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Tém tat. Quy hoach mang RFID (Radio frequency identification) la bai todn 1dp dat cac dau
doc trong mot vung lam viéc sao cho mot thé c6 thé dugc bao phu boi it nhat mét dau doc.
Muc tiéu cua bai toan quy hoach mang RFID la tim vi tri t6i wu cua cac dau doc sao cho mang
cac dau doc bao phtt duoc hdu hét cac thé va dong thoi dap ting mot s6 rang budc nhu d6 bao
phu thé t&i da, nhiéu t6i thi€u,... Do s8 vi tri ing vién ctia cac dau doc trong mot viing lam
viéc thuong la rat 16n, nén giai phap phu hop cho vén dé nay 1a st dung cac phuong phép
heuristic d€ tim vi tri t6i vu. Cac phuong phép heuristic da dugc dé xuit gobm ABC (Artificial
Bee Colony), CS (Cuckoo Search), FA (Firefly Algorithm), GA (Genetic Algorithm) va PSO
(Particle Swarm Optimization). Tuy nhién, chua c6 mot danh gia va so sanh nao vé hiéu qua
cua cac phuong phap nay trong van dé quy hoach mang RFID. Do d6, bai bao nay tién hanh
so sanh va danh gia hiéu qua ctia cac phuwong phap quy hoach mang theo heuristic nay. Tt
két qua mo6 phong c6 thé nhan thay rang khong c6 phuong phap nao la t8t nhat trong moi
treong hop va tuy theo muc tiéu va mong mudn nguoi dung cé thé st dung cac phuong phép
heuristic khac nhau.

Tw khéa: RFID, quy hoach mang RFID, Artificial Bee Colony, Cuckoo Search, Firefly
Algorithm, Genetic Algorithm, Particle Swarm Optimization

Evaluating effectiveness of RFID network planning
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Abstract. RFID (Radio Frequency Identification) network planning is the challenge of
strategically placing RFID readers in a working area to ensure that each tag can be covered by
at least one reader. The objective of the RFID network planning problem is to find the optimal
positions of readers so that the network of readers can cover most of the tags while also
satisfying certain constraints such as maximum tag coverage, minimum interference, etc.
Because the number of potential candidate locations for readers within a working area is
typically large, the appropriate solution for this problem is to utilize heuristic methods to find
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the optimal positions. Various heuristic methods have been proposed, including Artificial Bee
Colony (ABC), Cuckoo Search (CS), Firefly Algorithm (FA), Genetic Algorithm (GA), and
Particle Swarm Optimization (PSO). However, there has been no evaluation and comparison
of the effectiveness of these methods in the RFID network planning problem. Therefore, this
paper proceeds to compare and evaluate the effectiveness of these heuristic network planning
methods. From the simulation results, it can be observed that there is no one-size-fits-all
method, and depending on the user's goals and preferences, different heuristic methods can
be utilized.

Keywords: RFID, RFID network planning, Artificial Bee Colony, Cuckoo Search, Firefly
Algorithm, Genetic Algorithm, Particle Swarm Optimization

1 Giéi thiéu

Cong nghé nhan dang tan s6 vo tuyén (RFID) da thé hién duoc nhiéu wu diém vuot troi
nhu: khong tiép xtc vat ly, nhanh chéng, bao mét cao va dung luwgng luu trit cao, ... Khong giong
nhu cdng nghé nhan dang ma vach truyén thong, RFID dugc st dung rong rai hon nham gén the
(tag) va xac dinh cac ddi tuong vat ly trong cac linh vuc khac nhau: cdng nghiép, cham soc stic
khoe, quan ly chudi cung ting va van chuyén, tham chi 1a nong nghiép va du lich [1]. Cong nghé
RFID duoc xem la cong nghé chu chét cua IoT (Internet of Things), trong dé RFID cho phép cung
cap co so ha tang thong tin cho cac tng dung IoT quy mo 16n [2].

Mang RFID bao gom mot tap hop cac thé RFID, mét hodc nhiéu dau doc RFID duoc két
ndi véi nhau cung mot hé thong may chua trung tam d€ luu trie va xie ly dix liéu. Mot thé RFID ¢
thé chu dong (active) hodc thu dong (passive). Thé RFID thu dong khong c6 ngudn nang luong
riéng, nd 1ay nang luong tir dau doc va thuong chi chita mot s6 lwong nho dit liéu. Thé thu dong
6 gia kha ré nén duoc ting dung kha nhiéu trong thuc t& nhu an ninh cong cdng, kiém soat giao

thong, gidm sat kho bai ...

Mbi dau doc RFID cé vung phti séng han ché, nén viéc phan bd chiing sao cho c6 thé
phu/doc duoc hét cac the la diéu can thiét. Ngoai ra, cac rang budc khac nhu han ché t6i da s6 theé
nam trong viing chong 1én cac dau doc la diéu can thiét trong cac hé théng RFID. Van dé nay
duoc biét dén la quy hoach mang RFID (RFID networks planning - RNP). Viéc giai quyét bai toan
RNP la mot nhiém vu khé khan va trong thoi gian gan day da c6 nhiéu cong trinh nghién ctru
nham giai quyét van dé nay, chti yéu la stt dung cac phwong phap heuristic nhu ABC, CS, FA,
GA va PSO.

Trong bai bdo nay, chiing t6i tién hanh so sanh va danh gia hiéu qua cta 5 phuong phap
quy hoach mang RFID theo heuristic (ABC, CS, FA, GA va PSO) tir d6 dua ra cac khuyén nghi
cho viéc str dung cac phuong phap heuristic d€ quy hoach mang RFID.

Céc phan tiép theo ctia bai bao nay bao gom: Phén 2 trinh bay cac nghién cttu lién quan vé

viéc st dung phuong phéap heuristic trong van dé RNP, Phan 3 la md ta chi tiét vé cac phuong
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phap heuristic trong RNP, cac tiéu chi danh gia hiéu qua quy hoach mang RFID duoc trinh bay
trong phan 4, mo6 phong, trinh bay cac két qua dat duoc thé hién trong Phan 5 va két luan 6 trong
Phan 6.

