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TOM TAT: Quy hoach mgng RFID (Radio Frequency Identification) I bai toan ldp ddt cdc dau doc trong mét viing lam
viéc sao cho mét thé co thé duroc bao phui béi it nhdt mér ddu doc. Muc tiéu cia bai toan quy hogch mang RFID 1a tim vi tri t6i wu
Clia cde dau doc sao cho Mang cdc dau doc ddp img mét sé rang buge nhu bao phii téi da, nhiéu téi thiéu, chi phi téi thiéu, ... Tuy
nhién, sé v; tri 1ing vién cua cde ddu doc trong mét vang lam viée thuong 1a rdt 1on, nén gidi phap tdi wu cho van dé nay 1 sir dung
cac phwong phdp ldy cam hiing tir te nhién dé tim v; tri ti wu cho cdc dau doc. Cdc phwong phdp ldy cam himng tur tu nhién thuong
diroc sir dung gom CS (Cuckoo Search) GA (Genetic Algorithm) va PSO (Particle Swarm Optimization). Cho dén nay, chua cé mét
ddnh gid va so sanh nao vé hiu qud ciia cdc phirong phdp ndy trong van d@é quy hogch mgng RFID. Bai bao nay do dé thuc hién so
sdanh va danh gid hiéu qud cua viéc quy hogch mang theo cdc phuong phdp dua trén CS, GA va PSO.

Tur khoa: Radio Frequency Identification (RFID), Quy hoach mang RFID, Quy hoach mang theo CS, Quy hoach mang theo
GA, Quy hoach mgng theo PSO.

I. GIOI THIEU

Cong nghé nhan dang tan sé vo tuyén (Radio Frequency ldentification - RFID) di cho thay nhiéu vu diém vuot
troi nhu: khong tiép xdc vat ly, nhanh chéng, bao mat cao va dung luong luu trir cao,... Khdng gidng nhu cong nghé
nhan dang ma vach truyén théng, RFID dwoc sir dung rong rai hon nham gén thé (tag) va xac dinh cac d6i tugng vat ly
trong céc linh vuc khac nhau: cong nghiép, chdm soc suc khoe, tham chi 1a nong nghiép va du lich [1]. Cong ngh¢
RFID duoc xem la cong nghé chu chét cua loT (Internet of Things), trong d6 RFID cho phép cung cip co so ha tang
thong tin cho c&c ung dung loT quy md 16n [2].

Mang RFID bao gom mét tap hop cac thé RFID, mot hoic nhiéu dau doc RFID dwoc két ndi vai nhau va mot hé
thdng may chu trung tim dé luu trix va xi ly dir liéu. Mot the RFID c6 thé chu dong hoic thu dong. Thé RFID thu dong
khéng c6 ngudn ning lugng riéng. N6 liy ning luong tir dau doc va thuong chi chira mot s lwong nho dir lidu. Theé thy
dong c6 gia kha ré nén dugc tmg dung kha nhiéu trong thuc té, nhu an ninh cong cong, kiém soat giao théng, giam sat
kho bai,...

Mdi dau doc RFID c6 viing phu séng han ché, nén viéc phan bé ching sao cho c6 thé phu/doc duoc hét cac the
1a diéu can thiét. Ngoai ra, cac cac rang budc khac nhu han ché téi da sb thé nam trong viing chong lap cac dau doc la
diéu can thiét trong cac hé thong RFID. Van d& nay duoc biét dén 1a quy hoach mang RFID (RFID networks plainning
- RNP). Viéc giai quyét bai toan RNP la mot nhiém vu khé khan va trong thoi gian gan day ciing da c6 nhiéu cac
nghién ciru nham giai quyét van dé nay, nhung chu yéu 12 st dung cac phuong phap téi uu nhu CS, GA va PSO.

Trong bai béo nay, ching tdi tién hanh so sanh va danh gia hiéu qua ciia 3 phuong phép quy hoach mang RFID
la CS, GA va PSO tir d6 dua ra cac khuyén nghi trong qua trinh str dung cac phuong phap téi wu nay dé quy hoach
mang RFID.

Céc phan tiép theo cua bai bao nay bao gém: Muc I1 trinh bay c4c nghién ctu lién quan vé viéc sir dung phuong
phép tdi uu trong RNP. Muc 111 1a trinh bay phuong phap t6i uru trong quy hoach mang RNP, céc tiéu chi danh gia hi¢u
qua quy hoach mang RFID dugc trinh bay trong phan nay, mé phong va trinh bay cac két qua dat dugc thé hién trong
Muc 1V va cubi cuing la két luan & Muc V.

