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Abstract

MAC protocol is a direct link between physical and network layer, which is one of the key proto-
cols to ensure high efficient communication. According to the characteristics of polling system, this
paper presents a FPGA design of MAC protocol based on exhaustive service polling mechanism. The
design makes full use of the characteristics of flexibility and reconfigurability of FPGA. The me-
thod of combination of the hardware circuit description language Verilog HDL and the principle
diagram is adopted, using Quartus II 8.0 to carry on the synthesis and routing, testing in the DE2.
The design has the characteristics of good real-time, high reliability, strong portability, and can
effectively reduce the transmission delay, and improve the bus utilization. The system designed
can be widely used in wireless sensor networks, Ad Hoc networks, mobile communications net-
works, and networking and other fields.

Keywords

MAC Protocol, Polling System, Exhaustive Service, Queue Length, Polling Cycle, FPGA

ET2RERIANFIMACHUAIFPGARL T

#HA-E, 5 FL ARFE, T, F &

b5 TR SR, bR
‘TEARYEGELER, o BY

Email: laiyp@ncut.edu.cn

Weks H . 20184Fs5 H3H; FHHEM: 20184Fs5H21H; KA HM: 201845 H29H
i E
MACHMU R EZYBERANE EHEENAN, SFRIEMERBCERFRREBIMZ —. ZCRBRER

EF| BT, B, %, Tk, R TSN MAC PRIK FPGA i) TN S R
Hi, 2018, 8(5): 748-756. DOI: 10.12677/csa.2018.85083


http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2018.85083
https://doi.org/10.12677/csa.2018.85083
http://www.hanspub.org

GHRREE, R T —MET RSB HIHMACYHUKIFPGAR T . Z¥ i 785 F FHFPGAK) RiE M
AT E MM, RAEAH#IRE S Verilog HDLARE B B LA 17, A Quartus 11 8.0i#/T74 4
ALk, FEDE2F IR LiATIR. %@ BA L. writsE. TBEERSER R, %A
IMERIBTIE, RELBEFIHAE, AT ZHTREEBEML. AdHocM%E., BIIEEMLL. YBERMEH
Blo

K
MACHX, BERE, 5E2MRE, HARK, RWAB, FPGA

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

VIR GRS BN 2 5, HFUE B S = R, RS B IR R B 0 4 TH b
RNNFA TG R P IR 45 15 BAL KT 1] 2014 SEABRYIECN R e (2] e, P0IRIBEAR IE7E 4Bk
AR N O, Al B 1R AUE B A 5 A G U AR FE RS o BRI AT VAT T 3 R 1 i o A
Wi ) A2 i o WDIBE I 1 AR (1 B F s e B 2 A7 i A 7 TR R R (s Ak . B REALILAE . Har, 4Bk
WH AR CAE AR [3] 5 THE (4] FABLUEI[S]. IARAONL[6] 7] fERax ) it s I [ 8 55 045 2 " FH

TEVNEEI A 4G 1 2 R IE I 46 IR 38 AE o FE X 48 P BE R IR IR MAC P, e 7
SIEAE T, R AT R E . AE S CSMA Pl SO AL ) CSMA/CA B3 L7 J5 ok R 1
S-MAC HHSURT T-MAC Bl #2238 S R, T3 o Rpp R MIAEAE,  Jovdo NI 2 2SR (ol
44t QoS TRFE, [RIIN K KFAK 7RG & F[9].

i) 2G5 A A I T RSN A MAC P RE IS R500e IRAL 5 i 58 45 R G id R AN 52
. FPGA HA RiEVER . nTEMVEL . IE2H B8 I5RSER f[10]. R FPGA it BT 5 4IRS A L
Hilf MAC VBB A 2007 IERERE . phR IR A, BN ARSI AL, & m 5 E R = .

