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Abstract: Current research on Vertical HandOver algorithm based on Artificial Neural Network (ANN-VHO)
has a poor service adaptability and high computational complexity. Considering this problem, an adaptive
vertical handover algorithm based on artificial neural network is proposed. Firstly, according to the Received
Signal Strength (RSS) obtained by the terminal, a method of thresholding is used to select a candidate network
set. Secondly, in terms of the different types of services classified in this paper, the parameters are normalized
and adaptively selected; Thirdly, the selected parameters are input into the artificial neural network to choose
the best access network from the candidate network. Finally, the experimental results show that the algorithm

can reasonably select the handover network according to the user's service type, reduce the handover blocking
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rate and lower the time complexity of the algorithm.

Key words: Heterogeneous wireless networks; Type of service; Adaptive selection; Neural network

1 35§
bE L HARTI R RE, T —RIE&mMe ko2&

ks E 1 2018-05-30; BlEl HHH: 2019-01-30; FH4&HIAR: 2019-02-25
SEEEE: ZMME lishangru93@163.com

HETH: HFRARREES(61471076, 61601070), 5K HEA
5 aTHy i 71l (este2016jeyjA0455), HER T SR A5 RIVHIR R
T H (cstc2018jcyjAX0432), H P HE B K 24181 J5 5 42 (A2015-16)
Foundation Items: The National Natural Science Foundation of
China (61471076, 61601070), The Foundation and Advanced
Research Program of Chongqing (cstc2016jcyjA0455), The
Foundation Research and Advanced Exploration Project of
Chongqing (cstc2018jcyjAX0432), The Doctoral Start-up Fund of
Chongging University of Posts and Telecommunications (A2015-16)

DR LN BORICF AR, TR 2 M A TS
A SR &I LM Zh N A TC LM 4 . EIXRE
RIS BT, AFIRIEN S 8 K AR V)
BT EY . EEEYIHOERED, A fREH]
A BRSO R AR M 2%, SO S AR ST TT R #
N} P = -l P E NP R DS EEN=RIE S 53 N DT
C2AMRE, RIEIA PR FIER AR, &
BHYIEE KRBT MBI LK. (1) TRE
RPN AR, B E 5 98 (Receive Sig-
nal Strength, RSS) sl H At i i 2 $ik 31 ) 2 fi
RANA PRI (2) 3 TR BB D e sk 7,
WS e 2 AW s S8, GIan i - B s
FE . MR AL IS S AR, A


http://radars.ie.ac.cn/CN/10.11999/JEIT180534

5 1

Ty WA SAb JOL I 4 i 1 N A o0 245 1) 1 o T B ) 48 R0 1211

ROH R E, 38 T SRR RSO R B AT X 2% )
TRy (3)F TR HEVIHEES Y, KX RN
RO R RO, 3 I RO R A5 21 4] e R ik
TR (4) B T A MY ERI 10, e
P2 B H & MR AT SR K52 ST BE A, AT B
SIEE XML BRI “ SR KM
W, R AR e nT ATAR BB 1k RE LIS N3 45 AR
o PG AAEAAG 5o I, 45 30 LR B
W AEREAT A R TETE EYJH, B PR
2 E VI EE B bR, TR APZ R 45 7T LA
0 2 3 26 B A A o

T EA A R0 7T R N T2 i 2% i
FH 31 5 ) T 24 I 2% 1) 2 EL ) 48 v e, SR AR e 46
FIRHITERE o SCHR[12]32 H —Ff 51N o [ £ F) 2 L
I T7 %8, AR Pl A fh e i 2% Bk, T
AR Z FH P R AT H 10X 246 2 1) e AR DL R . SCHR[13]
PAF R RN RO B bR, R —FE T e
W26 (1) T EL DI S, IR R E R K
A WGSBS, W RS S S
VRIE N 2 Rl 2 AT o SUBR([14) 32 Y — R BOR p 22
WL SE, 2SRRI IE AR S e B AN &
AL A 22 X 2 AT BB AR B . DA RS
T NI P TIHEE, B E T HI R AIAS
FARE, (HIRZE 8L RMY, SED el 2%
WEFEAFAEAN S B ) J,  [R] IS e 22 X 2% B35 4
2T RN S T B A 2% B v Y ) AL