Il. CAC NGHIEN CUU LIEN QUAN

) Vi RNP thugc vé 16p bai toan NP-kho [3] nén huéng tiép can thuong dung 12 st dung cac phuong phap duya trén
t6i uu, trong d6 CS, GA hay PSO dang dugc nhicu nha nghién ctru quan tam vi kha nang tim kiem chac chan va toan
cuc trén mot pham vi rong. Sau day la mot s6 danh gia vé céac trién khai cua CS, GA va PSO trong viéc giai quyét bai
todn RNP.

Phuong phap CS (Cuckoo Search) cé hiéu qua tét trong viéc tim kiém cac giai phap cho cac bai toan phc tap.
Nhu cac thuat toan téi uu hoéa khac, hiéu suat cia CS con phu thudc vao cach thie thuc hién va cu hinh tham sé.
Jaballah va cong su trong [4] da dé& xuat phuong phap diéu khién cac tham sb dong cua CS c6 tén 1a SACS (Self
Adaptive Cuckoo Search) theo d6 céc gia tri tham s luon luon duoc thay doi tly theo sy phan bé cua cac thé trong
ving lam viéc. Talib va cong su trong [5] dé xuat phuong phap tim kiém theo gradient c6 tén GBCS (Gradient-Based
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Cuckoo Search) theo d6 cé thé sau luén duoc dam bao giam gradient so véi ca thé truéc. Hasnan va cong su trong [6]
d3 so sanh phuong phap GBCS véi phuong phap PSO két qua 1a GBCS chi sir dung sb luong 6 dau doc khi phan phdi
100 thé va 5 dau doc trong truong hop 50 thé cho hiéu qua bao phu 100% cho thay tinh tin cay cua GBCS trong khu
vuc quy mé I6n va dir liéu thé 1on.

Trién khai dau tién ciia GA (Genetic Alogrithm) cho bai toan RNP dé xuét boi Guan va cong su [3], trong d6
cac myc tiéu gom t6i thiéu sd dau doc can lap dat, toi thiéu mirc do nhidu, tdi da ving bao phu boi cac reader va dam
bao tin hiéu truyén Ién (uplinks) tir céc thé dén dau doc. Cac muc tidu nay dwoc xay dung thanh cac ham muc tiéu
thanh phan va gia tri fitness la tong c6 trong sé cac ham muc tiéu thanh phan nay. Guan va cong su ciing dé xuat mot
mo6 hinh ma héa da mirc cho cac nhidm sic thé, trong d6 mirc 1 quyét dinh vi tri dugc chon ciia dau doc, mirc 2 quyét
dinh loai dng-ten va mirc 3 1a cac tham s khac (nhu d6 suy giam tin hiéu). Ung dung ciia GA vao van dé RNP trong
Botero & Chaouchi [7] dugc xem xét trén 6 myc tiéu: téi thiéu ving chdng 1ap giita cac dau doc, t6i thiéu sé dau doc
can sir dung, téi da s6 thé dugc bao phu, téi thiéu s6 dau doc dinh vi ngoai vang lam viéc, téi thiéu sé dau doc du thira
va t6i thiéu s6 lwong thé dinh vi trong viing doc chong lap. Cac muc tiéu nay duoc xay dung thanh cac ham muyc tiéu va
duoc tinh téng c6 trong sé dé tao thanh ham fitness cho giai thuat di truyén. Nghién ciu trong Xiong va cong su [8] dé
XUt sir dung GA dé xac dinh sé luong cac dau doc va vi tri ldp dat toi wu cua chung trong ving lam viéc 30 mx30 m
v6i 99 thé phan bb ngau nhién. Vai truong hop chi sir dung 10 dau doc, viing doc cua cac dau doc nay chi bao phi
dugc 76 thé, nhitng ciing da vuot tréi hon so vai cac nghién cau trude d6 chi phu dugce 72 thé. Khac véi cac nghién
ctru khac d& xuit trong Tang va cong su [9] dd xem xét truong hop cac viing bao phii khong dong nhat. Cac muc tiéu
dugc dua ra 14 téi thiéu chi phi, xung dot ddu doc va nhidu, nén mot ham da muc tiéu do d6 duoc xay dung. Mac du
thuat toan tdi wu da dugc ap dung thanh cong cho vin d& RNP, so 6 ma hoa c6 do dai ¢é dinh cia no da gisi han viéc
diéu chinh s6 lwong dau doc duoc mé héa trong mdi nhidm sic thé. Bé giai quyét vin dé nay, c4c tac gia trong Zhang
va cong sy [10] phat trién mot thuat toan di truyén linh hoat trong d6 nhidm sic thé c6 do dai thay ddi, lai ghép dugc
thuc hién bang hoan déi ving va dot bién gaussian. Két qua thuc nghiém cho thay rang giai thuat di truyén linh hoat
mang lai hiéu suit cao hon, vé pham vi bao phu, nhiu va hoi ty, so véi cach tiép can di truyén truyén théng khi giai
quyét bai toan lap dat cac dau doc.