2 Cacnghién cttu lién quan

Vi RNP thudc vé 16p bai todan NP-kho [3] nén hudng tiép can thong thuong 1a stt dung cac
phwong phap dua trén heuristic. Sau day la cac cong trinh nghién cttu lién quan st dung phuong

phap heuristic trong quy hoach mang RFID.

Phuong phép cai tién tir hanh vi dan ong ABC (Artificial Bee Colony) 1a mét thuéat toan t6i
uwu hda 1ay cam hing tir hanh vi sén m6i thong minh cta dan ong. Thuét toan nay dwoc dé xuat
trong [4] boi Dervis Karaboga vao ndam 2005. Muc tiéu cua thuat toan la tim kiém giai phap t6i
wu bang cach md phong qua trinh tuong tac gitta ong cong va ong tho trong mot t& ong. Chen va
cong su [5] da dé xuat phuong phap MOABC (MultiObjective ABC) trong d¢ tac gia dwa ra cac
muc tiéu nhu d§ pht séng, dd nhiéu va mo6 hinh héa vé mot ham muc tiéu va ting dung phuong
phép ABC dé tim vi tri cdc dau doc. Bacanin va cong su [6] tién hanh xac dinh s& luong va vi tri
cua cac dau doc theo phuong phap ABC két hop véi viéc nhom thé va dau doc theo tirng khu
vuiee. Jing va cong su [7] dé xuat mot phuwong phap goi la to ong nhan tao lai HABC (Hybrid ABC),
stt dung co ché vong doi tw nhién d€ bién doi khung lam viéc ABC gdc thanh mot hinh thai hop
tac va thay doi s6 luong ca thé. Trong thuat toan HABC dé xuat, ca thé cd thé chuyén doi trang
thai ton tai va kich thudc dau doc thay d6i dong tuy theo thuc t€ pham vi hoat dong trong qua
trinh thuee thi. Ma va cdng su [8] dé xudt mo6 hinh H-MOABC (Hybird — MultiObjective ABC) dua

trén cac gia tri ham muc tiéu véi phwong phap hoc tang cuong.

Phwong phéap CS la phuong phap duwoc 18y cam hing tir hanh vi dp triing ciia chim Cuckoo
duoc gidi thiéu boi Xin-She Yang va Suash Deb vao nam 2009 [9]. Phuong phap CS c6 hiéu suat
tot trong viéc tim ki€m cac giai phap t6i wu cho cac bai toan phtic tap. Tuy nhién, nhu cac thuat
todn t6i wu hda khac, hiéu sudt cia né con phu thudc vao cach thiee thuc hién va cadu hinh tham
s0. Jaballah va cdng su [10] da dé xuat phuong phap diéu khién cac tham sd dong ctia CS 6 tén
la SACS (Self Adaptive Cuckoo Search). Talib va cong sw [11] dé xuat phwong phap tim kiém theo
gradient c6 tén GBCS (Gradient-Based Cuckoo Search). Hasnan va cong su [12] tién hanh so sanh,
danh gia phwong phap GBCS véi phuong phap PSO, FA két qua la GBCS chi st dung s0 luong
6 dau doc khi phan phdi 100 theé va 5 dau doc trong truong hop 50 thé cho hiéu qua bao phu 100%
cho thdy tinh tin cay cia GBCS trong khu vuc quy mo 16n va dit liéu thé 16n.

Phuong phap FA (Firely Alogrithm) la mét thuat toan t6i wu hoa heuristic duoc 1ay cam
hting tir hanh vi phét sang cia dom dém. N6 dwgc dé xuat boi Xin-She Yang vao ndm 2008 [13]
va ttr d6 da duoc sir dung rong rai dé giai quyét cac van dé t6i wu hoa khac nhau, gom t6i wu hoa
ham, wéc lwong tham sd va lya chon déc trung. Tuba va cong suw [14], dé xuat phuwong phap
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MBFA (multi-objective Firely Alogrithm) véi viéc xdy dung ham da muc tiéu bao gom d6 bao
phu, do nhiéu, ... két hop st dung FA d€ t6i wu héa vi tri lép dat dau doc. Mot cai tién tiép theo
ctia Musin va cong su [15] bang cach két hop k§ thuat phan cum thé dwa trén mat d6 phan bé thé
DBSCAN (Density Based Clustering Method) va stt dung FA d€ t6i wu hoda vi tri dau doc. Phuong
phép nay cho thay c6 thé sit dung trong cac moi truong 16n va phiec tap voi cac khu vuc lam viéce
trong nha cé hinh dang khac nhau, dé la mot trong nhing thach thiec déi véi viéc quy hoach
mang RFID.

