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Introduction 
 

Digital picture and video applications are becoming 
a inseparable part of our everyday lives. Still image and 
video devices such as cell phones and cameras rely on 
codecs (coders and decoders) for image coding, 
processing and compression. These codecs must meet the 
ever-growing demands for power dissipation and 
operation speed. Currently the most popular standards of 
compression are JPEG for image, MPEG-1, 2, 4 and 
H263 for video [1]. All of these standards use the discrete 
cosine transform (DCT) and the inverse discrete cosine 
transform (IDCT) as a basis of their operation. DCT and 
the IDCT are some of the most computationally intensive 
blocks, therefore creating performance bottlenecks in 
picture and video data compression algorithms [2]. The 
computational complexity of the DCT in the coder 
surpasses than of any other unit, consuming 21% of the 
total computations [3, 4]. The IDCT also incurs the 
largest computational cost in the decoder. The complexity 
of these systems leads to large power dissipation and a 
fast, lossless yet energy efficient hardware codec is 
required.  Implementing DCT/IDCT, as an ASIC is a 
design solution, which meets the real time processing 
requirements [2].  

Since it's introduction, numerous fast algorithms 
have been proposed to calculate the DCT and IDCT. This 
paper focuses on the fast Loeffler algorithm and it's 
hardware applications.  
 
Discrete cosine transform 
 

The DCT transforms data from the spatial domain to 
the spatial frequency domain. It decorrelates the image 
data, which is typically highly correlated for small areas 
of the image. Heavy correlation provides much redundant 
information, whereas just a few pieces of uncorrelated 
information can represent the same data much more 
efficiently. Through the DCT transform, the energy of an 
image sample is packed into just a few spatial frequency 
coefficients. The DCT typically operates on 8x8 pixel 
blocks of image data. For an NxN block of samples 
x(m,n), the two dimensional (2-D) DCT and IDCT are 
formulated in  
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where 

2
10(  ,g(j) = 1 for j ≠ 0. The straightforward 

implementations of DCT and IDCT require N4 
multiplications for an NxN block, so they are rarely 
implemented in hardware [5].  

Beside that, computation of DCT/IDCT need 
floating-point multiplications, which is slow both in 
hardware and in software implementations. To achieve 
better operating speeds, coefficients can be scaled and 
approximated by integers so that floating-point 
multiplications can be replaced by integer multiplications. 

DCT and IDCT are highly computational intensive, 
which creates prerequisites for performance bottlenecks 
in systems utilizing them. To overcome this problem, a 
number of algorithms have been proposed for more 
efficient computations of these transforms.  

The measure of algorithm effectiveness is the 
number of mathematical operations needed to perform it. 
The number of multiplications is extremely important, 
since it is a relatively complex and power consuming 
operation, to be performed in hardware. The number of 
computations can be reduced from N4 to 2Nlog2N using 
fast DCT algorithms. Many one-dimensional algorithms 
were published over the years for N data points where N 
= 2m, m ≥ 2 [6, 7, 8]. These algorithms are based on the 
sparse factorizations of the DCT matrix and many of 
them are recursive. The theoretical lower bound on the 
number of multiplications required for 1-D 8-point DCT 
has proven to be 11. In this sense, the method proposed 
by Loeffler, with 11 multiplications and 29 additions, is 
the most efficient solution. That’s why it was chosen for 
this implementation. 

Loeffler algorithm is combined out of stages. The 
stages of the algorithm numbered 1 to 4 are parts that 
have to be executed in serial mode due to the data 
dependency. In stage 2, the algorithm splits into two 
parts. One for the even coefficients, the other for the odd 
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ones. The even part is a 4 point DCT, again separated in 
even and odd parts in stage 3. The rounding block in Fig. 
1 signifies a multiplication by a constant.  

 

Fig. 1. 8-point Loeffler DCT algorithm [9] 
 
Each stage must be executed in series and can not be 

evaluates in parallel because of data dependencies. 
However, calculations inside one stage can be 
parallelized. We clarify the building blocks of the 
algorithm in Fig. 2. 

 
I0   O0 O0 = I0 + I1 

 
I1   O1 O1 = I0 - I1 

 
 

I0                   O0 
 

I1                   O1 
 
Fig. 2. The “butterfly” and the rotation block with 

their associated equations [9] 
 
The rotation block can be calculated using 3 

multiplications and 3 additions instead of 4 
multiplications and 2 additions.  

