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Delay Evaluation and Simulation of TDMA Through M/M/1/K Queue Model in
Low-energy Wireless Communication Environment
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(Department of Network, Electronic Engineering Institute of PLA, Hefei 230037, China)

Abstract Evaluate the delay charistiristic of TDMA in low-energy wireless communication environmen t based on M/
M/1/K queue model, and simulate it by QualNet with two interfaces in single-hop network topology, the simulation data

is compared with the evaluation one. It shows that, this evaluation scheme is nearly equal to the simulation outcome,

Meantime, the slection of hardware interface lays more influence on the delay of TDMA protocol.

Keywords Queue model, TDMA, Delay evaluation, Low energy, Simulation

1 3]

FEE IR IAE TR BB B AR BN MR E R A — R
T M AR W A E A A 2 A5 4 82 1B R B R B A e A
WX, FEVAMS RN TREFEN— M EEARY . H
3 MAC YN THRE T F R EETINEEEXE
EHER. 5HE MAC At , TDMA 3808 i B B4y
P Sk th R 15 T 4 P, (03880 09 AUFE BT TR B PR PO AT B AR T 7
At BT ) Y A B RRIR A5 BR R T BB, A T RIS T A5 AL BE
. B, EERRASFREAREH T —&ETF TDMA
WHEIIEE MAC il ™Y, B2, TR
TDMA P A ok —ERE TR, HEEREEE X
RAIMEHITE FRA QoS ER. '
LAk, KB FH R 752 TDMA B BER 4G
R0 SR RERT T AR B UNER, [BX830Hk
BHAIEE T R E S TR S E o TR, 5
FRERR, AW BHMNERSATHELERERK., &
WETRRS GRS R AR (M/M/1/K)U 3 28 3k 4y %
BT W% TDMA FER F 171745, F e AR R R R, Ed
R 2845 BB QualNet™ MBI RFA R BB IR S B0 SPI A
GPIO #47 T Hi2% TDMA RERHF B, W £ Bk T TR L4

T}

AT LA B ARBE R4S (1208085QF107) % B .

REERME. CEBFHRE THESR.
2 RIELLZEEMLE

ISAEBE RO 15 4 S 5 SR TR B PR B
12 BB A BB, — Rt U TR LA 2 2
0 45 AT A, —BEE 1000 KLAT-.

RRFALRAERELLE W, IR
1t T R A TR KR VR YRIAE  ERAOIEFERS
LA ARSI SR T SRS IS
[ 1R B4 Nordic /4 714 nRF24L01 #50M IS
B 96 5455 7 T1/ChipCon 471t CCL100 BT B2
h 64 FH KT —UE A R R H FIFO ol
W

RER

HRR
’/ -Q\
#0 K W3 A

oI -

Bl EETAmRER

EXFRIRT , SRR ZABE A D IREEE KA,
PE R R A RO BT R A% A B AT AL T

B &(1986—), B, Wk, TEHE I AHEAREAR . Ad hoc FI% . B A5 B4 , E-mail: superferras@163. com; Bt % (1963—), 5, #
52, EEBR T NBRAREAR A hoc W&k  LLMEMMA: % ¥ 1982, B, 18+, YHF, ERBFH 0 A MBHA BRPFIER,

« 262



B4k rb ) RS R RR B A 25 R 9IRS
BIhEA EHEHEERE .

3 TDMA ZER#EH 547

SRR Bk, BATTHE TR M 48 (LI 2) 47 TD-
MA FERAMT . FERBEM L4, inFEH TDMA #hil, Kt
Tl {) SR s 2 2 b PR Sk HEAT N RSB, T R4S H BT AT IC )
BB S T Sk AT R B .

» b 48 1 AR AL 0 B

Bz BERREE

EAREBEEEBAY ABHENRGT, BENFY
Vi 2 s S vt = B ol R 4«

—RAABT R ERS AR REDR A FR AR AT
Bl — i S BRI REE A X

TR ST R BRI ST S A P S R AL B Y
HEBABE] . SIS ) B S LU BE 2% » MR T BT R S R S AT AR
B, —mE, FESEEREREMRIIKERR, B,
FICHTEES ) TDMA FERY S Hr i B F R E T HEBA R P Y
onoff 3R , ISk 5 4 BA 3 r 45 455 b B2 £y HE BA B ] £ E
BT T .

4 %5352 (on-of ) BUHEBA R 4t

HERIRE (onof DR—RIEHERH ZHANTAR
G EERGER A on" RABE R B, B o RRBEE
BB, Il 2 iR,

A

E 3 on-off I PRHEBAIRY

EHAIR Y, NO BRI RA U TR

(DB N@ =n, MBS 2 ¢ BT —AN & B AR %)
IER BRI RS BOR A MR IS (B MER, IEF X
B2 (Markov ) B8 B45r-74) .