Phwong phap PSO 1a mét thudt toan t6i wu hoda 1dy cam hing tir hanh vi di cw ctia cac
hat/c4 thé trong mot bay dan. Thuét todn nay duoc dé xudt boi Kennedy va Eberhart vao nam
1995 [16]. PSO md phong qua trinh tim ki€m t6i wu bang cach xem xét su twong tac va hop tac
gitta cac ca thé trong khong gian tim kiém. PSO da dwoc ting dung rong rai trong nhiéu linh vuee,
bao gom tdi wu hda hé thdng RFID. Trong nhitng nghién cttu thoi gian gan day, Hasnan va cong
sit [17] da trién khai cai tién thuat toan PSO dau tién cho bai toan RNP véi thuét toan t6i wu hoa
bay dan hoi quy MC-GPSO (Multi-Colony Global Particle Swarm Optimization) nhdm muc tiéu
t6i da hoa pham vi phui séng, t5i thiéu héa s8 lwong dau doc va ¢ nhiéu thdp nhat. Nham muc
tiéu giam thiéu tong s6 dau doc can thiét d€ nhan dang cac thé trong mot khu vue cho trude tot
hon, Raghib va cong su [18] dé xudt thuat toan t6i wu hda da muc tiéu béng phén t gidi han toc
d6 cac dau doc cho viéc di chuyén cé tén la SMPSO (Speed constrained Multi-objective Particle
Swarm Optimisation) dwgc ap dung. Cao va cOng su [19] da dé xuat mot thuét toan t6i wu hda
bay dan lai véi phan cum K-mean va “luc ao” (virtual forces) duoc dat tén la HPSO-RNP (Hybrid
Particle Swarm Optimization - RNP). HPSO-RNP ¢4 thé ty dong tim ki€m cac dau doc va khoi
tao toa d6 ban dau cua cac dau doc thong qua thuat toan K-means. “Luc a40” duoc tich hgp vao
chuyén dong ngau nhién dé diéu chinh vj tri ctia dau doc trong qua trinh tim kiém caa PSO. Dé
so sanh HPSO-RNP véi cac phuong phap khac, thue nghiém duoc tién hanh trén 8 bo dit liéu
chuén va két qua xac nhan ré“mg hiéu suat cia HPSO-RNP la t6t hon vé so lwong dau doc, nhiéuy,
cong sudt va can bang tai trong khu vuc lam viéc Tan luot 1a 50x50m? va 150x150 m2 véi s8 luong
thit nghiém gom 30, 50 va 100 dau doc.

Nhém cac giai phap dwoc sit dung pho bién ti€p theo la dung giai thuat di truyén GA
(Genetic Algorithm dé€ giai quyét van dé RNP. Tiéu biéu nhu Guam va cong su [20] da dwa ra
cach tiép can GA cho RNP, theo d6 mot bd gene mang thong tin cia mang RFID duwgc dua vao,
bd gene duoc xac dinh theo m6 hinh phéan cdp véi 3 cdp. Cdp dau tién quyét dinh lwa chon vi tri
tng vién, cap 2 xac dinh loai antena duoc st dung va cap cudi cung xt ly vi tri thong s6 cac dau
doc. Guan st dung toan tr lai ghép cho cap dau tién caa giai thuat va toan ti dot bién duoc si
dung & cap cudi cung. Trong nghién cttu cua Yang va cong su [21], bd gene dwgc sit dung la cac
ma nhi phan nham thé hién thong tin ctia cac RFID reader, bao gom 2 thong tin 1a vi tri va viing
phu séng. Ngoai ra tac gia con tién hanh ma hoa thudc tinh vat ly ctia dng ten bao gom: loai dng

ten, nang luong,... Yang va CS st dung phwong phap Rouleted dé lua chon cac quan thé, dong
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thoi sit dung lai ghép va dot bién nham tao su da dang trong quéan thé. Zhang va cong su [22],
da gidi thiéu 2 loai RFID reader la RFID reader v6i dng ten dinh hwédng va RFID reader voéi dng
ten da huéng nham cai tién RNP béang cach stt dung GA. Nhin chung cac giai phap stt dung GA
trong RNP chu yéu khac nhau ¢ viéc xac dinh gene va dung GA d€ t6i wu hda vi tri phén b céc
dau doc RFID.

RO rang, cac phuong phap cai tién heuristic da ching to duoc hiéu qua cho viéc quy hoach
mang RFID. Tuy nhién, chwa c6 mot cong trinh nao danh gia mot cach khach quan hiéu qua quy
hoach mang RFID trén cac phuong phap heuristic nay. Do d6, bai bao nay tién hanh phan tich va
danh gia hiéu qua ctia 5 phuong phap heuristic ABC, CS, FA, GA va PSO trong quy hoach mang
RFID nham dwa ra mot s§ khuyén nghi cho viéc 4p dung.

3  Phuong phap heuristic trong quy hoach mang RFID

3.1 Phan tich bai toan quy hoach mang RFID

Xét mot vung lam viéc ¢d kich thude w x h trong d6 cac thé duoc phan bd ng?iu nhién (nhw
Hinh 1, v6i w = 50m va h = 30m). Van dé RNP duoc biét dén 1a 1am sao c6 thé phan b cac dau
doc thoa man c4c tiéu chi nhu: bao phti dwoc hau hét cac the, s6 lwong thé ndm trong ving chong
lan gitra cac dau doc la thap nhat. Van dé nay la NP-kho do s6 lwgng vi tri c6 thé bo tri cac dau
doc la khong c6 gidi han. Do d6, giai phap t6i uu cho van dé nay la st dung phuong phap
heuristic (ABC, CS, FA, GA va PSO) nham dat duoc hiéu qua t6i vu trong phan bé dau doc.

.....

Phan b8 dau doc va thé véi gidi thuit GA

25

20

> 15

10 A

Hinh 1. Vi du vung lam viéc trong van dé RNP

Theo nhu [22] gia st cac dau doc 1a déng cdu véi tan s6 truyén 915 MHz, cong sudt truyén
2 watts (W), ngudng cong sudt nhan 0.1 milliwatts (mW) va ang-ten vé hudéng duoc trang bi cd

vung bao phu tron véi ban kinh.
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2 |PGG,
4w | P

(D

trong do:
P:: Nang luwong (power) truyén boi dau doc
Pr: Néang luong truyén boi thé
G, Gr, : D0 1oi (gain) ca dau doc va thé (duoc giai thiét bang 1)
A : Budc song cta tinh hiéu
r: Ban kinh ctia ving bao phu dang-ten

Bang cach st dung cac gia tri & trén, ban kinh (r) ving doc ctia mdi dau doc dugc tinh bang

3.2  Gia tri ham muc tiéu (fitness)

Viéc ldp dit cac dau doc trong mot viing lam viéc can dép tng nhiéu tiéu chi khac nhau,
ma ching duwgc md hinh héa dudi dang cac ham muc tiéu. Cac tiéu chi pho bién va quan trong
nhét la d6 bao phu cac thé va ti 1é chong lan cac thé trong vung chong 1an. Do d¢, 2 tiéu chi nay
dugc chung t6i st dung la ham muc tiéu trong qua trinh t6i wu hoa vi tri lép dat cac dau doc

trong quy hoach mang RFID theo cac phuong phéap heuristic.

