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Thesis Title A Digital Filter Bank Design using Global Resource Sharing Technique

on an FPGA
Author Mr.Kriangkrai Tassanavipas
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Academic Year 2009

ABSTRACT

This research presents a design of an 8-band digital filter. The digital filter bank
was selected as the method in estimating a voice signals because it used less coefficients when
compared to another methods for implementing an 8-band digital hearing aid. The filter bank
used only 27 multipliers whereas the FFT (Fast Fourier Transform) method uses 557 multipliers.
The circuit was divided into two parts: a data-path part for data processing, and a control part for
controlling data-path operations. The data-path circuit part was designed by using a global
resource sharing technique to reduce the area of circuit. The increasing complexity of circuit
resulted from global resource sharing was analyzed for using minimal multiplexers and
interconnection. As a result, the smaller switching activity was obtained to reduce power
consumption. Furthermore the circuit was 26-bit floating-point reduced from the 32-bit format of
IEEE 754 standard. The circuit was smaller because the MUL 18x18 for one floating-point
multiplier was decreased from four to one. The control part was implemented by FSM (Finite
State Machine) in the Moore Machine model. From the design on Xilinx Spartan 3f4000fg900-4,
the synthesis result used 7396 LUTs and 13863 FFs. The area had decreased 44 % when
compared with the 32-bit implementation based on the hierarchical resource sharing technique,

the latency was 2.76 s and the power consumption was 46 % reduced
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2.1.2 Behind the ear hearing aid (BTE) (ﬂ11N1J§8ﬂi3)1| 2-2)
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2.1.4 All-in the ear hearing aid (ITE) (MwWisznoy 2-4)
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2.2.1 Gain
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Gain = Output — Input (2-1)

2.2.2 Saturated sound pressure level (SSPL)
=) =KX o w A [] £ 9
SSPL #59 MPO WNTEJﬂQﬂ"IﬁQﬂJEﬂEJQQQ’WU@QLﬂi6\1615381%\1@]5\1141]1@%1ﬂ
quNsn (2-2)

Output = Input + Gain (2-2)
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[4,000 — 5,000 HZ]

[5,000 — 6,000 Hz]
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2.6 aninensINVeIII0I

Tumseenuuv995 1aimMs %Y FSMD (Finite State Machine Datapath)
Meluravssilszaeudie 2 au Taun

2.6.1 @I133959U03a (Datapath) m3Ui)szaanadoya

2993veyalszNoUAIs ThaA0S, HuoguiluMI(Functional units) 13U 2995
VN, NITAY, NIIPY LAz ﬁw‘f}@uda%ga (Interconnections) WU AAADNE BT YL
(Selector) W3® 1id (Buses) Tﬂﬂ?ﬁﬁmeﬂmws%yjaﬁuﬁ AINIUAY load-enable ¢

J

mwilsznoun 2-14 Tummilsznoun 2-13 2993AIUAY load-enable AMIVLALIVNINDIYN

U
v

9
AuAuueniuIag Controller Tumsoonuuugduuuiio lddyanauinuiios 1 lamniu

1 a 4 @ a @ 1o
Tuusaziicmaes vzgnaiuaudle dyanauinuazdya s load-enable Aaugiu
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Contrd | | 11| =F —— __¥___w, =
ot 1 A ) F wl—
-1 Trs][ra] | [ms][re] [r7][rs] |Register
:::I
i :
conn on
| |
Next state I Clock FU Functional
logic : Unit
1
1
!
MNU5EA0U 2-13 MIDONULLINTTIUTUATUIVUINDT
inputs output
| Clock Load I Q
— Mook ! / H L L
—f S/ H H | H
/ L X Q
| L L X Q
H L X Q

<3 o o a
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Tudvesassnzuaasaniuzdalyl sgdmdhdwia aougdalddegn

< a J {aa J 1 | J a a

nuAluiimeesanug Taeiiiamesaniwzuazarunrugu lillmife Wal-vaed wila

[V ~ o 09/’ aa 4 <3 ] 9 1

Master-slave @90 Mszneui 2-15 faiu Seawmesaouzannsanvaaiuziagiulun
<] Y o A o J 4 . . . < o

UADNAIING Lha) mmuamaﬁmm"lﬂﬂ"lau (Control Pipeline Register) @M113QMNUTAYYIU

AIUAY (Control Signals) THun dauilsznouveresstoyamuiy

mwsenov 2-15 Wad-Wao ¥iia Master-slave

2.6.2 A3UIIVIAIVAN (Controller) MHSUAIVAN
] o 2 a 4
Taglugauniuguagimsiuuuy FSM §9U557 5901A05001US (state
1 < 1 4 Y
register) @IUAIUAN (Control logic) HazUadNATING (Logic block) LUUAOLIDY 2 § AD
[ s
ATTNZUAAIANIUzAA 1)U (Next State Logic) 1Az AT3NZI0IMNWA (Output Logic) Iasassng
Jd o Y Ao . & =) 9

