
LNS Arithmetic for MPEG Encoding
Using a FastDCT

Jie Ruan
Departmentof ElectricalandComputer

Engineering,Lehigh University
Bethlehem,PA 18015,United States

Email: jir3@eecs.lehigh.edu

Mark G. Arnold
Departmentof ComputerScienceand

Engineering,Lehigh University
Bethlehem,PA 18015,United States

Email: marnold@eecs.lehigh.edu

Abstract— The Logarithmic Number System (LNS) is an
alternative way to represent numbers besides the conven-
tional fixed-point and floating-point arithmetics. This paper
shows that one of the key parts of MPEG encoding, the
DiscreteCosineTransform (DCT), can be performed by LNS
arithmetic. At low precisions,LNS DCTs give a comparable
visual result with shorter word lengths compared to fixed-
pointed DCTs. Possiblehardware approachesare investigated
for the DCT using a fast algorithm. This paper shows the
LNS implementation takes less area than the fixed-point
implementation.

I . LOGARITHMIC NUMBER SYSTEM (LNS)

The Logarithmic Number System(LNS) representsa
numberby the exponentin a certainbaseanda sign bit.

Themultiplicationof two numbersis simply thesumof
the two numbers’exponentparts.

However, the addition of two LNS numbersis not a
linearoperationandneedsa table-lookupprocess.Thesize
of LNS addersincreasesexponentially as the operands’
word lengthsincrease.Thus the LNS arithmeticsystems
usually have advantagesat low precisions,which is a
desirablefeaturefor portabledevices.

I I . BERKELEY MPEG ENCODER AND LNS

TheMPEGencodinghastwo computing-intensiveparts:
the DCT/IDCT and the motion estimationpart. In low-
power scenarios,the DCT part takes a large portion of
computationin MPEG encoding.This paperwill focuson
the DCT part in MPEG-1encodingsystem.The
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Berkeley MPEGencodingtool is anMPEGencodingsoft-
ware to performMPEG encoding.In this paper, Berkeley
MPEG encodingtool is modifiedso that its DCT function
is performedby LNS arithmetic.

A 10-frameYUV format file group was encodedinto
a .mpg file. Fig. 1 lists the encodedvideoswith

�;�=<
for LNS, fixed-pointandthe64-bit floating-pointencoding
frame is also listed as a comparison.LNS has approxi-
matelythesamevisual resultasfixed-pointwhenthesame
precisionis used.At

�>�@?
, both LNS and fixed-point

do not look noticeablydifferent than 64-bit floating-point
encoding.With

�A�B<
, the video is acceptablefor both

LNS andfixed-point.

10-bit LNS (F=4) 16-bit FXP (F=4)

64-bit FP

Fig. 1. EncodedFrameswith DifferentArithmetics

With the sameprecision,LNS needsfewer bits than
fixed-point.For therangeof -2048to 2047,which MPEG-
1 encodingrequires,the integer part of the fixed-point
numberneeds12 bits (

�6C#D �-<'EGF63
), while LNS only needs

6 bits (one sign bit, one sign bit for the exponentand 4
bits (

�GD#H � �6C#I
) for the exponent).Thus, the fixed-point

word is (
, � *J�

) bits wide, while the LNS word is only
(
3K*L�

) bits wide.
To see the numerical result, a 305-frame file group

with more complex backgroundand motion is encoded
with LNS andfixed-pointin differentprecisionsand then



the video’s Signal to Noise Ratio (SNR) is observed.
The encodedMPEG files are decodedinto PPM files
using the double-precisionfloating-pointdecoder. Finally,
eachelementin the decodedPPM files is comparedwith
the correspondingelementof the correspondingreference
frameto calculateSNR.

