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TOM TAT: Ciing vdi sw phdt trién ciia cong nghé Thong tin va Vién théng, dic tinh di dong dd va dang tré thanh tinh ning
co ban cua cac mang thong tin hién tai va tuong lai. Ngay cdng c6 nhiéu hinh thirc truyén thong moi ra doi nhu Mang xa hoi, Dién
toan dam mdy di dong, IoT,... lam da dang cac logi hinh dich vu, tang d¢ phirc tap va pham vi hoat dong ciia mang, ... Do vdy, cdc
ky thudt quan Iy di dong hién tai dang gap nhiéu van dé trong viéc xir Iy yéu cau chuyén vimg, dap vmg nhu cau sir dung dich vu va
di chuyén ciia nguoi dung véi QoS dam bao. Vin dé ddt ra la phdi xdy dung phuong an lua chon h¢é théng chuyen viing t6i wu, vira
nang cao hi¢u sudt si: dyng tai nguyén mang, tdi hé thong khong tang va van dam bdo chat lwong dich vu cam két. Bai bdo dé xudt
viéc ung dung logic mo dé phan I6p va nhdn dang cdc yéu té anh hwéng t6i yéu cdu chuyén vimg, lam co s6 ra quyét dinh lia chon
hé théng phii hop nhat.

Tir khéa: Phan 16p, Logic mo, Chuyén viing, Nhén dgng.

I. GIOI THIEU

Diéu khién chuyén ving 13 k¥ thuat cung cap kha nang cho cac ddi twong di dong trao d6i thong tin va truy cap
dich vu moi lic, moi noi. Thoi gian dau chi duoc 4p dung cho hé thdng thong tin di dong té bao (Cellular), sau d6 nd
khong ngimg dwoc phat trién dé tmg dung cho cac mang khac nhu Internet, Mobile Internet, Ubiquitous, ICN
(Information Centric Network),... va mang tuong lai [15].

Ngay nay cac thiét bi va tmg dung di dong phat trién manh mé, kéo theo nhu cau sir dung dich vu di dong ting
cao. Theo du bao [13] [14], ndm 2015 sb luong dau cudi di dong (Mobile Terminal - MT) vuot dau cubi ¢b dinh (Fixed
Terminal - FT), nam 2016 Iuu luong ciia MT vuot luu lugng cua FT. Tu thuc té nay, cac ung dung di dong nhu mang
xa hoi, dién toan ddm may, IoT,... m& ra mo6 hinh kién trac ha tﬁng mang mai, déi tugng mdi bao gém dau cudi, dich
vu, mang, ndi dung, tinh toan, ma hoa... tat ca déu di dong [16].

Trong nhiéu nam qua, cac k¥ thuat xtr Iy ISHO (Inter System Handoff - Chuyén ving lién mang) phirc tap da
dugc nghién ctru phat trién va trién khai dé quan 1y viéc dang ky, xac thuc, di chuyén,... cia MT. _Tuy nhién cdc ky
thuat ndy méi chi ap dung trong cac mang c6 cong nghé twong tu. Do vay, viéc dap ing dugc cc vién canh néu trén la
van dé con nan giai, can giai quyét [15] [5]:

- Nhiéu tng dung va m6 hinh truyén tin xuét hién lam cho ha ting mang thém phuc tap, da dang, va c6 quan hé
véi nhau. Nhleu giai phap quan 1y di dong hién c6 déu Ung dung cho cac hé théng (mang) cu thé, chua dap
mg dugce yéu cau dy phong va kha ning xu 1y cho mang hdn hop phuc tap;

- Dang tdn tai nhiéu mang truy nhap vo tuyén c6 cong nghé khéac nhau;

- Nhiéu loai dich vu khac nhau va khong linh hoat;

- Nhiéu k¥ thuat ISHO da duoc trién khai;

- Thiéu co ché thich hop dé giai quyét cac khac biét giira cac hé thong thong tin néu trén.

