposed methods design eÆientdomain pools and thus ahieve a good oding performane.Here we also list the omputation time on a SUN Ultra{1 workstation for the proposed iteration-free sheme, whose domain pool is design based on the blok-averaging method, and two onventionalfratal oding shemes. The threshold value th for the onvergene riterion in the onventional frataloding sheme is set by 0.005. Table 2 shows their CPU time (in seonds, the deoding program is13



not optimized) for deoding the Lena image. The proposed iteration-free sheme saves about 87% thedeoding time required in the onventional fratal oding sheme. With the proposed domain pooldesign for the iteration-free fratal oding sheme, we not only greatly speed up the deoding proedurebut also improve the deoded image quality.5.3 ComparisonAs shown in Figs. 7 and 8, the performanes of the proposed iteration-free fratal oding shemewhose domain pool design is based on the LBG-based and blok-averaging methods are better thanonventional fratal oding shemes that require iterations. The proposed iteration-free sheme performsoding only in the spatial domain, i.e., it does not ombine other oding tehniques suh as the transformoding and the subband oding. Therefore, here we ompare the bit rate and PSNR of the deodedLena image between the proposed iteration-free sheme and the existing fratal oding shemes thatalso perform oding in the spatial domain only.Fig. 9 shows the omparison between the proposed iteration-free sheme and other ompetitivefratal oding shemes. Obviously, not only our iteration-free sheme speeds up the deoding proessbut also the proposed domain pool design based on the LBG-based and blok-averaging methods ahievessuperior performanes on the bit rate and PSNR for the deoded image. We also make a omparisonwith the JPEG standard2 in Figure 10. The simulation results are obtained by varying the thresholdvalue Eth and the Q-fator in the proposed and JPEG shemes, respetively. For the bit rate higher than0.33 bit/pixel, the performane of the proposed method is lose to that in JPEG standard. However,when the bit rate is smaller than 0.33 bit/pixel, the proposed method shows a signi�ant improvementompared with the JPEG standard. Obviously, the proposed method is more suitable than JPEGstandard in the appliations of the very low bit rate oding.6 ConlusionIn this paper, we employ the LBG-based and propose the blok-averaging methods to design eÆientdomain pools for the iteration-free fratal image ode. The redundanies between the generated domainbloks are redued and thus the onstruted domain pool is more eÆient than those in onventional2We use the \jpeg" and \djepg" �les in the software pakage HIPS to exeute the ompression and deompression ofthe test image. 14



fratal shemes. Simulation results show that we make a signi�ant improvement on both the de-oding speed and the oding performane. The main drawbak of the LBG-based method is that italso needs iterations in the training proess. However, this limitation dose not appear in the blok-averaging method. Compared with the existing fratal oding shemes, the proposed iteration-freesheme, utilizing the LBG-based or blok-averaging methods for the domain pool design, ahieves asuperior performane. Therefore, based on the proposed domain pool design, the iteration-free fratalsheme shows its harateristis of high deoding speed and exellent image quality for fratal imageompression. For the ases of very low bit rate oding, the performane for the proposed sheme is alsobetter than that for JPEG standard.AknowledgmentThis researh was partially supported by National Siene Counil, Taiwan, under ontrat NSC 88-2612-E-324-001.Referenes[1℄ A.E. Jaquin, \Image oding based on a fratal theory of iterated ontrative image transforma-tions," IEEE Trans. on Image Proessing, vol. 1, no. 1, pp. 18{30, January 1992.[2℄ A.E. Jaquin, \Fratal image oding: a review," Proeedings of the IEEE, vol. 81, pp. 1451{1465,Otober 1993.[3℄ J.M. Beaumont, \Advanes in blok based fratal oding of still images," IEE Colloquium on`Appliation of Fratal Tehniques in Image Proessing', pp. 3/1{3/5, London, UK 1990[4℄ Y. Fisher, Fratal image ompression: Theory and appliations, Springer-Verlag, New York, 1995[5℄ H.T. Chang and C.J. Kuo, \An improved sheme for fratal image oding," IEEE 1995 Interna-tional Symposium on Ciruits and Systems, vol. 3, pp. 1624{1627. Seattle, May 1995[6℄ H.T. Chang and C.J. Kuo, \Finite-state fratal blok oding of images," IEEE 1996 InternationalConferene on Image Proessing, vol. 1, pp. 133{136, Switzerland, September 1996
15



