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Abstract: RPL (Routing Pro

attention because of its applic

a w&less sensor network) for Low-power and Lossy Network (LLN) has received

esource-constrained network. In order to study how to improve the resource
utilization by optimizing tive Function (OF), this paper proposes to review and sort out the design schemes
proposed in the related 1 recent years, summarize two types of optimization ideas from the perspective of routing
metrics, and discuss the antages and shortcomings of different schemes. The results show that although most of the
optimization for routing metrics can improve network quality and balance energy consumption, there are problems such as
incomplete detection of performance metrics, environmental constraints, and low scalability. To address the above issues,
three key points of wireless sensor network routing optimization that deserve attention are summarized, which are expected
to provide optimization ideas for researchers in this field.
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1 5| = (Introduction)

A, YiBEM(Internet of Things, IoT)AYE % fEfH
TR AL R AT M 2% (Wireless Sensor Network, WSN)ZE &2 E
J7. EHE. Tk, Wi, MEERERESS I, gL
AR A 45 T8 T — Fh ML A B IR T AR PR 2% (Low—power and
Lossy Network, LLN), %% H308 o015 B 17 i B KT
ROEEENT. BRI RS, i it o
FEAE T XTLLN B B PR SRR SR . R A% 48 90 245 1 12

PIHSTCEI RLLN R ZKR, BT AR M TR % 57/hH (Internet
Engineering Task Force, IETF)FHJRoLL(Routing over
Low power and Lossy network) T/EZH#EH T—FfHFLLN
BIIPveMYL, R ARPL(Routing Protocol for LLN))AJ{EZH
FEANA 151 45 10 B8 B P, RPLEEWS W BB UK RE . P
TFIRAEER, HAE TGS M LR, e
— AR B 1R 2 B IRPLYMUFT R — D E W8, &
T+ B AR R Eony H 082 F-4R 3155 B by s L Bs 42, X Rt
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ANAM T REWFR, RETAENERTE, BRRY
KBS PN SR RIERE . Bt e, A
SCHERR H AR R EUVE A B R R BT IR, R A B
FENRIRBEE B RITT R 555,
2 REBRREES EEEFE(Standard objective
function classification and characteristics)

H 5 s E0 R 32 il A Rank (H 8 T — ke H fHh, 3y
SRR ank (B M wT AR AR R 15 A T AR A A R B B L
B, T AUE H AR B A% B 2B (ETX . ENERGY %)
VR BTAE M % b iy Rank 5, 7 —ARPLEGIH, Frg
T AR BRI AH R A H AR ek gk, H BIROLLCAEZHAEAESK
= oA (Requests For Comment, RFC)HE X T HFPH R
BB B e, 512 H AR ek %iZ OF0(Object Function
Zero) HIAA i J5 P RERY H AR s MR HOF (Minimum Rank
with Hysteresis Objective Function)®,
2.1 OFo0

BRINIEBL T, OFOfd i Bk A A % b B2 &, AVBEIEY A3
kPR AR, FEDODAG (T[] H AL 94 1 TC 3R &) #4
AR, BT R AR R SR R/ R, ik
B A ARV R AR . 0 T BRI, T IR
fYRankfE i T, OFORYS IS F T D FEA 15 i I 435
Bi, (HICALGE F A i i R R T B AR AR 2 I B I

#1 OFOFIMRHOF (943 1 5 4%
Tab.1 Feature summary of OF0 and MRHOF
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i i A SR I 2%
3 EBEHEFESH(Analysis of metric combination

methods)

B b T AR AR A, R R BAR
HREER, HEEERERENHGT T4 RE. TRRE
A [5] 00 2% 1) 5 SR B RN [R] Y B2 & 280, GIMNETX . 5 SR8
BB, XUSHE SRR R R E EEAEN
HHl, A2 ANGR T gk R — R R R, R
KA T DA P bR R B 2R
TS B A 5 B ) A

A iy Ko R R,
A AR 43 R R B B, E RIS ] DAARARE AR A T &
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W fatn. Mo, LRHERETE B S — T
ik o 2 Y S T R RN R AR E T, BT
W) 5 B A AR, B, 25 R Ak e AR it

—EISHE IR, AT R LA R AL 5755
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B, XEFASSEFELA R/, %204 -
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AR S M AN AR O, — B SR TR
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2.2 MRHOF
MRHOF i T fiff g 5 75 B & i 4 B R AR AR
1k, TR R SR T o TR B I AT
MRHOF S Fe [t e 45, #BUA ., MRHOFfii fl Fi 1%

W EETX)NE A % R s i i e, ETXER R
Fe WSRO L R W R EE AR B, ETXEBIG, DI RS UR A
IR, 45 T — A HE I R ET XA B A2 1% i 800 2 1
Y, B ETX (il W2 45— A B ETX A A A,
B, — AL R S0% M A Bk R B, HETX{E A2, 5
—F AL T F R 100% A 28k, HETXME A2, Fi,
ETXHY #4% pi A 2 B BKETX A1 2 BEETXAY SR, Bk
AL T BARETX(H B 42, MRHOFRY 55— & 845 2 F
FRERAE AR B R AR E . FEM 2B T HIE], AT
AR A AR S B RE FT R, XS SBOW RIHFEE 2 1RE
B, HTRXAES, MRHOF &SRR AR & &1L
AT, SWETXHMRHOFHM H, ##AERAMMRHOF AT A
RO R RE R RERIZE B, OFORIMR HOF By 451t 5 45
MEFR,

e (DEEEEAG. WHGOEWA K ERE, RIEK
Fh1 ) 5 SR e B R Y B B R Ry B A e R ) B R 2
. MEEE— A ERREASE, AT SORIE S AR
FEDODAGAK S, BN, B a2 e Epki, M7Eix
A7 b LA BB R BRI T4 2% 1B ik &