Bai bao nay dé xuat viéc ing dung logic md trong phéan 16p va nhan dang cac yéu to lién quan dé xir 1y chuyén
vung. Viéc phén 16p dya trén khai niém tap dong trong mot khong gian dic trung dai dién cho cung loai do6i tugng. Céc
nhém ddi tugng khac nhau c6 thé thugc cac ving khac nhau trong khong gian dac trung. Gia su mdi mot ddi tugng
tuong g voi mot MT (Mobile Terminal - Thué bao di dong), mdi ving c6 mot sd cell, thi qua trinh phén 16p twong
duong véi viée lwa chon cell ¢6 kha ning cung cip dich vu tot nhit cho MT. Mot vai thuat toan phan 16p quy dinh cac
vung trong khong gian dac trung khong chéng 14n 1én nhau [10]. Do vay, mét MT chi thudc mot 16p (cell). Tuy nhién,
viéc phan 16p nay khong phu hop voi hé thong thong tin di dong [1], boi vi viéc chong 1an lam tang vung phu song va
qué trinh chuyén vung d& dang hon. Tuy nhién viéc giao thoa séng qua nhidu s& lam ting xac sut rét két ndi. Thuat
toan nhan dang trinh bay & ddy thuc hién gan Véc to quan hé gitta MT va Cell tham gia vao qua trinh chuyén ving.

II. SOLUQC VE LY THUYET TAP MO

Trong tdp md, quan hé giita mot phan tir ddi v6i tap md duge xac dinh thong qua ham dinh trude. Gia tri ham
thudc biéu hién mirc 6 quan hé ctia d6i twong ddi véi dic tinh ctia tap dinh trude. Do vay mot phan tir khong nhat thiét
phai hoan toan thudc mot tap, ma co thé ting phﬁn thudc cac tdp khac nhau. Cac thuét toan nhan dang thuong ding dé
xac dinh mbi quan hé giira thué bao di dong va cac cell lién quan, 1am co s& ra quyét dinh chuyén ving. Ham thudc
dugc xac dinh théng qua cac Véc to didc trung, CAc VEC to nay chinh 1a dit liéu dau vao.
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Cho tap Vi try F (Véc to), tap 10 (crisp) Fi Xac dinh theo ham Ujpg: F—{0,1}, v6i Ujpq = 0 hodc 1. Trong khi d6
tap mo (fuzzy) Fy x4c dinh theo ham thudc Ujpg: F—[0,1], v6i Ujgg c6 the la mét gia tri nao d6 trong khoang [0,1].

Hau hét cac phép toan trén tap mo (nhu Hop, Giao, Phu dinh) duoc thuc hién gidng nhu trong 1y thuyét mo [7].

M6 hinh m¢ c¢6 tinh linh hoat cao dé giai quyét cac van dé co dir lidu gan dung cho cac qua trinh thoi gian thye.
Dbi véi cac bai toan toi wu co sd licu dau vao khong r6 rang nhu bai toan diéu khlen chuyén vung trong mang di dong,
viée ung dung ly thuyet mo dé giai quyet ¢6 rat nhiéu wu diém. D6i véi cac van dé Nhap nhang, néu sir dung ki thuat
tap rd dé giai quyét s& chi dua ra mot két qua ma do chan thyuc khong dam bdo, trong khi ky thuat tap mo s€ cho nhiéu
két qua voi murc d6 chinh xac khac nhau, tang kha nang lya chon ra quyét dinh cho nhiéu bai toan. Nhu vay, mic du 16
gic md giai quyét cac thong tin khong chinh xac nhung né van dua trén co sé toan hoc dinh lwong [7].

Hg¢ thong nhan dang m& gén véc to thanh phan U; cho mdi phan tir F;. Véc to thanh phan dugc biéu dién nhu sau:
Ui = [Uig, Ui ---Uiggs - Uiy Uiggl (1)

.[k] biéu dién quan hé cua phén tir F; voi 16p hodc ving [4], [7]. Pbi véi cac ing dung hién tai, cac gia tri thanh
phan c6 thé dugc sir dung dé gan mot phan tir ( thué bao di dong - MT) t6i mot ving (Tram phat - BTS), cac thué bao &
bién tram phat c6 gié tri thanh phan thip hon cac thué bao & trung tim.