The two dimensional DCT transform equation (1) 
can be expressed as, 
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(3) 
This property, known as separability, has the 

advantage that 2D DCT can be computed in two steps by 
successive 1-D operations on rows and columns. The idea 
of a so-called row-column approach and is graphically 
illustrated in Fig. 3. It is the most popular approach for 
computing the 2D DCT/IDCT. It result in simple regular 
implementations that are less computationally efficient 
than direct 2D implementations. 

Fig. 3. Row-column approach for 2D-DCT/IDCT 
 

Algorithm modelling 
 
As we can see from the graph in Fig. 1, only 7 

constant values need to be stored in the memory for 
Loeffler algorithm to function.   

The algorithm signal-flow graph (Fig. 1) can be 
directly translated into a hardware implementation. 
However, it still uses floating-point multiplication which 
is too complex for hardware. The workaround for this 
problem is constant scaling. All constant can be 
multiplied by a factor of 2, so the floating point is 
eliminated, and the results are divided accordingly. In 
hardware applications, this kind of multiplication and 
division is easily done by shifting bits left or right. The 
choice of fixed-point constants is arbitrary. Using more 
bits gives better accuracy, because a more exact value of 
the constant is retained but with increased risk of 
overflow and surplus hardware register logic for storing 
and processing data.  

To measure the quality of coding, the peak signal-
to-noise ratio (PSNR) was calculated. It is most easily 
defined via the mean squared error (MSE) which for two 
m×n monochrome images I and K, where one of the 
images is considered a noisy approximation of the other, 
is defined as: 
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The PSNR is defined as: 





MSE

MAX=PSNR I
2

1010log
              (6) 

Here, MAXI is the maximum possible pixel value of 
the image. When the pixels are represented using 8 bits 
per sample, this is 255 [10]. Typical values for the PSNR 
in lossy image and video compression are between 30 and 
50 dB. 

Mathematical modelling showed that the best choice 
for quality vs. size is a constant length of 10 bits. The 
codec using 10 bit constants is lossy because of fixed-
point arithmetic. We show the different images used to 
test the algorithm Fig. 4. 

 
Lena.bmp              Cell.bmp                 Fruit.bmp 

Fig. 4. Testing images 
 
 The PSNR measured for each of them are shown in 

Table 1. 
 

Table 1. Mathematical modelling results 
Picture PSNR 

Lena.bmp 33.6577 

Cell.bmp 33.2790 

Fruit.bmp 33.7290 
 
Using a constant length of less than 10 bits leads to 

a lossy algorithm, which adds gross errors in the 
encoding of the image, which, when decoded, show up as 
visible relics in the picture. Although reducing constant 
bit size has a downside of reducing image quality, it also 

kxCn 
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greatly reduces the area and power consumption of the 
finished schematic, there for it might still be used in 
applications, where image quality is a secondary 
requirement, and power dissipation is a key, like portable 
video systems or cellular phones. 

 
Hardware implementation 

 
Hardware model of 2D-DCT is implemented using 

VHDL language. The system is divided into the 
following blocks:  computation unit;  data buffer;  counter;  general control unit. 

These blocks are shown in Fig. 5.  
 

 
Fig. 5. Top level schematic 

 
The computation unit performs one dimensional 

DCT or IDCT operation. This block has a generic 
interface, suitable for both DCT and IDCT algorithms. 
Interface has 8 data input buses and 8 output data buses. 
Beside data buses, the block uses start and done signals, 
for control and data flow simplification. This design 
allows reuse of all the system components for other DCT 
and IDCT computation algorithms.  

For encoding, the system computes a DCT for a 
one-dimensional 8-point input sequence using Loeffler 
algorithm. This algorithm is directly translated from Fig. 
1 and adapted to use fixed-point arithmetic with 10 bits 
constant length.  

For decoding data DCT block is replaced with 
IDCT. Inverse transform may be computed by executing 
the stages backwards. A codec using any other 8-point 
1D-DCT/IDCT computation algorithm can be 
implemented via reusing the components of this system. 

Data buffer is the most complex block of the 
system. It has 4 functions:  

1. Input and storing an 8x8 matrix,  
2. Output lines of matrix to DCT processor and 

replace data lines with the result; 
3. Output columns of the matrix to the DCT 

processor and replace data line with the result; 
4. Output of the data matrix. 