Q)RR A HEEHEGETE LWOF, #%ZOF4
a7 HER, fERETRE-DALER, REHEARPLE
VA EE A A R, Bl R RETTRE,
BTEERAGNR S, HER Iy AT 0

 =Cax+(a:xy) (1)

Hep, BEYREAFRHHER, a5efCRAER T HE
A& 0<asra:<1, a+a:=1,

)VERIZ R . BOWIZ AR 1 5 7 B I ok
Z By AR RE, BN R eERE A A D, e 230K,
LA TE— A ek th B ER M (L A4, AT 6 LA
ANIF Y RERRFAE . R R eh R R Y % B O, RRE
Ak 8 B T DA e S B S
4 FEHIMIE S H AL B RS (Classification

and comparative study of the construction of

functions)
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RIVERETLAL , A A D2EFRE T %, SCHI161E T T—
ASEET T SR A BE B HT B AR 5 OF—ENERG Y (Objective
Function—Energy), Fl4:8E& 4 HIEF—MERA LS, 47
SRR SR R 5 B TETXOFFIE T BRI OFAH I, OF—
ENERGY Ty sz 7y A4, W0 TRERE, MK T ML 7
fir, (B2, % HERREORA FFEEH = BIE N, RRERMHK
B—JRAR T R R BR . SCHERIL 7R T —Fh B T By #
H AR R BOR R 1 AL, 3 O A T it 31 iy E 3R R AR A £
i R )y T HRAE T AR RE, (R4 0 RAUFEAL ek
FOIESR F 34T T, 20 T HAB T ZEAR bR, 40 25 Fdi
YRR HIBES, WIRFFRPLIZGEMIIR S & F % &, X
BROISHEH T — Al T HEBORSETX A H B ARk, R A
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P RO AE B R, SCERI19148 s — il i Bl
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FOORHRES R ¥ . SHRMEETXALL, #i B AREEAVG_
DEL(Average Delay) @3 PR T S B iER, RLALET H—
FE& T B AR R A e R i
K2 ETRE—EEHERRENEXHR
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REFEFNBAS < FE il T Add A 5 1) B AR EEEQ(ETX, Energy
consumption, Queue length), HAEGRI L BERERERYTT A LA
BF-REER % % BARTT . EEQ 5 #r#ERYMRHOFFIOF 04
Fo, B TSNS R, SCE211% 8 T 6 HETX & K
RN E G HER, 2 NL2AM(Lifetime and Latency
Aggregateable Metric), %ML IFFEDODAGHY 22 # [a]
e EIHAE, KT MG A, SHEETXAMHL, 756

TP, ReRR LRI H Ay, FIRER T I M 4% 3 (K
A, SCER[2213 1T T —Fh e £ 0 A 0 2 P-4 1) B A bR 450
EL—RPL(Energy and Load aware RPL), M #4&fzk.
M FERETE U (BDDMETX =AM in b T4 6, E0E EARAY
LA EE H A R, FOAEEH T 2R A
A, NS AddEM R EE 2SR, g
ity 3 v AE AR P A B, SCRRI23 142 HE 7 — b 5 iy 1) i 8 AR ik
MRPL B & WAHLHRA—EEDEM(RPL Adaptation of End—
to—End Delay Estimation Mechanism), 5 7E42E 5 i3] b4k
R(EED)fh T A ERfitE . (B WOFE THAFEM I HEE
MMAA, EPAFEAERERMBAERER, H—-MERER
MBI B IRAER , T AR AN R B IR B
TREEPRIEIR . S5RRE, I AOF [ AR EEDFIHE & 4L
REZBCR(PRR)Z S, B4 & TEEDISPEE, HE, &
VA R ST (B A RETRENE IR . M 25 ZE 2 RPLAY 7]/
Z~,ﬁTﬁw&*§E>w DAMR T T B SR
#% i CoAR(Cong®8ti are Routing)Pi¥, 7 i
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B L. XA HTHI CoA—OF Rl Z MNPk e R
i% U7 AT BARIR, BICoA. BAZIFIH 2 42 ik
H
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Q TRk, AT DA ERE A H 1 A T AR

BERIZER OL. MAh, BUCEE T mBumER, kR,
DROHHEEAATHR), B ERMEERE. MEZT, CoAR

¢ RSN S, XEREAEGHIIE, RTEAERE

H AR R A D0 SRR i LR B AR 3 R
RIBETESEERRBEMNEXRAR
Tab.3 Relevant research on objective function based on

composite metrics

Hbs Bl N T 3
FRL b it B g sap
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o o PPEREEEE ke v
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L2AM  ETX. ekt EKM%%H® U
i A . e
EL-RPL ERE SR 2 ’Txg{%iﬁﬁ IS ﬁﬁﬁﬁ;—ﬁi v x
(BDI). ETX A ~
RFALIREE SRREEDME IR, N
RA-BEDEM . B megamicr oRIEM o
BT (PRR) e
CoA., B\ M3 T#ER. PDR, . .
Cor-OF %, # miphizk. siii oI ES
AR AIRERESS T e

5 MEIEEIPEEFIR KA #5 75 B (Challenges and
future research directions)
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