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Abstract In many sensor network technologies involved Internet of Things (IoT), users need
quick query response, e. g. , the drivers driving on the road check the real-time parking informa-
tion nearby in a IoTs of intelligent traffic system. Designing a fast data forwarding scheme for
such kind of IoTs as well as meeting the requirements (e. g. , energy efficiency) of sensor net-
works is a crucial and challenging issue. Existing real-time routing protocols of sensor networks
do not achieve the desired real-time goal because they suffer from the key problems of extra over-
head of void forwarding paths (cannot reach the destination, but have to backtrack) and time
overhead of processing isolated nodes, as well as difficult to adapt to the network topological
changes. Therefore, a new query-driven data forwarding scheme is proposed in this paper, which
every node gets its fastest data forwarding paths (directed acyclic graphs) based on the query
message flooded by the Sink. Moreover, hybrid link cost model is given trying to achieve local
energy balance and congestion avoidance, and finally the corresponding greedy distributed data
forwarding algorithm and its improved one are provided. Extensive simulations show the effec-

tiveness and efficiency of the proposed schemes and algorithms.

Keywords Internet of Things; real-time data forwarding; void forwarding path; isolated node;

preferred forwarding node; backup forwarding node; connectivity; wireless sensor networks
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T RS S T, DA b 0 A i L 44 R FH % 2
)T 30 B s BE SRR Y AR AR SR BRI b BT
PT LAFRATT A 0] R AT DA 38 2 - FE T AR Q 1 IX 8
BEBLEI ) o0 A0 N A AR AR 5 i, 3 {5 BE 2 e [ o
[duin sd DB N S 22K, W] ffi B2 F PFNs 38 0§ (4 &
AT SR T B A S S b AR B K7

TR 1. WL, A
PFN's 50T i ) 24 3% 3 1 o 48 e (8 1 1 23 i
R TR 48571 A A BB AR SR 2 50 i 114 I 445 (g1
() BT AT AR 1T AR R B B e T ) T B I 3 A

IEW. BT AR A 4 SR B LYY 50 4y
A 14+ R I 190 205 30 00 R I — 1A 3 A A RS 1
(43 A B HE R o= N/ Q. 0<pe<Coo , M4 [ 38 PFNs
B KA 55 I M o pr. AT AT LA B B A
PFNs % 36 X 38 S 09 1 BLE R | S| = = (&%, —
diin) /3CO0 BUGEUE 120°) 0] S ]IE A b A1 k2
AR

h
Ple—ny = o 1510 h”'SH) e sl (2)

WU, 7 S BN & A 1L IR 1 S B H i
LRI Ry e« || S| IR 5345 A (2) W] 0L 7E
(oo, ) B SE AN DL BE4R 720 K 8[| S| 9 465 7
A AT ARRE R T G AL AR T Y 43 A
JE M ET e Y R B H A BEE 2, B LU R AR
it ELAR R T 3 5 36 28 1 o5 3% R ) SR O [ (E
b R FE T PFNs SRHE A9 B> 19 s 19 4899 s B0 H i
B h B B h—ush+ 0] (0<u<<h—1,v=>0)
ZEHERE P (h— u <x <<h-+ ) 8RBT, L BISR

h+v
Ph—u<x<h+v)= 2 Ni/Qx" [s] e VQ- ISl

r=h—u

(3
T N MRS 4 e=N/Q - S| . 4

Pl—u<c<htw=> Set
XfPXRTERT AR
h—+v

dP " e ¢ . o . A
EZE,H(”’C e e, [u—nfﬂ]

h+v

x=h—u

x=h—u x=h—u
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AN
gl H
58—1(71 B $g+1' _0 7
(h—u—D! (h+o!
e
BRI
SO_[(h—u—l)!] “
LP_ NN & et
qer ¢ J;u(u—z)! (\f—1>1+.r!)
- ghu? utv+t1
ot . [—
T —u—2n < h—u—1><o'

FREFME P(h—ua<h+o) A LITE E=
&=Lh+v)1/(h—u—1) 1 ] G KA.
E=N « n(d, —d.)/3Q W Hl, 7E Q Fl il {5 I 3L
Bl [ doin s de,) E RIS ZEAH LT PFNs 50 1 5 50
T A XA L2 —ws b+ o] B HE R K A5 A
T RAEHE N R

_sQ
s ( dLZ(I - dfnm )

o1 C5) Ay 0 E B 1A IE AR R B O O SR AR 3C
PFNs S0 I 5 ZLH9 19 50800 Q& /m(dl, —di).