When 1D-DCT processor computes a result of any 
given 8-point input sequence the input data is no longer 
needed and can be overwritten with the computation 

result. This reduces memory size, resulting in smaller 
area and power consumption, however this method 
increases interconnect network. 

General control unit is implemented as a finite state 
machine. It is used to control data flow between 
components.  

 
Implementation results 

 
We simulated VHDL register transfer level (RTL) 

code using Cadence simulation and modelling tools. 
Synthesis was performed using Synopsys tools. Since file 
formats for binary files, read by VHDL are not 
standardized, we used a pre/post-processor to convert 
binary images files to text format and vice versa. 

Images used for testing where the same as in 
mathematical modelling. Results of synthesized gate level 
circuit simulation are shown in Table 2 

 
Table 2. Gate level simulation results 

Picture PSNR 

Lena.bmp 31.5951 

Cell.bmp 30.8324 

Fruit.bmp 31.8590 
 
We show differences in PSNR for mathematical 

modelling and gate level circuit modelling of each image 
in Fig. 6. 

 
Fig. 6. Difference in PSNR 

 
Implementation is also proven to work on FPGA 

matrices. A Xilinx Spartan-3AN was used to synthesize 
and test the RTL code. Utilization summary for the 
device is shown in Table 3. 

 
Table 3. FPGA device utilization 
Logic Utilization Used Available Utilization 

Slice Flip Flops 426 22,528 1% 
4 input LUTs 2,280 22,528 10% 
Occupied Slices 1,309 11,264 11% 
Bonded IOBs 274 375 73% 
MULT18X18SIOs 22 32 68% 
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Conclusions 
 
In this paper, we reported a hardware 

implementation scheme and results of a Loeffler 
algorithm based 2-D discrete cosine transform codec. 
This codec performs a full 2-D DCT encoding and 2-D 
IDCT decoding. It is fully functional, capable of being 
used in any hardware coding algorithm. The Loeffler 
algorithm is one of the newest and most effective fast 
DCT algorithms for hardware implementation. 2-D 
DCT/IDCT was computed by applying 1-D operations on 
matrix using a row/column approach. Mathematical and 
gate-level modelling of the algorithm has shown that 
fixed-point arithmetic and constant approximations add 
errors to the results of the algorithm.  

For a hardware implementation, additional data 
buffers and control logic is used to perform 2-D 
transforms. Since hardware implementation is less 
accurate than mathematic modelling, more errors occur in 
the computational results. However, differences are small 
and cannot be directly observed. This codec should 
provide enough quality for low resolution image 
compression or processing algorithms at high speed.  
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Santrauka (abstract). Straipsnyje aprašoma aparatinプ dvimatプs kosinusinプs transformacijos (DCT) 
realizacija. Šis skaičiavimo metodas atlieka piln> 2-D DCT kodavim> ir dekodavim> (2-D IDCT). 
┉renginyje naudojamas Bindct algoritmas yra vienas efektyviausi┧ ir naujausi┧ greit┧j┧ DCT algoritm┧, 
apskaičiuojantis transformacij> be daugybos veiksm┧ naudojimo. 

Raktiniai žodžiai: DCT, IDCT, BinDCT, transformacijos, aparatinプ 

1 ┉žanga 
Skaitmeninis vaizdo ir garso apdorojimas tampa neatskiriama kasdienybプs dalimi. Šiuos kodavimus vis 

dažniau atlieka mobil┣s ┊renginiai, tokie kaip fotoaparatai, kameros, mobilieji telefonai. Tokiuose ┊renginiuose 
kodavimui, apdorojimui ir suspaudimui naudojami kodekai (kodavimo – dekodavimo algoritmai). Šie kodekai 
turi atitikti vis didプjančius greitaveikos ir galios suvartojimo reikalavimus. Šiuo metu populiariausi vaizdo 
suspaudimo standartai yra JPEG - paveikslプliams, bei MPEG-1,2,4 bei H263 – video informacijai. Visi šie 
standartai remiasi diskreči>ja kosinusine transformacija (Discrete Cosine Transform- DCT) bei atvirkštine DCT 
(IDCT). DCT bei IDCT yra sudプtingiausi ir daugiausiai skaičiavim┧ atliekantys blokai algoritme, todプl nuo j┧ 
greitaveikos priklauso viso kodavimo greitis [1]. Matematiškai DCT ir IDCT yra patys sudプtingiausi algoritmo 
blokas, sunaudojantis apie 21% vis┧ matematini┧ skaičiavim┧. Didelis ši┧ sistem┧ sudプtingumas lemia didel┊ 
galios suvartojim>, todプl siekiama sukurti greit>, kuo mažiau koduojamos informacijos prarandant┊ tačiau taup┧ 
galiai kodek>. Šios problemos sprendimas – vienlustプ sistema, atitinkanti galios bei greičio reikalavimus.  