III. CAC THUAT TOAN CHUYEN VUNG

A. Dinh nghia

Néu quyét dinh chuyén viing chi dua trén cudng d¢ tin hiéu thu dugc (Received Signal Strength Intensity - RSSI),
thi truong hop tin hiéu ctia tram phat hién tai hodc 1an c4n yéu s& gay ra tinh trang chuyén ving khong can thiét. Trong
nhiéu truong hop, rat kho xac dinh vi tri chinh xac cua thué bao, vi vy thong qua k¥ thuat nhan dang phan tich gia tri
cuong do tin hidu thu duge gop phan lam giam nhiing quyét dinh chuyén ving khdng chinh xac (ting tinh tdi uu).

Mdi MT dai dién bdi mot véc to dic trung Fi = [F.[l], izl ---Fimy ---Fige-ap Figg] thudce vung trong khéng gian ¢
chiéu [4], [6]. M01 véc to thanh phan F'[kl biéu dién cuong d¢ tin hiéu thu dugc tur tram BTS tht k cia MT tht i, do
vdy ¢ biéu dién s6 tram BTS c6 thé cung cap dich vu (song) cho MT;.

Qua trinh chuyén ving twong dwong véi viée xac dinh vi tri clia vée to dic trung trong mién dinh trude, diéu
nay c6 the thuc hi¢n thong qua véc to thanh phan gan cho MT thtr i. MT dugc gan cho tram phat thir k néu quan h¢
thanh phan ctia n6 véi cell k 16n hon so vai cac cell khac, nghia la:

Ui[k] = max Ui[i] , trong dé] =1,23,...,Cc (2)

Figy

Figl .

BS: MT BS, K.cach Fi[l] F[l]

Hinh 1. M6 hinh Handoff st dung Ly thuyét mo

Vi dy, xét truong hop ¢ hai tram phat BS; va BS, nhu Hinh 1a. MT; di chuyén tir tram BS; sang tram BS,,
nhan dugc cuong dg tin higu:

Fiy = [Fiy, Fipz] @)
trong d6 Figy) ctia BS; va Fipy clia BS,. Theo huéng di chuyén caa MT;, thi Fipy gidm dan con Fipy) tang dan.
Véc to hai chiéu F; biéu dién cudng d6 tin higu thu dugc (hinh 1b) tir hai viing dich vu do BS; va BS; cung cép.
B. Thudt toan phan lop Fuzzy

Céc thuat toan phan 16p hd tro ra quyet dinh tng dung ly thuyét mo thuong dya trén co ché thu nap thong tin
truge (learning), nghia 1a cac dleu kién dau vao, ngudng ra quyet dinh déu khong ¢b dinh, ma thay ddi va diéu chinh
theo s liéu théng ké va sai s6 cho phép cua cac thong s6 lién quan toi quyét dinh chuyen vang nhu RSSI, BER,
Khoang cach, SLA,.... Dé tang hi¢u suat mang va giam chi phi chuyén vung khong can thiét, nhat 1a d6i voi mang di
dong biang rong hon hop, thi ap dung co ché learning ra quyét dinh chuyen vung dya trén tri thirc dong dang dugc quan
tam rong rai. Trude hét, cung cép tap véc to tralnlng Fym phan b6 trén mién dich vu cua hé thong. Cac véc to ¢ chiéu 1a
dai dién cho cac MT trong moi cell. Nhu vay, moi véc to Fym) s€ duoc biéu din bai:
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Frem=[Frmin Frma Frmyap - -Frmel 4)

Phén ttr thr n Fk(ml[n] cua véc to training thir m twong tng v&i RSSI thu dugce tir tram BTS n, do duoc tai vi tri
m cuta cell k. Gia tri khéi dau cta s6 lugng véc to training tai cell k 12 t, Hinh 2 minh hoa 3 véc to training dugc phan
bo deu trén 2 cell, nghialat; = t, = 3.