DPoi v6i phuong phap PSO, Giampaolo va cong su [11] da trién khai cac khia canh dién tur phu hop nhét lién
quan dén van de RNP va xem xét mot giai phap hiéu qua dua trén thuat toan PSO. Cac tham 50 mdi trudng bao gdom
cac rang bugc vé cong suat/dd phoi sang trong pham vi UHF duoc ma hda thanh cac tham sé hinh hoc, nhu khoang
cach va hinh dang, bién bai toan dién tir thanh bai toan hinh hoc. Két qua sé va thuc nghiém cho thay hiéu qua cua
phuong phap. S6 lugng diu doc duoc trién khai ciing c6 tac dong to 16n dén do phic tap va chi phi cia mang RFID.
Trong [12], Gong va cong su da phat trién tir phwong phap PSO véi toan tir loai bo dau doc du kién dé giai quyét bai
toan RNP. Két qua thir nghiém cho thiy thuat toan duoc dé xuit ¢ kha ning dat duoc d6 bao phu cao hon va st dung
it ddu doc hon céac thuat todn con lai. Nawawi va cong sy trong [13] da khao sat mdi twong quan truc tiép giita cac
thong s6 cua bai toan RNP va cua PSO. Muc tiéu caa RNP trong bai bao nay 1a tdi wvu do phu séng thé. Cong thirc vé
t61 wu d6 phu séng the duoc xay dung thé hién viéc phan b cac tham sé RNP trong cong thuc. Ngoai ra, mot cach biéu
dién dé nhing cac tham s6 RNP trong giai phap PSO ciing duoc giai thich. Bai bao nay ciing ¢ thé déng vai tro 1a
huéng dan ban dau dé giai cac bai toan RNP bang thuat toan PSO. Chi phi caa mang RFID chi yéu phu thugc vao sb
luong dau doc duoc sir dung khi thiét ké. Theo d6, s6 lugng va vi tri ctia dau doc dong mot vai trd quan trong trong
viéc thiét ké mang Iudi. Bai bao [14] trinh bay céch thic thiét ké mang RFID trong nha véi viéc ap dung phuong phap
PSO trong phan bo vi tri lip dat. Két qua cho thdy thuat toan da bao phu thanh cong khu vuc véi sb luong dau doc
duoc ti thiéu.

R& rang, phuwong phép ti wu di ching to duoc hiéu qua trong qua trinh quy hoach mang RFID. Tuy nhién, chua
€6 mot cong trinh nao danh gia mdt cach khach quan hiéu qua quy hoach mang RFID trén cac phuong phap nay. Do
d6, bai bao nay tién hanh viéc phan tich va danh gia hiéu qua cua 3 phuong phap téi wu l1a CS, GA va PSO trong quy
hoach mang RFID nhiam dua ra cac khuyén nghi trong qua trinh sir dung.

I1l. PHUONG PHAP TOI UU TRONG QUY HOACH MANG RFID
A. Phan tich bai toan quy hogch mgng RFID

Xét mot vang 1am viée c6 kich thuéc 50 mx30 m trong d6 cac thé dugc phan b ngau nhién (nhu Hinh 1). Van
dé RNP duogc biét dén 1a 1am sao c6 thé phan b cac dau doc thoa man céc tiéu chi nhu: bao phu dugc hau hét cac the,
50 lwong thé nam trong vung chong I4n giita cac dau doc 1a thap nhét. Bé giai quyet van dé nay la bai toan NP- kho do
s6 lwong vi tri c6 thé b tri cac dau doc 1a khdng c6 gisi han. Giai phap cho van d& nay 1a sir dung phuwong phap téi wu
CS, GA va PSO trong phan b dau doc.

Theo nhu [15], gia sir cac dau doc la didng cu véi tan s6 truyén 915 MHz, cong suét truyén 2 watts (W),
ngudng cong suat nhan 0,1 milliwatts (mW) va ang-ten vé hudng duoc trang bi ¢6 ving bao phu tron véi béan kinh.

2 |PGG,
TP
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trong do:
P: : Nang lugng (power) truyén bai dau doc (2 W);
P, : Ning luong truyén bai the (0,1 mW or —10 dBm);
Gy, Gr, : D0 loi (gain) ca dau doc va thé (duoc giai thiét bang 1);
A : Bud6c séng cua tinh hiéu (0,3278 m);
r : Ban kinh cta vung bao phu ang-ten.

Bang cach sir dung cac gid tri & trén, ban kinh (r) viing doc cua mdi dau doc dugc tinh bang 3,69 m.