2 Diskrečioji kosinusinプ transformacija  
DCT yra daugumos vaizdinプs informacijos spaudimo algoritm┧ pagrindas. Kadangi tai visiškai 

gr┊žtama transformacija, j> galima naudoti ir prarandančioms ir neprarandančioms kokybプs spaudimo 
technologijoms. DCT yra ypatingas Furje transformacijos atvejis, kur sinusinプ dedamoji yra pašalinama. 
Vaizdinプs informacijos kodavime naudojama dvimatプ (2-D) diskrečioji kosinusinプ transformacija, kurioje 
dydži┧ ┊vertinimas vyksta du kartus [1]. 2-D DCT ┊プjimas yra NxN vaizdo tašk┧ matrica. Po transformacijos 
gaunama NxN dažni┧ erdvプs komponenči┧ matrica. DvimatC tiesioginC ir atvirkštinC diskreči> kosinusinC 
transformacij> galima aprašyti šiomis formulプmis: 
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DCT algoritmo efektyvumo matas yra daugybos operacij┧ skaičius. Tiesioginプ DCT realizacija naudoja 
N4 daugybos operacij┧ NxN ┊vedimo blokui, todプl yra retai naudojama. Dauguma realizacij┧ naudoja greituosius 
algoritmus, kurie sumažina daugybos operacij┧ skaiči┧ iki 2Nlog2N [2]. Šie algoritmai pagreitina DCT, 
sumažindami atliekam┧ skaičiavim┧ kiek┊. 

Šiuo metu sugalvota daug greit┧j┧ vienmatプs (1-D) transformacijos algoritm┧ kurie koduoja N ilgio 
skaiči┧ sek>, kur N = 2m, m ≥ 2. Matematiškai ┊rodyta, kad mažiausias ┊manomas daugybos operacij┧ keikis 
reikalingas 8 skaiči┧ sekai transformuoti yra 11 [2]. Tok┊ skaiči┧ daugybos operacij┧ naudoja C. Loeffler 
pasi┣lytas algoritmas, laikomas pačiu efektyviausiu.  

DvimatC transformacij> galima atlikti du kartus pritaikant vienmatC DCT/IDCT transformacij>. Pirm> 
karta transformacija taikoma ┊プjimo bloko eilutプms, antra kart> – stulpeliams. Toks skaičiavimo metodas 
vadinamas eiluči┧/stulpeli┧ metodu ir pasižymi lengvai valdomu duomen┧ srautu bei paprasta strukt┣ra, todプl 
dažnai taikomas aparatinプse realizacijose [1].  



3 BinDCT algoritmas 
Visi DCT/IDCT skaičiavimo algoritmai naudoja slankaus kablelio aritmetik>. Aparatinプ tokios 

aritmetikos realizacija užima didel┊ lusto plot>, suvartoja daug galios ir yra lプtesnプ palyginus su sveik┧j┧ skaiči┧ 
aritmetika. Dプl ši┧ priežasči┧ projektuojant aparatinius skaičiavimo ┊renginius stengiamasi išvengti slankaus 
kablelio operacij┧. BinDCT yra vienas naujausi┧ greitosios DCT ir IDCT skaičiavimo algoritm┧. Šio algoritmo 
pranašumas – galimybプ apskaičiuoti DCT nenaudojant daugybos veiksm┧ [3]. Šis algoritmas plokštumos 
pasukim> pakeičia keletu dvinari┧ reikšmi┧, kurios vadinamos pakプlimo žingsniais. Pakプlimo žingsniai turi tok┊ 

format> 
a
2b , kur a yra sveikasis skaičius, o b – nat┣ralusis. Tok┊ pakプlimo žingsn┊ nesunku realizuoti 

aparatinプmis priemonプmis naudojant vien poslinkio ir sudプties operacijas. Algoritmo autoriai si┣lo tris galimas 
pakプlimo žingsni┧ kombinacijas kurios skiriasi savo tikslumu [4]. 