[7℄ G. Oien, A. Sollid and T. Ramstad, \An inner produt spae approah to image oding by on-trative transformations," IEEE 1991 International Conferene on Aoustis, Speeh, and SignalProessings, vol. 4 pp. 2773{2776, Toronto, Apr. 1991[8℄ T. Bedford, F. Dekking, M. Breeuwer, M. Kenae, and D. Shooneveld, \Fratal oding ofmonohrome images," Signal Proessing: Image Communiation, vol. 6, pp. 405{419, 1994[9℄ H. Zhang, X. Gao, and Z. He, \A modi�ed fratal transform," IEEE 1995 International Confereneon Aoustis, Speeh, and Signal Proessings, vol. 4, pp. 2567{2570, Detroit, May 1995[10℄ D. Saupe, \A new view of fratal image ompression as onvolutional transform oding," IEEESignal Proessing Letters, vol. 3, no. 7, pp. 193{195, July 1996[11℄ S. Lepsoy, G. Oien and T. Ramstad, \Attrator image ompression with a fast non-iterative deod-ing algorithm", IEEE 1993 International Conferene on Aoustis, Speeh, and Signal Proessings,Minneapolis, vol. 5, pp. 337{340, Apr. 1993[12℄ H. Kang and S. Kim, \Fratal deoding algorithm for fast onvergene," Optial Engineering, vol.35, no. 11, pp. 3191{3198, Nov. 1996[13℄ R. Hamzaoui, \Deoding algorithm for fratal image ompression," Eletronis Letters, vol. 32, no.14, pp. 1273{1274, July 1996[14℄ C. Kim, R. Kim and S. Lee, \Novel fratal image ompression method with non-iterative deoder,"IEEE 1995 International Conferene on Image Proessing, vol. 3, pp. 268{271, Washington, D.C.,Ot. 1995[15℄ H.T. Chang and C.J. Kuo, \A universal iteration-free fratal image ode," 1997 InternationalConferene on Consumer Eletronis, Chiago, June 1997[16℄ A. Gersho and R.M. Gray, Vetor quantization and signal ompression, Kluwer Aademi Publish-ers, Taiwan, 1992.[17℄ F. Joob, Y. Fisher, and R. Boss, \Image ompression: a study of the iterated transform method,"Signal Proessing, vol. 29, no. 3, pp. 251{263, De. 199216



[18℄ Y. Linde, A. Buzo, and R. Gray, \An algorithm for vetor quantization design," IEEE Trans. onCommuniations, vol. 28, no. 1, pp. 84{95, Jan. 1980[19℄ Y. Fisher, D. Rogovin and T. Shen, \Fratal (self-VQ) enoding of video sequenes," Proeedingsof SPIE, vol. 2308, pp. 1359{1370, 1994 Chiago, Sep. 1994[20℄ G. Lu and T. Yew, \Image ompression using partitioned iterated funtion system," Proeedingsof SPIE, vol. 2186, pp. 122{132, 1994[21℄ H. Kuroda, D. Popesu, and H. Yan, \Fast blok mathing method for image data ompressionbased on fratal methods," Proeedings of SPIE, vol. 2501, pp. 1257{1266, 1995[22℄ D. Saupe, \The futility of square isometries in fratal image ompression," IEEE InternationalConferene on Image Proessing, vol. 1, pp. 161{164, Switzerland, Sep. 1996[23℄ I. Kim and R. Park, \Still image oding based on vetor quantization and fratal approximation,"IEEE Trans. on Image Proessing, vol. 5, no. 4, pp. 587{597, Apr. 1996[24℄ D. Popesu, A. Dima, and H. Yan, \A nonlinear model for fratal image oding," IEEE Trans.on Image Proessing, vol. 6, no. 3, pp. 373{382, Mar. 1997[25℄ L. Thomas and F. Deravi, \Pruning of the transform spae in blok-based fratal image ompres-sion," IEEE 1993 International Conferene on Aoustis, Speeh, and Signal Proessings, vol. 5,pp. 341{344, Minneapolis, Apr. 1993[26℄ G. Lu and T.L. Yew, \Image ompression using quadtree partitioned iterated funtion systems,"Eletroni Letters, vol. 30, no. 1, pp. 23{24, Jan. 1994[27℄ E. Reusens, \Overlapped adaptive partitioning for image oding based on the theory of iteratedfuntions systems," IEEE 1994 International Conferene on Aoustis, Speeh, and Signal Proess-ings, vol. 5, pp. 569{572, Adelaide, Australia, 1994[28℄ L. Thomas and F. Deravi, \Region-based fratal image ompression using heuristi searh," IEEETrans. on Image Proessing, vol. 4, no. 6, pp. 832{838, June 199517



