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Abstract  Internet of Things (I0T), which exploits the association among the objects, the sensing
devices and the Internet, achieves the automatic and real-time management, i. e. , recognition,
localization, tracking, monitoring, and triggers the related events. Facing the continuous data
flow collected from the monitored environment or transferred from other nodes, the mobile nodes
of 10T have to conduct a large amount of data interactions. With the limited buffer size of nodes,
a rational buffer management mechanism is expected to improve the delivery ratio of messages,
reduce the network overhead and maintain a low level of energy cost in the nodes. However, the
existing research efforts on the buffer management mechanisms, which mainly focus on the aspect
of message queue features or the static attributes of messages, neglect some characteristics, e. g. »

the location and moving direction of nodes. Therefore, the untargeted spread of messages., which
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results in the heavy network overhead, occurs in the network. Although some research efforts
have considered the mobility pattern of the node, they mainly focus on the time dimension, e. g. ,
the time interval between any two contact events among nodes. Moreover, many assumptions of
node contacts, e. g. » the encounter time interval among nodes follows the independent and identical
distribution, result in a limited practical application scenario of the buffer management algorithms.
Considering the spatial regularity of node mobility, this paper proposes a location-driven buffer
management mechanism based on the analysis of different mobility models. With the knowledge
of the message’s destination location, the mobility characteristics of the node location-direction in
both random mobility model and the vehicular mobility model are applied to calculate the priority
of messages. Based on the message priority, the buffer scheduling policies, when two contacted
nodes need to exchange messages with each other, and the necessary dropping policies when the
buffer depletion occurs, are designed. The performance of the proposed mechanism is evaluated
by organizing the simulation under both random movement scenarios, e. g. , human hold mobile
devices or animal carried sensors, and the limited movement scenarios, e. g. ,» the taxis, buses and
private cars in the urban roads. The results of simulation reveal that compared with other traditional
buffer management policies, e. g. , Drop-Oldest (DO), the proposed mechanism shows a promoted
performance. Under different buffer sizes and different degrees of network congestion, the
proposed buffer management mechanism can improve the message delivery ratio, and reduce the

average delivery latency, the network overload ratio and the average hops at the same time.

Keywords Internet of Things; buffer management; random mobility model; vehicular mobility
model
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Hp.d, i B m; %3 (dropping) FUH {H . i [A]
A RP. B TIE R R, WA (IS T B
m; (T, O(H O TH NIRRT 0 — 14k, Xt
B R, A5 HCE S8 8 e A X Kok Bl Ak F A
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[Fi] 2t 2 1) L A T ] — o 4%

X w,, KR ITFAE A UK TIHE
RO E R 8 1 5 B B L8 2 8] o6 56 R B
log(R,, ) +m,; (T, YUF T {4 B 17 M 45 1 971
fE 7. T A A A7 ] 20 HLEI AR Kb 03 B gk e &
Fi o DR HCTE I 5% v 2 A7 8] T 4 4 2 R R B/b 5
9 2 B0 K 5 BIZ I B 78 F6 4% B (8] 9 4 A% )
H (B R Ee /s S, AR T S A R/ BT
o7 P RCEE L I ) 4R SO A RN — L i e
F I BRI ST LLZE 90 5 22 10 37 4 SC8 IRk
LR SCHIIREL.

RWP 7%z #85 #1 v, 35 s 75 3 3k — 4> waypoint
f 2384 — Bemf ] B B N — B i, AU R
(4 2% 3R SR AR T R AR AE TSI 20 O 5 ARk
B A — S s @ W S H e A
AFE . 25 5 5 BT R AT R S B i A R AT
25 ) AS 2 D) 2 MR 4 31 5L 0 25 e A HE 7 45 2 L L3
e/ FEALEAE 5 0 T 1 R R TH B & SR AL
v A% AR 358 R U AN 422 Wi 75 U DA AL /0N ) T
TR LS. R R 1 k.

Bk 1. MOBWEFE .

