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Abstract

Motion estimation algorithms are used in variotideo coding systems. With the advent of VLSI
technology, a large collection of processing eleimeran be assembled to achieve high-speed conguutati
economically, While focusing on the testing of MEa video coding system, this work presents arr eletection
and data recovery (EDDR) design, based on the@uesind-quotient (RQ) code, to embed into ME fateui
coding testing applications. this paper describes\&l testing scheme of motion estimation. The jpast of this
scheme is to offer high reliability for motion estition architecture. The experimental result shtives design
achieve 100% fault coverage. And, the main advastad this scheme are minimal performance deg@uasimall
cost of hardware overhead and the benefit of tHipugat-speed testing.

Keywords: Area overhead, data recovery, error detectiortjianastimation, reliability, residue-and-quoti¢RQ)

code.

Introduction

Multimedia applications are more flexible and
reliable when we used Advances in semiconductors,
digital signal processing, and communication
technologies. A good example is the H.264 video
standard, also known as MPEG-4 Part 10 Advanced
Video Coding, which is widely regarded as the next
generation video compression standard. Video
Compression is necessary in a wide range of ajpiglita
to reduce the total data amount required for trattisim
or storing video data., Motion estimation explotee
temporal redundancy, which is inherent in video
sequences, and it represents a basis for lossyo vide
compression. Other than video compression, motion
estimation can also be used as the basis for polwerf
video analysis and video processing. A ME generally
consists of PEs with a size of 4 x 4. Additionalllze
visual quality and peak signal-to-noise ratio (P$MRa
given bit rate are influenced if an error occurredME
process. As a commercial chip, it is absolutelyessary
for the ME to introduce design for testability (DFT
DFT focuses on increasing the ease of device tgstin
thus guaranteeing high reliability of a system. DFT
methods rely on reconfiguration of a circuit undest
(CUT) to improve testability. Systems have meamtt th
built-in self-test(BIST) schemes have rapidly beeom
necessary in the digital world. BIST for the ME da®t
expensive test equipment, ultimately lowering teststs
. The built-in testing approach not only detecttiabut
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also specify their locations for error correctinghus,
extended schemes of BIST referred to as built-ifr se
diagnosis and built-in self-correction  have been
developed recently. While the extended BIST schemes
generally focus on memory circuit, testing-relatesbies

of video coding have seldom been addressed.

RQ Code Generation

To detect circuit errors Coding approaches such
as parity code, Berger code, and residue code heee
considered for design applications. Residue code is
generally separable arithmetic codes by estimating
residue for data and appending it to data. Forants,
assume that N denotes an integer, and add N
represent data words, and m refers to the modédus.
separate residue code of interest is one in whicls N
coded as a pair (N,N|Notably, |N}, is the residue of N
modulo m  Error detection logic for operations is
typically derived using a separate residue codé suat
detection logic is simply and easily implemented.
However, only a bit error can be detected basethen
residue code. Additionally, an error cannot be veced
effectively by using the residue codes. Therefahés
work presents a quotient code, which is derivedhftbe
residue code, to assist the residue code in deggecti
multiple errors and recovering errors. The mathéaht
model of RQ code is simply described as follows.
Assume that binary data is expressed as
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n—-1
X = ibpg e bihi B} = ) B2 (D)
i=0

The RQ code of X modulo expressed as R= R=|Xm|,
Q=[X/m],respectively. Notably, [i] denotes the dast
integer not exceeding i. In order to simplify the
complexity of circuit design, the implementation tbg
module is generally dependent on the addition djpera
Additionally, based on the concept of residue cdbe,
following definitions shown can be applied to geater
the RQ code for circuit design.