Do bao phu cac thé

Cai thién mtrc d6 phu séng ludn la muc tiéu t6i quan trong trong viéc thiét ké mang RFID.
Trong nhiéu tng dung, can cé bao pht day du, tic 1a mdi thé dwoc bao phu boi it nhat mot dau
doc. Dat RS, la tap hop cac dau doc dwgce trién khai ban dau va TS la tap hop cac thé. Vi giao tiép
gitta dau doc voi thé va giao tiép tir thé dén dau doc déu dugc xem xét, nén d6i voi theé bat ky
tag € TS, né dugc xem la dwgc bao phu néu va chi néu ton tai mot dau doc reader € RS thoa man

Distance(reader, tag) < r (khoang cach Euclid tit reader dén tag bé hon ban kinh vung doc).
Ty 1é pht séng ctia mang c6 thé duoc dinh nghia nhu Cong thiec (2) [23][24], trong d6 fi 1a
ham muc tiéu vé do bao phu.
_ _ cv(tag)
fi=C0V = Z 7S] (2)

tageTS

1 néu3dreader € RS,Distance (reader,tag) < r}

trong do: cv(tag) = {0 ngwoc lai
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va |TS| 1a s6 luong thé dugc phan phdi trong khu vuc lam viéc.

Theo Cong thtrc (2), gia tri fi thudc khoang (0, 1): ficang 16n thi cang hiéu qua vi cang nhiéu
s0 luong thé duoc bao phu.

Do chong lan viung phu song
Viéc dat duoc pham vi bao phu day du cac thé cé thé gay ra sw chong 14n vung tham van
cua cac dau doc (nhu Hinh 1, cac vung giao thoa doc cung thé gitra cac dau doc). Sw chong lan
nay c6 thé gay nhiéu khi mot s6 dau doc 8 géng truy van mot thé cung ltc, diéu nay dan dén
viéc doc 18i va tén nhiéu nang lwong (Hinh 1). Do d6, mdt trong nhitng nhiém vu quan trong tiép
theo cia RNP 1a lam gidm nhiéu. D& dap ting diéu nay bai bdo dé xuat mot ham giam sd lwong
thé duoc doc trong viing nhidu nhie Cong thirc (3) [23, 24]:
TS| 3)
fo= e
TS|+ I,
trong d6 I:1a s8 lwong thé ndm trong viing nhiéu. Gia tri f> = 1 khi Ii= 0 lc nay viéc lap dit cac
readers khong gay ra nhiéu.
Két hop gitra cac gid tri nay chung t6i c6 ham muc tiéu (fitness) cho bai toan quy hoach
mang RFID nhu dwgc thé hién trong Cong thirc (4).

fitness = fiw; + fow, (4)

trong d6 wr 1a trong s& clia ham muc tiéu k va Yi_; wy, = 1. Giai phép t6t nhat c6 gid tri fitness
16n nhét trong [0, 1].

3.3  Téiuwu héa vi tri lip dat dau doc dua trén phuong phép heuristic

Céc phuong phap heuristic dugc st dung dé€ phan b6 dau doc trong quy hoach mang RFID
cho dén hién tai c6 thé ké dén la: ABC, CS, FS, GA va PSO sau day la chi tiét cdc phuong phap nay
trong quy hoach mang RFID.

Téi wu hoa vi tri lap dat dua trén ABC

Phuong phap ABC (Artificial Bee Colony) 1a mot thuat toan t8i wu hda dua trén hanh vi tu
nhién ctia ong trong t6 d€ tim kiém thirc an. N6 dwoc str dung dé€ giai quyét cac van dé t6i wu hoa
trong van dé quy hoach mang phuong phap ABC dwoc thuc hién lan lwot 6 cac budce sau.

Cac budc chinh trong phwong phap ABC cho quy hoach mang RFID dwgc mo ta nhw sau:

Budc 1. Khéi tao: Bat dau véi mot tap hop cac giai phap ban dau, mdi giai phap dai dién
cho mot cach trién khai thir nghiém phan b vi tri cadc dau doc trong hé thdng RFID.
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Budc 2. Quy trinh ciia Ong Khéi Tao (Employed Bees): Cac ong khoi tao tim kiém céc vi
tri t5t hon bang cach diéu chinh cac thong s6 ctia cac dau doc RFID. Cac giai phap méi duoc tao
ra thong qua viéc thay d6i mot s6 tham s6 lién quan dén vi tri va gia tri ham muc tiéu (ham fitness

6 muc 3.2) duwoc dua vao.

Buéc 3. Quy trinh cia Ong Kham Pha (Onlooker Bees): Ong kham pha theo doi cac ong
khoi tao va chon cac vi tri t6t hon dwa trén chét lwong cta cac giai phéap hién tai. Cac ong kham
pha thuee hién viéc tim kiém trong cac vliing c6 tiém nang t6t hon bang cach thit nghiém va danh
gia cac giai phap mdi mdt cach lién tuc.

Budc 4. Quy trinh ctia Ong Khai Thac (Scout Bees): Néu mét ong kham pha khéng tim
thdy giai phap tot hon sau mét thoi gian, n6 c6 thé bao cao vé viéc nay va cac ong khai thac co
thé thay thé giai phap d6 béng cach tao ra cac giai phap ngau nhién méi. Diéu nay gitp tranh
viéc t6i uu hoa cuc bd trong lwa chon cac giai phap phan bd dau doc RFID.

Budc 5. Cap nhat vi tri: Sau khi cac ong da thuc hién qua trinh tim kiém va danh gia cac
giai phap moi, cac giai phap t6t nhat duoc cap nhat va duy tri.

Budc 6. Diéu kién dirng: Qua trinh 13p lai tir Budc 2 dén Bude 5 ¢ trén trong mot s6 lan
1ap c& dinh hodc cho dén khi dat dwoc mot giai phap tdi vu du tot (Chfmg han qua 5 lan ldp khong
thay dai gia trj fitness).

