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! Cognitive Radio Networks

2 Primary Users

* Secondary Users

* Licensed Spectrum Pool

> Mobile Ad Hoc Networks

¢ Reactive Routing Protocol

7 Cognitive Ad-Hoc On-Demand Distance Vector (Caodv)
# Common Control Channel (Ccc)
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* Two-state Markov chain
* Spectrum sensing
¢ Smooth Random Mobility model (SRM)

" Topology-Based Routing Protocol
% Proactive Routing Protocol
* Hybrid Routing Protocol



1Fe) liuo) oF 0 losds oo Jlw € Jole pud widlag» ol oy pid

g g o ] 50 a5 390 o ooliiwl SRM Jow 5l ¢ S5
ool 55 Gt 5 Wgdoe €3S oull Selly 9 (lsiea
L 0 oley SRM Joo 09800 o S 28 58 4 p2e
rsS AL 52 30 9 WS (oo el Sloj slooyge ;) AL (e

el oS abaily 50 4y oy

V(t) = V(t — At) + a(t)At )

(V) abwl; b cga DSy conl ilae Olis olgieas al(t)
208 o0 Ol

o) = et — At) + Ap(t) )

9 2blio0 0,93 B )0 gz ysS STz A9 (L) (V) abal, 3k
b el oS> o 1o v el Ceps b 0,5 5o SRM bl
oley &5 was F,pY il b Ce s i Slagy, SO oSl
v =pv/80) b i @i St J ey 35 ot e
aS el (uv = At/pY) L plp o] SKle g 05 s0 ol
Gl iy 5o iy Dl i saimoylid all YL pY a> 2
b ol 5eSlee 5 A = PO/AD) L g i ooy Sl 52 5

VY] o co o0l slis (ug = At/pe)

GOl ST 93 Lol ol 1 -F

SIS g RS anld i 50 50 skt sy 55S]
@iS anld 0 aSsysba 08 e JE ) py5e pe
W s g Cmdge) (S > sl il sl eslaiul b e
sabe a4 dtw Jlo)l sl SobsS e 225 a4 (09
00yl 81 s 45 yns (5,055 W] B 50 g 95 00 Sl
selys 5 e asl fae jLis,90 45 loj b e 5 e
5 00,5 ol cads ogs oyiwd Ho Sl Cenl (Sae
o1 5 sl QllS &5 ol JUS o eyl lls el
5ol JSigy 2l il 53 o 995 GLalid s jpam
@ a2y b Sl ola o I JUE S pages sloa
alp cend o (I glayell bl n oS eyl

WS o oolatil 0g g0 s s RIS

o S MT;& -\-¥

Sed Sidng ool JSon 0 Wb ple &S pebgles
@iS anlyd 0 aSsbar cwl Huss b o pglae ke
bl G sais gl 0,5 o j0 Gl 0dld (B8 s
Bl Sl sy i 5 5 @bl ) 15 Tan 0,5 45 ol 35750
WS (oo gee bl [IRE AW oS PA ol g ol )l
o) 4 Jloyl sl laies (g9, (558 o 08 31 Jl>

IR PP TR WJURS
adgl ol cadlad V-

Sy b ) IS8 i Ayl oS sl S5 o
Slaoyss 35500 558 45 WS o IS aillogs 55 oz 8
&35 slls w55 4 (IDLE) of51 slas g0 g BUSY) Jgaie
JUB 51 a8 6 y5bay .aiiws Piprg Prusy le (Sl b (2les
s oSl izl 0,8 1,8 BUSY a0 ol s o
Jiol &5 J o el d-fy sl BUSY JUS o5 (som
e g0 Syxe () Glgieay IDLE > 4y JUS >y
JU oGl Jlessl ol IDLE (JUKS Jxé consy ST >
dr a4l Jlis! Ll cal -0y 04i IDLE o)L

el (@) b pl s 055 BUSY JUIS cadgl oIS lasgs

[V] atllogs 3o Lo ain 5 oo (1) s

B, s 4 adol 1)l &S @S o0 (B2 mizren Lo

5 25 Syl o JUS g5, 5 LSy o6 BUSY/IDLE
05l (JUS (o5 uyiwd ;0 4 azgi b 5 gl ()8
SaJUls 51 (So adgl )8 5T gy oal )3 ST i
5 Jsrie 1) o] Pousy Jlai! b oS bl 1) ez (slylo
gycnlyl S e NHER QT Ppie Jleixl b JUS S5 5l
Oyget Bo a3l ol & adsl Ol e 5 0959 E5