IEHE.

€))

4 ZEHEERLXEZE
4.1 ZEBRERMER

R TS BRI 2% R e 4 A A 3R A ) 4% 2 FRAT)
5T — A T R A Bl TN B AR P ZE R P R A
# A Hr (Hybrid Link Cost, HLC) f# %1,

W KRR b LR RO B R S M E R RE
EG, DAFEBHRA Lk i iR EFERE Er (.))
A W 7 BRI RE BE Ex (5. b B2 0k FE RE
Ex(j)=k+ Eas HTF AR ELHER/NT 4.
WA 2.2 WX (DLErG,j) =k« (Eg.+e, o
d* (i, j)). FI
EG.j)=FEx(D)+Er(isj)=2k * Equt+k e, »d*(i,j)

(6)

TENX 7. PIFEFRE (Congestion Degree,CD),
W R Z R B AR P ZE R B CD Gy ) AL
Oy AR i E A G AE DL LA BT 0S5 B 2 B
Geop X 5 BN, CD G, ) € [0, 1) B IR 2 Pr i n
MAC A 34 B AR EC 0, B4R ASSY 4 n] DL i
RN B SR A R 4R 7 6 A% 1 4 28 7 )5

ENX 8. ZEABAEMRMN (HLO AR LB X
b LR

HLC(i,j)=w + E(i,j) » PA() “+(1—w) » CD(.,j)
)

Horp o J&— AT A AR 1] DLAR 4 B & 24 15 A0
FEJE R SR 7E LU AN X T A 18] S e B R SR U
w A DL BN o 2 I SE AR AT O R A
et R o BUE G Fl— A [0 50 1] ASHERS 24
RN OE P N I W DRI 2 (E N
R 17T 391 2 R o e I A 0 30 B ) 8 K X T A ik
/U1 ZE FE IR 2 0 R S I 5 B 22 dn R A R
ARAEELH/N T AT R A3 E 23 R R T
R 12 89 A7 0o 2 % I AR 3 R R I AR 3k T DA e KAk
15 R B ) 2% AE A . PR HILC A58 ] LS 3 B
4y iy 0 2 3k G 1 4
4.2 E-F PFNs/BFNs R H IR R EiE

EX 9. FHEmE, BdE fu (Data Packet,
DP) % bR (DP_ID) &% AR (SN_ID) |
BE (DATA) M e (5 B (OTHER_INFO) 41 1%, »
wE 8 fras.

\ DP_ID \ SN_ID \ DATA \UTHERJNF()\

B8 Himmesy

QM "R 45 R J5 B A1 mUHR & AR B PENs/
BFNs g% (3% D15 2|2 Pr A 19 PENs #il BENs,
I G A T SR T T R B R B (5 2 R
SR FH Fb 20 BRI A R 5 A A0 Y R RE S e Ik )
Sink & 1 &M ZS4F AL QM R REAME 407 F
A AR 1 A A D B 45 2 A7 A S PR Y T DA ST B
W R A5 R B 4 Sink, iR 265 QM T HE S5 A
TFOR ¥ i % Il Sink HUF 25— N0l 2 2 i 2R
Mg A al LR AT A R i A i AR ). Bk A T
PFNs/BFNs % i # % 55 % (PFNs/BFNs based
Data Forwarding,P/BDE) 41| .

®ik 2. JLT PFNs/BFNs 5 Hg 08005 7% k.