Phan bd dau doc va thé vdi gidi thudt GA

25

20

10 A

Hinh 1. Vi dy viing lam viéc trong van d& RNP
B. Gid tri ham fitness
Viéc lap dit cac dau doc trong mot ving lam viéc can dap tng nhiéu tiéu chi khac nhau, ma ching dugc mo
hinh hoéa du6i dang cac ham muc tiéu. Cac tiéu chi pho bien va quan trong nhat la do bao phu cac the va ti 1¢ chong lap
cac the trong vung chong 1ap. Do do, 2 tiéu chi nay duoc ching t6i st dung nhu la ham muc tiéu trong qua trinh toi uu
hoa vj tri lap dat cac dau doc trong bai todn quy hoach mang RFID.

1. D¢ bao phu cac thé

Cai thién mirc do pha séng ludn 1a muc tiéu quan trong nhét trong viéc thiét ké mang RFID. Trong nhiéu tng
dung, can c6 bao phu day du, tic 1a mdi thé dwoc bao phu bai it nhit mot dau doc. Bat RS 1a tap hop cac dau doc dugc
trién khai ban dau va TS 1a tap hop céc thé. Vi giao tiép gitra ddu doc véi thé va giao tiép tir the dén dau doc déu dugc
xem xét, nén dbi v6i the bat ky tag e TS, nd dugc xem la duwoc bao phi néu va chi néu ton tai mot dau doc
reader € RS thoa man Distance(reader, tag) < r (khoang cach Euclid tir reader dén tag bé hon ban kinh ving doc).

Ty 1é phii s6ng cua mang c6 thé duge dinh nghia nhu Cong thie (1), trong d6 f1 1a ham muc tiéu vé d6 bao

_ _ cv(tag)
fu=cov= Z TS| )

tageTS

phu.

trong d6

cv(tag) = {1 néu I reader € RS,Distance (reader,tag) < r}
9= 0 ngwoc lai

va |TS| 1a s6 lugng thé dugc phan phdi trong khu vuc l1am viéc.

Theo Cong thic 1, gia tri f; thuoc khoang (0, 1): f1 cang Ién thi cang hiéu qua vi cang nhiéu sé lugng thé
duoc bao phu.

2. D¢ chong ldp céc the
Viée dat duoc pham vi bao phi day dii céc the ¢6 thé gay ra su chong lap ving tham van cua céc dau doc (nhu

Hinh 1, cac ving giao thoa doc cung the giita cac déu doc). Su chong lap nay co thé gay nhidu khi mot sé dau doc cb
ging truy van mot thé cung lic, diéu nay dan dén viéc doc 13i va tén nhidu ning lugng (Hinh 1). Do d6, mot trong
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nhiing nhiém vu quan trong tiép theo ciia RNP la lam giam nhiéu nay. D¢ dép tmg diéu nay bai bao dé xuat mot ham
giam so6 lugng thé dugc doc trong vung nhiéu nhu Cong thic (2):

TS|

—— 2
TS| + I, )

f2=
trong d6 Iy 1a s6 lugng the nam trong ving nhidu. Gia tri f, = 1 khi ;= 0 ldc nay viéc lap dat cac readers khong gay ra
nhiéu.

] Két hop giira cac gia tri nay chang t6i c6 ham muc tiéu (fitness) cho bai toan quy hoach mang RFID nhu duoc
thé hién trong Cong thic (3).

fltneSS = f]_Wl + f2W2 (3)
trong d6 Wy 1a trong s6 cua ham muc tiéu k va Y2 _, w,, = 1. Giai phép tét nhat c6 gia tri fitness I6n nhat trong [0, 1].
C. Téi wu héa vi tri lip dat dau doc dwa trén phwong phdp t6i wu

Céc phuong phap téi uu dugc st dung phd bién dé phan b6 dau doc trong quy hoach mang RFID la: CS, GA,
va PSO. Sau day la chi tiét cac phuong phap nay trong quy hoach mang RFID.

1. T6i wu héa vi tri ldp dat dau doc dia trén CS

Phuong phap CS 1 phuong phap dugc 1y cam himg tir hanh vi ap trimg cua chim cu cu (cuckoo) duoc gidi
thi¢u boi Xin-She Yang va Suash Deb vao nam 2009 [16]. CS 1a mot thudt toan lay cam hing tir tu nhién dé giai quyét
céc van dé vé toi uru hoa bang cach tim ra mot giai phap gan nhu i wu trong mot khoang thoi gian hop ly. Chim cu cu
¢6 thé thay doi vi tri cia cac qua trimg va sao chép cac chién luoc tot tir cac t6 khac dé cai thién kha nang sinh san cua
ching. Tuong tu, trong CS, cac "qua trimg" biéu dién céc giai phap trong khong gian tim kiém va dugc di chuyén qua
céc vi tri khac nhau dé tim kiém giai phap t6i wu.

