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A Study on the design of Hilbert transformer using
the MAG Algorithm
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Abstract A hardware implementation of Hilbert transform is indespensible element in DSP system, but it
suffers form a high complexity of system level hardware resulted in a large amount of the used gate. In
this paper, we implemented the Hilbert transformer using MAG algorithm that reduces the complexity of
hardware.

Key Word : @HE ®3L SOC

. A B o ACHSI6]718]. 53], DSP Alz~glelA 4

g AMEE I e FHE BES el

gAg wteir|r)e] Wz a waEn & dale Aol FAE 28402 Aikele
ek = E stuel 3 gl FEEeE MAG(multiplier adder graph) ¢ii#]Z[1][3]&
SOC(sy- stem on chip) 7|&©o] @o] AEa FAANLS HZES) gidoz YAz F
Utk oy Alz=glo] shte] 3 o AA E =dole BEREE =Y —’F =
st=gloi7t EgetA HW| =2 AY aHeh A MAG ¢4185S IHE HEle %@!?“iﬁﬂl |
Hgo] SojubAl Ak ddie fAE B4l 9 £3lo] =go] AFRS %O]t S A ets)
HEHgol77le 52 A5y 92 =Y Sk Aleortd WS XilinxAbe] Virtex—4 A€
g 25 AHDSP :  digital signal Z=9]  FPGA(xcdlx100-10)¢} Fd/NLsH o=
processing) Al ~®lS H@e=® st} FHto] DSP Xilinx ISE 9.2i¢} Modelsim6.1f& ©]&3&}o]
Al Aedds 98 = AE ved #atal AEstych FdE AHE Wt )
e b ]‘34 AMgo R dAikeRo]l Frtelar o] A= a?}x—*ﬁd FAANE AFSSte] A A
of whe} sh=sjofe] Eit=rt St skl e At AolESE waste] AeHe Wyo] =
B2 DSP A2l Al ah=9of = &9 dole] BREE At A gl

HAE
B Ee AN A vFR At £

* Corresponding Author: Electronic Engineering Professor of Chungwoon University (yslee@chungwoon.ac.kr)
Received @ August 18, 2014 Revised : August 29. 2014 Accepted : September 12. 2014



122 S3yEHRSM7I28=2K A7A H3Z

Il. €HE HE

A3+ 4= (real function) z(¢)2] &

z(t)e o3k o] Ao Hrt.

S E HE %

o= Ao W, o w A x(t)ek x(t)el
o3 " EA3eE sAFs  (analytic
function)”} HTh 2 ()& o4 IHE WFo
2 gostd y(k) = IDFTH(k)z (k)] o2 4
olEm o] FAo o3 fFLHE oAt FHE
WS v o] o] Frh[4]

N—1
= Yja(s)h(k—s) 3)
s=0
0%7]/\1 h Z 27["I’Ii77
{MéN/Z—l for N even
M= (N—l)/2 for N odd
2 (38 PP Aelstyd, e o] v
W4 gleh,
y(0) z(0)
y(1) z(1)
y(N—1) c(N—1)
9 A k=0,1,...N—1 ¥ s=0,1,...N—1
of thate] H=[h, ]2 Aeldrt o] wf h, THS

ks
(e} -
ﬁ;él'é_ ;%-'qu—

=)
m
rlo

7hsk
b hcriis<siis <k>=k mod N (5
h’ks :07 k=s

A @elM N=5d wE sPEE hy whe
h(0)=0, h(1)=0.6156, h(2)=-0.1452, h(3)=0.1452,
h(4)=-06156 °l¥ H= 2 (5)¢ 54& AR&st
of tha3t 2ol 2dT 5 sirh

0 hy hy —hy—h
—hy 0 hy hy —hy
H= |=hi=hy 0 hy I (6)
hy —hy—hy 0 hy
hy hy —hy—hy 0

A7) A hy =hg2hy, hp2h o2 o] 3
th 4 Bl N=5d wl] H9} x(k)olA 204
ool  FAlddite] 43wt} @y} Dutta
Roy[2]& 2 (4t 2 69 dEE 2719 #A
QAZ Big}o]_o;] J-H]O Zo]b HO]—HJO /k] (7)J,]_

2o e 9l

y(0)] [z(1)—=z(4) =(2)—x(3)

y(1)| |z(2)—=(0) x(3)-=z(4)]],
= 12)—2(1)  z(4)—=z(0) hU 0
. z(4)—z(2) 2(0)—=z(1)||™

y(4)] |z(0)—2(3) 2(1)—z(2)

3t Bart Riced] A3 25E RE &89 g

y(0)+y(1)+y(2)+y(3)+y) =004,

Do B 7ol FASE A
2 (9

)k 2 (10l “ERAATE

my = hy (z(1)—2(0)) 9)
my = hl(x(3)—x(4))

mg = ho(x(Q)—x(O))

my = (hg+h)(2(3)—2(1))

ms = hy(z(4)—2(2))

mg = hU(x(O)—x(?)))