BEXT A )R, AR SCHR e B AN ] B2
() 1 T N B DI R AR YDA R, S IE
B IAE 5 5 BB W 2% AT O %8, AR 553K
M N IEBERZ0 S5 BURE R S 8L R et
ATIH—ACARER, JLIK, SRR X 25 1 045 280 ] ke
B fJa, HCRPTA Ik M 45 0 A R e P e (£ V)
2% . AT 3 B TR TS O -

(1) FEFET N AR I 24 ()l BT S0 (Vertical
HandOver algorithm based on Artificial Neural
Network, ANN-VHO), HI&NH 7 #5280k
e E YR, CRUEP S8 35 1) & B A

(2) BRIt A ERER, KBEAHZA
S NRZ T BN AR Z T, > TN
KMZEHEN, BT SIEAN R SR, R T
RIS
2 ETHENENBENEBYIREERIE

P 3GPP IR AEH A STV 55 KR 53 g4kt , 4y
iR sthdlkss. ZHERWFE. mEWS. FEHE
W55 o MRGER AR ST RIS M RES I 77 2, ik
BB US55 38 5 (RSS) % (Bandwidth, B). A

%E(Delay, D). £t3h(Jittery, J). EZE (Packet
Loss Rate, PLR)X 54 B EZHAE NP E N M 2%
FIQoSHERETR bR . RSS s it FH 7 31| [0 28 452 N\ 5 2 [H]
FIEfE i, RSSHARES, &SECEME T, MLk
FRY s 2 TR 48 BT RE SR B A B R AR 8, I S 2
Bt IR i 20 A% i P 75 (OB (). $EBh 2 FR i 2
AL, ZZHP AR M ESE, EaR
5 Z R BB S A AR R E, &
WAL A s A SE B R . DI SR T AR T
AEFRREH . PR LA 2] WESHIR3N B, B
S i 1 FRAL BEAR b (RS S I AE 1 Wi 45 2] i 1 X 4%
B, IR RSP MR . RE, £, 24
FAENHIRSH. HR gk fM 3T 25 A
&M — AR B, IR A R e 2 2%
FR N, B 2430 T 8 X 5% 1) A AR AT 1R 2% A
e VIHEERAEE N E LR .

o
Rss TR B
: =
==
B
F
D gl =T N
SIS \} EE

__________________________

B 1 AR ERER AR

TR FH i 2 ) 245 1 T LU P SRR
AR, RN, S5a4m P RIS SR
FEFER, ARXIEBENIEFRSERME ML E ] 2
BT, R RAE W 738, b 338 N A% 36 X 4% 45 )
B, () B B W, 2 W4 FIRSSTE
RS (8] J5 KT 5 T BG5S 9 R{ERSS
TP 12 X 28 B N A IR 25 4, RSS, 3R 7 F 4 i (1]
JaIRSS, HY R/niRif; #HRSS/MFHMUE 558
BREL, U922 0 288 AN 3R Nk 3 T 245 4

RSS, > RSSy,+HY,  #EAfREMLLE
RSS < RSSu, ANTE N5 3 9 24 42

TE P28 i B, Ao 428 R 4% (1) i AL o o B
FEM IR, RBE NAMEIL 2%, ek ko 2%
EH B EEASNF={F, F, -, Fy}, EFHH
B B3 R A% I 28 9 H bR I 28 TEAT D14, BRI

T=max{Fy, I, -, Fy} (2)

3 FRALIEIRIR

3.1 SHHENIERE
FEARIE 55 R R, il 2Rk 55 & T sl
%, EORIE(S B REAL AN FESE, KL A



1212 R =

o

=]

2 %

A1 %

sl L 5 KA P AR IC N EEL, TR A2
HRAS, FERMEREARE LIS MR, B
EE B AR SR, ZORMRIRMZA R, RSk
55t R HAE 2 R RFERI, DRI 7 5 22
KB, WEEEREAR. Ja GRS BH TR
I TRIR ], X PFh AR BoR, (HREFRIFEZR
PRAEBE e Bk, DRI 5 2 — 2 ) 98 AL/
ZAE,

I M SCHR 9]0 25 RS BB T 545 R AT LUk
B, R, A E R EBER D,
AR E AL EIR K. 456 ESCmatT, A
kNS P A 28 X 28 SR IR S R R L I, 7 fRAIE
R ZHi 2 7 QoS SRINE UL T, AR HE L
S5 R EHOS 12000 S5 BUSTE L i S 4. a2
Ay TR SRR SEMEL B, AL H R FE E
MERR, REAIGERAEMES), J56RIERF
M ERR,

