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Tom tat

Chat lugng méi truong khéng khi (MTKK) déng vai tro quan trong trong bdo vé siic khée cong dong va phdt
trién bén vitng. Vi vdy, nghién ciiu dugc trién khai véi muc dich la tao ldp mang luGi quan trac MTKK t6i vu,
phit hgp véi khong gian phan bo déan so, giao théng va cong nghiép hién nay cia tinh Ca Mau. Nghién ciiu
da dp dung phuong phdp GIS, phdn tich thong ké phan vi, két hgp cdc thudt todn téi uwu Heuristic va Genetic
Algorithm (GA) dé xdy dung mang luGi quan trdic khong khi. Trén co s6 chong ghép cdc 16p dii liéu dan s6, giao
thong va khu cong nghiép, 40 di€ém quan trdc hién hitu dugc sang loc, giii lai 33 tram c¢6 miic d¢ vu tién cao.
Két qua t6i vu cho thdy phuong phdp Heuristic va GA déu dé xudt tap trung 3-5 tram online tai TP. Ca Mau,
truc QL1A va cdc khu cong nghiép (KCN) I6n, viia ddm bdo tinh dai dién, viia tiét kiém chi phi. Mang ludi dé
xudt la nén tdng cho viéc tdi thiét ké mang lu6i sau khi sap nhdp don vi hanh chinh cdp tinh.
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Application of GIS and optimization algorithms to design the air
quality monitoring network in Ca Mau province

Abstract

Air quality (AQ) plays an important role in protecting public health and promoting sustainable development.
Therefore, this study was conducted with the aim of establishing an optimal AQ monitoring network that
aligns with the current spatial distribution of population, traffic, and industry in Ca Mau province. The
research applied GIS methods, percentile statistical analysis, and combined optimization algorithms, including
Heuristic and Genetic Algorithm (GA), to design the air monitoring network. By overlaying data layers of
population, traffic, and industrial zones, 40 existing monitoring points were screened, retaining 33 stations
with high priority levels. The optimization results showed that both Heuristic and GA methods recommended
focusing 3-5 online stations in Ca Mau City, along National Highway 1A, and in major industrial zones,
ensuring both representativeness and cost-effectiveness. The proposed network provides a foundation for
redesigning the system after the provincial-level administrative merger.

Keywords: Air quality monitoring, GIS, Genetic Algorithm, Heuristic, Ca Mau.

JEL Classifications: Q 51, Q52, Q53, Q54.

1. GIOI THIEU

ONKK la mét trong nhiing théch thic 16n hién nay,
anh hudng dén stic khoe cong dong va hé sinh thai.
Theo WHO, viéc xay dung mang ludi quan tric véi mat
do va tinh dai dién déy du la diéu kién tién quyét dé
danh gia phoi nhiém ctia cong dong va dua ra chinh
sach bao vé stic khde (World Health Organization,
2021). béi véi tinh Ca Mau 1a cyc Nam ctia T6 qudc,
p luc ONKK xuét phét tii nhiéu nguén khéac nhau,
bao gom hoat dong cong nghiép, giao thong, ché bién
thtly san va nang lugng. Trong khi d6, hé thong quan
trac MTKK hién nay chu yéu dua vao cac diém do thu
cong, phan b6 chua dong b, chua dap ting yéu cau
gidm sat va canh bao 6 nhiém (Vietnam Environment
Administration (VEA), 2021). Mot s6 nghién ctu
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trong nudc gan day ciing da budc dau ting dung
GIS két hgp cac phuong phép da tiéu chi d€ ho trg
quy hoach mang luéi quan trac khong khi (Tran Thi
Hong, 2020).

Van dé dit ra l1a tinh Ca Mau hién chua c6 tram
quan trac ty dong, di liéu thu thap con roi rac, kho
phan anh xu thé 6 nhiém dai han va khé phuc vu dy
bdo, canh bao. Thuc tién nay doi hoi mot giai phap khoa
hoc nhdm sang loc lai cac tram quan tric hién hiu,
loai bo cac tram kém hiéu qua va xay dung mang luéi
quan trac t6i uu, bao dam tinh dai dién va hiéu qua chi
phi. Diém méi ctia nghién ctu la ing dung cong nghé
GIS két hgp véi cac thuit toan t6i uu (Heuristic va
Genetic Algorithm - GA) dé€ thiét ké mang ludi quan
trac khong khi (Chen, Y., Li, X., Zheng, Y., & Guan, Y.,
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2019) (Lee, M., Kim, H., & Park, J., 2020), mdt hudng ti€p can hién
dai chua dugc ap dung phd bién & khu vuc dong biang song Ctiu Long.