A - Sink ] #% QM

i AE g

1. for A2 QM ZSREHE I 49 A5

2 i 4% MAR;

3. for BAUE] MAR #1551 5

4 il j==Sink then HLC(i, j)<0;

//Sink e L 5E 5% &9 A8
else if j’s PFN_NEXT==TRUE
&.& PA(j)>>0 then
j 3 HLC BERNHE HLCG, j) 5
else
HLC(i, j)<thrd_pfn;

j K% RRM % i;//HLC(i, )7 MRR th

(921

© 0 N O
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10.  end for

11.  NNs()i& [ MRR J5 i MH V_PFN
fi g P B HL Cain s

12. if HLC,,=thrd_p fn then

13. i ) PEN_NEXT<FALSE Jf 13 i (i
BFNs ¥ 5 8045 5

14.  else

15. i %1% DP 5%t HLC i 1) PFN k ;
//RN_ID=F

16. PA(D)<PAG) —EG,k);

17. if k= =Sink then

18. continue; // Y H A B EL R 1 RAE N 4

19. else i<k;

20. endfor (JIr A4 i A5 1) 45 R B % & ) Sink)

BFNs ¥ & #1147 :

21, i WE V_BFN [ F i HLC 0 5

22. if HLC,,=>thrd_bfn then

23. FETE S RS 30 A A ) SR 5

24. endSimulation() ;

25. else i [f] 14~19 174518 A A7 4b 185

endBFNs

Bk 2 M — st Bl anh

B (B9 Ry S A B (S T
RER R E W s B frfe & Kl — 1t
A7 B A iR SR T B (Message of Asking for Routing,
MAP), # U 3| it MAP B9 NNs () (K 9 H Sy,
S .Sy 5D B S H W AT & A S Sink”, R
ST UNEE R B HLC Ry 0, 75 DB ] AT Y
PEN_NEXT, Qi & g “ 57, WAR 45 HLC KR53
HBI ) HLC {H (B s HLC (S5, Sio) %), & W
HLC JHy thrd _ pfn, X J5 il 3 112 8% i H B
(Message of Replying for Routing, MRR) i& [¢]
HLC % i. % i W3 A NN ()R [ ) MRR, 0
M E M V_PFN [ & gt e /N HLC 8
HLC s iR HLC iy KFEEFE T thrd_p fn, XK
i WP A PFNs K26 W i i PEN_NEXT

S,
S

‘3 (/\
h) .
.\5”
[ ]

(h+1)
Sink

<<%>>
L2819 .
. [‘[1(4,(813“@1]))&H

T—=@ PFN_NEXT
L3S R

B9 BTG/ 0 e ST i SR Wk 1 BB e

HR” I S 8l i i BFNs 5% & B0Hi , &0 7 g8
HLC .. (34 i §—4 PFN Jy Sink B, X i HLC,.,
S OO XL PEN A S 8o % & 35 #i GE 3 DP 1y
RN_ID 5230, 4 BFNs % & B4 i [ 4 1 35 B i
/ME HLC XN BEN K 576 R 5005 >4 i A 15 s
0 75 ) 45 SR B8 HB O 3R 191 Sink i, 3% ¥ ) i 2h 25
TR BOH AR R IS 80 CRT DU 03] QM 1Y
PS80 I 322 18] LA 2R Wi 245

4.3 BHEMHBEELZEZE

M 2 P RATAKMER o Bs 5% K o Fe b
7 T B (MARD L i 25 3 B (MRR) B 4%
2 R XN B BN ABATY 23 I AR L 3K
ZIRE . K AT 2% i 5 98 > MAR/MRR %¢
HEORMGEE L 2, A EIT A RE R A H Y.