[z | [ zux | [wx | [ mex ]
I I | zax |

K 2 28GR

3.2 BHA—1k

TG 28 W 25 (1) RN PR BE S EER A AN [ 11 B AT
EYEHE, AR, NiERSEE &L £ R AL 55
T8 1) L 25 PR M (1 1) R, A SR U — A B 7 2%
SHGIAT OB, VA — 5 % B AR AP 2 I 25 1)
N LTRSS T LA N AGE S
RSARSE, HAP¥E SO, AR
SRS R o X R0 A P A A T 2 043 SR
R (3) M (4)TEAL AT, 5048 AT AR SE AL 3

[0, 1]Z18],
Wi S
k sk
oF _ Tj; — minz;
7 max 2 — min 2 (3)
J J
k k
7 max z¥F — min 2 (4)
J J

Forbt, kAR, BUANL, 2, 3, 4, o FRH
PR S 25 A W B2 B, max o kA
W25 T SRR R min 2 Rk 5 o %
B ME, CL R — . W T RS
B, BEBR % SN Tl % R h B

B /ME, Eﬂmfj<minxf, ij?'ﬂ(); #HRTERKE,
Eﬂxfj>maxxf, ij)r'\”?'ﬂlo T RANSH, 4
oy, <minzf 1, Cf N1 af, >max 2 i, CF AL,
APPSR ALY 55 068 [7] — Fh S 30 75 SR VT 35 A
A, DA IE N, 216 280 55 72 St 14 g o il
%5, DRI A8 Y R e vy, ISP IE /D, 231 15
B, MEIE/NT30 mshl, SIEREARRA
B AR, HY B ZE K T-100 mshy, 2% okt
1To X TR HINS, HBAE RN, S
PR T 20828, e A ZIuEZERT20EK, o
ZEART50 msh, ZRHEHFELHEZER. Kk, ~
THiE ERSE A AP R K IME, AEE
FAE SR, WE TR SECE R R LR

*1 FESREERE

A% e (kbps)  HBFZE(ms)  FlEh(ms)  EMZE(x10°°)
ENEES 30~100 5~40
THHE 50~270 1~100
W 50~10000 10~50
J562  10~1000 10~1000

4 HEMELETIE

4.1 HEZMRLER

T8 I 288 53 DR HE D P 48 DX 288 RN TP 48 DX 285
SN NN 2y GRS il /A el 2 SO N e L 2
ZEARYE S AR, B3 D I T X 2% AR f A5t A
%%, ARICK IR ZE R ML (Back Propagation,
BP) R 2%, J& 110 [ #4225 1 —#f, AT EL
SEIRATART 52 A% Ay Bl St [) A LA AR R ) I R
ZAZ WL H3ZM R, AN R = A
Bz AR B H bR 2 I 2R TR B L, BeeR
JEB AT R H SR E3R .

RERE 5% B dE Nk R 2808 5 — A5 2
A R I AN, R IR A e 4 Y 4%
I, AN Z RN E TR E NN, HIH—
I TP A S H 2y A 2o K B o

2

B =
3 PR 2% 45 44

=



5 1

Ty WA SAb JOL I 4 i 1 N A o0 245 1) 1 o T B ) 48 R0 1213

2= (Cy) (5)
22 = (Czk]z) (6)

Hodr, g1, jo NFE—F S kR AR S5, Bl
J1€J.j2€ 5, Hiji # jao

B = AP ok o
Br = f(/wzlrzl + wzy’z2> (7)

RAEBP#EE W 2% AT LUEAT 5 21 )1 2%, BesElZ
()5 3 bR E L TR A, R I R 2 K FH Sigmoid B
BN A i R A

fl)=1/(1+¢") (8)

W EMZL I A

L
F=¢p (Z w,.BT) (9)
r=1

Hh, w,, WA Tin 5B AR C SR E,
Wy AP TC20 5 Fr A BRRE #0 & JC EH A E,
L AR ZEMZ oA, w, R r N E ML Tt
S 2 T RE, () NER AL MR AL
4.2 FINEILIE

