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Abstract: Vertica handoff is the basic requirement for convergence of different access technologies and has
received tremendous attention from the academia and industry. In recent years, many research works have focused
on vertical handoff decision algorithms. However, the evaluation scenarios in different papers are quite different.
Thus it is difficult to compare different algorithms in a fair way. This paper analyzes the general motion models of
mobile nodes and identifies a set of novel performance evaluation models. Equipped with the models, this paper
analyzes the performance of two types of decision algorithms. Hysteresis based algorithm and dwelling-timer based
algorithm. Based on the above, a novel vertical handoff decision algorithm, self-adaptive vertical handoff algorithm
(SAVA) is presented. Simulations show that SAVA can achieve better performance compared with the conventional
methods.

Key words: heterogeneous wireless network; vertical handoff; horizontal handoff; performance evaluation
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: TP393 CA

, Internet : , CDMA(code
division multiple access),GPRS(general packet radio service),EDGE(enhanced datarate for GSM evolution) ;
, WLAN(wireless local area network),Bluetooth,HomeRF .WLAN

, . GPRS,CDMA )
4G : [,
. (horizontal handoff)
(vertical handoff). ,
1
\ 3 B .
(mobile-controlled handoff, MCHO) (network-controlled handoff, NCHO)
(mobile-assisted handoff, MAHO).IEEE 802.11 WLAN MCHO ,
AP(access point) .NCHO ,
MAHO , GPRS , BS(base station)
, . , (mobile node, MN)
, , MN
MAHO ,MCHO 3,

RSS(received signal strength)
3, , , (hysteresis)
(dwelling timer) . , ,

RSS , ; ,
RSS (41,
S
, RSS , WLAN . , IEEE 802.11e
QBSS(QoS basic service set) , QBSS WLAN. [8,9]
Linux P , WLAN ,

. , QoS
) ) QoS

: (3]

© PEBREBALTU bt/ www. jos. org. cn



1654 Journal of Software Vol.18, No.7, Jduly 2007

2
WiFi(wireless fidelity) GPRS ,
21
,GPRS ., WLAN GPRS . GPRS
WiFi
I( GPRS );
I( WiFi  GPRS ), I ;
IL.W(WiFi QoS GPRS QoS);
11.G(GPRS QoS WiFi QoS).
I1.G 1.w, I1.G ' Inw 11.G
, : / (
) :
22
, ( AP ) . , .
) , I1.G I AP ,
.G I , G->W (GPRS  WiFi
) W-G (WiFi  GPRS ) . , 1 3
1:
AP d=R , I1.G I ; 1
v
“maxv T O<t<2RIV,0<6<n (1)
p=R-ut
(0, 0) N |t ,maxv v . WV (0,max v)
: (R.6) (-R.6) .V :
G—>W W-G o1 , v , 1
(
).
2:
2 I a , A ,
, B , , 2
[10] NS2 , :
, Y, (O,max v) , t (0,2a/max v)
, \ , t

© PEBREBALTU bt/ www. jos. org. cn



1655

t , , \% , t .ot ,
) max v/2. ,
, max v=2m/s  max v=20m/s. ,max v=2m/s 1m/s,
max v=20m/s 10m/s(36km/h), .
, WiFi , GPRS
{(u,u),(u+a,u),(u+a,u+a),(u,u+a)}, (Monte Carlo) ga u
v=max vi2 by
.-,: 11.G ! v=max v/4
v=3max v/4=\__ ) y
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O APWiFi) & '
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[
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Fig.1 Evaluation model 1 illustration Fig.2 Evaluation model 2 illustration
1 2 2
3
, [26](hysteresis based algorithm, HY)
(23)(dwelling-timer based algorithm, DW) . , RSS
, GPRS  WiFi RSS , QoS .Drss WiFi
GPRS (Dres=RSSyri—RSSepre),hy  HY .
, :WiFi R=150m,AP (0,0).
AP d=d" Dgss=hy;d=d" ,Drss=—hy;0=¢ ,Drss=0. p=+yd'd”, O<d'<e<d. ,
d"=120m,d =135m, ¢=127.279m. 2 F=20 /sDW taw
5s.
31
, [11,12] ) v ”
“ ” “ (matching ratio, MR)”
1 (QOS)1 1
QoS
" ” ( 108).“
(average ping-pong number, APN)”
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3.2 1
3 4 HY DW
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-100f g |
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Fig.3 Handoff triggering location of HY in model 1
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Fig.4 Handoff triggering location of DW in model 1
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Tablel Performance evaluation of vertical handoff algorithms in model 2