Precision SNR(LNS) SNR(FX)

R G B Overall R G B Overall

3 68.53 108.85 76.97 81.05 12.61 57.67 12.62 14.62

4 110.11 180.30 116.17 128.50 12.64 58.60 12.64 14.65

5 60.46 164.57 63.25 78.75 19.39 173.02 18.49 28.56

6 184.36 242.86 225.31 216.69 89.39 218.19 101.82 112.83

7 195.01 247.91 244.84 229.41 137.62 246.63 151.14 166.95

FP 193.69 249.82 241.53 228.18

TABLE I

SNR COMPARISON FOR LNS, FX AND FP

Table I lists the SNR for both LNS and fixed-point
DCTs with different precisions.Table I shows both the
overall SNR and SNR for eachcomponent:R, G and B.
For comparison,the last line of Table I lists the encoding
SNR for the “ideal” 64-bit floating-pointDCT.

The table shows that LNS hasbetterSNR resultsthan
fixed-pointnumberwhen the precisionis the same.The
lower theprecision,themoreLNS outperformsfixed-point,
althoughclearly both fixed-point and LNS DCTs suffer
from decreasedquality. In this case,LNS with

�M�N<
is betterthan fixed-pointwith

�O�P3
, which justifies the

decisionto use
�Q�-<

for bothLNS andfixed-pointearlier
in this section.TheSNRfor theG signalhasa betterresult
thanthe othertwo components,R andB. This is probably
becauseG is most closely related to Y (the luminance
signal),which is encodedwith higherresolutionin MPEG
files.At precision

�R�TS
, LNS is quitecloseto thefloating-

point SNR.

I I I . HARDWARE IMPLEMENTATION OF LNS DCT

Much research has addressedfast algorithms for
DCT/IDCT calculations. Among those approacheson
DCT, Chen’s DCT algorithm has the least number of
additions,which is a desirableproperty for LNS. It has
in total 16 multiplications and 26 additions for a one-
dimensional8-point DCT.

The directly inferred hardware has 16 multipliers and
26 adders.It canperforma 1-D DCT in oneclock cycle.
An obvious optimization is to sharesome hardware to
calculatethe first and the secondfour output elements
of a one-dimensionalDCT. In this way, a 1-D DCT can
be performedin two clock cycles, which the hardware
requirementis 14 adders,10 multipliers and 22 MUXes
of word length.

The hardware comparisonof fixed-pointand LNS im-
plementationat

�U�N<
are listed in table II. For LNS

implementation,theword lengthis
��3V*W�X�	�R,�E

bits. For
fixed-pointimplementation,theword lengthis

�#, � *Y�X�Z�,[3
bits.
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Fig. 2. Two-cycle Hardware Implementationof Chen’s DCT algorithm

Mentor Graphics’ synthesistool Leonardo Spectrum is
usedto obtain the areafor both the LNS and fixed-point
hardware approaches.ASIC standardcell library Sample
SCL05U is chosenasthe target library. TableII shows that
theareafor LNS requiresonly about

� 3'\
of thefixed-point

approachfor thedirectly inferredone-cycledesign.For the
two-cycle designshown in Fig. 2, this ratio is

� <]\
. For

LNS, the numberof gatesin the two-cycle designshown
in Fig. 2 is

?^F2\
of the one-cycle design.For fixed-point

design,this ratio is
3G_2\

. The delay for the four designs
is approximatelythe same.Becauseof the delay of the
MUXes, the delay of the two-cycle designsin Fig. 2 is
slightly greaterthanthe delayof the one-cycle designs.

Hardwareapproaches One-cycle design Two-cycle design

Arithmetic LNS fixed-point LNS fixed-point

Numberof Gates `ba�cedbc aef�f H�H ` aeg�hbcei cjcjaed�f
Delay (ns) a�aeg#k ` H a�fjf#k gj` aef�d#k h�` aef�i#k d�i

TABLE II

AREA AND DELAY FOR LNS AND FIXED-POINT IMPLEMENTATIONS

IV. CONCLUSION

This papershows that at low precisionthe LNS DCT
hardware has significant area savings and shorter word
lengthcomparedto thefixed-pointalternativewith visually
acceptableresults.With thesecharacteristics,LNS maybe
a goodway for designinga real-timelow power camera.