AL MAC WG %, 20538 T CSMA. CSMA/CA. S-MAC. T-MAC WHM7E 354+ 1510
THIAR. R RGO MEFER FPGA IR G, BT TR T2 MRS T I MAC PRl FPGA 5L
W, HMTREVIE. . THREGREH, T EEMELILHT MAC Pl Rets A 8ok S
Ry MERIBIE . RS ARG A ENSLR R, ¥R EMSHERIR EHGAR] TSR, 2
TR,

2. RGRIE

MAC (Multiple Access Control)/p3, B 22 U5 R P, R E 1799 s A g o vr Kk
S, i HEE G EENE Y. =K ) EERY, BEERI NEUNMG BT
—AH 5y 2 3E(FDMA). 53 Z3E(TDMA). 154> Z23E:(CDMA). 2) BERIVG, BUEARIMEE, SRVraE
BRAFREINEN “REHEE” KE . — BN E AR RN MAC B, SR S BC AR A A H
T WLAN, H s 4280 =84 CSMA, MACA, MACAW, FAMA, BTMA %, 1fjdE 3543500 1
WAEA FPRP 00l 3) #6if), E45 M50 g " WEES S R IEHE .

DOI: 10.12677/csa.2018.85083 749 THEAURF 5 R


https://doi.org/10.12677/csa.2018.85083
http://creativecommons.org/licenses/by/4.0/

FEA MRS E W R GRS F L SRAG A IR ki 5 B 2 2% i 55 [R] g ) 1] P9 B8 145 B o 4, 38
BEOREMRS AR BIE G B d[11]. RETAETT AR A=A ARG EE0HBAER: F5
SRR S R R AR R . (B B H BRI R R BIAE N A KA A, HEENLAE
BERMRBREON A(2) . BETHARMRSS SRS, BAME R HRRSSH Ay g, HEEHLAE R A B
HRHCA B(z) » W HS RS, Ry y, KBS REOBREE RSN R(2) . REMRSHERN
p(p=2B), REGFRERIFKITEN p<1.

B (i =12, N) T3l R LE ¢, W 2R 2RSS, 2 i 5l UL 5E A R gs 7 R IR S AT ik
WG BN ALE, RS B 8 i+ 1 5ol A, i+1 S0 ST E , + 1 IR RS i BN & & (n)
TR i SRR ), HARESR A BUE B AL IR A S R RS RGAE ¢, W ZIHPRAES AT LLRIR
[£(n).& (1), & (n), &y (n) ] HHERAATA P& (n)= x50 =12, N |, #IBZRGEH N RGIRE
A5 ()RR 0 A0 R HOA 7, (%, %y, %, xy ) o B4, TRt 21, RGURAEZR B IR 9 A R HON -
liigP[fi(n):xi;i=1,2,~-‘,N]=7ri(x,,x2,--~,xi,~-,xN) , ﬂi(xl,xz,---,xi,--‘,xN) HINEZE BE R e A

G222y )= 20 D D Y 2 (5%, XXy )
x1=0 x,=0 x=0 xy=0 (1)
z'zyr ez (i=1,2,-4,N)

BB IR 55 8 S ZEAT AT — I 50 PR 30 N AT — A3 O £35 2 2 AL A 58 4 IR 55 o 0 PO B LA B2
RS FLR AR FUBE R340 ), AR REREF (2,) 9
F(z)=E[z" )= 4(B(zF (7)) (i=12,,N)
fE ¢, + LIHZIFUEXT i +1 S80S, HRRK:

& (n+1)=& (n)+m, (v)+p;(u)
@wﬂkmw> b @

Jj=1
J#l

N N T N
-t [Tt || 1 o) 117 (125 o
n—0 j - - n—0 J
J#

t+l’ .’ZN] (l 127 9N)

J=1
J#l

R{ﬁA/(Z/)}Gz[zvzz’”'azz1s31[ﬁ‘4/(21)

il

S AE 1, SR i 53l OT AR MRS, 5 j 5 3l A Al & P A7 i 1045 2 20 L8 (RS B 41
IRS2E NI SVSE

gl(_]): hm aG(Z]’ZZ’sZI’ZN)(ZZI,Z,,N,]:I,Z,,N)

21,2022y 21 aZ/

/f’t I‘H]’/fﬁ‘é”)ﬁéﬂﬁ ;% /%\%E(J 2 i@ﬁﬂy\ly\ k/ :
NyA 1-p
gi(i) & ( )

—Np “

DOI: 10.12677/csa.2018.85083 750 R HLURLE 5 R


https://doi.org/10.12677/csa.2018.85083

T 5

e A D ik 55 85 14 T 5 A IR 55 MR T 8l s e AR IR S5 I IR (] B G ik P 2, B B IR S5 IS
()RR e S TRIAA) Fi o ) P S 7 A ) JI AP S HE A BAK ) 56 245«

gzil:gi(i)ﬂi +gi(i)ﬂi/1iﬂi +gi(i)ﬁi(ﬂﬁ'ﬂi)2 +"'+ﬂi7/i:|

(5)
_ N _ Ny
_Nﬂigi(l)l_p+Nﬂi7i _1—N,D
RGN B AR BRI [A] N 58 4 IR S5 R0 R AT R AR f 015 B 3, HRik = OR:
T=Np (6)