SN AT S — N m

i A HY B EF

Lo R AR MY B R I

2. IF m.size>> Buffer.size THEN

3. reject 1§ & m;

4. END IF
5. //msg FEARHEAT P T FRUTE S /NI
6. IF d,., >d, THEN
7. reject 14 B m;

8. END IF
9. WHILE Buffer. freesize<m.size DO

10. IF msg==m THEN

11. reject {5 B m;

12. ELSE

13. delete 1§ & msg;

14. Buffer. freesize— = m.size;
15. END IF

16. END WHILE

(2) MOB Y J32 5 s

T JE T 9 JBE SR s R 25 3 SR AN AR T 2 B
TS Y I AT AR Bl O 1) R A 2 A [ A
B 807 1) A {E 1 I S S0F A B 255 i
{EL AR SCHE I J3E S b AN 25 R TH L o, 19 7 1) AR L A
@, » 2P A 8 I A 203D T AL i i

HE m, RS s, KRBT E  BH 2, 08
R W P ASC BRI [ 2 26 A T A 4 ) A 8 B )
s,,,JZIOg(R,,,j )‘|—mj(T,,,J ) (3)

Bk 2 MOB R B 530k 38R 25797 81 n A
RNy B N E S RS RSK i Rt pu N R DA EE= WD)
TR AL o RO 5, HOVE B T B RSB ME . Q. R
78T R TR RO S G N e B HE (91 B BB
(Queue) . Q, F7n 19 n,; HPAR A TH BRI 5B A
e SR HE B 5 BAF T AT A A AN
P R A I B Qe AR 418 L 22 A7 25 [R] K/ I

k2. MOB (1 B k.

MiA:Q,.Q,

B < Y A 0 A I L AT Qe S BT A, o

. IF Q,,’, Length<<nj;. freebuffer.size THEN

sending Q,. to n;;
i

1

2

3. ENDIF

4. TF Q, P AR e>Q, Fmiicg THEN

5 sending Q,,’ to n;; »

6. END IF

7. IF Q, Pl MEMAH<Q, T i(LILE% THEN

8. //Quatt Q, WAL LA

9 Qicaa.length<<n;.freebuffer.size THEN
sending Q,I’ to n;;

11.  ENDIF

12. END IF

3.3 ERBIRBERINEFETEINS
3.3.1 HHEBIHBR

WEHILAS Sl 58 A 8 FH 4480 — 4 - 17 9y 16k Ik
S B 7 18] MU R AN 52 BR A B Sl AR . AR T S i
G epr ik I T A iz sl E 32 BR A i g R ) e
FRAE RN AT 55 1) A 00 Tl i 4 R T 1 3 g )
BEAT » TG BEALE £7 T7 1) R 5 5 72 BFSME Al o 3]
U RS B 5 DX S5OV R TGk B e A Bl X
DU BEALAS S5 R Hh 42 9 3 T 05 1) A9 9 S AR
R S TR LN KK VA RS RIEPSY ORISR A Y-+
S A BB L% R B B A% 2 AR X A R e IR
BUNTE BAT Y T B L 8 T B R H AR LB T 3
(1 T8 s b o BV g 2 T Y A7 AR T AR M A3
1 L s oy — I 1Y R AL S TS E AR L
EELANTY R AT AR B T 1k A A P& A 7 1
FA /0N B8 57 FT RE R T 4 A0 1 B 1) 2 R AL 1) T 328
L.

o T R IR R R LS Y s B Al
LA 2o BRI SR8 2l i by BE R B8 I 29 o & A L 18
HOL BB BRTUC B M3 Fh #E AT a3 3. %5 08 3 4 3K

NN
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R ol 2o A2 T 8O0 R AL AR TR S R
LY A 28 S AR Wy I ) R L TR AR
AL R SRR T T — SRR AE L G0
W R R s T A2 BT R R R A R4 e
399 14 s B R 8L 1) DX 38 O AE 32 U i B
R AR B L 2 A A AL A 0 S T LT R A g e
INF 2. LA 2 28RS S 5 A A g A B S S A5 Y
(Freeway Mobility model, FM) FiI & I 15 (] #% 5 %l
(Manhattan Grid Mobility model, MGM) , & 1)
B RHAE U 4 R,

g |
(mil)]
» 5

. ¥ g

(a) FMA&#Y (b) MGM R
Bl 4 ZEHER iR

4Ca) frzn ly FMOBERL, & i Y B AL 51 o 455 41
3T M T B PR 90 R A 1 I b R T S A —
S g B ASSN. % FM K 8 a5 BRI AE — 4% X
2 T TE I v B L A Y A B B AR ] 4%
b AT S EEALIE SR H B JF A X AR
I R AR Bk B . — BB E, W R B
T e WP B J5 FRIEFE N — A H B9 AT — IR 5l
. E5 RWP AR X B F . (D fE FM ##A
o BROE B RES T R HBRTE B A FATE (DT
FM 81, B 3l 45 5 24 Hi 0% 388 B2 4RO/ T & S Hif iy
B s (3) FE[R] — & e o id B b A AR 8l
R 2 4 R R Y T PN T R A BB R o
AT 9 A P 3 JEE