AT ) 254 F BB ATLEL/E AP aa BUE, B —
JZHHAEA T — 208N K U B 2 1)
HH AP N2 1F 25 HE, SR SR 5
BT ERZE, A SO R BUE B 2 1S
B, AP RSB, X RE [ 6 3 R A 2 Rk
AER . IZRBUERE, WRZR/NEITT A, N2
[ RIS IE S AUME, BEE AW 24 2], % 25 Ok
AN, REHCE TR BE R ORI

1
Blw)= 3> &, (w) (10)
m=1
em(w) = dp(w) — vy (w) (11)
/ﬂ\:q:‘ y W= [wzllu W2y Wy Ly Weply W2y ** 5 WeyL, W1,

Wy, -+, wi), B(w) B REMERERE en(w) ZFEmA
WS EENZEE, nRERE, d,(w) 2
WEE, vp(w) 2 Lbrim b, fE##ATBUERS IE
i, ORI B R R TRV R, ASCRAE
1F 3 P AR 1) 1 SCAE 6 - B /R 5 % (Levenberg-
Marquardt, LM) &%, A 8E G TH 5015 22 14 Al R 4L
20 S48, LMEVERUIT A mE, iRz rkGe
BRECA T FTE A, AR IREREREE RN
AR AT LI BNy

H(w) = J" (w)J (w) (12)
Horb, JOMERTHCAERE, S R TRERZ LM

o6 FEE R DL FH E AT L R R ) 2 BB R X 8% 43R 2 O
i
VE(w) = J*(w)e(w) (13)
DIVAS B ity 398 2 ] e o s PR AR 0 DA P T R
TR A
Vw = — [T (w)J(w)+pI] " T (w)e(w) (14)
Hr, oI, DERAGERE, e(w) = (e, e,y

Cmy s en]o

BRI, A28 i) P LA SE T

w' =w+ Vw (15)

SEHE B B [ B o w™ .
5 HEZR57H
5.1 RGEEMAESHIRE

AR FHLTERIW L AN P e N B0 A 20 1 11
TR T ER IS, To B N I 45 19k F) IE 224>
2 H (Orthogonal Frequency Division Multiplexing,
OFDM) AR . NIAEASCHEIERITERE, LAan &4
AN S PSR B, IFAEMATLABY &
AT R T EIEF, A5 PWLANKHEA R
(Access Point, AP)FI1ANLTER) 245 (Base Station,
BS), WLAN-421°8150 m, LTE-4%4800 m.
P BENL I AAET XA, R R A i R 3
WS NMEED km/h, &ERE— BN RIBENL A S
i, il KA =E. iET, B
2 i F T HL V) 0k SR Z1 t3R 49 B4 308 X 245 (1) 2 20
WMFR2F7R o

. ~Uo T -
// \\ \\ N ~
/ \, 2 N
7 I \‘ <
II 1 “ ! L7
\\ \\ ! \ !
“UWLANT Y,/ W /
_ N WLAN3 ,“\ WLANS -

4 FATCL 2% R G
* 2 RIEMKZHSHE

W% W5E(kbps) HiE(ms) FE(ms) FALHE(x10°0)

LTE 310 48 9 28
WLAN1 4100 105 38 9
WLAN2 6900 180 67 1
WLAN3 3400 50 17 1
WLAN4 2300 60 11 20
WLANS5 5600 91 12 16




1214 R =

AL

2 %

PIE XS b T AR S A 2 T &
T B ) HyE I (ANN-VHO) PA K3 T J2 IR 43 #T A
&7 B ALK 22 a8 1 2 o SR ) 4 Bk ) (moul ti-
attribute vertical handover decision algorithm
based on Analytic Hierarchy Process and Simple
Additive Weighting, AHP-SAW).
5.2 FHEIEZRE S

I ) 52 % 8 o 2 B DD B0E ) — AN B SR A
FERE TP W 2 1) EL ) kb, AT
ARV T 2 S A 2 (X 246 2 T BT AR B O 1) . AR S5
1225 BUAT P 2 I 4 B3k 1R I (8] I 5 50 BE 2 1 5 B
s PR 2R AR A SRR AN LA fH 4
ZRBEVE I TRV R, B SR 22 ) 4 i N B DT
B gm, wyRh L I AR I R, I
Hoo 35 Py AR I 0] 0 22 15 A0 T 25040 2 1 o v 4
Ko RREFNELAEHEM K SHN, HidSHA
SRRV e T 2 G TSR DA LD v I S
CoIN L5 IS5, AT R 8 I 6% 2 o B 1 T A 2 U
b, A4S IS )V FE PR A o X T i R P K ) 1 L
T, IAVHFER R O B .
5.3 MEEDEDT