Céac buéce ciia phwong phap CS trong quy hoach mang RFID dwgc m6 td nhw sau:

Budc 1. Khéi tao quin thé: Tao ra mot sb luong 16n céc "qua trimg" (giai phap phan b vi tri cac dau doc
RFID) ban dau trong ving lam viéc. Cac qua tring c6 thé dugc dit & cac vi tri ngdu nhién hodc theo mét quy tic cu
thé.

Budc 2. Xac dinh ham muc tiéu (fitness): Tién hanh x4c dinh rd ham muc tiéu ctia quy hoach mang RFID.
Gia tri ham muc tiéu nay chinh la gia tri ham fitness nhu dugc mo ta trong Muc 3.2.

Budre 3. Panh gia va chon loc: Panh gia hiéu suit cia mdi "qua trimg" dya trén ham muyc tiéu & Budc 2. Chon
loc ra mot so luong "qua tring" tot nhat dé tiép tuc toi uu hoa.

Budc 4. Di chuyén va sao chép: Di chuyén mot sé "qua tring" téi cac vi tri méi trong khong gian tim kiém.
Mot s0 "qua trirg" cling c6 thé sao chép cac thong tin tir cac "qua trung" khac nham céi thién gidi phap cua chung.

Budre 5. Tao ra qua trirng méi: Tao ra mot sO luong méi "qua tring" bang cach két hop thong tin tir cac "qua
tring" tot nhat.

Budéc 6. Diéu kién dirng: Qué trin’h s& duoc lap lai tr Bude 2 dén Budc 5 & trén trong mot s6 1an 1ap ¢b dinh
hodc cho dén khi dat dugc mot giai phap toi wu (chang han qua 5 1an 1ap khong thay doi gia tri fitness).

Tom lai, phuong phap CS trong quy hoach mang RFID sur dung co ché 4p trimg cuia chim cu cu dé di chuyén va
cai thién céac giai phap trong khong gian tim kiém, nham t6i wu hoéa vi tri cua cac ddu doc RFID trong ving lam viéc.

2. Téi wu héa vi tri lap dat dya trén GA

Muc tiéu cuia bai toan RNP duge xem xét trong bai bdo nay 1a xac dinh vi tri tdi uu ctia cic dau doc trong ving
lam viéc, nén toa do cua dau doc s& dugc quan tam chinh. Giai phap tmg vién do d6 dwoc ma hoa thanh timg cap gen
biéu dién toa do ctia cac dau doc trong mdi giai phap tng vién. Két qua la nhiém sic thé c6 cdu trac la mot chudi 2n
gen trong d6 n cap gen luu toa do cuan dau doc tuong rng. Hinh 2 mo6 ta cau trac cia mot nhidm séc thé. Phuong phap
GA lay cam himng tir co ché di truyén va tién hoa trong ty nhién. Qua trinh t6i wu hoa bit diu véi mot quan thé cac ca
thé (giai phap) va qua cac thé hé, cac ca thé tdt hon dugc tao ra thong qua cac phép lai ghép, dot bién va chon loc.

| reader, | reader, | | reader, |
| gene | |
Chromosome

i

Hinh 2. CAu trlic cua nhiém sic thé
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Cac buéc cia phuwong phap GA trong quy hoach mang RFID dwgc mé ta nhu sau:

Budée 1. Khéi tao quin thé: Tao ra mot quan thé ban dau céc ca thé (giai phap phan bd vi tri cac dau doc
RFID) trong ving lam viéc. Céc ca thé ban dau c6 thé duge tao ngiu nhién hoic thong qua quy tic cu thé.

Budrc 2. Panh gia: Danh gia hiéu suat ciia mdi ca 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 ) luong ca thé t6t nhat tir qu?m thé hién tai dé trd thanh cha me cta thé hé tiép
theo. Hay chon ra cac giai phap co6 gia tri fitness tot nhat dé dua vao qua tinh lai ghép, d6t bién tao ra cac ca thé mai toi
uu hon.

Budc 4. Lai ghép: Tao ra cac ca thé con thong qua qua trinh lai ghép. Thong thuong, céac ca thé con sé& ké thira
cac ddc diém tdt tir cha me va c6 thé trai qua qua trinh bién d6i nay.

Budérce 5. Dot bién: Vi mot xac sudt nho, thuc hién qua trinh dot bién trén cac ca thé con dé tao ra sy da dang
cac giai phap phan bo dau doc RFID.

Buére 6. Thé hé méi: Tao ra thé hé c4 thé méi béng cach két hop cac ca thé con m&i véi mot sb ¢4 thé cha me
duogc chon loc tir theé hé trudec.