Bl 4(h) filf sy MGM 5 RL, & feft FY 19 A T8 2% 119
FFN S . B 8y S RT LAY 25 7KV 38 A0 2 1
A& HEAT RS 8l . 28 5 B 11 ) ARE 23R ok e B A8 Bl
], B A AE B T, A2 3 T R L 0. 25,0, 25 1O 5
ML PR A e A R B EAT. 5 FM AL, 78 [ —
SRAETE b I R A2 R T T Y R

K5 @R T ARSI —4 MGM BRI 58 47 5.
TE— AT o S B R ST R B E AT A 8, —
PRI T 17 3 X A B A BT AR A GPS
FRGE T R R b a] LU G A 9 e AR
&% 3 J7 ] AR BT A A A B my omy omy, =
ANTHE I H A E R 2 S s, T A B

R AR BRI N A =AY R RS
AT BLC D R4 575 i A W2 AE 25 18] ek A
T A KA P 0 AT S BRI s B
LI ME R e K U H BRAY 20 A Y11 i 4 3 J7 1)
MEEAE T A R BRTH A ms 19 H AL, Y
AT SR BE I B mo B8 8 B AR e R L 4
W D BARTT A D W R B B o 9 H 1Y
T H % Y RIS 30 07 ], 99 50 D TR B m, 1Y
H b 07 B, T e R T b 1] B A R UL T R B TR S
T, 1) H AR B

xﬁ‘ 8 ) ¢t
@ i ! m, BB

@, ik
K5 G sl BRI 5 5t

3T Trace fF% 3 #5 %U (Trace-Based Mobility
model, TBM) D58 13 i 48 3052 1) 42 40 B8 2l B8l 42 s
P54 52 b 45 B0 1 % ol 55 8. UMASSDieselNet
MIT Reality Mining® I Cabspotting® £ #{ %] Trace
W4T T U 4E. UMASSDieselNet #2447 Amherst i
INSEFR G B Bl B B L O o0 B 1T R TR] Y A
B B AL 40 BT S A B fl A5 S 1 I 8] AH XS
45 %7 . Cabspotting & San Francisco f) H fH 4 42 3%
GPS DL 3 {5 B B, B ) 31 1 3t 4 45 > s AL 42 19
A8 A7 B A s 2 W56 FH 4 19 A% Bl
L. Reality Mining 3 H ¢ 5% 1 & &l Hh 100 4> 45 47
B W F D RE R RE T HLAY 2 A BT M0 9 A A
()7 Sl 0300 AR 38 K. e oh . Sk (22 )98 L A )
TR M ST (] 23 A B S Y BE AL AS Sl AL Y 4 5 Y Y 4
B A s N B 2 i A& Trace & 91 1Y 02
I BORRIE  BEALRS SR TE & T TR 6 RS
8l Trace. W,y 1 i — A4 B 52 37 557 AR SOR)

S L R 4R 58 GPS Budle M 1 19 SU Vnet

@® UMass Diverse Outdoor Mobile Environment ( DOME).
http://prisms. cs. umass. deu/dome 2017,7,19

@ MIT Media Lab: Reality Mining. http://reality. media.
mit. edu 2017,7,19

@ The Cabspotting Project. http://canspotting. org. 2017,
7,19



260 o

Bl

1R’ 2019 4

L
&

RS AR AT T WESE B 4000 4 b AR 4 1 i
LA 5 B Ox s SR aE ok, R L IR T 3K
GPS ¥l fi B 7 B
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3.3.2 LT HLFRAE B M EAE

FM KR MGM KR H TBM A58 75 4 LA (i 4k
Tvi) it BRI 147 05 0 B T N AR R 1
BB R Bl A6 T B T A B A A R, BT L
AR S5 B H b 22 18] B B 1) L R A B
B AR, R E AR S BT R E R 2
B ). T DA R BT S AR RS s . B 6
AR T U B — A LT PR A A ERE .