V] 098 o0 @355 (2les

Pre=B/(a + B) , Pyusy=a/(a + B)
Lo 5 & i Jow -V-Y

oy Oloy Job yo 1) e S (5> 681 S 28 Joe S
g ) o )T S o Lol el )l an Jols a5 WS 6
oz 5| S 25 rags slp ilSe slaoe il oo (Codge
olar Sy sl Jae 5 a0t 932 4 8l 02 RWP'
Slp Sy oyl jo Slpss Jdo a4 bl ogd g0 aislil
ol g alply el eolanul LB, ailigadly slalase

! Random way point



\o O 5 (S el Ul s g3l 1)l Sy (o b (S Lilig 0]y (68590 sl SLBASTLD 33 (Db yrusnn (I 35S )y Sgute

D_node to des = 4p)
VIxi — D2 + (lyi — yjl)2

Intersection weight = )
(D_ Intersection to des — D_node to des) /TR

alold sauslis [D_ Intersection to des o YU Lalg, o
0,5 alold sasms Lis D_node to des ,uxis 5 caio U ablas
Soalols oyl s a4 Glp a5 casl sake U
o 0 0,8 o eolitul /(Ixi — xj)2 + (lyl — yjl)2 calal,
sae 05 Cunbe (V) 5 (oleb 6,5 Connbye (xicyi) cala,
oaiS by 35 Intersection weight psce yuzmes .ol go
5o JLl oogase (ylgieas TR ealayly ol jo oS cnl ablas (59

SJade ST 0) dal, 4 4z L b el oo ad S i
S0 date 4 0,5  ay abl coie Intersection weight
oS oleo, S Lol sl 00,5 joue abld 5l a0 w Col
4 M (o0 S (e (39 A 50 9 W)lo 18 ablis I (L3
S 25 g e 43,5 sl B3 o ) 555k e
g S (se 1) 395 e @bl 4 o) 5l RS Sl
ul;w‘ ‘5“).! k.S"‘““L"A ‘_gl.mo; cJl> U"‘ B as ..\.’5..44 9o KVEY-9Y
Allae 4 4> b ol gy Sigless (7)) JSb o

o oo lid 1) eadly

-
AR —" > e
LN ® ®

¥ P Y
335 35y salls 4,8
ol s gt e slne F

RREQ < Jluy
8 RREPo.Ly

solerig (hg) Gielass (V) S5

Sas canl bl ol 5wl oo 7o a5 (glaiSS 45T
039 b o5 ez RREP (glaainy cdlys 5l m doss o5
WS oo s (A9 ) Lalyy Geb il w8 plulis | coie
Sy g g DS S gl Sl o, plasT oS
o5 Olsear ACK aiy JLu)l b 1) 05 plod s wilioo
WZuglgl 4 azgi b1y Wo,S ady 5 wiS oo bl Next hop
8,5 anles Ly o Next hop wails slee 5 - ylsicay

S aml jo sl asle wate 4 aly Ll ail asily sade
3 olen) Kluss sl 4 | RREQ e slolis asus

Vo . . < c .
G (Ngd oo Sl 3jlu o0 0,5 &S (Slaes Jouxr 325k
el 00l (V) JSi 50 RREQ diy Cao y3 .05 oo