[29℄ F. Davoine, M Antonini, J. Chassery, and M. Barlaud, \Fratal image ompression based onDelaunay triangulation and vetor quantization," IEEE Trans. on Image Proessing, vol. 5, no. 2,pp. 338{346, Feb. 1996[30℄ M. Tanimoto, H. Ohyama, T. Kimoto, S. Katsuyama and T. Fujii, \A new fratal image od-ing sheme employing bloks of variable shapes," IEEE 1996 International Conferene on ImageProessing, vol. 1, pp. 137{140, Switzerland, Sep. 1996[31℄ C. Wein and I. Blake, \On the performane of fratal ompression with lustering," IEEE Trans.on Image Proessing, vol. 5, no. 3, pp. 522{526, Mar. 1996[32℄ H. Lin and A. Venetsanopoulos, \Fast pyramid searh for pereptually based fratal image ompres-sion," IEEE 1996 International Conferene on Image Proessing, vol. 1, pp. 173{176, Switzerland,Sep. 1996[33℄ B. Bani-Eqbal, \Enhaning the speed of fratal image ompression," Optial Engineering, vol. 34,no. 6, pp. 1705{1710, June 1996[34℄ R. Rinaldo and G. Calvagno, \Image oding by blok predition of multiresolution subimages,"IEEE Trans. on Image Proessing, vol. 4, no. 7, pp. 909{920, July 1996[35℄ B. Simon, \Image oding using overlapping fratal transform in the wavelet domain," IEEE 1996International Conferene on Image Proessing, vol. 1, pp. 177{180, Switzerland, Sep. 1996[36℄ Y. Tang andW.Wee, \Fratal-based image ompression - a fast algorithm using wavelet transform,"Proeedings of SPIE, vol. 2308, pp. 1674{1682, 1994[37℄ K. Barthel, J. Shuttemeyer, T. Voye and P. Noll, \A new image oding tehnique unifying frataland transform oding," IEEE 1994 International Conferene on Image Proessing, vol. 3, pp. 112{116, Austin, Nov. 1994
18



Table and Figure Captions:
Table 1 Header and bit alloation for both 8�8 and 4�4 range bloks.Table 2 Deoding time (in seonds) for deoding the Lena image.Figure 1 The ow hart of the enoder for the proposed iteration-free sheme.Figure 2 The ow hart of the deoder for the proposed iteration-free sheme.Figure 3 (a) Some sets of the image bloks used to generate the domain bloks in the blok-averagingmethod, (b) The relative position for four neighboring and partly overlapped image bloksD1 � D4.Figure 4 The original images (512�512, 8 bit/pixel) used in the proposed iteration-free fratal odingsheme: (a) Lena, (b) Jetplane, () Building, and (d) Harbour.Figure 5 Two mean images of size (a) 64�64 and (b) 128�128 for the Lena image.Figure 6 The onstruted domain pools (onsist of 256 domain bloks) from the mean image shownin Fig. 5(a) by using (a) the LBG-based method (b) the blok-averaging method.Figure 7 Coding results of the proposed iteration-free sheme using the single-size design for therange blok: (a) 8�8, (b) 4�4.Figure 8 Coding results of the proposed iteration-free sheme using two-level sizes for the range blok.(a) Lena, (b) Jetplane, () Building, (d) Harbour.Figure 9 Performane omparison of the Lena image for the proposed iteration-free sheme and otherfratal oding shemes.Figure 10 Performane omparison of Lena image between the proposed iteration-free sheme andJPEG image standard. 19



BIT ALLOCATIONBLOCK TYPE HEADER I� I�R I� IPDR8 CODED BY MEAN �R `0' 6R8 CODED BY AFFINE TRANSFORM `10' 3 6 3 6R8 SPLIT INTO FOUR R4 `11'R4 CODED BY MEAN �R `0' 6R4 CODED BY AFFINE TRANSFORM `1' 3 6 3 6Table 1. Header and bit alloation for both parent and hild range bloks.
DOMAIN POOL SIZE AVERAGEFRACTAL CODING SCHEME TIME16 64 256 1024CONVENTIONAL (SUBSAMPLING) 13.2 16.7 19.0 15.5 16.1CONVENTIONAL (NEIGHBORING) 13.4 12.2 14.7 20.9 15.3ITERATIONAL-FREE (BLOCK-AVERAGING) 1.9 2.0 1.9 2.0 1.95Table 2. Deoding time (in seonds) for deoding the Lena image.

20



of all range blocks�


Measure mean & variance�


Input image�


Start�


Construct mean�

image as domain�

pool

Non-contractive�


affine transform�


Contrast scalings�


& isometries�


minimize matching error �


Find fractal code�


Attach header�


Next block�


Yes�


Stop�


No�


Yes�

Coded by mean�


Variance <�


threshold?�


Output fractal code�


Last block?�

No�


Figure 1: The ow hart of the enoder for the proposed iteration-free oding sheme.
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Figure 2: The ow hart of the deoder for the proposed iteration-free oding sheme.
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D1: D2: D3: D4:

Sampling period

(a) (b)Figure 3: (a) Some sets of the image bloks used to generate the domain bloks in the blok-averagingmethod; (b) The relative position for four neighboring and partly overlapped image bloks D1 � D4.
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(a) (b)

() (d)Figure 4: The original images (512�512, 8 bit/pixel) used in the proposed iteration-free fratal odingsheme: (a) Lena, (b) Jetplane, () Building, and (d) Harbour.
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(a) (b)Figure 5: Two mean images of size (a) 64�64 and (b) 128�128 for the Lena image.

(a) (b)Figure 6: The onstruted domain pools (onsist of 256 domain bloks) from the mean image shown inFig. 5(a) by using (a) the LBG-based method, (b) the blok-averaging method.
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