Tom lai, phuwong phap ABC trong quy hoach mang RFID stt dung mé6 phong hanh vi cua
ong dé tim kiém cac giai phap tdi wu. Cac ong khoi tao, kham pha va khai thac twong tac véi nhau

d€ cung nhau tim ra phéan bd tdi wu cho bai todan RNP.

T6i wu héa vi tri lip dat dau doc dua trén CS

Cuckoo Search (CS) la mot thuat toan dang heuristic 1dy cam hing tir tw nhién d€ giai quyét
cac vdn dé vé t8i wu héa bang cach tim ra mot giai phép gan nhu t8i wu trong moét khoang thoi
gian hop ly. Chim Cuckoo c¢6 thé thay d6i vi tri cia cac qua tring va sao chép cac chién luoc tot
tte cac t6 khdc d€ cai thién kha nang sinh san cua ching. Tuong tu, trong CS, cac "qua tring" biéu
dién cac giai phap trong khong gian tim kiém va duoc di chuyén qua céc vi tri khac nhau dé tim
kiém giai phap t6i uu.

Céc budc cua phwong phap CS trong quy hoach mang RFID duoc mo ta nhu sau:

Budc 1. Khéi tao quan thé: Tao ra mot s6 lwong 16n cac "qua trimg” (giai phdp phan bd vi
tri cac dau doc RFID) ban dau trong vung lam viéc. Cac qua tring c6 thé dwoc dat ¢ cac vi tri

ngau nhién hodc theo mot quy tac cu thé.
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Budc 2. Xac dinh ham muc tiéu (fitness): Tién hanh xac dinh r6 ham muc tiéu ctia quy
hoach mang RFID. Gi4 tri ham muc tiéu nay chinh la gia tri ham fitness nhw dugc mo ta trong

muc 3.2.

Budc 3. Danh gia va chon loc: Dénh gid hiéu sudt ciia mdi "qua tring" dya trén ham muc
tiéu & Budc 2. Chon loc ra mot s6 luong "qua tring" tot nhat dé tiép tuc t6i vu hoa.

A

Budc 4. Di chuyén va sao chép: Di chuyén mdt s6 "qua trimg" tGi cdc vi tri méi trong khong
gian tim kiém. Mot s6 "qua tring" cling c6 thé sao chép cac thong tin tir cac "qua tring" khac
nham cai thién giai phép ctia ching.

Budc 5. Tao ra qua tritng méi: Tao ra mot s§ luong méi "qua trimg" bang cach két hop

thong tin tir cac "qua tring" t6t nhat

Budc 6. Diéu kién dirng: Qua trinh 13p lai tir Bwde 2 dén Budce 5 6 trén trong mot sd [an
13p c8 dinh hodc cho dén khi dat dwoc mot giai phap t&i vu du &t (chang han qua 5 Ian 13p khong
thay d6i gia tri fitness).

Tém lai, phuong phap CS trong quy hoach mang RFID st dung co ché dp tring cta chim
Cuckoo d& di chuyén va cai thién céc giai phap trong khong gian tim kiém, nham t&i wu héa vi

tri ctia cac dau doc RFID trong vung lam viéc.

Téi wu hoa vi tri lap dit dua trén FA

Giai thuat FA (Firefly Algorithm) 1a mét thuat toan t6i wu hda dya trén hanh vi caa dom
dém trong viéc tim kiém d6i twong hodc thirc 4n trong mdi truong. Phuong phap FA mé phong
qua trinh giao ti€p va tuong tac gitta cac dom dém trong dém. Cac dom dém thuong tda sang dé
thu hut nhau, va anh sang nay dwgc coi la twong Gng voi chat luong cua giai phap t6i wu hoa.
Cac dom dom sé tim kiém va di chuyén dén nhitng vi tri sang hon dé cai thién chat luong giai
phap.

Cac budc chinh trong phuwong phap FA cho quy hoach mang RFID dwoc mo ta nhu sau:

Budc 1. Khéi tao: Bat dau véi mot tap hop cac giai phdp ban dau, twong ting véi cac vi tri
ban dau cta cac dau doc trong hé théng RFID.

Budc 2. Phét trién 4nh sang: Mdi dom dém c6 mot mic ¢ anh sdng twong tng véi chat
lwong cua giai phap ma né dai dién. Anh sang dai dién cho ham muc tiéu (ham fitness), giai phap
co gia tri fitness 16n hon dugc xem la c6 anh séng t6t hon so véi cac giai con lai.

Budc 3. Di chuyén dén vi tri sang hon: Cac dom dém di chuyén dén c4c vi tri ¢4 4nh sing
sang hon d¢€ cai thién chat lwong giai phap. Qua trinh di chuyén nay c6 thé duoc thuc hién bang

cach diéu chinh cac thong sd lién quan dén vi tri cua cac dau doc trong hé thdng RFID.
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Budc 4. Qua trinh giao tiép: Cac dom ddm tuwong tac véi nhau bang cach phét dnh séng va
twong tac véi cac dom doém c6 anh sang sang hon. Qua trinh nay giéng véi qua trinh lai ghép

trong giai thuat GA nham tao ra cac giai phap méi t8t hon dua trén giai phap t6t nhat hién tai.

Buwdc 5. Cap nhit vi tri: Sau mdi vong lap, cac vi tri cua cac dau doc RFID duoc cap nhat

dua trén qua trinh tim kiém va di chuyén ctia dom dém.

Budc 6. Diéu kién dirng: Qua trinh 13p lai tir Budc 2 dén Bude 5 6 trén trong mot 8 [an
1p c8 dinh hogc cho dén khi dat duoc mot giai phap t8i wu du tot (chang han qua 5 Ian 1dp khong
thay doi gia tri fitness).