‘ SID ” DID ” SDir ” SSP H SL ” W H Type ‘

RREQ i oy :(YV) JSCi

5 Tawe 0T ol o5 5 4 DIDg SID paiie oY) & 40
Cf oo gz 020 ylis SLSSPSDIr e 5 diiewd duade
o) Lis 55 IW eizres il oo odiiin ;8 05 Conse
Type ol a4 (gpiin cdng Suoyd ol jo el ablis (59
Jols s s Ll wld o e (nl &5 Gl oal iy a5

il (1) Jooz 208 4 (5,11, F) nolie

Sl ats glo ol () Jgoer

| Type || Package type |
0 RREQ
| 1 H RREP (inactive parameter IW ) ‘
| 2 H ACK (inactive parameter IW ) ‘
| 3 H ACMP (inactive parameters SDir, SSP, SL, IW ) ‘
4 PU-RERR (inactive parameter SDir, SSP, SL,
IW ) Add (Name channel, Id channel, Address
channel)

oluwer sloo,5 plos & RREQ iy Jlus )l 51 ey 5,005
b wleos ,laiie Waiting time oloy o olol  Tas 0,5
WS oyl 1 (1) Jgo RREP iy iilaess slao 5 o
I, RREP atwy o «yloy S cnl alesl 5l s Tae 0,5 51
Sl g 0sdee lelid Cawin o lyiew WSS 28
Joe 0,5 31 Ll aasS a5 somme jebay |) 595 Ceulss o
ooy d0) alaly g lal wiS cdl o |, RREP s (poi
S aSs,obay ail cose Jlo)l slao 5 (59 a5 5,5 wales
ACK iy Jloyl b 6,5 g glolids cuie 059 b 0,5 SO
Wy ol &5 00,5 o LI Next hop 0,5 lgicay (V) Jgo
5 Cewl ROUTE IN Condg 0 05 33,5 15 oaumsplas
Ao 4 45 b e el dade 4y A o, B anl 3 e
33,5 o Jlo, ROUTE REPLY alicy duaie 4 & Gydms

D_Intersection to des = )

Vxi —xjD2 + (lyi — yj)2

! Broadcast



1Fe) liuo) oF 0 losds oo Jlw € Jole pud widlag» ol oy pid

max_dist e load lo ey iSlas g JElas lescay
el ol wd S Gl el adhie Job lpea 5
Lly, ggeme cnmolis aw Jlade (VF) akal, o yizres
Weight sie o)l wad L 1y il (W 5 VY AY)
OF) aaly o cde od 4 il alb ) S Jlaae iSTos
(V) alayly 4 az g b Jb g ¢ealocls J13 an 1) 1S &g
&S wile oo Hlatie Waiting time lo; G (ulal 5 Ls....o 0,5
SlMe (7208 4 (6lo ) e g S Lol ) Gl Lo 5 don
Oleeds ACK a JLojl b il 1yls | Nexthop Weight
Ol cui i ay bo S a4l 5 94 g0 ol Next hop 6,5

(F J58) aigi oo 423 ,5 JLas ;o Next hop oy uils’

RREP aiey ,Lazil (GI-F) JSCb

ACK ACK

N O

ACK aie jLitl (- F) Sl

s S 21,3 1(F) S5

O3S oo oy Gl e RIS BBy 0 a5 ou Coled o
Ngey bl G 5o ST a5 (g 5bay ablise 05 95 Hloe Wigwy
o, 4l (V) Jsaz ACMP aiwy 0,8 o9 zhad 0,5 g0 ()l
3 ools divs jpee pae saumsolis a5 5,5 walys Lol Tas
) o9 oals Jluyl Tame 0,5 clo cpl jo a5 cul 6,5 oyl
bl IS anTd aslsl glp |, Gouas s g 00,5 ChBgie
Tae 0,5 oz e RS Lo 5| (6,5l (sl &5 WS e
&S Jy90,0 ¢ &S oolaiwl Next hop s ails” slao,S 51 wilgs oo
el e caiS anT )8 sasme «udlas 092y il 0,5 =2
o, ogou 5l SLIS cllis I Cand ol jo 9,0l 06 oo
RV PR PR W ul-” W““)}i” JB 5 o.).}).; 9 o.).;};.:)é o)f