WA IMINATUa18AIUAY (Control line) TagNugIUIzIMIDONULY FSM 10 231U
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2.6.2.1 Mealy FSM
|
Mealy Machine (Ju3lunums@ouunuaImuaaanIue  (State-diagram)
{1 d 1 4 (5 J o U
spuitveuomyaluuaazanuzsziuegiumvesdnuzilogiiy (Current state) HozA1UD
a 1 Y d! 1 . d' U 4 4' 42’ ]
aunaluldaza01uzAIY FI92UANA19910 Moore Machine NANDMNAIIAsuI]asvuay

4 ]
nuswesanugilgiumniu meanudr lalddinsansnnwlsznou 2-16
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input/output input/output

input/output

. input/output

input/output P P
input/output

. input/output
input/output

A1lsznou 2-16 uaaauHuN N 1AoZUNTUNUD Mealy Machine [$1v1ey Yayalar, 2547]
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% 1 4 1
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d? [ 1 a 1 o o 2/' d! Y 4 J A
Yuegiua1vesdunatazavesdaIuy Jagiiuiueg smueslugiuyesarsanisniedtns
I 3 o %
mansadesulmiuudenlaozunsy Taddenmisznon 2-17 Faezdsznev lddre1995n01
A ) 1 [ 1 aa g ¥ 1
sy ludrvosanuzoa ) (Next State) HazaIUv0I5 daa0s5 N IFAUAADIUZVDITIUL
a ] 1 @ 4 { o 1 a a
pazrvvsaontiuduludiunmsadndygranering Mhavesdunaninosurlunis

= ' J 1 Y
lﬂaﬂuﬂnﬂ']ﬂwglalullﬂagﬁﬂ']ugﬂ'JfJ

Reset
|

Next State Outputs
—»{ Reg > —

Inputs
Next state
Circuits

Clock

Current State

Mwilsznew 2-17 udasudonlaeinsul Mealy Machine Tuynuoimsaniaag
[y Jaanla, 2547]
2.6.2.2 Moore FSM
Moore Machine 15ug1iuumsiBonupunImuaaI@ UL IIUA 19U HA
Gluu,m'azﬁmus%zéﬁuagiﬁuﬁwmamuxﬂwﬁu (Current State) Wiy riteAd T iia1san

mMnwlsenow 2-18
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input

State 0
output

input

input State 2

output

AMNsznoY 2-18 uaaaku N lnoznsugUIUD Moore Machine [$111ey Yayan la, 2547]
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Tugilaezunsuiinanua 4 o1us Tasarveueminalunaazdniuzizgn
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NITI A0 N 1T lumsinumaniuzvesdouziaz 1T Aeutugu ludumsainduya o
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1IN
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Next state
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Clock —}
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<
nilseney 2-19 meuaaﬂ"lﬂamﬂimmu Moore Machine GlHHNNﬂQﬂWQﬁT{ﬂLL’J{

[$ruey Jayanla, 2547]

2.7 INANAMIIFNSNEINTIIN (Resource sharing)
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@ v 9 Aa a I 9 A 1 = @ 1
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vnaazna Ui uimaiamslansnenssusaiumatianeusaanvuiaveddas 1k

< Y ~ A a 3 o Aq ¥ad v
"’U‘LﬂmaﬂaﬁulmﬂﬂllazWZW]@]'I‘JJ‘JJ"IL‘JJ’E)?Q%??J"’U‘LH@@ﬂaQWﬁNWLl“V]Gl“Ifﬂﬂgﬁﬂaﬂﬁﬂf’lﬂﬂﬁﬂ Tﬂﬂ



23
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Y o [

[ ] o I~ ]

(b) WATNUMI lFNSNeNI TR ULAZADALLINTINNUBNTU 4 529
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[EN-SHOU CHANG and DANIEL D. GAJSKI, 1996]
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Y o =X Y a Y \
2.8 donsmitdlumslimatinmslinswennssau
A A 9 a Y o ] A Y] 9 1 4 o
welms ldmatanslsnsneinssiumeaannuFusoudIMaTALIT U
M3eu 1151n5u352AU RTL (Register Transfer Level) Wu1dminnailayn1 Combination
T ! q Y A4 A a o 7 %
feedback loop ¥u'lad1e11n U A lFlumsndeunanounnlidusvinnves inauuua
(NAND gate) Fegmnsouaasilyyvn Combination feedback loop Ilasiduilszas