ORE N@® = n, AR £ FEF]F — % B 0 21
I A IR MBS BN . ISR R A5 .

(DR - Z R R FRAEE L, MARING =
0} on-off ;3 #2.

— KU, BB NOMA P,(0=P{N@®=n} B HI&K
xR, B BR Y RAED X LEFHRES G RE
4),

B4 AERFE Markov RAEREE
YRGBT S A ) T B B RS, SHE—RE »
e84, BLAS B 18] D i A IZOIR 25 W0 245 YR oA S 7 B ) 9 B
BREWFHRB ZAE., RIE\EX—FH, THIFE—R

BTHEEHREUT .
Ar1 Pr1 F et Pt = Q) P
B LRI R T RAG
D=0

e

_Am1dnzt Ao o)
Pottnr " a1

B R S o =1, WA
[1+ 38 ]p=1 @
TR0 =1/(+ 58,0, po FHSGH S5, WA A

B, B 50, coff, A BT LB AR BB FRR LI
AT

5 BRE&ERAHER M/M/1/K

HRFBREHERE M/M/1/K 23 Y4565 E N F
3K R A BOTR M TE R 43 A B, S5 ) AR 44 30 sk i T AR M S
B A WRBESH RSB 1L, RS ERASER
AR, RGN RN K, 4 K MIBBE®EE S5 H
FLEBIMBE BEh B &, YR G R H S MLER, FP M EE
HARGHAER. BTHZENHARETBE REEAN
K NMBEFERAERA K—14, /A :

An:{/\, n=0,1,2,++,K—1 3

0, n=K
pn=psn=1,2,3,-+, K

B (D KRG A5

AN =
an={(#) v n=hzenK @

O, n>K
ﬁi Pn=7"po m=1,2,,K, E'?%:

1_
) {1—;?;(%, 71

n

b= K 1
H_Efﬂ K1’ =1
HEARNEES SRAHHA R L ERRE T KR
AR AT « # 1 ad, FHIBAK L, 4.
L, =§np =por§nr"’1
——l%f)—zm F—A—DKF]
7 (K+DF&AH
1—¢ 1—&*1
é’[ 'l'_“l B—j‘v
L= Enp,. K+12n K/2

HTHARAMARAR, RA K—1 MR, B
e, 2R GE2S [ B WA, B BB AN R A R GEHEBN
WHLR VA BEARIE TR BIE B E M BB RE SRS .
BB R G AR ALt KR B R BE 550
ASME ARG TRE K o, BEARBESEA R, B R & T
ARGHBRE 1—Pc, Bk, B4R R SEPR T A R 4L
BB (9 P29 80k -

A=A = px)=pu(1— po)

B Little 223, AT 14958 W it 1] W, 2%

+ 263

Enzﬂpo



_L_ L
W T A0
SEHSERFNR] W, R
L, Lq
Wq_i—/\(l—Px)
S-151E it E] W, 35384 fratia W, AAR% adta), il
REA VY HEBA ZER AT TE] Tty M
L L,

Tawe =W = = 10— 50

16))

6 TDMA IE;RiEfL

ABHRAIE R 0 &, BB HE RN R, O MRS
HER R PG KR/NA L, FH5, SRR AT KA K L,
ANEIEAD, B BRECH N, BFBRIA/INA 200 » ) A7 B (] N B35 B2
W R BRI R, /8L, , B AT IR N O B AR B
AR R:/8L, . Wil EiRETFT M/M/1/K A REF &R
A HEBOEERY T 8 2 ) - 34 050 B i 9 2E 3R B 1] TR R O «

%4 o1 B, P L
. (K+1FfH
1—¢ 1—FH

— R/R _(K+DER/RI*"

1—R,/R; 1— (R /R
4 =10, FHBAK L, .

L,=K/2
R 8 BP9 HEBAK L, 2
L=

Ry/Ri  (Ry/RDOU+KWR,/RE))
1—R,/R; 1—(R,/R)H¥™ ’

K&E—D
2(K+1)°

T R A B3 Aot ] P S B T HE A R 5 AR 2 1) 29 8800
Ae=A(—p)=p(1—po)

iy, A=R,/ 8L, ,p=R:/ 8L,.