20 pso O] oy 4

Ve
Average direction = *)
(Direction Source node +

Direction destination node)/2

Average Speed = )
(Speed Source node +

Speed destination node)/2

Result direction = \)
|Direction node — Average direction|

Result speed = @)

[Speed node — Average Speed|

Average Speed 5 Average direction o YU lalg, o

Ol & s S g g Cur (Sl ol oS 4
55 S Siln 5 ralle 5 lae 05 i 4z L
e ailond LSS aade g Tane 0 Sy sy
iy @ 5 Result speed 4 Result direction e
Loy wdlios Sy g Szl oadfol> mls wasmsglas
5 oz DS (p e oS Glo)S (A 5 ) Ly, 4 g
iz dae 0,5 51 Ll sad walgs asS asl 1ls 1) e e
039 Oxdls g oegdle Wro,S as WS céb,o |, RREP atws
Do 1) s s 5 S BB 5008 5] OLSy (55000 e
5 del walg> 5424 4 hidden terminal cow bl jo anil
5 J3Ia ol 5l 8ol sl a5 00 5 oo U IS ol el
1055 oo 18 eolitulsyge oS Ll colisS (6 pme S 5]

Sum mobility = (diri.j + spi.j + dist) O+

diri. j = 121 on
. [vj—vi|

Spl.) = vm:)](—‘\,/lmin an

dist = dj/max_dist )

dj = /(xdest — xj)2 + (ydest — yj)2

Weight mobility = 3/Sum mobility Y

Nexthop Weigh = (o)
|Intersection weight — Weight mobility|

ool oy 4 distospl.jdirlj (3ed lulg, o

Vmax sVmin b psie § s Casdge g Co Sy



VY O 5 (S el Ul s g3l 1)l Sy (o b (S Lilig 0]y (68590 sl SLBASTLD 33 (Db yrusnn (I 35S )y Sgute

s (514485 iz 5 Y-

e SIS A TE b e ST a1 plil Sl ey
SS9p rme SIS anlB j0 wpS I3 axgi0)ge
» % Jdo 4 (V) Jga> PU-RERR ai., ;| CAODV
o) i (nl a5 (5 sbas S (oo oolatnl il 39y (o s
JUS o adgl o)l slacudlas 51 (S aS 0 so ool
o)l b slee 0,5 b ol jo a8 anil onds olubls Lol>
JUB a5 wes o oMb! Glues (sloo,5 4y PU-RERR ai.,
S an T aelol gz (6,508 JUIS g o o yiawd 53 (95T
el anlp ren ooloitin SS9 5o ST 00,8 Sl
Ssaie Next hop 0,5 5l (JUlS S (ayens sloay Lol 04 o
Alao ;o a5 jsblen 03,5 o osliinl lacyglgl 4 azgi b
sl il )b bl 5o Next hop o,5 Gl cogll s S5 L3
e (S sty bl & s Candye) ol 5
Gladiny waScwly® s 0 &5 Sloy gyl 99,5 o
039 (@) akly Gl oI (pasar ST oS oo 8l )s |, RREP
5z DB a8 45 lo)S ol aS S cute
Next hop 0,5 lgeas oo (A 5 ) lalg, o |, ey
Sbauals flgea sy 4 oS ale g 04d 0 ol
Solake o, pl B g W8 oo 418 Coglgl o Next hop
b WS S ) Sy g Sz ST (eSSl LSS
G sleo,S g 090 oo oLl Next hop 0,5 «(V0) alay,
Ol &5 wgd oo Byxe Next hop slaauils lgicay
«glite Next hop 6,5 clgicas lag] 51 JUIS Lagns sloa

3,5 solatul IS 0T )3 anlsl g

Silwooly 9 2L 5,10

Ly wilios GPS & e 05 o« otalejl oyl 4 o
ool y Jil eoguse g sl ju3l 095 (6 51 GPS 3l oola!
o tolosl cgynlsl ol oo aid )8 a3 1o e Yoo davgy b
5 iy ISSon 2Ll sl gl sleaned 5l eslanal b
Ohsy A5 ysbar sl oads plodl Bolai (b L )] awlie
o lalis! wla! 5 g sl AAODV ol s (gl ¢ Bolas
oxoalis oyl oyl 98T i o IS TEEE802/11
3 a5 Cewl o 5 olaws ]33l L Next hop 0,5 8L Loz
S 0 ol G g epitia Ve B Y 5l o )8 slaws cl> oyl