nilszneun 2-22

mMwsenow 2-22 ‘ﬂiyﬂ’ﬂ Combination feedback loop [Shushan Qiao, 2007]

a d (Y]
2.8.1 AA51z%iifyn1 Combination feedback loop Y8IM31FNITNENNTTIN
BUUAI)
a Za L S A qyad o
”lumsamswwﬂagm Combination feedback loop 1ute v UIHUAILY
T R Y @ 1 I Y o
N3z 1AM onA106191995 12995 laouaauilullsunsy uaz DFG 4992995 1469

nnilszneun 2-23

alwaysio® .
begin al a2
if (clock_cycle=1) (<= Ul
begin =
mpl=al+al; VRN

tmp2=a3+tmpl;
tmp3=tmp |+ad;
re l=tmp2+mmp3;
end
else if (clock_cycle==2)
begin
tmpd=aS+af;
re2=tmpd+aT;
end

end
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[Shushan Qiao, 2007]
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Device utilization sSumtoary:

Zelected Device @ 3s4000£g900-4

Mutbher of Slices: 153212 out of 27645 47%
MNurber of 2lice Flip Flops: 5851 out of 55296 10%
MNurber of 4 input LUTs: 24832 out of 55296 4%
Mutber of bonded IOBs: 3g2 out of B33 558%
Mumber of MULT15X15=: 10 out of =] ] 10%
MNutber of GCLE=: 5 out of g B2%

v
IaAA

a) o a
MNUseNoU 4-28 @AY Device Utilization Summary 51]?N'Nﬁ]iwalﬁﬂillﬂﬂﬂﬂuﬂﬁi%ﬂﬂuﬂ

Y
M3 lFnsnenssmuuusIFUIU

Timing 3wamimary:

Speed Grade: -4

Hiniwum period: 299.464ns [(Maximwum Frecquencwy: 3.3339MH=)
Hinimumw input arrival time bhefore clock: 11.048ns
Maximum ocutput required time after clock: 156.147ns
Maximum combinational path delay: 17.366ns
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Device utilization summary:

Selected Device : 334000fgS00-4

Humber of Slices: 9448 out of 27648 34%
Humber of 5lice Flip Flops: 3081 out of 55236 5%
Humber of 4 input LUT=: 17571 out of 55296 31%
Number used as logic: 17191
Number used as Shift registers: 380
Humber of IOs: 402
Humber of bonded ICBs: 362 out of 633 5T
Humber of MULT18X18s: 38 out of 9& 39%
Humber of GCLEs: 5 out of -] B2%
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Timing Summary:

Speed Grade: -4

Minimum period: 603.458ns (Maximom Frequency: 1.657MH=)
Minimum input arrival time before clock: 9.885ns
Maximum output reguired time after clock: 201.735ns
Maximum combinational path delay: 11.2939ns=s
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Device utilization Sulmary:

Selected Device : 33400tgl44-4

Humber of Slices: 80 out of 3584 2%
Number of 4 input LUTs: 147 out of 7168 2%
Number of IOs: 96

Number of bonded ICBs: 96 out of 97 2%
Number of MULT18X18s: 4 out of 1a 25%
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Device utilization Summary:

Selected Device : 33400tgl44-4

Humber of Slices: 38 out of 3584 1%
Humber of 4 input LUTs: 67 out of T1l6E8 0%
Humber of IOs: 78

Humber of bonded IOBs: 76 out of 97 TE%
Humber of MOLT18X18s: 1 out of 1a 8%
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awice utilization summary:

2lected Device @ 3=400tgldd4-4

Jumber of Slices: 35 out of 3554 0%
Jumber of 4 input LUTs: g2 out of 7168 0%
Jurmber of khonded IOB=: 46 out of =i 47%
Jumber of MUOLT15X1S=: 1 out of 16 B%
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Device utilization summary:

Selected Device : 3=24000fgS00-4

Humber of S5lices: 7396 out of 27648 26%
Humber of S5lice Flip Flops: 2334 out of 55286 4%
Number of 4 input LUTs=: 13863 out of 55296 25%
Nunber used a= logic: 13499
Number used a=s Shift registers: 364
Humber of IOs: 330
Humber of bonded ICBs: 296 out of 633 46%
Humber of MULT18X18=: 8 out of 96 2%
Humber of GCLE=: 5 out of 8 62%
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Timing Summary:

Speed Grade: -4

Minimum pericd: 553.164ns (Maximum Frequency: 1.808MHz)
Minimum input arrival time before clock: 5.507ns
Maximum cutput reguired time after clock: 185.418ns
Maximum combinaticonal path delay: 10.875ns
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Device utilization summary:

Selected Deviee @ 3s4000£fg900-4

MNunibier
MHurber
Murber
MHurber
Murber
MNuriaer

Mnlsznow 4-45

of
of
of
of
of
of

Slices: 14096 out of 27648 50%
S3lime Flip Flops: 5912 out of 55296 10%
4 input LUTs: 26727 out of 55296 45%
honded IOE=s: 369 out of 633 558%
HMULT15X18=: 48 out of =1 s50%
GCLE=S: 5 out of g B2%

. e . A s S ] a
ueAd Device Utilization Summary Y9N RO FLUINNNNT 1Hnatin

Y v
v v A

4
M3 15NN IV UEAUTUATNTAYA Optimization Goal g

Resource Sharing 1viuin1e 111151053 Xilinx

Speed Grade: -4

Minimum period: 298.395ns (Maximum Fregquency: 3.351MH=)
Minirwum input arriwval tiwe before clock: 6.078ns
Maximum output recgquired time after clock: 160.721ns
Maximum corbinational path delay: 12.396ns
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Device utilization swunary:

Felected Dewvice @ 3z4000Lg900-4

Hurwkber of Slices: 9736

Iurwkber of Slice Flip Flaops: 5550

HNurwber of 4 input LUTs: 17454

Hurwkber of bonded IOES: 362
IOE Flip Flaops: 40

Nunber of MULT1S8X158s: =

Hurwkber of GCLEsS: 5
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Timing Suranary:

Speed Grade: -4

Minimwuam period: 1027.069ns (Maximuwm Fregquency: 0.974MH=)

Minimuam
Max imam

input arrival time before clock:
output reguired time after clock:

11.071ns
338.372ns=

Maximun combinational path delay: 17.179ns
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Device utilization sutnary:

SGelected Device : 3s4000£g2900-4

Number
Number
Number
Number

I0B
Number
Ihaurber

of 3lices: T34z
of S3lice Flip Flops: 3887
of 4 input LUT=s: 15044
of honded IOBs: 296
Flip Flop=s: 34

of MULT15Z15s: 7
of GCLE=s: 5
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Timing Sunmary:

Speed Grade: -4

Minirmun period: 714.782ns (Maximum Fredquency: 1.399MH=z)
Minirmun input arrival time before clock: 11.334ns
Maximam output redquired time after clock: 236.099ns
Maximuw combinational path delay: 17.443ns
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ﬁ Fle Edit Yiew Tools Window Help
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E
Voltage (V) | Current (mA) | Power (mW) |
Vecint 33
Drynamic 306 10.09
Guiescent 100.00 330.00
Vecaux 243
Drynamic 0.00 0.0
Guiescent 55.00 137.50
Veco2h 25
Drynamic 0.00 0.00
Guiescent 0.00 0.00
Total Power 477.59
Startup Current (mA) 0.00
Battery Capacity (ma Hours) | 0.0
[Battery Life (Hours) ] 0.00
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% File Edit Wew Tools Window Help

FEH o - #h | 2o f | LN

Voltage (V) | Current (mA) | Power (mW)

Veeint 3.3

Dyriamic: 050 0.ED

Quiiescent 100.00 12000
Vccaux 2.5

Dyniamic 000 000

Guliescent 25.00 137.50
Veeco2h 25

Dynamic .00 0.00

Quiescent 0.0o 0.00
Total Power 25810
Startup Current (mA) .00

Biattery Capacity (m& Hours) 0.a0
Battery Life (Hours) 0.00
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Voltage (V) | currentima)y |  Power(mw) |

Vecint 33

Dynamic 045 0.53

Clliescert 100.00 120.00
Vecaux 25

Dyramic 0.a0 0.ao

Guiezcent 55.00 137.50
Veco2h 25

Dyniammic: 0.a0 0.ao

Guiescent 0.00 0.00
Total Power 255.03
Startup Current (maA) 0.aa

Battery Capacity (ma, Hours) | 0.ao
Battery Life (Hours) | 0.00
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* Set or verify input frequencies

* Set or verify output loading

* Set global default activity to estimated value
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File Edit Format Wiew Help

00111101101 11001 1100000000
001111011001 10001 1 11000000
0011110101101 1 110000000000
0011 110100000001 1000000000
001110101 111 10000000000000
101 1110100001010 110000000
10111101 1000001 10010000000
10111101 110000000 101000000
10111101 11101001 Q00 1000000
10111 11000000101 1100000000
1011111000001 10101 10100000
10111 110000101 110001100000
101 11110000111 111100000000
1011111000101 1001 11 1100000
10111110001 10010011 1000000
10111 1100011001 10101100000
10111 1100010100101 10000000
10111 1100001111001 1 1000000
1011111000001 1 110001000000
10111 110000000 10000 1100000
10111101 11100101 1101000000
10111101 1101001 10101000000

1 3 9 1]
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