Tém lai, giai thuat FA trong quy hoach mang RFID m6 phong hanh vi giao tiép va di
chuyén ctia dom dém dé€ tim kiém cac giai phap phan bd dau doc RFID t6i wu cho mang. Cac
dom dém di chuyén dén céc vi tri c6 anh sang sang hon (gia tri fitness 16n hon), tao ra mot qua

trinh t61 wu hoda theo hinh théi cia ti nhién.

T6i wu héa vi tri 1ap dit dya trén GA

Muc tiéu ctia bai toan RNP dwgc xem xét trong bai bao nay la xac dinh vi tri t6i wu cua céc
dau doc trong vung lam viéc, nén toa d¢ cuia dau doc sé dwoc quan tam chinh. Giai phap tng
vién do d6 dugc ma héa thanh tirng cdp gen bidu dién toa d6 ctia cac dau doc trong mdi giai phap
ting vién. Két qua 1a nhiém sic thé c6 cdu tric 1a mot chudi 21 gen trong d6 n cdp gen luu toa dd
cua n dau doc tuong ung. Phuwong phap GA 1ay cam hung tir co ché di truyén va tién hoa trong
tw nhién. Qua trinh t6i wu héa bat dau véi mot quan thé cac ca thé (giai phap) va qua cac thé he,

cac ca thé tot hon duogc tao ra thong qua cac phép lai ghép, dot bién va chon loc.
Cac budc cua phuong phap GA trong quy hoach mang RFID duwoc mo6 ta nhu sau:

Budc 1. Khéi tao quin thé: Tao ra mot quan thé ban dau cic cd thé (giai phap phéan bd vi
tri cac dau doc RFID) trong vlung lam viéc. Cac ca thé ban dau cé thé duwoc tao ngau nhién hodc

thong qua quy téc cu thé.

Budc 2. Danh gia: Danh gia hiéu suat ciia mdi c4 thé trong quan thé dya trén ham muc
tiéu (ham fitness trong muc 3.2) trong quy hoach mang RFID.

Budc 3. Chon lgc: Chon ra mét s6 luwong cd thé t6t nhat tir quan thé hién tai d€ tré thanh
cha me cua thé hé tiép theo. Hay chon ra cac giai phap c6 gia tri fitness t6t nhat dé€ duwa vao qua
tinh lai ghép, dot bién tao ra cac cd thé mai tdi wu hon.

Budc 4. Lai ghép: Tao ra cac ca thé con thong qua qua trinh lai ghép. Théng thuong, cac ca

thé con sé ké thira cac ddc diém t6t tir cha me va co thé trai qua qua trinh bién doi nay.

Buwdc 5. Dot bién: VGi mot xac sudt nho, thue hién qua trinh dot bién trén cdc ca thé con dé

tao ra sy da dang cac giai phap phan bd dau doc RFID.
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Budc 6. Thé hé méi: Tao ra thé hé ca thé maéi b@“mg cach két hop cac ca thé con méi véi mot

sO ca thé cha me duoc chon loc ttr thé hé truedc.

Budc 7. Lap lai: Tién hanh cac budc chon loc, lai ghép, dot bién va tao thé hé moi trong
mot s6 vong 1dp. Qua trinh tién hoa nay lam cho quan thé dan hdi tu téi cac giai phap tot trong

khong gian tim kiém.

Budc 8. Diéu kién dirng: Qua trinh 13p lai tit Bude 3 dén Budce 6 6 trén trong mot s6 lan
1p c8 dinh hogc cho dén khi dat duoc mot giai phap t6i wu du tdt (chang han qua 5 Ian 1p khong
thay doi gia tri fitness).

Tém lai, phwong phap GA trong quy hoach mang RFID st dung co ché di truyén va tién
héa d€ tao ra cac giai phap toi vu thdong qua qua trinh lai ghép, dot bién va chon loc tu nhién.

T&i wu hoa vi tri lap dat dau doc dua trén PSO

Thuat toan t8i wu hda bay dan PSO (Particle Swarm Optimization) 1a mot thuat todn nham

giai quyét cac bai toan t6i wu hda trén mot mo hinh quan thé hay bay dan thong minh.
Cac budc cua phuong phap PSO trong quy hoach mang RFID duoc md ta nhu sau:

Budc 1. Bi€u dién ca thé: Mdi ca thé trong PSO biéu dién mot phuong én phan bd dau doc

RFID, dwoc biéu dién bang vector cac vi tri tuong tng.

Buwdc 2. Khéi tao quan thé: Tao ra mot quan thé ban dau cua cac cé thé (khoi tao mot nhém
giai phap phan bd dau doc RFID ngau nhién ban dau). Céc gia tri ban dau ctia cac bién trong c4

thé c6 thé dugc chon ngau nhién hodc thong qua mdt quy tac nhat dinh.

Budc 3. Xac dinh ham muc tiéu (fitness): Tién hanh xac dinh rd ham muc tiéu cua quy
hoach mang RFID. Gia tri ham muc tiéu nay chinh la gia tri ham fitness nhut dugc mo ta trong
muc 3.2.

Buéc 4. Cap nhat van tdc va vi tri: D& tién t6i gidi phép tSi wu, moi ca thé cap nhat van toc
va vi tri ctia né. Van t6c twong tng voi su thay ddi vi tri cua tiing dau doc trong vung lam viéc.
Qua trinh cap nhat nay dwa trén vi tri t6t nhat caa chinh cd thé va vi tri tot nhat ctia toan bd quan

thé.

Budc 5. Panh gia va so sanh: Danh gia hiéu suét cta cac ca thé dwa trén ham muc tiéu. So

sanh két qua cta cac ca thé dé€ xac dinh ca thé t6t nhat trong quan thé.

Budc 6. Cap nhat vi tri t6t nhat: Lwu trie vi tri tot nhat ctia cdc dau doc RFID ma cé thé da

dat duoc trong lich stt. Néu mot ca thé tot hon duoc tim thdy, cap nhét cac vi tri tot nhat nay.