Bude 7. Lip lai: Tién hanh cac budc chon loc, lai ghép, dot bién va tao thé hé méi trong mot s6 vong liap. Qué
trinh tién hoa nay 1am cho quan thé dan hoi tu téi cac giai phap tot trong khong gian tim kiém.

Budrc 8. })iéu kién dirng: Qua trinh nay s& duoc lap lai tir Budce 3 dén Buéc 6 ¢ trén trong mot s6 lan lap cb
dinh hodc cho dén khi dat dugc mot gidi phap toi vu (chang han qua 5 1an 1ap khong thay doi gia tri fitness).

'Tom lai, phuong phap GA trong quy hoach mang RFID str dung co ché di truyén va tién hoa dé tao ra cac giai
phép toi uu thong qua qua trinh lai ghép, dot bieén va chon loc ty nhién.

3. Téi wu héa vi tri lap dat dau doc dira trén PSO

_ Thuét toan t6i wu hoa bly dan PSO 1a mot thuat todn nham giai quyét cac bai toan toi uu hoa trén mot mo hinh
quan thé hay bay dan. Cac particle hay “hat” trong PSO c6 the biéu dien vi tri ing vién cho cac dau doc RFID trong
vung lam viéc. Qua trinh t6i uu hoa s€ dién ra bang so sanh cac “hat” qua moi the h¢ dé tim ra vi tri t6i wu cho céac dau
doc, dya vao vung phua séng hay do nhiéu. Vi tri cdc “hat” & moi the he s& dugc thay doi dua vao van toc di chuyén cua
cac “hat”. Thuat toan PSO dugc gidi thiéu lan dau tién boi Kennedy va Eberhat vao nam 1995 [17].

Céac buédc ciia phwong phap PSO trong quy hoach mang RFID dwgc mé ta nhw sau:
~ Budc 1. Biéu dién cd thé: Moi c4 thé trong PSO biéu dién mot phwong 4n phan bo dau doc RFID, duge biéu
dién bang vector cac vi tri trong tng.

. Budc 2. Khdi tao quin tpé: Tao ra mot quan thé ban dau cua cac ca thé (lghéi tao mot nhom giéinhép phan bd
dau doc RFID ngéu’nhiél} ban dau). Cac gia tri ban dau cia cac bién trong ca thé cd thé dugc chon ngau nhién hoac
thong qua mdt quy tac nhat dinh.

Bude 3. Xac dinh ham muc tiéu (fitness): Tién hanh xac dinh rd ham muc tiéu ciia quy hoach mang RFID.
Gia tri ham muc ti€u nay chinh la gia tri ham fitness nhu dugc mo ta trong Muc 3.2.
Budc 4. Cap nhit vin tég va vi tri: Dé tiéq tGi giai phap toi wru, mdi ca thé cap nhat van tdc va vi tri clia nd.
Vén toc tuong ng Vol su thay d()j vi tri cua timg dau qQC trong vung lam vi€c. Qua trinh cdp nhat nay dua trén vi tri
tot nhat cta chinh ca thé va vi tri tot nhat cla toan bd quan thé.
B!ré‘? 5. Panh gia Vf‘l so sanh: Panh gia hjéu sudt cua cac ca thé dyua trén ham muc tiéu. So sanh két qua cua
cac ca thé dé xac dinh ca thé tot nhat trong quan the.
) Buoéc 6. Cz}p’nhzftt vi tri tot nhaflt: Luu trir vi tri tdt nh,'élt cﬁg cac du doc RFID ma ca thé da dat duoc trong lich
str. Néu mét cé the tot hon dugc tim thay, cap nhéat cac vi tri tot nhat nay.
Budce 7. Diéu kién dirng: QU4 trinh nay s& dugc 1ap lai tr Bude 3 dén Buée 6 ¢ trén trong mot s6 lan lap cb
dinh hodc cho dén khi dat dugc mdt giai phap t6i wu (chang han qua 5 l1an 1ap khéng thay doi gia tri fitness).
T6m lai, ¥ twong co ban ciia PSO 1a md phong hanh vi tim kiém va hop téc ciia c4c cé thé trong mot quan the.
Moi ca the duoc coi la mot "hat" (particle) va c6 mot vi tri trong khong gian tim kiem. Cac ca thé di chuyén xung
quanh khong gian tim kiém bang céach cap nhat van t6c va vi tri ciia chdng. Cac ¢4 thé "nhé™ vi tri tot nhat ma chung da
tim thay va vj tri tt nhat ma toan bo quan thé da tim thay.