Bl

(x5,
B 6 TR B A B AE
WE 6 frows, XN e B2y RoR kg R
R TE B R R RN E S X FE L E A

BWNEAE T O MadERE R (e v, B8l
WA WL oy, vy, ) T8 m (0 H B9 fr B
oy sy )5 R F 5 0 V7, 0 D45 25 B 67
T ) 7 122 45 B Y T R AL AR R RS TR
20 BT A W, BT A, T L 3
EMEE /S
L Xa XYLy,
VXLHY L /XYY

X, Xp =2, T s YA T YT Yy

4

3.3.3 VEB ZZ/7&HHLH
IR sh TR IR B 1Y 2% A7 4 BE ML (VEhicular

mobility model driven Buffer management mechanism,

VEB) Fl F %= 2085 2l #5080 e BR il 5 23 8 el 3% 3l i 4
PE BT B 35 T 42 BRI 1 92 A7 4 BRAL ) 4 i
AL TR AE £ 55 98 B 5 W R 25 35 5

2 SR T FRAE B B AL AR o T 2
A A AE IR 2% v AR B DL R R K DN i R
KXOHHEIHE m W EFHE pd,, . %X FEE A
T A —EH B ER W8 g &=, BRI
Fie FEAEE KN AR e /NS B P IR B 57 0 —
TAT 31 5B 38 BE AL s, 5 FUAH T) 98] B2 B3 5 AR
R TH B IT IR fL 3%, /I

pu, = g+ (log(R, ) +m, (T, ) +S,' (5

TR T AN A VEB 2478 #HL AL 19
FE AR LI RE F B AR — B R BT
T L0 B ) 2 T SR g — A R S B R B R . Y
A AH B B T AT S B e U e 4 a7
THE T SR 5 T 0 o oA 19 D0 B R 26 0 BT
ST B R B AR AR AN EE R 5 58 M AU K T
B G AE T D0 BRI B e B I HE T AR R HE
J- 25 B 422 32 07 T B B & s A T B, & SR T AR
P AL AR S B FEAE /N T B

| maAmianie |

T RBRIZEAF T

. ST B

e B,
. ,

st s, fo i, W

BB 5 Bl

( #k )=

7 VEB 217 B AL

4 TEXR

4.1 MLEEZSEEIERR

SR HT T Wl 22 B AN # B SR i —— Epidemic
I H g A Spray & Wait % 1 5 0%, H o Spray -
Wait # B — 43 19 7 NBORTH B BENLAS i 5 1 R Y
RWP L, 7 25 8 )y A5 70 SR Y A ey 455 780 0 1 36
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LA Trace BERL R A SC G A7 A FRAL T 5 LA R S 47
AL AT T X o

(D DO: e E F e i AT R G247 B

(2) MOFO: {5 2 58 2 56 R UCBUH B

(3) SHLI: {5 2 7 f 50 4 2B A7 B [H) 9 S

(4) GBSDM™ ; FE- 42 JRy 5 B A T 5 081 BE 25 5

HrA , DO, MOFO (MOst-FOrwarded) f1 SHLI
(SHortest-LIfe-time) ™" Jy & 48 58 {7 4% P44 5 . X
BRLTT S L 7238 T B SIS B A A7 5K v . MOFO
AT AR A foe 0 0 L 800 2 T SHLT I 78 - £ 1
TE bR I — B LR 8 Ol G2 47 SR W 1 RE X L
M. A T A R AR B 0 R B RN & R R g GBSD 45
B2 T A Hh R AR ER A 4 R R A B AR B
A AR 328 S8 T 85 /I A A% A T 32 A [ 0 531 1 5
TH BRI A ST 8 18 Sy Hodie KA B S 1 00
FERHAE Epidemic % i 50 T A9 PERE R B 5 A 3C
P& 0 I A7 A FRAL T AT 1T .

R 45 0 K 00 K504 1% i 1) PR R K L 45 5 A SO
FE YN 55 A SORE AN T 45 i ok DAl 98 A7 B
B RE

(1) B #% % R (Delivery Rate). S0 ] P
PRAT i A O B A% 26 3] H 0 3 1 7 B R S M 4%
Hh A Y BT A T R B Z L.

(2) s} 2E ( Average Latency). MR & &
1678 BT 16 203 B B3k B A b iy 48 2% i e [A].