Pritaikius šitok┊ „daugybos“ b┣d> Loeffler algoritmui ir pasirinkus tinkamas pakプlimo žingsni┧ 
kombinacij>, gaunamas greitasis dvimatプs diskrečiosios transformacijos algoritmas, naudojantis tik sveik┧j┧ 
skaiči┧ sudプties ir post┣mio operacijas. Šio algoritmo signal┧ perdavimo grafas pavaizduotas 1 pav. , galimos 
konstant┧ variacijos parodytos 1 letelプje. 

Lentelプ Nr. 1. Algoritmo konfig┣racijos [4] 

Konstantos A B C 
p1 3/8 3/8 3/8 
u1 3/8 3/8 3/8 
p2 7/8 1/2 7/8 
u2 1/2 1/8 1/2 
p3 3/16 1/8 1/8 
u3 3/16 0 0 
p4 7/16 0 0 
u4 11/16 3/8 3/8 
p5 3/8 5/8 5/8 

Kaip matyti iš 1 pav, algoritmui nereikalingas kosinuso reikšmi┧ skaičiavimas, reikšmi┧ lentelプs ar 
konstantos. Šis grafas yra dvikryptis. Tai reiškia, jog atliekant veiksmus iš kairプs ┊ dešinC vektorius [x] 
transformuojamas ┊ kosinuso koeficientus [X] (tiesioginプ diskrečioji kosinusinプ transformacija), atliekant 
veiksmus iš dešinプs ┊ kairC, kosinuso koeficientai [X] transformuojami ┊ pradin┊ vektori┧ [x] (atvirkštinプ 
diskrečioji kosinusinプ transformacija) [2]. Tok┊ signal┧ perdavimo graf> patogu realizuoti programinプmis ar 
aparatinプmis priemonプmis. 

 

1 pav. binDCT algoritmo signal┧ perdavimo grafas [3] 



4 Aparatinプ realizacija 
DvimatC DCT ir IDCT galima apskaičiuoti atskirai taikant vienmat┊ algoritm> 8x8 matricos eilutプms ir 

stulpeliams. Tokiam 2-D DCT skaičiavimui reikia realizuoti ne tik pat┊ skaičiavimo algoritm>, bet ir papildom> 
valdymo ┊rang> [5]. 

Dvimatプs DCT/IDCT skaičiavimo procesori┧ sudaro 4 blokai: Valdymo automatas, skaitliukas, 
duomen┧ buferis ir skaičiavimo ┊renginys. Skaičiavimo ┊renginys atlieka vienmatC transformacij> 8 skaiči┧ 
eilutei. Šis ┊renginys turi bendrinC s>saj>, kuri tinkama tiek DCT tiek IDCT skaičiavimo algoritmams. Tai 
reiškia, jog abiem atvejais kitus procesoriaus blokus galima panaudoti be pakeitim┧. 

Valdymo automato perプjimai priklauso nuo esamos b┣senos ir ┊プjimo signal┧. Toks b┣sen┧ automatas 
vadinamas Mili automatu. Kiekvienoje b┣senoje išduodami tuo metu reikalingi valdymo signalai. Darb> 
automatas pradeda pradinプje b┣senoje ir eina per b┣senas pagal perプjim┧ s>lygas. Skaitliukas skaičiuoja nuo 0 
iki 9, ir išduoda signalus, nuo kuri┧ priklauso valdančiojo automato perプjimai. 

Duomen┧ buferis saugo vien> 8x8 duomen┧ matric>. Atlikus transformacij>, rezultatai yra ┊rašomi ┊ 
duomen┧ viet>, tokiu b┣du sumažinat logini┧ ventili┧ skaiči┧ procesoriuje. Valdymo automatas ir skaitliukas 
valdo duomen┧ srautus tarp duomen┧ buferio ir skaičiavimo ┊renginio, bei procesoriaus išorプs. Procesoriaus 
aparatinis aprašas realizuotas VHDL projektavimo kalba. M┣s┧ realizuoto procesoriaus blokinプ diagrama 
pavaizduota 2 pav. 