37



Nguy&n Vin Tung va CS. Téap 133, S6 24, 2024

Budc 7. Diéu kién dirng: Qua trinh 13p lai tit Bude 3 dén Budce 6 6 trén trong mot s6 lan
1ap c& dinh hodc cho dén khi dat duwoc mot giai phap tdi wu du tot (Chéng han qua 5 lan ldp khong
thay doi gia tri fitness).

Toém lai, y twdng co ban ctia PSO la md phong hanh vi tim kiém va hop tac cua cac ca thé
trong mot quan thé. Mbi cé thé dwoc coi 1a mot "hat” (particle) va c6 moét vi tri trong khong gian
tim kiém. Céc ca thé di chuyén xung quanh khong gian tim kiém bang cach cap nhat van toc va
vi tri ctia chiing. Céc ca thé "nhd" vi tri t6t nhat ma ching da tim thay va vi tri t6t nhat ma toan

bo quan thé da tim thdy.

4 Mo phong va phan tich két qua

Mb phong dugc cai dat bang ngon ngit Python véi viing thir nghiém 50x30 m?, trong d6
6 90 thé RFID duoc phan bd ngau nhién trong vling thtr nghiém. S6 dau doc RFID duoc xem xét
thay doi tir 5 dén 50 dau doc trong qua trinh mé phong. Cac tham s6 mo6 phong nhu duoc thé

hién ¢ Bang 1.
Béang 1. Cac tham s6 mo phong
Tham s6 Gia tri
S6 luong thé (Tag) 90
Trong s fitness w1 =0.6; w2 =0.4
Ham fitness Phuong trinh (5)

biéu kién diing

SO ca thé/quan thé

Ban kinh dau doc

Cic tham s6 ciia GA

Phuong phap lwa chon

Phuong phap lai ghép

Phuong phap dot bién (xac suat)
Chon lua thé& hé tiép theo

Cic tham s6 ciia PSO

w (trong s6 tuong tac gitta c4 thé va quan thé)
cl (hé sb twong tac gitia cac ca thé)
2 (hé sd twong tac toan quan thé)
Cic tham s6 ciia CS

pa (xac xudt thay thé triing ctia ca thé)
 (ti 1€ di chuyén ctia cé thé)

Cic tham s6 ciia ABC

S6 lwong ca thé trong mdi bay

Cic tham s6 ciia FA

S0 luong cé thé trong mdi bay

Qua 100 thé hé hodc 5 thé hé fitness khéng d6i
15
3.69m

Banh xe Roulette

Tai mot diém

tai mot gen (0.05)

30% cha me tinh hoa va 70% con t6t nhat

0.7
1.5
1.5

0.25
0.1

15

15
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Muc tiéu mo6 phong gom:

- So sanh hiéu qua quy hoach mang RFID duwa trén gia tri fitness.

- So sanh hiéu qua quy hoach mang RFID duwa trén gia tri d6 bao phu cac the.

- So sanh hiéu qua quy hoach mang RFID dua trén gia tri ti 1€ cac thé trong vung
chong lan.

- So sanh hiéu qua quy hoach mang RFID duwa trén gia tri thoi gian thuc hién.

41 So sanh hiéu qua quy hoach mang RFID dua trén gia tri fitness

Chung t6i tién hanh khao sat 5 phwong phap ABC, CS, GA, FA va PSO khi s6 luong dau
doc phan b6 trong vung lam viéc thay doi tir 5 dén 50 dau doc. Két qua nhu duoc chi ra 6 Hinh
2 cho thdy rang khi ting s6 luong dau doc thi gid tri fitness c6 xu huwdng gia ting & ca 5 phuong
phap, nguyén nhan la do khi ting s8 lwong dau doc thi d6 bao pht ciing gia ting theo dan dén
gia tri fitness t6t hon (nhu thé hién trong Hinh 2).

©
o

Gia tri fitness
o
[e)]

—4—ABC —@—GA
PSO  ====CS
e FA

©
>

©
[}

5 10 15 20 25 30 35 40 45 50
S6 lugng dau doc phan bé trong viing lam viéc

Hinh 2. So sanh gia tri fitness ctia cac phwong phap heuristic

Tt két qua 6 Hinh 2 chiing ta cfing thay rang phuong phap CS cho két qua t8t nhat & ca 5
phuong phap, tiép dén la GA, ABC, FA va PSO c6 gia tri thdp nhét 6 ca 5 phuong phép. Cu thé
gia tri fitness ctia CS tOt hon GA la khoang 13%, t6t hon ABC la 17%, t6t hon FA 1a 29% va t6t hon
PSO la 35%. Nguyén nhan cua két qua nay dén tir qua trinh di chuyén va sao chép cac tring tot
nhét (giai phap phan b6 dau doc RFID) trong CS duoc tién hanh lién tuc qua cac thé hé lam cho
dat dén sy phan bo t6i wu t6t hon. Véi phwong phap PSO két qua t6i wu phu thudce rat nhiéu vao
qua trinh di chuyén cua cd thé (giai phap), ma qua trinh nay phu thudc nhiéu dén qua trinh diéu
khién van tdc phu hop khi thay d6i s6 luong dau doc phan bd. V6i GA két qua dat duoc cling
twong doi t6t do qua moi thé hé ludén duy tri qua trinh chon loc, lai ghép dot bién giap da dang

hon cac nhom giai phap.
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Phan bé dau doc va thé véi giai thuat ABC

x

15 20 25 W I 40 45
x

a) ABC véi5 dau doc

Phén b ddu doc va thé véi gidi thujt CS

» ‘ A

d) CS véi50 dau doc

Phan b dau doc va thé voi gidi thuat GA

o 5 10 15 220 23 ™ @ W 45
x

8 GA v6i5 dau doc

Phan b déu doc va thé véi gidi thuat ABC

Phan b dau doc va thé vai giai thuat €S

0015 2 25
x

b) ABC vo6i 50 dau doc

Phan b dau doc va the wéi giai thuat FA

e) FA v6i5 dau doc

5 1 15 20 25 W B MW 45
X

¢ CSvéi5 dau doc

Phan b dau doc va thé véi

Phan bé dau doc va thé vai giai thuat GA
N =

¢

20 A

0 15 20 25
x

h) GA vé6i 50 dau doc i)