(3) P25 171 28 (Overhead Ratio). #5 BT #% i
— T L TH AR I 5 e B BIV I 2% v 7 D 1R T IR
Bl 25 B A 1 T B BCH L 15 8 80 T R R
FRH FE. 0 28 TT 5 BTG, 00 288 1 A it v 23K

(4) F- R (Average Hop). 2% H fT A 1H &
) B A 22 D3 1 38k 5 ) RN 5 I 4 v A s ) T A O R
Bz L.
4.2 ZWIRIE

{#i ;i ONE(Opportunistic Network Environment
simulator) ff B T H  JF AR M. % 2 1l T
RWP # R BB SR 00 % I B 3 T ONE $24k 1y
BN 5 e L2 W20y B bl R 2 1 3 5t
AR SCAE Il b B X 0 156 0 5080 R 4R 75 SR RS Bl ik
R RIET T VB 05 B 5 A R/ R 1000 m X
1000 m; ffj LA 12 hs X3l A 78 2l 45 s 80 40 45
B AAT B, o 3l 19 i R s 3 AE 0. S5m/s~
1.5m/s Z[E728 4k s 2 T i& ] ZigBee, # 2F . Wi-Fi 4§
JELIE B JC A AR BOR  BE T B AL i 98 250 kbit/s,
R4 2 100 mos 2% 13 7 36 9 o gl B KA —

BEEH B K/INEE 500 Kb G5 SCAR I ) ~1024 Kb
(B T R 3 80 31 L8 Ak 5 4 16 I v g 30 8 2
T IR B S A — 8 B A Ak 8 T R A A
[E]7E 30 min~ 90 min [8] 28 fk ; g BEHUAS [ 19 3 8. A=
R s S TS =N o 1 e W ST AR e o
h 1s G B AR BB 18D ~ 40 s (T4 B0 AR A 10D
TH 2 B9 2y I 2 v BB BL A 8 1 S BT A
THE Y B b Bl AL 6 Y A XSk, MGM 45 7Y
PEXBANA 120 MBI A HRSH S RWP
BERUAR [A]. F 0 3 FH 42 Trace 5 B 7 Ben | 3crp
1 iR,
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iy FLH [A] 12h
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MOB HLHITEA 7 G A7 RN T R PERER BL. A7 K/h
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FOAT ARAE B D 28 A0 T 1 JE RS s AT
KNy 10 MB I 5 52 A7 BA I A8 L 3808 38 55 1 fiE
febri T RE.
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SR A7 18] 1 248 A0 R0 5 45 33 238 3 ol 1) 52 Wi
Wl A A 2 ) B 728 R, 49 S B850 O V22 22, 49 AL (]
AH I8 I 23 324 B 22 B B O R B0 2 H R 3 0 B
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&l 8 Ca) AL 8 (b TT LAt » AR SCHR Y 9 MOB 2277
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EIF IR OL T H e SR Bl A A AR W AR L
10 0 v B 3 2 it 1) 2% A7 25 ) AR 25 50 Wl 2 % 2% A
LA SO ) MOB 22 4745 3L i 76 30 5 37 55 ) £
Fr—E

# ——DO
35 ——MOFO
»35 ” ——SHLT
N ——MOF N
| |+SHLT )25 r
£25[ |—-—GBSD =
& ——VEB &
7 5
2 4 6 8 0 2 4 6 8 10
ZEA7K/N/MB ZEA7 K/ /MB

(a) Epidemic 4 H1 5% (b) Spray & Wait ¥ i 5%
9 P RE R ZE AE RN AL

P10k 75 5 ot B 3R M T 22 £ 25 [] 19 728 6 X
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Internet of Things (I0T) aims at realizing automatic and
real time object recognition, tracking, monitoring and events
triggering. As a combination of physical objects, sensors and
networks, message interaction among different nodes have
become a key research point in IOT. Nowadays there have
been lots of works focusing on data collecting, forwarding
and computing. However, the limited buffer size and energy
supply of 10T nodes have made traditional routing policies
restricted, thus efficient buffer management becomes an
important role in promoting IOT performance.

Typical buffer management policies are mostly based on
characteristics of message queues. Some enhanced methods
take either local or global attributes of messages into consid-

eration. However, they seldom consider nodes’ mobility.
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Analysis of mobility models of nodes in IOT can help improve
the message delivery ratio and reduce the network overhead.

In this paper. a mobility model driven buffer manage-
ment of node ends in IOT has been proposed. The nodes’
mobility model, together with the global network knowledge,
is applied to conduct the message scheduling and dropping.
The simulation results reveal that the proposed mechanism
outperforms other traditional buffer management policies in
terms of the message delivery ratio, the average delay, the
network overload and the average hops.
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