SR FFHEmE 6N, ATLES, £
AL MAPH-SAWEL L, LTERIF/ME N

e iE, MIEANN-VHO® LS, WLANSRM L 15
SHE B AT 1SS, X ZEFIEL B ) U
fEwm, BIRWLANSIRAE R AR K, (HI 5%
XoF s B I BUR BEAN &, UK RIS AN REIH 2 20l
% H1QoSTE K, TLTEMIE EFIRFBAR N, AT LA
JEME TR, T2 1E 20l S LTERITS /e =

LHENE WA EWET(a) i, ATLE
B, FEAVHEEEGAPH-SAWH %, WLAN3[H
Bl e, X SRR WLANS [ I ZE A1 R AR
%, 22 B2 4556 I 2 A R USRS =y, 7R IX
JUAMZE T, WLAN3A] DUR A IF1QoS. El7(b)
A T IR S 3P L IS4 E, TEIXSFIEL
T, B E R A R, WLANSE
B, XS PR A 2k 45 %) A B 1 7 SR AR =
WLANS T 56 BRI £ 380N o

El7(c)NfE 6251508, LLER], WLANI,
WLAN2, WLAN3, WLAN4, WLANS5{ K415 4>
EHEAMM, BWfEHe, MLTEMA MERK, H
NLTER)A 58N, WA — @ 5 2RI E 6 20l
%KL, LTEAREW LS FK.

12 ER4FIE 55 KA 45 4 B, ANN-VHO
LM EAN R AN, 155 om0k

1.0
0.9
1.2 0.8
11— ARk 0.7
Lo |~ ANN-VHO e 06
0.9 &K 0.5
ﬁ% 0.8 £ 04
w 0.7 0.3
E 06 0.2 E
= 05 0.1
04 O AR 1] 303+ 77 | mm | A 11
0.3 ANE: ANN-VHO AHP-SAW
0-2 51k
0 1000 20000000 4000 i WLAN1 BEB WLAN2 B8 WLAN3
BiRN R = WLAN5 7ZZ WLAN4 [llll LTE
S R A b e
5 SR FITF B 6 2t gl % oM
1.0 1.0
0.9 0.9
0.8 i 0.8
0.7 0.7
@ 06 | 0.6
& 05 | 0.5
€ g4 | 0.4
0.3 0.3
0.2 0.2
01 5 0.1
0 t H HE i 0 s8] ZIS| SIZIS) 12 =
kg ANN-VHO AHP-SAW A ANN-VHO AHP-SAW
Rk ik ik

(a) ZHIN S5 AF A STI%
i WLAN1
77} WLAN4

(b) WA FF Ao E S
EH WLAN2 &3 WLAN3
& WLAN5 [l LTE

(c) JE BRI S5 FFMEFE

K 7 3Rk 51340 E



%51 5

A SRRTOZ 4 rp T N AR LR 45 1 B 38 R EL YIS 1215

WLANS, X2 R AR SRR PEATIX 5y, Kk
TEM IR BTG EA S RAEMA . A SCEIETEE
MM &M i, 785025 FEA AL 45 28845 QoS I
R, RN AF o EAN R, 78 X 4% 3 i) 58
A, FERN, BT XS EU B S N E PR 2 Y 2
() IE R, AR50 SR RS
5.4 YIHREERSH

KISHTLL T/EFH P I 2 A T, SFEE
PP BH ZE R /e . ATUUE 2], 4 P HUN200T,
ANN-VHOR =A%, AWM E LIS 7E A
P00, RAFHZE. BEE M PR, 3Fh
FVE I BHZE R ARLER K, FEA R 0B T,
AVFVEIBLZE R k. XRRANARLEIZEHZE T
FH PR 45 28, JE a1k P 3 5 o8 n A 2 1
g, I8 G /Nl 5% 3 ORI 445 17 3 R D ) 4% R YRR
P, WEINEAMEA BRI %, FHESHMEE
R 3 56 AR AR 28 ) 4% 10 2 >3 46l 9 24 ) R B ok i, AN
M/ 7Y PR2E %, ANN-VHOSE A5 b 5% 3k
TIX 4, MHZEREHE KT X5 TS K P A E
% IR H A P B I 2 R AR B ZE
5.5 BHENH