IV. MO PHONG VA PHAN TICH KET QUA
M6 phong duoc cai dat bing ngdn ngit Python véi viing thir nghiém 50 mx30 m, trong d6 c6 90 thé RFID duoc
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phan b6 ngau nhién trong ving thir nghiém. S6 dau doc RFID dugc xem xét thay doi tir 5 dén 50 dau doc trong qua
trinh mo phong. Céac tham s6 mé phong nhu dugc thé hién ¢ Bang 1.

Bang 1. Cac tham sé md phong

Tham sb Giatri
S6 lugng thé (Tag) 20
Trong sb fitness wi =0,6; w2 =0,4
Ham fitness Phuong trinh (5)
Diéu kién dirng Qua 100 thé hé hoic 5 thé h¢ fitness khong doi
S cé thé/quan thé 15
Ban kinh dau doc 3,69m

Cac tham sé ciia GA
Phuong phép Iva chon Banh xe Roulette
Phuong phap lai ghép Tai mot diém
Phuong phap dot bién (xac suat) tai mot gen (0,05)
Chon lya thé hé tiép theo 30% cha me tinh hoa va 70% con tbt nhat

Céc tham sé ciia PSO
w (trong sb twong tac giira ca thé va quan thé) | 0,7
c1 (hé sb tuong tac giira cac ca thé) 15
c2 (hé sb tuong tac toan quan thé) 15

Céc tham sé ciia CS

Pa (X&C xuat thay thé trimg cua ca thé) 0,25
o (ti 1& di chuyén cua c4 thé) 0,1

Muc tiéu md phong gom so sanh hi¢u qua quy hoach mang RFID duya trén gia tri: (1) fitness, (2) do bao phu cac
thé, (3) ti I& céc thé trong vung chong lap va (4) thoi gian thuc hién.
A. Sosanh higu qua quy hogch mgng RFID dwa trén gia tri fitness

Chng ti tién hanh khao sat 3 phuong phap CS, GA, va PSO khi s6 lugng dau doc phan bé trong viing lam viéc
thay doi tir 5 dén 50 dau doc. Ket qua nhu dugc chi ra ¢ Hinh 3 cho thay rang khi tang s6 luong dau doc thi gia tri
fitness c6 xu hudng gia ting ¢ ca 3 phuong phép, nguyén dan la do khi ting so luong dau doc thi do bao phu ciing gia
tang theo dan dén gia tri fitness tot hon (nhu thé hién trong Hinh 3).

09
0.8
0.7

0.6

Gia trifitness

0.5
GA

PSO

0.4

03 cs

0.2
5 10 15 20 25 30 35 40 45 50

S8 lwong dau doc phan ba trong ving lam viéc

Hinh 3. So s&nh gié trj fitness ctia cac phuong phép téi wu

Tir két qua & Hinh 3 chiing ta ciing thay rang phuong phép CS cho két qua t6t nhat ¢ ca 3, tiép dén 1a GA va
PSO. Cu thé gia trj fitness cua CS tot hon GA 1a khoang 13% va tot hon PSO 1 35%. Nguyén nhan cua qué trinh nay
dén tir qua trinh di chuyen va sao chép cac trimg t6t nhat (giai phap phan b6 dau doc RFID) trong CS duoc tién hanh
lién tuc qua céc thé hé, tao ra mot so lugng méi “trang” bang cach ket hop thdng tin tir cac "tring" t6t nhat, 1am cho
dat dén sy phan bd t6i wu tét hon. Véi phuong phap PSO qua trinh téi wu phu thudc rat nhiéu vao qua trinh di chuyén
cua hat (giai phap), ma qua trinh nay phu thudc nhiéu dén qua trinh diéu khién van téc pha hop khi thay ddi sé lwong
dau doc phan bé. Véi GA két qua dat duoc ciing twong ddi tot do qua mdi thé hé ludn duy tri qua trinh chon loc, lai
ghép dot bién giup da dang hon cac nhom giai phap.
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Hinh 4. Phan b vi tri d4u doc theo cac phuong phap t6i wu

B. So sanh higu qud quy hogch mgng RFID duwa trén dé bao phii cic thé

Ching t6i tiép tuc xem xét do bao phu céc thé ¢ ca 3 phuong phép CS, GA va PSO két qua nhu Hinh 5.
Phuong phép CS cho d6 bao phu tot nhat ¢ cd 3 phuong phap va dat den gan 100% khi s6 lugng dau doc gia tang den
45, Cu thé d¢ bao phu cua CS trung binh tot hon GA 1a 6% va PSO la 28%.