 

2 pav. Skaičiavimo procesoriaus blokinプ diagrama 

5 Modeliavimo rezultatai 
Skaičiuojant kodavimo kokybC, naudojamas maksimalus signalo ir triukšmo santykis (Peak Signal to 

Noise Ratio – PSNR). Jis lengviausiai aprašomas vidutiniu kvadratiniu nuokrypiu (Mean Square Error – MSE), 
kuris dviems vienspalviams vaizdams I ir K, kur vienas vaizdas yra kito aproksimacija su triukšmu, aprašomas 7 
bei 8 formulプmis: 
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kur MAXI yra maksimali galima vaizdo taško reikšmプ. Jei vaizdo taškai koduojami 8 bitais, ši reikšmプ yra 
255. Dažniausiai suspaustiems vaizdams PSNR reikšmプs yra apie 30 – 50 decibel┧ (dB). Didesnis PSNR 
santykis reiškia geresnC kokybC.  

Atlikus matematin┊ modeliavim> su visomis trimis algoritm┧ versijomis, apskaičiuotas kiekvieno ┊nešamas 
PSNR. Rezultatai, kartu su algoritm┧ matematini┧ operacij┧ skaičiaus palyginimu, pateiktas 2 lentelプje. 
Aparatinei realizacijai pasirinktas C algoritmo variantas. Šis turi mažiausi> matematini┧ operacij┧ skaiči┧, ir 
duoda panašius kodavimo rezultatus kaip kiti variantai.  

 
 
 
 



Lentelプ Nr. 2. Modeliavimo rezultatai 

Versija Sudプtys Post┣miai PSNR 
A 36 19 49.93 
B 31 14 49.47 
C 30 13 49.45 

Aparatinio modelio testavimui pasirinkti trys 512x512 tašk┧ dydžio monochromatiniai paveikslプliai. 
Kiekvienas paveikslプlis buvo užkoduotas ir atkoduotas naudojant VHDL kalba aprašyt> procesoriaus model┊. 
Kiekvienu atveju paskaičiuojamas maksimalus signalo ir triukšmo santykis, lyginant su originaliu paveikslプliu. 
Skaičiavimo rezultatai patiekti 3 lentelプje.  

Lentelプ Nr. 3. Modeliavimo rezultatai 

Paveikslプlis PSNR 
Lena.bmp 49.47 
Cell.bmp 49.63 
Fruit.bmp 49.55 

Nors šis algoritmas netinkamas kokybプs neprarandančiam kodavimui, kokybe jis nenusileidžia kitiems 
greitiesiems DCT algoritmams, naudojamiems daugumoje šiandienini┧ ┊rengini┧. Kadangi algoritme 
nenaudojamos konstantos ir daugybos operacijos, šis algoritmas itin taupus galiai ir užima labai mažai lusto 
ploto, taip pat yra itin greitas. Atlikus testavim> Xilinx Spartan 3AN-700 FPGA matricoje gautas 0,158 W galios 
suvartojimas bei maksimalus 67Mhz dažnis, kuris leidžia apdoroti apie 350 512x512 vaizdo tašk┧ turinči┧ 
vaizd┧ per sekundC. Šitoks DCT/IDCT procesorius gali pasiekti greitaveik>, reikaling> HD video informacijos 
apdorojimui. 

6 Išvados 
Straipsnyje aprašプme aparatinC BinDCT algoritmu paremt> dvimatプs kosinusinプs transformacijos 

schem>. BinDCT – vienas naujausi┧ ir greičiausi┧ sparči┧j┧ DCT algoritm┧, taip pat reikalaujantis mažiausiai 
matematini┧ operacij┧. Sukurta schema atlieka dvimat┊ DCT kodavim>, panaudoja vienmatプs DCT algoritm> 
efektyviu eiluči┧/stulpeli┧ metodu. Šis kodekas tinkamas žemos raiškos vaizd┧ kodavimui ir apdorojimui 
dideliais greičiais ir turプt┧ atitikti ateityje prietaisams keliamus galios bei greitaveikos reikalavimus. 
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A BinDCT algorithm-based 2-D DCT and IDCT hardware architecture 

In this article we propose a 2-D DCT and IDCT codec architecture based on the BinDCT algorithm. This 
codec is used to calculate a full 2-D coding and decoding, utilizing a row/column 1-D DCT approach . 
The BinDCT algorithm is one of the newest and most effective fast DCT algorithm, calculating the DCT 
without the use of multiplications or constants. The codec is capable of meeting the speed and power 
requirements for future picture and video processing devices. 
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