B9 N3FEIE MG S & 5 H P Bur ok
&, ATUUEH, HHPEUNTS0R, AXHEIES
AHP-SA W (1) 0 £ s 75 ik B #0 P #0388
MPGESE N, 2 PR T 500, BT MG iR
ABHZE, FHEEINEARE, ANN-VHOH LN

0.40
—— AEE
0.35 | —— ANN-VHO
030 |~ AHP-SAW
0.25
0.20
0.15
0.10
0.05
0

FENPHZER

10 20 30 40 50 60 70 80 90 100
iRkt

K 8 DIHefH e

250

—— AL
—— ANN-VHO
—— AHP-SAW

200

150

100

177 i (Mbps)

L
b

10 20 30 40 50 60 70 80 90 100
DRk
B 9 M4 e A&

D 2 ek I R P P S i G gz g, e HAER
BAHFER, SFEE3SF AR Rk, XEF NE
B, AR FIAHP-SAW S ## 1 Tk
SRR, PR T BHLZE, M B T DLRE S AL
I HH T A SCREER D)4 B 28 2K T AHP-SAW H.
B, EACEERSETE S TAHP-SAWE
%, MANN-VHOR LRI ZER &, M 4%F %
i, & RaEH .
6 g

KN T A5 5 KBS S
P R MT HIE N EE YRS, &
TRIEE X Ak 452578, S S 80T B E Mk A A
—Ak, ML Sk R R e . SEEG 45 R R
B, AR SCEEAT AR B I A8, 78 PR A &
FPEMI I, FRAK T DI gE R, KT MR
.

& E x|

[1] STEVENS-NAVARRO E and WONG V W S. Comparison
between vertical handoff decision algorithms for
heterogeneous wireless networks[C]. Proceedings of the 2006
IEEE 63rd Vehicular Technology Conference, Melbourne,
Australia, 2006: 947-951. doi: 10.1109/VETECS.
2006.1682964.

2] HAIDER A, GONDAL I, and KAMRUZZAMAN J.
Dynamic dwell timer for hybrid vertical handover in 4G
coupled networks[C]. Proceedings of the 2011 IEEE 73rd
Vehicular Technology Conference, Yokohama, Japan, 2011:
1-5. doi: 10.1109/VETECS.2011.5956636.

[3] LEE S K, SRIRAM K, KIM K, et al. Vertical handoff
decision algorithms for providing optimized performance in
heterogeneous wireless networks[J]. IEEE Transactions on
Vehicular Technology, 2009, 58(2): 865-881. doi:
10.1109/TVT.2008.925301..

[4] SINGH N P and SINGH B. Vertical handoff decision in 4G
wireless networks using multi attribute decision making
approach[J]. Wireless Networks, 2014, 20(5): 1203-1211. doi:
10.1007/s11276-013-0670-1..

[5] BHOSALE S and DARUWALA R. Multi-criteria vertical
handoff decision algorithm using hierarchy modeling and
additive weighting in an integrated WLAN/WiMAX/UMTS
environment-A case study[J]. KSII Transactions on Internet
and Information Systems, 2014, 8(1): 35-57. doi:
10.3837 /tiis.2014.01.003.

[6) LAHBY M and SEKKAKI A. Optimal vertical handover
based on TOPSIS algorithm and utility function in
heterogeneous wireless networks[C]. Proceedings of the 2017

International Symposium on Networks, Computers and


http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1109/TVT.2008.925301.
http://dx.doi.org/10.1007/s11276-013-0670-1.
http://dx.doi.org/10.3837/tiis.2014.01.003
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1109/TVT.2008.925301.
http://dx.doi.org/10.1007/s11276-013-0670-1.
http://dx.doi.org/10.3837/tiis.2014.01.003

1216

G

=]

¥k

A1 %

(7l

(8]

(9]

(10]

(11]

(12]

Communications, Marrakech, Morocco, 2017: 1-6. doi:
10.1109/ISNCC.2017.8072023.