Definition 1:
IN1+N2 m =[Nilm + Naln| m ======-=------ (2)

Definition 2: Let N=ny+ny+------- n,
”Nlmzllnllm"' |r]2|m+ """" + |r]|m|m ------- (3)

The binary data shown in (1) can generallyliveded
into two parts To accelerate the circuit desigRQICG.

n-1
X = Z b; af
i=0
k-1 -1
= B2t |+ Z B2~k | 2k
J=r J=k
= Vy+ ¥ 2* (4

Significantly, the value of k is equalntf] and the
data
formation of Y, and Y;
modulus
m=2-1, then the residue code of X modulo m is given by
R=|¥p
=Yg+ ¥ypm = |2+ Eilm = {2+ Zda ... . (5)

o]

ety

are a decimal system. If the

1

m
R
24y
=L 4+VE4E. . 06B)
Where
(B In(lj,ifz,, +Z,=m

“T0Lif Zo+ 2o =m. Notably, since the value
of Yo + Y, is generally greater than that of modulus m,
the equations in (5) and (6) must be simplifiedifer to
replace the complex module operation with a simple
addition operation by using the parametgdZa andp.

Based on (5) and (6), the correspondingudir

design of the RQCG is easily realized by using the
simple adders (ADDs).Namely, the RQ code can be
generated with a low complexity little hardwaretcos

http: // www.ijesrt.com

ISSN: 2277-9655

Proposed EDDR Architecture Design

Primary i/p CuT primary o/p
CuT -‘
Tcc [P EDC
v select Error free
data(or)
DRC | _—" Data recovery
results

Fig. 1. Conceptual view of the proposed EDDR
architecture.

In the above Fig. Our proposed EDDR scheme,
which comprises two major circuit designs, i.e.oerr
detection circuit (EDC) and data recovery circ@iRC),
to detect errors and recover the corresponding idata
specific CUT. The test codes from TCG and the pryma
output from CUT are delivered to EDC to determine
whether the CUT has errors. DRC is in charge of
recovering data from TCG. Additionally, a selecter
enabled to export error-free data or data-recovesylits.
Importantly, an array-based computing structurehsas
ME, discrete cosine transform (DCT), iterative togi
array (ILA), and finite impulse filter (FIR), is &sible for
the proposed EDDR scheme to detect errors and eecov
the corresponding data.

This work adopts the systolic ME as a CUT to
demonstrate the feasibility of the proposed EDDR
architecture. A ME consists of many PEs incorpataie
a 1-D or 2-D array for video encoding applicatioAsPE
generally consists of two ADDs (i.e. an 8-b ADD amd
12-b ADD) and an accumulator (ACC). Next, the 8-b
ADD (a pixel has 8-b data) is used to estimate the
addition of the current pixel (Cur_pixel) and reflece
pixel (Ref_pixel). Additionally, a 12-b ADD and &CC
are required to accumulate the results from theADD
in order to determine the sum of absolute diffeeenc
(SAD) value for video encoding applications.

Notably, some registers and latches mést @x
ME to complete the data shift and storage.

(C) International Journal of Engineering Sciences & Research Technology

[1650-1657]



[Supraja, 2(6): June, 2013]

Cur_pixel

Ref pixel 4@

: B Rpg,
—>
|——|

Opr;
TCG

I
B

Ry

O

Fig (2):A specific PE; testing processes of the proposed
EDDR architecture

Fig. 2 shows an example of the proposed EDDR dircui
design for a specific RBf a ME.

A. Fault Model

To construct a ME The PEs are essential
building blocks and are connected regularly. Gdhgra
PEs are surrounded by sets of ADDs and accumulators
that determine how data flows through them.testing
assignment can be easily achieved by using the faul
model, cell fault model (CFM) .Using CFM makes the
tests independent of the adopted synthesis tool and
vendor library. Moreover, a more comprehensivdtfau
model, i.e. the stuck-at (SA) model, The stuckaattfis
a logical fault model that has been used succégdtr
decades. A stuck-at fault affects the state ofclaggnals
on lines in a logic circuit, including primary inu(Pls),
primary outputs (POs), internal gate inputs anguois
fanout stems (sources), and fanout branches. A-stiic
fault transforms the correct value on the faulgnsi line
to appear to be stuck at a constant logic valubeeia
logic O or a logic 1, referred to as stuck-at-O QpAr
stuck-at-1 (SA1), respectively.
A distorted computational error (e) and the magtatof
e are assumed here to be equal to SAD’-SAD , where
SAD’denotes the computed SAD value with SA faults.