M T IG5 B A 12 4% (anycast) FRPE, 2 —
AT A5 K% DP i, B b e HOm A JE R P i
A AR AR AT LA B (R L 2 b, FReAaE i
RN_ID k48 % 0975 55 K i b 42205 DP). FATT 11 —
AT 5 V_PFN il V_BFN vy HLC 3%l 454
S TR A B A (PAD ZE AR T A S T — > 9 8 PA Y
AR Ak 32 R 4 UM & 3% DP 5l 1. 5 — A
MUK % DP L FRATHE B 1 PA LA DP(DP 451444
RAEARAR) U E BT A R8T R AR AT DL BT PEN I
BEN [ & AR R i HLC B, X FE R A9 8l R A7E
B — Ui R B B R 3% g ST B Eh U SR T S e mT A
183 fr 45 PFNs 1 BENs ) HLC. 2 J5 AR 45 4 Hh
V_PFN F V_BFN g n] 57 85 # % & 5t . A 75 55
L T I VAl == RS DS SN NG - )]
MAR F1 MRR.

TE 25 B0 SRR Z i FRATT T BAE ORE
S RIVHE N A% Y A5 0 AR e L (SN_PA) 3] DP
SER R BT BUE A (DP ) 258 Q& 10 7 5.

| -+ | DATA [SN_PA| OTHER_INFO |
B 10 iR masH

Ot Y B d 5 % %1k (IMproved P/BDF algo-
rithm, IM-P/BDF) fIH % 2 19 X 502 : 9 i Ik kK
HEEAE RIS H O PA A DP* (2549 W& 10 B
) H L LAB 2 TR AR JE 5 2 % i) HLC fi . &
AN B TER — UG I H 9 S 3RS B 19 PFNs F
BFNs ) HLC {H4b, Z J5 09 8048 % & 1 A 4 45
V_PFENu, V_BFN [ &t i) HLC % & %04 . i+
PUK=R7 ]
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ik 3. Mot BE L &k Bk (IM-P/BDE).
A Sink I # QM
W A LS

1. do
2. for A EIEFR LW S
3. if i R — W ZBE then
//i ) V_PFN #1 V_BFN firf§ HLC (i h%E
4. i i1+ MAR/MRR #:3H: PFNs 5% BFNs fi§

HLC.JF4& A 2 ¥ kA PAGOR) DP’;

5 else

6 PR 2 FiAHL V_PFN 8%, V_BFN % %554 ;

7. endfor

8 for B EUWE DP* W1 5

9 j H4E DP* thiy PA ¥ V_PFN 8 V_BFN
5k ID X R HLC;

10. endfor

11. while (T A 25 1R 45 5 5006 % & 3] Sink)

5 KBWHH

AT OMNET + + {5 HF- 6 K WAL IR AT 1)
P/BDF #il IM-P/BDF & k468, F-ATT#E 100m < 100
m XN HEYLIY S 046 17 20.30,.50,70.80 1 100
MG AT A5, Sink B E 7E XG0 %, O 1A RE
A 5 A 4 FRATTBE AL B T B Sink 5 i Rt
) JUAS 9 R AE R U5 a5 A ] ke D0 o AR A —
A R R R R IR GZ B A SR PR Y 4 2R
A% SRR 1T AAE — A2 ) 3k R vh A% 3 e 2 I 45 4 F
ity iE. W R T E A QM. e 5S 8Bk
BRI 3T RN do s T AAR SO R
FHE A [ du s R

R3I ZWBH
e e ZHE
R 24 m
deo 75m
{5 i 4E 3R (Channel. delay) 100 ms
dmin 6 m
ORI 50 n]/bit
s 100 pj/bit/m?
5.1 TMERExTLE

AR B 2(P/BDF) &3 3 DL &R i
RSB LOGF Y 3k (PE40 i ik W51 5 3840 16 5%
BB CREmm 2B Pk Y B R D (RERE LI ZESER =
5T 2R B

s — A FE L K/ Sy 40 7 A HR 30 F
Bl . 10 Fr ik SEH B AR B YR £UF 600
T A AR R R (N H IR N R,
#£ P/BDF 5 3 i 5 2 20 A~ %04 2 (DP) , 1fif 76
IM_P/BDF 5.3 v, B8 4 8 I i) SN_PA (5

PR 45. Br A 2 A 222 4> DP A g B K o8
600 A~F 1Y YKL, 7351 BEE MAR B R/N R 2 77
T MPP By R/ 4 7 G HLC 2 7 799).