(P rS b caimolis e (gguylin sl oul ad S

B Eard osd e 0,5 it 0,5 oS add ,0 eS|

I, (RREQ) jue slolis iy SO ol jo a5 ol oals oolo
Olejise G )3 o 9 WIS (o0 (5 395 Lo (aleity
Gl cad SO o Ly o] dee S Cote (s (o Sl o
wil JB il cend 1 b ams s )5 (RREP LIST)
o 0l ST Ll 05,8 plol e oS a8 ol 5 ol
ol aty Jloyl b o8 plea sl ful atey S5 sl
Ol e 50 9005 s Sl gum oo 05 lgicay (ACK)
&lo,S il ails sg>g o1 yo gl iy oz 1050
0,5 Gleed WS S |y Gy g g BB o 2eS A
QL&S) C;)|.\.o.4 L‘bo)f AS@)?@)D 9 ‘)9'“’6"’ ul.’?u.\‘ G uL(b
456‘%?“45%“5‘)“)‘“5‘;‘?;9)&5‘@}“5)‘
e Olgeas asb 1ls 1, (Nexthop Weight jlode s ieS
WX S 0,8 A5 dd S 0 Coles jo 005 s bl o )F
byl Gols J13 08 oo 13 Az gid9e o5 Slles LS
OF ol B g only iy )3 (Sonbye ooy 292) (S >

] ed.:.:...:)é O;QMAJ.

Algorithml: sender node

1) Begin
2) Broadcast RREQ package

3) Listen for t/ms and put all the Receiverd RREP in the
RREP LIST and check Weight is positive according
Formula (5) And saves these nodes

4) If RREP LIST=Empty

Sender node as deadend node and Go to step(2)
5) If RREP LIST had only one element

Node is select as Next hop by send ACK package
6) If RREP LIST had multiple element

Check direction and speed according Formula (8,9) And
select best node by send ACK package

7) If multiple node have same value according Formula
(8,9), select best node according Formula (15) by send
ACK package

8) End

Algorithm2: Receiver node

1) Begin

2) If receiver node, receiverd RREQ package Put
parameters(SDir,SSP,SL) in RREP package And send
to sender node

3) End
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Abstracts 2

Improving Routing Control Overhead in Ad Hoc Mobile Radio
Cognitive Networks by Estimating the Mobility of Secondary Users

S. Amirbeigi, O. Abedi*, M. Qazvini Kor
Abstract

In radiological networks, the sudden return of primary users to the spectrum causes interference
and increases the number of channel switching. In this case, knowledge is very important in
knowing the mobility of the spectrum, which is predicted by analytical methods such as the
Markov process and... Also, since radiological networks are used in different platforms such as
mobile networks, the mobility of users can also increase the inherent instability of radiological
networks and challenges such as routing appear; Therefore, in this article, we solve this
challenge by using a method based on the selection of interface nodes and discovering the
appropriate route to send the packet to the destination. Specifically, we design a reactive routing
protocol for the considered scenario, the most important advantages of which are: 1) preventing
user interference during route formation and data transmission, 2) reducing the number of
channel switching, 3) not using of common control channel, and 4) reduction of delay and
control overhead. The proposed protocol is designed for networks with mobile nodes and is
known as a reliable and cost-effective method by choosing a shorter path. Numerical
simulations show that the proposed protocol has a collision rate of 73% and has a lower
performance than the random method; But in this protocol, the control overhead has been
reduced by more than 90% in the two modes of increasing the number of nodes and the speed,
and this is more important for us in a network where access is opportunistic.

Key Words: Cognitive Radio Networks, Ad Hoc Mobile Networks, Interference, Reduction of
Channel Switching, Spectrum Mobility
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