B. TCG Design

TCG design is based on the ability of the RQCG
circuit to generate corresponding test codes irerotd
detect errors and recover data.

According to Fig. 2, TCG is an important
component of the
Proposed EDDR architecture. By utilizing PEs, SAD
shown in as follows, in a macroblock with size okNN

can be evaluated:
N—-1N-1

SAD :ZZ% ~ ¥l

=k J=
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N-1N-1
= Z'(t?x[j"m‘i'?‘n_.} {QJ.L_. m+n _'|.l_|:]| __{?:]

=0 j=0
Where ., o; and ¢y, q; denote the

corresponding RQ code ofjXand Y; and modulo m.
Importantly, X and Y;  represent the luminance pixel
value of Cur_pixel and Ref_pixel, respectively. 8asn
the residue code, the definitions shown in (2) @)ccan
be applied to facilitate generation of the RQ cdde;
and @ ) form TCG. Namely, the circuit design of TCG
can be easily achieved (see Fig. 3) by using

N—-1H-1
‘E‘ _I E E ':Xu - u]l
1=0 =i
=¥, — Vo lm X, LV, Hm _Llf!’ ‘..T—i';:-’!m!m

+ ¥y

—Li{F-13

= ||':'?.r[:-[:- e+ ""'.r[:-[:-:' [:'?y[:-[:- m+ ""'ym:-j|m+

)]
Txiv-0lv-07 —

YIN-LiN-1jm [m

i w .
NFxv—10v—10- 7 — {Fyir—oiv-g- 7

= ii'fu"f}nn - "":'}-n-nji""n‘i' o, — oL m o e | Friv-0iv-0 — Ty (N-Dv—1) |t |tn
= ||'i"'ﬂ.[:, [m + |Tﬂ-1|+ﬂ + ||+|Tw_ﬂ(N_ij|m|m W [Bj
Q E E FI‘I':I
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Fig. 3. Circuit design of the TCG.

In fig(3) the quasi block will generate quotient
value according to given input. Here we appliedit3 b
input then generate 8 bit signal as output.

In this module consists flipflop act as a
accumulator. We can store a bit of data. Flip-flapthe
common name given to two-state devices which offer

basic memory for sequenual logic operations.
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Fig. 4. Timing chart of the TCG.

Fig. 4 showsthetiming chart for a macro block with asize

Of 4 X 4 in a specific PEto demonstrate the operations
of the TCG circuit. The datagrand n from Cur_pixel
and Ref_pixel must be sent to a comparator in otder
determine the luminance pixel valug &nd Y; at the 1st
clock. Notably, if X >=Y;  then X and Y; and are
the luminance pixel value of Cur_pixel and Ref_pixe
respectively. Conversely jXrepresents the luminance
pixel value of Ref_pixel, and jYdenotes the luminance
pixel value of Cur_pixel when X<Yj . At the 29 clock,
the values of ¥ and Y,y and are generated and the
corresponding RQ code gX 0%, Yoo, OYoo Can be
captured by the RQC@&nd RQCG circuits if the 3rd
clock is triggered. Equations (8) and (9) cleariglicate
that the codes ofgand g, can be obtained by using the
circuit of a subtracter (SUB).The 4th clock disg@ahe
operating results. The modulus value ofyg is then
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obtained at the 5th clock. Next, the summation of
guotient values and residue values of modulo m are
proceeded with from clocks 5-21 through the cisoit
ACCs. Since a 4x4 macroblock in a specific of a ME
contains 16 pixels, the corresponding RQ code gRd