1 2
max v=2m/s max v=20m/s
HY DW  Instant HO HY DW Instant HO
WiFi MR (%) 79.8 90.1 100 79.9 57.7 100
GPRS MR (%) 78.1 90.1 100 78.1 58.4 100
Overall MR (%) 79.0 90.1 100 79.0 58.1 100
APN (/100s) 00044  0.14 0.30 7.2 11 19.6
1 , JHY ( DW , 11.1%). ,
, 10m/s(36km/h) ! HY
, 100s 72 10s 0.72 RTT(round trip time)
, ,DW
, (2.2 /100 ), 58.1%.
4
41 :SAVA (self-adaptive vertical handoff algorithm)
,DW ,
) 2 . DW tow DW
, DW ,
SAVA, )
, SAVA
t>pp_factorxtgy 4
t .pp_factor , 1.0. ho_interval<
PP_Length,pp_factor STEP; ho_interval>PP_Length ,pp_factor .PP_Length
4 : DW
: : : , (
ho_interval>PP_Length taws (1+numxSTEP)t4,,hum ).
, (4 Timer_factor>pp_factor, ,
Timer_factor=t/ty,. Drss_factor ,
HO_ factor = Timer _ factor + « - Drg_ factor = tL +a—F=> pp_ factor 5)
dw y
,a Dgrg factor ,TDRss Drss
TDgss :
D ={Dies (1), Diess (2).---, D (N)} N  Dgs . Drss(N)
N Drss .
s Approach:(Vie2...N,Dgss (i—1)<Dgsg(i))Vv(Viel...N-1,Drsq(i)>Dgsg(i+1)). N
Drss /Approach
Approach ,  TDgrss=|Dgrss(N)|; ,TDrss=0.0.
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: ( Approach ), ©) (4);:Drss
AP y ,G—)W ,DR$
AP , W—-G
SAVA , ,
4.2 SAVA
, SAVA , HY DW
3 , ,  SAVA STEP=2,PP_Length=10s,0=1.0.
(1) SAVA , SAVA 1
2max v-ty, 01n p,y + tdp —2max v-ty,0Ind" —ip =0, A=Ind-—Ind" ©6)
2max V-t 01n(—poyr) + ThPoyr — 2max v-tg,0Ind* + tip =0,
150(:]1)-...-..,-."-.....,.....1.- R A 1
ah BB, 5 , SAVA
100 s ¥ s
= L
50} o -: 2 SAVA 2
-« ¥
of = = . )
50 :_ :' 2 UDP(user datagram protocol)
b e ,' TCP(transmission control protocol)
150 HosliciL-Hxbinds (m) '
“150 100 50 0 50 100 150 UDP/CBR( 1IMbps) TCP (RTT
+ max v=2 In “max v=20 In 2.59). 2s ,
= max v=2 Out O max v=20 Out P
Fig.5 Handoff triggering location of SAVA in model 1 .
5 SAVA 1 2 , ,SAVA
( DW 2.8%), ) HY : ,SAVA
( 70%),
,TCP ,SAVA  TCP HY 75%. ,SAVA

Table2 Performance evaluation of SAVA in model 2

2 2 SAVA
max v=2m/s max v=20m/s

HY DW SAVA HY DW SAVA

WiFi MR (%) 79.8 90.1 929 79.9 577 718

GPRS MR (%) 78.1 90.1 92.8 781 584 683

Overal MR (%) 79.0 90.1 929 790 581 701

APN (/100s) 0.0044 0.14 0.0043 | 7.2 11 1.4

UDP throughput (KB/s) 60.5 65.3 66.9 50.3 456 49.1

TCP throughput (KB/s) 14.3 13.8 14.3 2.8 5.0 4.9

, (SAVA). ,

(

) . ,  SAVA
IEEE 802.11e QBSS) ,  WLAN
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