Hinh 2. Ving dich vu ciia 2 cell mdi cell 3 véc to training

Ta xem nhu Fymm 1a cac phan tr ngdu nhién, dung sai la o k2[n] va tri trung binh la Fk[n] , trong do:

1 &
Fep = t Z; Fiemyn (5)
k m=
ty -
Va oy =12(F )’ - FZ (6)
k[n] { ~ k(m)n] k[n]

Thuat toan trinh bay ¢ ddy c6 thé biéu dién & 2 dang “Thich tng - ADT” va “Khéng thich tmg - NADT” tiiy
thudc vao véc to training co duge cap nhat hay khong cap nhat.

O dang Thich tng, qnéu c6 mot mau moi Fj thuge 16p Kk néu trén thi ta cap nhat thong tin twong ung vaéi 16p nay
[1]. Cong thirc sau dung dé cép nhat cac thanh phan cua véc to trung binh [1]:

t, — 1
Fom = —— F +——F,
0T g K T g (7)
B6 sung bién phu Cypy dé cap nhat thanh ph?m O’kz[n] cua dung sai O'k2 . Cyqnp duoc xac dinh theo cong thirc sau:
b
2
Ck[n] = Z (Fk(m)[n]) )
m=1
Mbi khi mét MT duge chuyén sang sir dung dich vu & BS méi, Cyy S€ dugc cép nhat boi:
Cigr = Cigrr + (Firm)? )
Thay 8 vao 6 ta cé gia tri méi ctia dung sai s€ la:
1
2 2
Tam T +1Ck[n1 = Fymy (10)
k

Fi c6 thé xem nhu 12 véc to mau thudc cell k, nghia 1a mdi khi mot MT di vao ving dich vy cta cell k thi:
te=tsr (11)
C. Phan lop dwa trén khodng cdach
O phuong phap nay, ham thuge Uiy ctia MT do F; dai dién, c6 thé biéu dién nhu sau:

Ui[k] =[1+(d; /f)r]_l

O day di biéu didn khoang cach tir véc to F; t6i véc to dai dién ciia Cell k 12 F .

(12)

U

N =2

CooocooC oo
RPhwRIO N =

" } " " dy
0 500 1000 1500 2000

Hinh 3. Ham thudc ctia BTS thir k xac dinh theo khoang céach vat 1y
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DO thi ham thude tinh theo (12) tuy thude vao cac hang s6 (I6n hon 1) 12 & va T. Hinh 3 chi ra d6 thi ham thudc
v6i diy 1a khoang cach giita MT va BTS [2]. O day, & chinh 1a ban kinh viing phu song.

. Céc tham s6 cuong do tin hi¢u RSSI va khoang cach vat ly d thuong duoc st dung trong qua trinh ra quyét dinh
chuyén ving, tuy nhién RSSI dé do luong hon viéc xac dinh d. Khoang cach dj, dugc xac dinh theo cong thire sau:

05

c 1 R
(Finy = Figm) 13)

dy = z_
n=1 “k[n]
|£k (Véc to dai dién cho cell k) co thé bang Fk hoac Vi (Véc to trung tdm cua cell K). Vi = [V, Vi,
.. V- -], trong d6 Vg 1a cudng d6 tin hiéu thu duoc tir cell k.
D. Phin I6p theo Véc to dong dang
O phuong phép nay, Véc to training thanh vién Uy va vec to dic trung U; ciia MT thir i tinh theo cac cong thire
(12) va (13) dugc dung dé xac dinh véc to dong dang c6 dang nhu sau:

Sikmy = [Sikmay, Sikmzy, -+ - Sikmyig, ..... Sikgmype-11, Skl (14)

Céc thanh phan x4c dinh theo [10] nhu sau:

Uy |17
Sik(m)k: 1+ L 1- b

(15)
op | Yiat

O day, Sikmm] biéu thi mirc d6 ddng dang cua Fifn voi phan tir thtr n ciia mau the m trong cell k, con ,B 1a sb
nguyén duong tuy y. Theo (13) viéc phan 16p dya trén su ddng dang vé6i véc to trung binh néu Fk = Fk , va dya trén

véc to trung tam néu F, = V.