Q) is exported to the EDC and DRC circuits in ortter
detect errors and recover data after 22 clockse®as

the TCG circuit design shown in Fig. 4, the error
detection and data recovery operations of a sjgePii

in a ME can be achieved.

ax

Fig.5.M mod N Operation

C. EDDR Processes

Fig. 2 clearly indicates that by using EDC the
operations of error detection in a specific PEi is
achieved, which is utilized to compare the outputs
between TCG and RQGG in order to
determine whether errors have occurred. If the eslof
Rpei#ZRt and/or Qg £Q+, then the errors in a specific PE
canbe detected. The EDC output is then used to gemerat
a 0/1 signal to indicate that the tested ;PEis error-
free/errancy.

Based on the definition of the fault model, the
SAD value is influenced if either SA1 and/or SAGoes
have occurred in a specific PEn other words, the SAD
value is transformed to SAD'=SAD+e if an error e
occurred. Where the error signal e is expressed as
E=g.m+% v vnann (107

Under the faulty case, the RQ code from RQ®G
the TCG is still equal to (8) and(9). HowevergRand
Qpei  are changed to (13) and (14) because an error e
has occurred. Thus, the error in a specific PEan be
detected if and only if (8)(11) and/or (9} (12):
Rag; = | SAD |
N—-1MN-1

= |Z Z(xu ¥+ g|

=0 j=

(11)

- ||TDD|?T. + |TL‘1|i‘T. + -+ |T':N—1:“:N—ﬂ |m + TE‘li‘T.li‘T. Tenowrnoannoan
sAD
FEI

T

[EN’ 1 N ll::XU

m

¥+ e]
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= fpet Goc T Giv-piv-p T G
Ii'?"[:.[:. + o1 + 4 TI:_?l.'_]_::Il:E'll'_lj + Tg:]

. (12)
m

During data recovery, the circuit DRC plays a digant
role in recovering RQ code from TCG. The data can b
recovered by implementing the mathematical model as
SAD =m=Q1 + Ry

=(2/-1)+Q: +R;

=2/ #Qr —Qr + Ry oo oo (13)

To realize the operation of data recoverfl3), a
Barrel shift and a corrector circuits are necessary
achieve the functions of '2Qt) and (- Q +Ry ),
respectively.

Notably, the proposed EDDR design etesthe
error detection and data recovery operations
simultaneously. Additionally, error-free data frothe
tested PE or the data recovery that results from DRC is
selected by a multiplexer (MUX) to pass tothe next
specific PE., for subsequent testing.

D.Numerical Example
A numerical example of the 16 pixels fora 4 x 4
macro blockin a specificREof a ME is described as
follows.

] I 2 1 1] I 2 3

01 128 128 el 155 1l 1 | 2 3

Plo12s | o4 | 255 | o4 I 1 2 3 4

Il 64 | 255 64 | 128 z 2 3 4 3

1| 255 | &4 | 128 | 12E 3 3 4 3 b
Cur_pixel Hef pixel

Fig. 6. Example of pixel values.
Fig6. presents an example of pixel valoé the
Cur_pixel and Ref_pixel.
Based on (7), the SAD value of the 4 x 4 macrolbiec
1 1

54D = Y |Xy - ¥yl

(=L =D
= | X _FDD|+|XD1 _lrm.l"‘ v Xyg — Faal

=128 -1+ (128 - D+ v wen. +(128 - 1)
= 2124 o v ere e eeeen (14)

According to the description of RQ codhe
modulo is assumed here to be M= = 63. Thus, based
on (8) and (9), the RQ code of the SAD value shawn
(14) are R = Rogg = [2124); =45 and @ =Qpg;
=[2124/63]=33.Since the value of
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Rr (Qr) isequalto B (Qpgi ) , EDC is enabled and a
signal “0” is generated to describe a situatiorwimich
the specific PEi is error-free.