D& bao phu céc thé Tag (%)
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Hinh 5. So sanh d6 bao phi thé ciia cac phwong phap t6i wu
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C. Sosanh higu qua quy hogch mgng RFID dua trén ti 1¢ cac thé ¢ trong viing chang lip

Thé ¢ trong viing chong l4p 1a cac thé nam trong ving bao phu cia 2 dau doc tro Ién, viéc han ché cac thé
trong ving chong lap nay la rt quan trong trong RFID, do chiing ludn duge doc tir ca 2 dau doc tro 18n din dén nguyén
nhan du thira dit liéu khi truyén, hao phi niang luong va gay ra cac hién twong xung dot dir liéu. Nhu dugc chi ra & Hinh
6, CS ciing cho két qua tét nhit, cu thé CS c6 ti 1& chong lap thé thap hon GA 1a 10% va PSO 1a 29%.

40.00%
X 35.00%
30.00%
25.00%
20.00%

15.00%
GA
PSO

cs

10.00%

Ti |& chéng 18p cac thé Tag (%)

5.00%

0.00%
5 10 15 20 25 30 35 40 45 50
56 lwgng ddu doc phan bd trong viing lam viéc

Hinh 6. So sanh ti & c4c thé trong viing chdng I14p ciia cic phuong phap ti vu
D. So sanh hiéu qud quy hogch magng RFID dua trén thai gian thec hién

Thoi gian thuc hién duoc tinh theo (s) duge do luong dya vao chi phi thoi gian tinh todn cua 3 phuong phap.
Két qua & Hinh 7 cho thay ring mac du phuong phap CS cho hiéu qua fitness, d6 bao phu va ti 1é chdng lap cac thé tét
nhat, tuy nhién phuong phap CS lai chiu chi phi thoi gian tinh toan cao nhét trong ca 3 phuong phap. Cu thé ¢ 5 dau
doc thoi gian thuc hién cua CS la gan 28s va con s nay ting 1én 222s ¢ 50 dau doc. Phuong phéap GA cé thoi gian tinh
toan nhanh nhat, nhung cac hiéu qua nhu fitness, d6 bao phii va ca ti 1 chdng 1ap céc thé ciing & muc trung binh.

GA

PSO
175 s

Thei gian thwe hién (s)
=
~
w

5 10 15 20 25 30 35 40 45 50

$& lwgng dau doc phan bé trong viing lam viéc

Hinh 7. So sénh thai gian thuc hién cta cac phuong phép téi wu

V. KET LUAN

Quy hoach mang RFID la mot van dé thugc I16p bai toan NP-kho, nén thong thuong dugc giai bang cac phuong
phép t6i wu. Tuy nhién, mdi phuong phap ludn ton tai cac wu va nhugc diém riéng. Trong bai bao nay, ching téi tién
hanh so sanh hiéu qua ciia 3 phuong phap t6i wu duoc sir dung trong quy hoach mang RFID la CS, GA va PSO, két qua
cho thay rang phuong phap CS cho két qua quy hoach mang t6t nhat trong 3 phuong phap, nhung vé hiéu qua chi phi
thoi gian tinh toan thi CS ciing cho thoi gian tinh todn cao nhit. Phuong phap GA 1a mét phuong phép c6 hiéu qua
trung binh trén tit ca tiéu chi dua ra 1a fitness, do bao phu, ti 1& chdng lap cac thé nhung chi phi thoi gian tinh toén l1a
t6i wu nhat. RG rang, khdng c6 mot phuong phap téi wu ndo 1a tt nhat trong moi truong hop ma tiy theo mong muén
va muc tiéu thi ching ta cé thé st dung phuong phép khéc nhau cho phu hop. Khi thoi gian tinh toan cua cac phuong
phap khéng duoc tinh dén, muc tleu can gia tang chét lwong cua quy hoach mang RFID thi phwong phap CS la mot
lya chon hop ly. Tuy nhién, khi can dam bao sy hai hoa giita cac muc tiéu thi GA 1a mét giai phép higu qua cho van
de nay.
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EVALUATING THE EFFECTIVENESS OF SEVERAL OPTIMIZATION
METHODS IN RFID NETWORK PLANNING

Le Van Hoa, Pham Trung Duc, Nguyen Van Tung
ABSTRACT: RFID (Radio Frequency Identification) network planning is the problem of deploying RFID readers within a

workspace in a way that at least one reader can cover each tag. RFID network planning aims to find optimal positions for the
readers so that the reader network satisfies certain constraints such as maximum coverage, minimal interference, minimum cost,
and more. However, the number of potential reader positions within a workspace is often quite large, so an optimal solution for this
problem involves utilizing nature-inspired methods to determine optimal reader positions. Commonly used nature-inspired methods
include CS (Cuckoo Search), GA (Genetic Algorithm), and PSO (Particle Swarm Optimization). Up until now, there has been no
assessment or comparison of the effectiveness of these methods in the context of RFID network planning. This article compares and
evaluates the effectiveness of network planning using methods based on CS, GA, and PSO. The aim is to provide recommendations
for the implementation of these methods.