RV B 152 LOGF ARRE w7 %0 1 s (51 5 3 73
A AR . K ATHY P/BDE F1 IM-P/BDF 583475
t LOGEF 3k i e A g BCE /b, e 11 s o i g
R 56 F PENs 50 19 453 45 5% S e A b B0 A A ) Bk
K48 . i T IM-P/BDF 5%k i i 50s (50
A S A FL R e Bk KL P/BDE Bk £,
WP 11 s . i H 25 A 4 RO A R /NEOR L TM-
P/BDF if; % i) S Bk 8 P/BDF.

250

200}
2150}
2N
A Z ; ;l
100t 2
= = P/BDF
50F -= IM-P/BDF
- LOGF
% 30 40 50 60 70 80 90 100
REPEY
Bl 11 %k BB L

B — 2 B B A0 1) Sink 47 8. LOGF #E
fiefc K. P/BDF [ fEFE L IM-P/BDF K. @05 12 fir
7. LOGF e 14 Bk B[R] (19 45 795 5 22 18] % & B3 fi
19 % R BB R T I AR 2 e AL T AE IM-
P/BDF Hrjal /b 1 K f 19 2% 3 8 (MAR Fl MRR) .
B i it P/BDF 8 4545 g &

1200
1000
_ 800
8 600
400
4 - P/BDF
2001 = IM-P/BDF
0 - LOGF
20 30 40 50 60 70 80 90 100
REEE )

Kl 12 REFEXS HE

M4 1 FRATTANE CD Gy ) ] LA AR IR
T B AT O DL R 2 DA sh A ELR A
PUE FRATT L0 1] 22 8] fy e B 50RE 01 4 4% I 4% 114 B
i 4 S A R R I 3k 2 e B HR B ) S ok e R B R
i HLC 5 (w=0. 8) 1) ¥ ¥ %% & 535 P/BDF A
IM-P/BDF ] DL B 4 b ok G0 % 42 40 %€, 1 B T
P/BDF #% % ) & 84 44 kb IM-P/BDF & /b, [H
P/BDF K 1] Z€ it G 55 Fe e b Qi 13 i, i H. w
HUE /)N R F HLC A5 70 Of 3 G 3] 2 19 R0CR B 4y
(I, 5.2(3)).



3 ZEUCIE A - SIS 0 L ) R R e A O A RO O 473

90
i ~A/6\z
é' ;0 iy
S 60
=50 )
2000
w4
4 30 = P/BDF
ES zcﬁ = IM-P/BDF
10 ==L OGF

% 30 40 50 60 70 80 90 100

K13 Y FESE RS XS L

5.2 OQDF(P/BDF) 14 88 ¥

(D fig i M R, B e RATE IR L Sink 9
4 AT CEATTR PEN 8 Sink) >k % 222 71 ) %8 4%
B A8k (LA 50 A5 5540 AT A D an ] 14,795 51 7
(WSN: sNode[ 7 D By ¥] b5 B &= fe K, (H i T 2
Sink Y 55 DL M A2 40 ZE 4% 00 [ 4% HLC (7, Sink)
/NF HLC(50,Sink) , it AAETRT 8 WS 4% & . 1y
RS0 BRCA R R L ZJE T AT R 50 AR A AT Y
HLC {H (w=0. 8) ¥ i 7% K £ ¥, 1 2 E AT X B 1y
FEARACH LT 80 38 B 42 /N X BT I 4 A RS
SH R R R e AR E R L X 4 AT
R BE B 2R X i b g AR an Al 14,

100 - WSN: sNode (7)
~®- WSN: sNode (38)
30 ~& WSN: sNode (42)
T =+ WSN: sNode (50)
<
g 60
29
@
4 40
@
20
0

0 20 40 60 80 100 120
I 1] /(100ms )

Bl 14 4 AHR(EY AR RE IS 1L

AT FF B B 358 Ok H5OAH [R] 7 795 A ] A B
ZEAAT A BE AL B0, W B 15, FRATTAT LLE
J529 F1 3ACHOP #5244 B BE 2 714 8 b %5 24 1 , o
22 A 52 58 (g 5 e B ) o A 371 ) W] DA 3G HIE AR
SCHE B BT AR I AOR.