Ngoai ra, trong boi canh Viét Nam dang tién hanh sap x€p lai don
vi hanh chinh cép tinh, viéc nghién ctiu xay dung mang ludi quan trac
cho Ca Mau khong chi mang y nghia dia phuong, ma con dong vai tro
nén ting d€ ma& rong, tai thiét ké mang ludi quan trac khong khi cho
cac tinh mdi hinh thanh sau khi sap nhap. Diéu nay lam ting tinh cép
thiét va gia tri thuc tién cta nghién ctu.

Muc tiéu ctia nghién ctiu la tao lap mang ludi quan traic MTKK
toi uu, phu hgp véi khong gian phan b6 dan s6, giao thong va cong
nghiép hién nay ctia tinh Ca Mau, dong thoi dinh huéng cho viéc xay
dung mang ludi quan triac hiéu qua trong tuong lai.

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. Déi tugng

Mang luéi quan traic MTKK tinh Ca Mau 2024-2025, bao gobm 40
diém quan tric thu cong do dia phuong quan ly trién khai.

2.2. Phuong phdp nghién ciiu

2.2.1. Phuong phdp GIS

Nghién ctiu ké thuia cac nguyén ly cua ly thuyét t6i uu héa mang
ludi quan tric moi trudng, trong dé GIS dugc st dung d€ tich hgp va
phan tich di liéu khong gian nhu mat do dan so, hé thong giao thong,
phan bo khu céng nghiép.

- Dii liéu va 16p thong tin khong gian:

Khu vic nghién ctiu dugc chia thanh 253 6 véi kich thudc moéi 6
lu6i 5x5 km bao pht toan tinh Ca Mau (cit). Mbi 6 luéi dugc gan ba
yéu t6 chinh anh hudng dén chat lugng khong khi: Dan s6 (Population
density), Giao thong (Traffic intensity), Khu céng nghiép (Industrial
zones — [Z)

Céc16p dii liéu nay dugc chudn hoa vé cing mot thang gia tri [0;1]
nhdm loai bo su khac biét don vi do (Nguyén, 2020).

- Ham muc tiéu:

Chi s6 tdng hgp S cho mdi 6 ludi dugc tinh theo cong thtc
(Malczewski, J., 1999):

— m m —
Si = Xt Wi X, j=aw =1

(1)

wj: Trong s6 clia cac yéu to xij

xij: Cac yéu t6 anh hudng dén chi s6 téng hgp S

Phuong trinh (1) dugc trién khai theo 3 yéu t6 chinh (dan s6, giao
thong, KCN) c6 anh hudng 16n dén vi tri ddt tram quan trac nhu sau:

S = wi*Norm_pop + Wa*Norm_tragic + ws*Norm iz (3)

Trong do:

Norm-Pop: gia tri chuén héa ctia mat do dan s6

Norm_Traffic: gia tri chuén héa ctia mtc d¢ giao thong

Norm_IZ: gié tri chudn hoa ctia phan bg khu cong nghiép

Trong s6 wl, w2, w3 dugc lya chon dua trén kinh nghiém va theo
chuyén gia.

Chi s6 S viia la co s cho budc sang loc, viia dugc dung lam ham
muc tiéu (Fitness) trong qud trinh téi wu hoa bang Heuristic va GA.

2.2.2. Phan tich thong ké phan vi

Nghién ctiu st dung phuong phap théng ké phan vi dé phan loai
muc do uu tién hodc sang loc, giti lai cac diém c6 gia tri (Nguyen, H.
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T., & Le, T. P, 2021) (Helsel, D. R., &
Hirsch, R. M., 2002). Trén toan bd 253
0 ludi, cac phén vi ctia chi s6 S dugc
tinh todn 1a Q1, Q2 (Median), Q3. Két
qua phan vi nay dugc dung dé€ doi
chiéu v6i 40 diém quan tric tht cong
hién hitu. Nguyén tac sang loc:

Gitt lai cic diém (tram tht cong)
thudc 6 ludi cd S = Q2, tii trung vi trd 1én;

Loai bd cac diém c6 S< Q2 va dong
thoi ca ba yéu t6 (Norm_Pop, Norm_
Traffic, Norm_IZ) déu thap hon trung vi;

Xem xét dic biét: néu tram nam
trong 6 c6 chi s6 tong hop S thdp
nhung mot yéu t6é vuot troi (= P90),
tram do van dugc can nhac gii lai.

Két qua phén vi gitip loai bd cac diém
it y nghia trong gidam sat, dong thoi rut
gon tap ung vién dau vao cho cac budc
t6i uu hoa bang Heuristic va GA.