Conversely, if SA1 and SAOQ errors occur irs Hitand
12 of a specific PEi, i.e. the pixel values of PEi,
2124=1000010011Q0is turned into 77=000001001101
resulting in a transformation of the RQ code gf;Rand
Qpei  into 7743 =14 and [77/63]=1. Thus, an error signal
“1” is generated from EDC and sent to the MUX ide@r
to select the recovery results from DRC.In the sarag
we can get the recovery data for all; P&lues.

E. Overall Test Strateg,
Fig. 7 illustrates the overall EDDR architeetatesign

U

Output

De-MUX

DRC

@ \ "\\./“XZ
I

\ MUX3

Fig. 7. Proposed EDDR architeéturedesign for aME.

First, the input data of Cur_pixel and Ref_pixel
are sent simultaneously to PEs and TCGs in order to
estimate the SAD values and generate the test RI® co
Ry and @ . Second, the SAD Value from the tested
object PE which is selected by MUY, is then sent to
the RQCG circuit in order to generategRand Qg
codes. Meanwhile, the corresponding test codgesid
Qi from a specific TCG are selected simultaneously by
MUXs 2 and 3, respectively. Third, the RQ code from
TCG and RQCG circuits are compared in EDC to
determine whether the tested object have error& Th
tested object PEis error-free if and only if R= Ry and
Qpe~ Qri -

Additionally,DRC is used to recovelata
encoded by TC@ i.e. the appropriate{Rand @; codes
from are selected by MUXs 2 and 3, respectivaly, t
recover data. Fourth, the error-free data or datawery
results are selected by MUX

Notably, control signal Sis generated from
EDC, indicating that the comparison result is efree
(S; =0) or errancy (§1) .Finally, the error-free data or
the data recovery result from the tested object iBPE
passed to a De-MUX, which is used to test the next
specific PE.; otherwise, the final result is exported.

(C) International Journal of Engineering Sciences & Research Technology

[1650-1657]



[Supraja, 2(6): June, 2013]

Results and Discussion

The verification of the circuit desigis
performed using the VHDL and then synthesized ley th
Synopsys Design Compiler with TSMC 0.18n 1P6M
CMOS technology to demonstrate the feasibility lod t
proposed EDDR architecture design for ME testing
applications

A.Experimental Results

Table 1 Estimation of area overhead and time penalty

Component | PE RQC |ED | TCG DRC
S G C

Area 69482 | 1779 | 667
(Gate
counts)

3265 2376

Operation 973.7 | 10.17 | 6.02| 1016.5| 17.9
time 6 6 9
(ns)

Area 5.13

overhead(%

)

Time 6.24
Penalty

(%)

Table | summarizes the synthesis results of areshead
and time penalty of the proposed EDDR
architecture.The area is estimated based on théeum
of gate counts. By considering 16 PEs in a ME afd 1
TCGs of the proposed EDDR architecture, the area
overhead of error detection, data recovery, andabive

EDDR architecture (A&, , AOpgr, and AQppR) are
1779 + 3265 =16 + 667

AOgp = = 4,920 o s (15

ED AO4E7 =16 " (13)

a0 3265 = 16 + 2376 - P

OR= i 1g o e (10)
1779 + 667 + 3265 = 16 + 2376

aOEDDP = = 5.13% S T T (1?]

 B4E2 816 o i
The time penalty is another criterion to fxeri

the feasibility of the proposed EDDR architecturable
| also summarizes the operating time evaluationa of
specific PE and each component in the proposed EDDR
architecture. The following equations show the time
penalty of error detection and data recovery.
( TPep and TRR) operations for a 4 x 4 macroblock (a
PE with 16 pixels):

(1016.56 + 6.02) — 973.76

973.76
(1016.56 + 17.99) — 973.76
oR =

ED = 5.01% ..........(18)

= 6.24% ...... ... (19)

973.76
If the proposed EDDR architecture is enttsetl
into a ME for testing, in which the entire timingmalty
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is equivalent to that for testing a single PE.,. i.e
approximately about 5.01% and 6.24% time penalty of
the operations of error detection and data recovery
respectively.