YU Chenghai, MA Dawei, WANG Feng, et al. A novel
vertical handoff algorithm based on differential pre-decision
and improved utility-function method[J]. International
Journal of Future Generation Communication and
Networking, 2016, 9(3): 87-96. doi: 10.14257 /ijfgen.2016.
9.3.09.

TSAI K L, LIU Hanyun, and LIU Yuwei. Using fuzzy logic
to reduce ping-pong handover effects in LTE networks|[J].
Soft Computing, 2016, 20(5): 1683-1694. doi: 10.1007/
s00500-015-1655-z..

KUSTIAWAN I, LIU Chunyi, and HSU D F. Vertical
handoff decision using fuzzification and combinatorial
fusion[J]. IEEE Communications Letters, 2017, 21(9):
2089-2092. doi: 10.1109/LCOMM.2017.2709750.

TyMy, SROCHR, W T 1) 28 3 A 1A IR S5 AR AR T L D)
VLT BT 5E B2, 2017, 39(6): 1284-1290. doi:
10.11999/JEIT160839.

MA Bin, ZHANG Wenjing, and XIE Xianzhong.
Individualization service oriented fuzzy vertical handover
Journal of Electronics & Information

1284-1290. doi: 10.11999/

algorithm([J].
Technology, 2017, 39(6):
JEIT160839.

LI Limin, MA Lin, XU Yubin, et al. Motion adaptive
vertical handoff in cellular/WLAN heterogeneous wireless
network[J]. The Scientific World Journal, 2014, 2014:
341038. doi: 10.1155/2014/341038.

NASSER N, GUIZANI S, and Al-MASRI E. Middleware

vertical handoff manager: A neural network-based

[13]

[14]

[15]

[16]

5

i1
CELE

solution[C]. Proceedings of the 2007 IEEE International
Conference on Communications, Glasgow, UK, 2007:
5671-5676. doi: 10.1109/ICC.2007.940.

GCALHAN A and GEKEN C. Artificial neural network based
vertical handoff algorithm for reducing handoff latency[J].
Wireless Personal Communications, 2013, 71(4): 2399-2415.
doi: 10.1007/s11277-012-0944-4.

NURJAHAN, RAHMAN S, SHARMA T, et al. PSO-NF
based vertical handoff decision for ubiquitous heterogeneous
wireless network(UHWN)[C]. Proceedings of the 2016
International Workshop on Computational Intelligence,
Dhaka, Bangladesh, 2017: 153-158. doi: 10.1109/
IWCI.2016.7860357.

ALSAMHI S H and RAJPUT N S. An intelligent hand-off
algorithm to enhance quality of service in high altitude
Wireless Personal

2059-2073. doi:

platforms using neural network[J].
Communications, 2015, 82(4):
10.1007/s11277-015-2333-2..

ZINEB A B, AYADI M, and TABBANE S. QoE-based
vertical handover decision management for cognitive
networks using ANN[C]. Proceedings of the 2017 Sixth
International Conference on Communications and
Networking, Hammamet, Tunisia, 2017: 1-7. doi:
10.1109/COMNET.2017.8285600.

5, 19784, R, WA RN R TR MS . NHITE
28 L R 44 25

9, 199344, RLAE, WIS TR N 45

%, 19664FE, #I%, HLAESW, ARTIATLENE
FEERA.


http://dx.doi.org/10.3837/tiis.2014.01.003
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1109/LCOMM.2017.2709750
http://dx.doi.org/10.1109/LCOMM.2017.2709750
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-015-2333-2.
http://dx.doi.org/10.1007/s11277-015-2333-2.
http://dx.doi.org/10.3837/tiis.2014.01.003
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1109/LCOMM.2017.2709750
http://dx.doi.org/10.1109/LCOMM.2017.2709750
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-015-2333-2.
http://dx.doi.org/10.1007/s11277-015-2333-2.
http://dx.doi.org/10.3837/tiis.2014.01.003
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.14257/ijfgcn.2016.9.3.09
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1007/s00500-015-1655-z.
http://dx.doi.org/10.1109/LCOMM.2017.2709750
http://dx.doi.org/10.1109/LCOMM.2017.2709750
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.11999/JEIT160839
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1155/2014/341038
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-012-0944-4
http://dx.doi.org/10.1007/s11277-015-2333-2.
http://dx.doi.org/10.1007/s11277-015-2333-2.