3. FPGA & iTSEIR

FPGA (Field-Programmable Gate Array), RIELZ ] 4t 1FE%1, ©&AE PAL. GAL. CPLD & Al 4w i
PR L — D R R . BRI P AR B (ASIC) S5 f — b ) FELE T HH I, B
fift R T e W HLER PO R, SR TR R R R A ] R O BR Ak . DURE A IR T (Verilog B
VHDL) T 58 S g i, FTRARS Wi gi & S, ORISR E FPGA LTI, ASCRA
Verilog 155 . T LMRIE T2, il ol gnie 0GR FPGA B M HUE IR, A HE B 138 S A0
BT DR BT T 2, BTLA FPGA 7T LUSE T 5 21 IZ 4 TR, FPGA JFR TR EMNTZ it 5
Peoy)z BRI BRI Z A T ASCRA Altera 27 KT & Quartus 11 KT IR .

W45 FPGA FEATTHE MR L[ 120F0 F TR B vt S Bk, 58 M5SR4 7 22 X 7 ThRE AT R Bk
BT o (5 IR T AR 8 77 A L — 2 BRI FEETARA X ATIE B 15 B0 4 s 3l s B H BB 7E 152
B A SIS SEIUE B A AL AR IE T e s Fe 4% i RCER R 0% ST RF & 58 42 IR 45 SR X 4% i T g s
P 2 i B B 0% 52 MR 2 L B2 ity TGS I8 PR3l a5 R A B LRI S g

3.1. (SRR

AR 2 B 0 2% m (Rl 251500, A5 PR B2 7 A 2 L 5 G I 43 A BIIR S B 4 21 . FIRBILA 1) FPGA
BRBAT —A T I . MATLAB A A 0] 7= A2 I AR 40 A6 B 2L Poisstnd. F84 50T LAFIFH FPGA
) ROM %I MATLAB 774 [f3EFA 43 A0 7 S AT BB, (R 45 32 2 Ao PRt th 2 2 A28 8 Azt
SEINRE M LI, K ROM BRI 2 ML 56 8 A, 1E NGRS G B ad. wite, gG—k
A R TR R BOE N 101010106 ] 1 B IR 07 JE5 R . B, ge 9 ROM B2 ARA 73 A7 7 411,
q N 8 AR HE B4

3.2. iR

WA e e MRS el RS AR, ol BT L& LU DhRE: BEESAAN, fF6EE 204l
HEAE T A R H S S A A TR B RE S B 4R, 4% FCFS (First Come First Served) ) Ji 32 Y
RGNS B0 s WIS B0 AR SE T, B a0 “ 27 bR (5 5 R s
K2 08 4 Dul Rl B BT HE R . 4 Al RG2RA P Fifo #EATBOEIN.  “BAES” AR, WAk
HETE B dls “SHUE ST AR AR AR Oy BT I, R “SeEESE 7 B R A i A
WIE S dl; fEiEas N IE B H RO, FEa “27 B EES “empty” B RHT
BRI, JHGER T —Aulial. AT AR SRRy 27 FIAREE S “empty” UARHST, BIAEAE
WA R EREIE S A, Wzl 3 AT RS, SR T — A . XSl m T
SERI DI REAE — B o

DOI: 10.12677/csa.2018.85083 751 R HLURLE 5 R


https://doi.org/10.12677/csa.2018.85083

ck AR AR AR
Bgc [T [0] arr

-gcl1]

~ge[o] | [T | L
Eq 01 XX [0] oL N

-q[7] .

-ql6]

-q[5] I . n_

-ql4]

-q(3] I n._n

-ql2]

-q[1] I . n

-q[0]

rst

Figure 1. Simulation results for the source module
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Figure 2. Block diagram of the site circuit design
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Figure 3. State machine of the polling control module
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Figure 5. FPGA top-level design diagram of the full service polling system
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Figure 6. Module structure diagram of the receiving terminal
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Table 1. The statistical value and the theoretical value
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