mq = hy (z(0)—z(2))



y(0)=—(y(1)+y@2)+yB)+y)) o
y(1)= My — My

9(2) =My — Moy My

y(3) =m;—m,

y(4)

ol dEd A Ok A 109 FuHEs
ARgEle] dubHel FAlow IWE WIS A

=2 =2

P

sar

bt | 122 28| 27| 2¥|2%| 2¥ 2| 2%| 2| 2

shift [ [<<9]<<Bl<<7|<<B|<<h|c<d|<<3[<<2<<T|<<0
value| |512|256[128| 64| 32[16| 8 | 4 | 2 [ 1
158 (oot oot 1|1 ]1]0O
(a) Al 1589] 271 8 484

<7
<4
x{n] <8 O 158qn]
<D
{<<
(h) HAZES} tlAdoz FAHE AF 158

x[n]
a9 1 MAG 2325 AHE A5 158

@719 Aol ast q7 123

2 Qe A FAHs ol&ste] 13 29
5 tojojagior ye ol =3 a3 1
9o (bl MAG Lae]|ES A4 FZEg)
o2 AF hy, hE el Wi a9 29

#(ml™m7)S ARgstel 2 (1009 =9
= AAskdTh

pony

12 o
oM o

Multiplier block
j" I EIOETEN 1
X(0) —-} \@J _;* %
X(I]l\_ - b o m3
x(2) + ma
»O— P} ms

()
x@ 4 r— LU
g D> EBEIGN 6
Xi4) —E—
Xl4)}-x(2) 7
O— > m

2 AFgA A IWHE wFe Xilink
FPGA Virtex—-4(xc4vix100-10)¢} Xilinx ISE9.2i

oA VHDLZ F+&83+92 ™, Modelsimb.1f& A}

gato] A BolA dho] ABE AEHAL.

,Q{,ij‘,. ?’fj




124 st=ayedxsMr|iasts=2X X7 X3

—LLL 2 ‘QT’
S

= S

e T[T

i
mmw————— P

I T o] ARdold AskE AT BF AT
T AZAE CSD H@E AHgst FA717F §h
[ sedlel Faol e Fu AFE Fdstn
U

.1 293014 (@)9F (h)<] AlelE &4 Hlal

. . proposed | General
Logic Utilization
method method
Number of Slices 144 200
Number of
. ) 135 225
Slice Flip Flops
Number of 4 input
238 247
LUTs
Number of bonded
142 160
1OBs
Number of GCLKs 1 1
Number of DSP48s 7 7
V.Z&2 B

B AT MAG S FS ST B4
252 YHE Wk A g3te] srdols B
AES A F s AANEe Asa
Tastgon, AR FF=ofdd diEiA dRkA
ol FAANE ALgstel FAS AAG mwst

Atk

Reference

[1] DR. Bull and D. H. Horrocks, "Primitive
Operator Digital Filters,” IEEE Proceedings
G, 138(3):401-412, June 1991.

[2] Dutta Roy, S. C. 1976. Alternative matrix
formulation of the discrete  Hilbert
transform. Proc. IEEE, 64:1435.

[3} U. Meyer - Baese Digital Signal
Processing With Field Programmable Gate
Arrays. second Editon. Springer-verlag,
Berlin Heidelberg New York, 2nd ed, 2004.

[4] Digital Filters Theory and Applications
N,K. Bose  Professor of  Electrical
engineering and Mathematics University of
Pittsburgh  Pitts  Burgh, Pennsylvania,
103:108.

[5] D. Kodek and K. Steigliz, ” Comparison of
Optimal and Local Search Methods for
Designing Finite Wordlength FIR Digital
Filters,” IEEE Transactions on Circuits and
Systems, Vol. 28, pp.28-32, Jan. 1981.

[6] A. de la Serna and M. A. Soderstrand,
"Tradeoff = Between = FPGA  Resource
Utilization and Roundoff Error in Optimized
CSD FIR Digital Filters,” IEEE Asilomar
Conference, Vol. 1, pp. 187-191, 1994.

[71 I Richard and Hartley, ”Subexpression
Sharing in Filters Using Canonic Signed
Digit Multipliers,” IEEE Transaction on
Circuits and Systems, Vol. 43, No. 10,0ct.
1996.

[8] PK. Dutta and P.B. Duttagupta, "Optimization
Method for Broadband Modem FIR Filter



)

MAG YDn2ES ol§ft YUHE wgylo Ao A%t a7 125

Design  Using  Common  Subexpression
Elimination,” IEEE  Instrumentation and
Measurement Technology Conference, Vol. 3,
P. 1321-1324, 1994.

AAFE

o] 4 A ( Yeong-seok Lee ) P
& - 93 A&Agulsta FsAL
B - B AleAHIEL FEPRIAL
B - B ASAIHE L FEPRAL
RB- A ALk Fag

9 =99

2008 - A ARFAALZE
A AAAS Ve A
AR A9

2009 - A HARAAFAE
8}3] A H oA}

<Aool > UAE 32 A, Als ¥

A2l mlo] AR Z A A