100

80

i /n]

60r

99
g

& 40t

#

-8 WSN: sNode (29)

201 | - WSN: sNode (34)

OF

0 10 20 30 40 50 60 70 80
BT /(100ms)

K15 B A Y RO BE R AR AL

(2) BefhvERE R L. BEAG B BIHER  TRE A
Z 1) BENs 2 58040 5% J o (515 9 4% )5 101 85080 % &
B E5 B AL S 3 o AT 52 I ) 2 3 (K 1 . {H S 5
FUITEREA W 2 A= o N AR 1) BFNs 2 5%k
P 5 P R AR Sink B4R S BE R A S K
FRU, 33, S 1 S 2 T 4% v — A 3 3 16 A

TELL 70 A5 5053 A1 g 0 1) S 30 v, 25565 47 A
B B R A 67 B (74. 1 X100 ms) , 77 & 67 ff
A 1) PENs 2885, X i} e 1 BFNs JF i 5% & 58 » TR
W 67 ) PEN_NEXT 78y FALSE, LLARIF &% R
SR HE T S R PENL [R] &R, 7F 148. 8 X 100 ms
BF, 5 05 17 fi1 18 i PEN _NEXT [a] B % & W
FALSE, 3435 )& 31 % H 9 BFNs TAE, K& 15 8
Fie BUOALVE 2 56 8 . 3 M0 45 A i JR I 45 ok Ik
(BEHT, Sink 5 SR IL0CE] 109 N Edls 62, & 18)
I 28 114 %z T 6 B50FI B AFE 1) 8 R PE e 2 I i 6 45 AL 43
SN 16 FE 17 Fros , Mg A BN, BA5 80U
A~ BFNs 25 T #udli % k.

) 735 132.6 1485 174.0  200.0
I 18] /(100ms )

B 16 He BB

3000
2500
— 2000
£
w5 15
w2 1500
1000
500

o2

735 132.6 1485 174.0  200.0
517 /(100ms )

|17 RERENK

120

100
80
60

JSEEEROR 1t

40

20

0 73.5 132.6 148.5 174.0  20.00
I 18] /(100ms )

P18 BT A MCE A A R I
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¥

(3) 28 o X REHE 2 1 41 26 58 0 19 B2 WL AE
Sink 7 sl F] — 2 B 19 8o L (RS2 8 50 4
DPs) i, 73 51 16 BUAS [ (9 o {6, %5 %8 I 45 1) fiE it 4
A 2E R G R B AR o (ELEC/DN . U RE B2
AERR 22, N I&] 19, KK 42 vp 18] 15 o 29 H1 34, E A1)
F18 70 2% RE Tt D AN S8 467 (H b I 4 2 3l S ROR S 4, A
Bl 21, ZE Rl R 28 o= 0. 2 1) 1] JE B0 48 15F 44 LE
w=0. 8 B H /N RZ o BWEBK . RER B PRt 2
BAE A& 20) o (H 1 2 5l G0 8CR 22 W 2 (A 21
X U5 AR 40 LA 19 10 5K L e 9 4 HLC
Z 8 ] L e RE R 24 s 2 e G0 A A R 7 5K

200
= 150 _all‘h_-.
s
#190
&
(=
501 [
-
O n L I L I i I n I
0 10 20 30 40 50 60 70 80 90
IS E] /(100ms )
B 19 E2EM R R (0=0.2)
200