FRIR , B0 PO 2% v O 5 A S B BRI ST 3B B R
_NIN—D) * ty

T ==

R e -3 3 B RSB B ) Totsey = Tome T Tocuie o

7 thE

7.1 FmEBIL

RO A MLE 5 EE M QualNet 5. 1 HER— A4 B
AR, 304 5 5 AT S0 T4 AR B ALS B i SE B L
HATRIA AR . R AT R A S AT ih Ao BL el (5 T
&, BRATRBUER t th il (DSR) BB 3h. (HESH
MPFEF T ANE L RE 5 iR,

#£1 QualNet {fES¥RE

L=

Ry /Ri#1

Rb/Riz].

o -
HEK 10
Bt B 9
B JR A/ 10ms
iR 2Mbps
FEAR AN 50B
BogBERE 1Mbps/500kbps
Bt DSR

o 264 -

() FIZ&3HTH ) FRGEFT

B 5
HATEAMFE B R E DR T, 7 E A RS K B
(KO, 383 15 B AR R B 48 11 A 8 53 B 4 S 48400 79 bR ) B 38K
& E 0 SPI(1Mbps) #l GPIO(500kbps) , & 1t TDMA ZE
B A3 A0 BT S B Ao HL B 6 Fis .

Rt £ ETHO!

i 3 3 10
K B (R

K6 HEMSHEENLE

7.2 ERHH

BT ESRRIITLABES, #MH M/M/1/K 81 % 418
A HEBA B BT €2 T 1 TDMA S B 374 4 24 B B 8 3] 19
SERT SO REAER L. FEL/NE R0 EHE T B th
LY BB G A B BBk B h B B (R

ROV TR R TR MG R, B ARS8
FEER R R EEES, FHXHET M/M/1/K 3R %
R AR HERE — e N I RRE. B MmN IE
WP, B R S AME I T FAE ML R M R v s K, 12
BRI B B 24 HEXT T REEER W4 R R
BARTh, BEEMN BA BRI BB

BRIE ALET M/M/1/K BIRE GRS FIHEB A
LT TDMA FER A3 RER , 3438 of 0 BAE B 7 e Bk 4%
WINFE T RS RN ERNE. B—FE, FIKh#E
15 W SR TE A BEIR AR AR 2 PR 2R 4T, I 38 33538 W0 S S
Shbsmg s O RA, W FRAEFEREAAEENER, X
RE AT A R TR LRE T A HE
R — NN,

2 X X W

[1] Cano C,Bellalta B, Sfairopoulou A, et al. Low energy operation
in WSNs: A survey of preamble sampling MAC protocols[]].
Computer Networks,2011,55;3351-3363

[2] Lou Wei, Wu Yan-wei, Li Xiang-yang, et al. Energy Efficient
TDMA Sleep Scheduling in Wireless Sensor Networks[C] /
IEEE INFOCOM 2009 - IEEE Conference on Computer Com-
munications; Riode Janeiro, Brazil, April 2009. NY USA.: IEEE
eXpress Conference Publishing, 2009 630-638

[3] LeeW L, Datta A, Oliver R C. FlexiTP; A Flexible-Schedule-
Based TDMA Protocol for Fault-Tolerant and Energy-Efficient
Wireless Sensor Networks [ J]. Parallel and Distributed Sys-
tems, IEEE Transactions on,2008,19(6):851-864

(F## 286 7



PARTE —E B AT, F L B IR SR F e THER
DL ARG, W R L BB ESREZRER
FoERI SRR NS . 3% 8 PC-EDF & B 3L ot $¢ 3,
FFIR{E DL P S BB ERERN BRI EETE RN
PRSI E TR R R R PR ST 55
3.23 SLBGHAAEEHE

XFFHe5E 7 A SLEE W MR, v EARIENRE
SRS A HE AR - ] PC-EDF 3 B, XF T8 N HEBAE
B, BT RE - MESEEIRSE . SREER > BAES
HRMBELEERTRANEENRE R TR, &
Al RSB BATUA {145 RO AL A 18] B8 80, S0 RT3 5 308
R %

4 SRISIEHE

SR P NS2 P4 07 BB AT B0 0E , U0 T 3 SE 2 IR
ZMT R BERGEE I, R ER QoS SR B LK PC-
EDF WBEE % LI T LR M5 QoS Hl #y7r 4r K 5%
AT HA RS R R RS 0~9 MRS, K 2 i BASY
oy FBE L = RARERAI, A8 1 AT SRS
B2 AR BT 3. Ea@ASY. 1 GBAFISrHORTEE £y
2ms, 2 ZRRAFISFFEATRE _EIR Ky 40ms, 3 REAF 43 FLB 5E b7
Jy 400ms, SEEBUM T AR B BAMA T HE G, T
ELMIENT 5 A S AR oy H BA IR — B R AF T 1Y
HEBABAS, AN 1 TR » A AR RN BRI BE , IRAR AR R R &
HBNRFFLERTH ,

edfqueue
qlien

I gllen

60 ; < gslen

50 - I{.,,M,“.T:trfutirtu fifoden
=
£ 40
& [ R
2 30 —

I i o A
20 e
7 2
10 /r/\ e B
0 -
05 10 15

B 1 PCEDF Z£AF5 FIFO AFIBAK Ho 5

TREREH, BERBULENREE=FAIKEERF
HRBEG THRTRE, TH# 5 FIFHRK/NT 2 HAF)
BAE , T HAR /DN F o A BAK AT 3 BBAFIBAHE . o Little
RO FEFIRRE —BRMAT , AR AR /NN HE BA % 5 B 8] 2
&, T G AFIA BN HEBN S REAT ], 1 40,2 AT HEBA %
et fa #3 /DN F Fe A S BAS A 3 S AF, BT i PC-EDF [t
FIFO fRHAL T/ QoS 43I REiR fitat IARIE .