The operating time of the RQCG circuiinche
neglected to evaluate Ef because TCG covers the
operating
time of RQCG. Additionally, the error-free/errancy
signal from EDC is generated after 1022.58 ns
(1016.56+6.02). Thus, the error-free data is setect
directly from the tested object PBecause the operating
time of the tested object is faster
than the results of data recovery from DRC.

A. Performance Discussion
The number of TCGs significantly influences the
circuit performance in terms of area overhead and
throughput.
Figs.8and 9 illustrate the relations between the
number of
TCGs, area overhead and throughput.

6

w

.

2
2
§3 /
o
g2
) ././
H—e—r
o if 1 1 1
1 2 4 8 16

TCG
Fig.8. Relation between TCG and area over head.

30000

25000

E 20000
= /
£ 15000
=
on
g /
£ 10000
= /

5000 ——

0 1 2 4 B 16

TCG

Fig. 9. Relation between TCG and throughput.
The area overhead is less than 2% if only one
TCG is used to execute; however,at this time, the
throughput is extremely small.
Notably, the throughput of a ME without
embedding the proposed EDDR architecture is abbut 2
800 kMB/s.
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Fig. 9 clearly indicates that the throughput is
around 25000 kMBY/s, if the proposed EDDR architeztu
with 16 TCGs is embedded into a ME for testing. §hu
to maintain the same throughput as much as posdible
TCGs must be adopted in the proposed EDDR
architecture for a ME testing applications. Althbutpe
area overhead is increased if 16 TCGs used (se8)Fig
the area overhead is only about 5.13%, i.e. anpaaioke
design for circuit testing. This work also addresse
reliability-related issues to demonstrate the falisi of
the proposed EDDR architecture. Reliability is the
probability that a component or a system perfortas i
required function under different operating coraiis
encountered for a certain time period. The constant
failure rate reliability model is used to estimatse
reliability of the proposed EDDR architecture forEM
testing applications,

R[ﬂ — E_";I'! — E_-';I-ETETTEI?TEEI

g
150D
_[T‘T £ s

MTM ML
R {20)

where) denotes the failure- rate; represents the
base failure-rate of MOS digital logic; G refersGate
count; IT=1.0(25c ); (hermetic package); and (ground
benign environment).The failure-rate in (20) can be
expressed as the ratio of the total number of ragiuo
the total operating time, i.e. failure rate in tir(leT),
which represents the number of failures per dekimars
of accelerated stress tests.

The proposed EDDR architecture is synthesized
by using TSMC 0.18 m 1P6M CMOS technology,1998 is
given as the year of manufacturing for a wide wgrif
components. Thus, is defined as 12 years, becéase t
year of manufacturing is 1998.

= F

1.000
0.995
0.990 @ ME
E 0.985 1=192.55
% 0.990 ® ME with EDDR
& 0975 1=134.72
0970
0.965
0.960 : . - - 4

1 5 10 15 20
Years

Fig. 10. Failure-rate and reliability analysis.

Fig. 10 clearly indicates that the low failure-rate
and high reliability levels can be obtained if ireposed
EDDR architecture is embedded into a ME for tegtin
applications.
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Fig (11)Imn the r;lbovefig we can observethat Error signal
and Error freesignal by using theresidue and quotient
coding.

|

= e Cufput  — ——

Fig(lz;'l n the above fig we can observe the Error
output signal and corrected output signal.

Conclusion

The proposed EDDR architecture is
implemented by using VHDL and synthesized by the
Synopsys Design Compiler with TSMC 0.i8+1P6
MCMOS technology. Experimental results indicatet tha
that the proposed EDDR architecture can effectively
detect errors and recover data in PEs of a ME with
reasonable area overhead and only a slight timalfyen
Throughput and reliability issues are also discdisse
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