Gia tri trung binh cta (15) theo m 1a:

: 1 & 16
Sicp-= 1 2. Skt e

M, 1a tong sé véc to mau cua Cell k. Véc to Siy xac dinh nhu sau:
Sik = [Sik[l]'Sik[z]y....Sik[c]] (17)
Véc to F; thude cell thir k néu nhu;

i =max @i i=12....c -

E. Phép do khodng cdch

O ky thuat nhan dang dya trén Kkhodng cach, cac phép do Euclid duoc dung dé udc lugng tinh dong dang giita
mau va khong gian dac trung. Moi phan tr véc to so li€u biéu dién dac tinh ciia mau va c6 the co cac don vi vat ly de
phén biét voi cac phan tir khac [8] .

Thong thuong, cac mau ciing 16p c6 tinh ddng dang cao hon so v6i mau khac 16p. Tinh ddng dang gitra cac véc
to ddc trung c6 thé xem 1a phép do khoang cach: d: R" x R" —> [0,00). Do vy, cac mau dong dugc xem la cac mau
dong dang. Khoang cach d(F;, F) can dap tmg cac dic tinh sau [1]:

i) d(Fi,F)=0

i) d(Fi, Fy) = d(F;, F)

i) d(Fi, Fj) < d(F;, F) + d(Fy, Fy)

Dang chung ctia khoang cach d() 1a phép do I nhu sau:

PR = (o[- Fy ) ot (9
n=1

Khi p=2 thi phép do s& la khoang cach oclit.
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Mot phép do khoang cach khac la Mahanalobis [1].
dF. F) =(Ri-F) A Fi-F)’ (20)

Ay 13 ma trdn nguyén duong, Xac dinh nhu sau:

~

Aszki Tk Ej(:i_kE,_ (21)

K F 14 véc to trung binh cuia 16p k. Khoang céch tinh theo (20) lién quan véi Log tu nhién ctia ham mat d¢ (pdf)
Gaussian n chiéu.

p€ > L ‘:i K E}‘k_l l:i K Ei, (22)

“en e

Phép do khoang cach nay rat tién loi trong viéc phan 16p cac mau c6 phan phdi Gaussian [2].

IV. CAC KET QUA SO
Chon mo hinh truyén tin hiéu radio Log-Normal dé md phong, cudong do tin hidu tir tram k dugc xac dinh [9][3]:
F= Ky - Kslog(t) + 0 (23)

T - Khoang cach tir MT tdi tram phat thir k;
K; va K, - Hang s6 moi truong truyén tin hiéu;
0 - Bién ngau nhién bicu dien Fading.

Gia tri K; va K, ddi voi Micro Cell trong méi trudng thanh thi 1a 120 va 35 [9][10]. Md hinh nay d& rang noi
suy ra mo hinh véi kich thuéc cell khac nhau bing cach thay d6i gi4 tri K, va K, va sai s6 (¢) cua 6. Hiéu suit cua
thuat toan dua trén sai s6 (¢), trong khoang 0 - 10dB. Gia dinh, s6 tram phat 1a 3 v6i ban kinh phu song 14 0,5 KM, 1
KM va 1,5 KM, cuong dd tin hiéu ¢ bién cta Cell 13 15dB.

Viéc danh gia thudt toan duoc thyc hién ngau nhién cho 1000 Kkét qéi. Bing thong ciia két ndi 1a tham sé ngau
nhién d& moé phong cac cudc goi vdi thoi gian goi khac nhau. SO l1an chuyén vung dua trén thuat toan phan 16p mo sé
dugc so sanh voi phuong phap dua trén RSSI str dung mire tré h [11].