HRE ANEETHRESEEMMNHZES T ML

AR AL QoS # Rl J7 ik , IR TP RHY QoS R H M —
P T o 1. 280 Ak B 18] 40 S B9 O S 4 T 48 o 9 B Bk PC-
EDF. {FEZR DA, M BRI B v M e 5 58
3R S5 45 2 BY B T R B PR BE » RECRUE R PR SR 4 ) SERY J 4
ES BT QoS, LA T BB EEE A MBI 1 K B %
$1 QoS Z | B—Fh &R A U SR B R IR 54889
REFREMT QoS EMHIBTFT, #0 FIE B QoS il -5 BiEsE M
2 QoS RIS TR T — P HBIR TIE.

2 % XMk

(11 38569, i, ERECRT, 4. $riEeE M. Jbe . BB ol kR4t
2010

[2] Alemeida J,Dabu M, Manikutty A, et al. Providing differentiated
level of service in Web content hosting[ C] // Proceedings 1998
SIGMETRICS Workshop on Internet Server Performance. Pis-
cataway, NJ : [EEE Press, 1998

[3] Eggert L,Heidemann J. Application-level differentiated services
for Web servers[]]. World Wide Web Journal, 1999,2(3):133-
142

[4] BHF%ZE. HEBAE BB 2 BO M. Jbxt - bR BReR K 22 H AL, 2009

[5] QoS for Web services. Requirements and Possible Approaches
[EB/OL]. http://www. w3c. org. kr/kr-office/ TR/2003/ws-
qos,2011-01-05

[6] Liu,Layland j. Scheduling algorithms for multiprogramming in a
hard real-time environment[ J |, Journal of ACM, 1973,20(1);
46-61

[7] Zhang H,Ferrari D. Rate-controlled service discplines [J]. Jour-
nal of High Speed Networks,1995,3(4) :389-412

[8] Ferrari D, Verma D C. A scheme for real-time channel establish-
ment in wide-area networks[J]. IEEE JSAC,1990,8(3)

[9] Verma D,Zhang H, Ferrari D. Delay jitter control for real-time
communication in a packet switching network[ C] // Proceedings
of the TriComm’91. Chapel Hill,NC, Mar. 1991

[10] Georgiadis L, Guerin R, Peris V, et al, Efficient network QoS
provisioning based on per node traffic shaping[ C]//TEEE/ACM
Trans on Networking, 1996,4(4)

[11] Zhu Kai, Zhuang Yan, Yannis V. Achieving end-to-end delay
boundes by EDF scheduling without traffic shaping( ]]. IEEE
INFOCOM, 2011

[12] Liebeherr J, Yilmaz E. Work-conserving vs. nonworkconserving
packet scheduling: An issue revisited[ C] // Proceedings IEEE/
IFIP 7th International Workshop on Quality of Service(TWQoS’
99). June 1999

(L8 264 7O

[4] Xie Min, Haenggi M. Towards an end-to-end delay analysis of
wireless multihop networks[J]. Ad hoc Networks, 2009, 7: 849-
861

[51 Cui Shu-guang,Madan R,Goldsmith A ], et al. Energy Minimi-
zation and Delay Analysis in TDMA-based Sensor Networks
[Z]. Wireless Communications, 2004

[6] Yue Wu-yi, Takahashi Y, Takagi H. Advances in Queueig Theo-
ry and Network Applications[ M]. NY USA. Springer Science+
Business Media, 2009.70-82,182-196

- 286

[7] Scalable Network Technologies. QualNet [EB/OL]. http://www.
scalable-networks. com/content/products/quainet

[8] Nordic Semiconductor. nRF24L01 single chip 2. 4GHz transcei-
ver product specification EB/OL’]. http://www. nordic—semi.
no, 2007. com,2012-12-19

[9] Texas Instruments, CC1100 Single Chip Low Cost Low Power
RF Transceiver[ EB/OL]. http://www. ti. com. cn/general/cn/
docs/lit/getliterature. tsp? genericPartNumber = cc11008&:file

Type=pdf,2012-12-19