Phan b3 dau doc va thé véi giai thuat PSO

0 15 20 25 30 3 40 4
x

j)  PSO véi 50 dau doc

15 20 25 W 3 a0 45
x

PSO véi 5 dau doc

Hinh 3. Phéan b6 vi tri dau doc theo cac phwong phap heuristic

4.2 Sosanh hiéu qua quy hoach mang RFID dua trén d6 bao phu cac thé

Chung t6i tiép tuc xem xét do bao phu cac thé & ca 5 phuong phap ABC, CS, GA, FA va
PSO két qua nhu duoc chi ra @ Hinh 4. Phuong phap CS cho d6 bao phu t6t nhat ¢ ca 5 phuong
phap va dat dén gan 100% khi s lwong dau doc gia tang dén 45. Cu thé d6 bao phu cta CS trung
binh t6t hon GA la 6%, ABC la 15%, PSO la 28% va FA la gan 29%. Khi tang s6 lwong dau doc tix
30 dau doc trd 1én d6 bao phu ctia PSO téng hon so véi FA, do s6 lwgng dau doc 16n lam FA khé
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tim ra cac dom d6m (giai phap phan b6 RFID) t6i wu toan cuc va di chuyén dén cac dom dom cd

anh sang t6i vu cuc by nhiéu hon.

100.00%
80.00%

60.00%

40.00%
=== ABC =l GA

PSO === CS
e FA

20.00%

Do bao phu cac thé (%)

0.00%
5 10 15 20 25 30 35 40 45 50

S6 lwgng dau doc phan b trong ving lam viéc

Hinh 4. So sanh d¢ bao phu thé cta cac phuwong phap heuristic

4.3 So sanh hiéu qua quy hoach mang RFID dwa trén ti 1é cac thé ¢ trong vung

chong lan

Chung t6i ti€p tuc xem xét ti 1é cac thé ¢ trong vung chong 1dn 6 ca 5 phwong phap ABC,
CS, GA, FA va PSO két qua nhu duoc chi ra @ Hinh 6. Trong d6, cac thé & trong vung chong 1an
la cac thé ndm trong viung bao phti ctia 2 dau doc trd 1én, viéc han ché nay la rat quan trong trong
hé thong RFID, do chting luén duoc doc tl ca 2 dau doc trd 1én dan dén nguyén dan du thira dir

liéu khi truyén, hao phi nang luong va gy ra cac hién tuong xung dét dix liéu.

Nhu dwgc chi ra 6 Hinh 5, phwong phap CS cling cho két qua tot nhat trong ca 5 phuong
phap heuristic va FA cho ti 1¢ thap nhét. Cu thé CS ¢4 ti 1¢ chong lan thé thdp hon GA 1a 10%,
ABC la 24%, PSO 1a 29% va FA 1a 49%.

40.00%
30.00%

20.00%

= ABC ==l GA
PSO === CS
¥ FA

10.00%

Ti 1& chéng 1an céc thé (%)

0.00% g
5 10 15 20 25 30 35 40 45 50

S8 lwgng dau doc phan bé trong vung lam viéc

Hinh 5. So sanh ti 1€ cac thé trong vung chong lan cta cdc phwong phép heuristic
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4.4  Sosanh hiéu qua quy hoach mang RFID duwa trén thoi gian thuc hién

Chung toi tiép tuc xem xét thoi gian thye hién ¢ 5 phuong phap ABC, CS, GA, FA va PSO
két qua nhu dwgc chi ra 6 Hinh 6. Thoi gian thuc hién theo giay (s) dugc ching t6i do lwong dua
vao chi phi thoi gian tinh toan ctia 5 phuong phap. Két qua dwoc chi ra & Hinh 6 cho thay rang
mdc du phuong phap CS cho hiéu qua fitness, 40 bao phu va ti 1&€ chong 14n cac thé t6t nhat, tuy
nhién phuong phap CS lai chiu chi phi thoi gian tinh toan cao nhét trong ca 5 phwong phép. Cu
thé 6 5 dau doc thoi gian thuc hién cua CS la gan 28s ¢ 5 dau doc va con s6 nay tang 1én 222s &
50 dau doc. Phuong phap FA c6 thoi gian tinh todn nhanh nhat, nhung cac hiéu qua nhu fitness,

d6 bao phu va ca ti 1¢ chong 14n cac thé diéu khong tot.

250
225
Z

2 200

——
X

0 S S r o
5 10 15 20 25 30 35 40 45 50

S6 lugng dau doc phan bé trong viing lam viéc

Hinh 6. So sanh thoi gian thiec hién ctia cac phuwong phap heuristic

5 Kétluan

Quy hoach mang RFID la mét van dé thudc vé 16p bai toan NP-khd, nén théng thuong
duoc giai bang cac phuong phép heuristic. Tuy nhién, mdi phuong phép ludn ton tai cac wu va
nhuoc diém riéng. Trong bai bao nay, chung tdi tién hanh so sanh hiéu qua ctaa 5 phuong phap
heuristic dwgc sit dung trong quy hoach mang RFID 1a ABC, CS, FA, GA va PSO. Két qua cho
thay rang phuong phap CS cho két qua quy hoach mang t&t nhét trong 5 phwwong phap, nhung
vé hiéu qua chi phi thoi gian tinh toan thi CS da cho thoi gian tinh todn cao nhat. Phuong phap
GA la mot phuong phap c hiéu qua trung binh trén tat ca 4 tiéu chi dwa ra la fitness, do bao phu,
ti 1é chong 1an cac thé va chi phi thoi gian tinh todn la tdi wu nhat. RS rang, khéng c6 mot phuwong
phép heuristic nao la t6t nhét trong moi treong hgp ma tuy theo mong muén va muc tiéu thi

ching ta c6 thé sit dung phuong phap khac nhau cho phu hop.
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