60
50 —a— RSST h=0 dB

40 SVAV T=10

20 —&— SVAV T=15
== SVAV T=10
20 =¥=SVCV T=10
10 SVAV (no-Adaptive)
0 #

SO LAN CHUYEN VUNG

20 =—RSSI h=3 dB

Hinh 4. S6 14n chuyén ving trung binh img véi cac diéu kién khac nhau

Hinh 4 chi ra s6 lan chuyén ving trung binh ciia MT theo phuong phap ADT v6i mitc ngudng 1a 10 va 15dB.
Khi sir dung thuat toan SVAV va SVCV thi két qua tot nhat dat dugc khi dat T = 15.

70
60
o 50
% 40 ==¢==R=500m
>
z 30 —2=—R=1000m
>
5 20 =—w=—R=1500m
Z 10
é 0
3 0 5 10 15
w

Hinh 5. S 1an chuyén ving trung binh khi sitr dung SVAV véi T=10
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Hinh 5 chi ra s lan chuyén ving trung binh ctia MT ddi véi hé théng co ban kinh phi séng 13 0,5 KM, 1 KM va
1,5 KM st dung thuat toan ADT SVAV véi T = 15. Chuing ta thay ban kinh Cell cang bé thi s6 1an chuyén ving cang it.

2 0.6
Z,
Avg ,(8 0.5
; 1.5 ©)
g é. 0.4
[—.
Z 1 o 03
5’ SVAV T=15 @) SVAV T=15
— jan)
< . e=t=RSSI % 0.2 et RSS]
5 . [:,: 0.1
2 m
0 O
) 0
0 10 20 = 0 10 20
(@) (b)

Hinh 6. Thuét toan RSSI va SVAV d6i véi (a) Bét dinh don gian, va (b) Bt dinh co trong sb
Hinh 6 chi ra tinh bat dinh don gian va c6 trong sb khi st dung thuat toan phan lop ddng dang theo Véc to trung
binh SVAV (T = 15) va thudt toén dya trén cuong do tin hiéu RSSI véi h = 3dB. Két qua md phong cho thay, thuat
toan SVAV cho ket qua tot hon RSSI trong ca hai hudng ti€p can cia phép do bat dinh.

V.KET LUAN

Bai bao d¢é xuat viéc tmg dung logic mo dé phan 16p va nhén dang cac yéu t6 lién quan 1am co sé ra quyét dinh
Chuyen vung. Két qua md phong cho thiy sd lan chuyén ving khi str dung phwong phép nay it hon so voi phuong phap
truyén théng RSSI. Piéu nay lam tang hiéu suat khai thac tai nguyén mang va dam bao QoS. Ngoai ra, phuong phap
nay giit cho hinh dang va ban kinh cell khong thay ddi nhiéu so voi thiét ké, giam thiéu sy giao thoa séng giira cac cell
v6i nhau, nhidu dong kénh va nhiéu gitra cac cell lién ké giam khi luu luong ting.
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IDENTIFY AND CLASSIFY FACTORS IMPACTING HAND-OVER MANAGEMENT
Ngoc Hung Le, Xuan Quynh Nguyen

ABTRACT: Along with the development of information and communication technologies, mobility has become a key feature of
current and future information networks. New forms of media such as social network, mobile cloud computing, loT, etc., are
becoming more available, diversifying the types of service, increasing the complexity and covering of the network. This has led to
current mobility management techniques facing problems with hand-over management to meet user’s demand and mobility with
guaranteed QoS. The issue is to propose a solution for optimal system selection, while improving the efficiency of using network
resources, loading the system does not increase and still ensure the quality of service commitment. The paper proposes the
application of fuzzy logic to classify and identify the factors that affect the hand-over requirement as the basis for decision making
on selection of the most appropriate system.

Keyword: Classifying, Fuzzy Logic, Hand-over, Pattern recognizing.