ﬂjﬂ 150F
g9
4m
& 100}
=

50t | 4 WSN: sNode (29)
-@-WSN: sNode (34),
0 0 1.0 2.0 3‘0 4‘0 5.0 6.0 7IO é 0 9. 0
I 1] /(100ms )
20 AT iR AR 2 A (0=0. 8)
150
40| E3d 0=0.2 ]
130t 30 ©=0.8
E 120 __
(=]
2 110
= 100
2 g9
i 80
B
70
60
50
30 50 80 100
(EPSE4
21 R 28009 4 28 1 1 L 3%
AN
6 % it

RS S I 7 409 MK IR0 i — o B ) S T R

HIR R % J7 % (PFNs/BFNs 5 %) fil 5 i (P/BDF
FILM ). PENs 7 £ A M) #% 1) QM OR 1
TS A0 5S BG BL R S A T S ST A PR A
T 45 FE R 0] A% AR 47 b A e T e kT IR A T
FARSE 5 o5 A P AR B 45 0] 8 ; BENs J7 2 7] DL e K
TR RE M RE 2% AR i S . D0 A IR AT IR 22 K AE
PFNs J5 %8 v 5 5 38 5 70 [ DL 35 48 Be & Fn sl 2> T
o, 45 0 T LA AR AR CHLO) #5578 L 32 30508
B BT AN BE B 34 A 0 € ok T, BE T PENs/
BFNs J5 21 HLC B8, AT 4300 45 0 T 9045 1 4y
A 2B % & Bk (P/BDF) M 3 ok ik 55 1 (IM-P/
BDF) , fi J F AT 53 R St (9 5 BLSCI B 0E T A 0 &
AL AT DA S IR P 3 i Bt % L Rl i B R
T 1) R 1 AT AU A% i ] HE

TEHE AN 28 4= i 91 4 BENs 4R 70 2 5 504 4%
K — MG LT PFNs Al D58 USR5 kAT 55 X &
PR hy 5 Do 24 A= iy 30 1) 3 S D PR R §E 3 Sink (1%
TR A RE A R A S AR X R Sink S [ 1 fig
It 25 GBS Sinke i PS5 40 ] 852 A% JEk 45 I
2% vh ) — A A A Y XA

SRS SC I B 5 v (IM-P/BDF) 1] L 45 44 fig
i (S D i 0 BRI 25— B b T
) 7 1) S 5 o) 07 A5CSR L i DA AR SR AR A — Ay Tl
BT A B B AR AR BT O 3 ke b B T R DA
SEHLAE AN B 0 A ) e o B[R] R 44 (5 P/BDF HO 1)
THOL T 18 e . 53 Ah 38 T LKA SCHRE S 1Y 6
FH B = 2 23 (8] T A9 S5 B o 1o, 49 36 0 o

2 % x #
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Background

The Internet of Things (IoT) has very broad application
prospects, which will change our way of life. In delay-sensi-
tive IoTs, users require hard real-time and reliable query re-
sponse, e. g. » the drivers driving on the road check the real-
time parking information nearby, and ask for real-time radia-
tion in a damaged nuclear plant.

Most of existing works on the topic of real-time routing
for sensor networks suffer from the problems of void for-
warding paths (cannot reach the destination, but have to
backtrack) and time overhead of processing isolated nodes.
Designing a data forwarding scheme with desired QoS such as
real time, energy efficiency and delivery reliability as well as
their tradeoff for sensor networks remains a crucial and chal-
lenging issue.

In this paper, a new query-driven data forwarding
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scheme is proposed, which every node gets its fastest data
forwarding paths (directed acyclic graphs) based on the que-
ry message flooded by the Sink. And the corresponding dis-
tributed greedy data forwarding algorithms based on hybrid
link cost model are provided to achieve the goal of good per-
formance of real time, energy efficiency and reliability. This
work is partially supported by the National Natural Science
Foundation of China under Grant Nos. 61070056 and
61033010 and partially supported by the Fundamental
Research Funds for the Central Universities, and the Re-
search Funds of Renmin University of China ( grant
No. 12XNH175). The target of the research group is to de-
sign routing protocols and data processing algorithms for sen-

sor network based Internet of Things (IoT).