2.2.3. Phuong phdp toi vu Heurstic
va GA

Sau khi sang loc, cac di€ém con lai
dugc dua vao hai phuong phap t6i uu:
(i) Heuristic: Lua chon tuan tuy céc
diém c6 gia tri S cao, ddm bao khoang
cach t6i thiéu gitia cac tram, dén khi
dat s6 lugng tram can thiét (Lee, M.,
Kim, H., & Park, J., 2020); (ii) Genetic
Algorithm: Ma hoa moi tap hgp vi tri
tram thanh mét ca thé; ap dung cac
budc chon loc, lai ghép va dot bién dé
t61 da hdéa ham muc tiéu S cho toan
mang ludi, dong thoi duy tri phan bo
khong gian hgp ly. Day la thuét toan
tién hoa kinh dién (Holland, J. H.,
1975) va da dugc ting dung rong rai
trong t6i uu héa mang ludi quan tric
moi truong (Chen, Y., Li, X., Zheng,
Y., & Guan, Y., 2019).

Heuristic 12 nhém thuét toan t6i
vu dua trén cac quy tac tim kiém don
gian, nham chon lya phuong an kha
thi t6t nhat & mdi bude lap. Phuong
phap nay thuong cho két qua nhanh
chéng, phu hgp véi cac bai toan co
dii liéu 16n nhung khong yéu cau do
chinh xac tuyét d6i. Trong nghién ctiu
nay, thuat toan Heuristic (Lee, M.,
Kim, H., & Park, J., 2020) (Hinh 1a)
dugc st dung d€ lya chon lan lugt cac
vi tri tram quan trac khong khi c6 chi



s6 pht hop tdng hgp cao nhit, ddm bao
khodng cach t6i thiéu gitia cac tram.

Genetic Algorithm (GA) la mot
thuat todn metaheuristic, mé phong
qua trinh tién hoa tu nhién thong qua
cac phép toan di truyén nhu chon loc,
lai ghép va dot bién (Chen, Y., Li, X,
Zheng, Y., & Guan, Y., 2019) (Randy L.
Haupt, Sue Ellen Haupt, 2004) (Hinh
1b). GA c6 kha nédng tim ra 16i giai t6i
uu gan toan cuc cho cac bai toan t6i uu
phtic tap, trong d6 khong gian tim kiém
rit 16n va kho gidi bidng cic phuong
phap truyén thong. Trong nghién ctiu
nay, GA dugc dung dé€ kiém chiing két
qua mot vai t6 hgp vi tri tram quan trac
tdi vu ctia Heuristic, véi ham muc tiéu
la t6i da hoa do bao pht dan so, giao
thong va khu cong nghiép.

3. KET QUA VA THAO LUAN

3.1. Hién trang mang lu6i quan trdc
khong khi tinh Ca Mau

Dt liéu dau vao ctia nghién ctiu bao
gom thong tin vé dén so, giao thong, khu
cdng nghiép va mang ludi tram quan
trac hién htiu. Tat cad dugc chuin héa va
chong ghép trén hé ludi 5x5 km d€ phuc
vu phan tich (Bang 1).

Két qua téng hgp cho thdy toan tinh
Ca Mau c6 dién tich ty nhién 5.274,51
km2 dugc chia thanh 253 6 lugi 5x5
km, trong d6 c6 40 6 chua tram quan
trac khong khi tha céng (Hinh 2). Cac
tram nay phan bd khong dong déu: tap
trung nhiéu & khu vuc thanh phé Ca
Mau va céc truc giao thong chinh, trong
khi viing ven bién va khu vic nong thén
thua thét tram.

[ .
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Do chi dya vao phuong phép thu cong, s6 liéu quan trac hién ¢
con rdi rac, thi€u tinh lién tuc theo thoi gian va chua phan anh day
du su bién dong ctia chat lugng khong khi. Bén canh d6, su phan
bd khong dong déu ctia cac tram khién mot s6 khu vuc chiu ép luc
phat thai 16n chua dugc giam sat hiéu qua.

Nhiing han ché trén cho thdy can thiét phai phan tich khong
gian, sang loc va tdi cdu tric lai mang luéi quan trac hién hiu, tién
t6i thiét lap hé thong tram tu dong tai cac vi tri uu tién. Payla co sé
dé thuc hién cac budc phan tich phan vi va toi uu hoa trong nghién
cliu nay.

3.2. Phan tich khong gian va tinh todn chi so tong hgp

Toan tinh dugc chia thanh 253 6 lu6i 5x5 km. Trén méi 6 i tinh
ba chi s6 thanh phan, sau d6 chuidn héa min-max vé [0,1] va tich
hgp thanh chi s6 téng hgp Si.

a. Dan so

Dii liéu déan s6 dugc khai thac tu WorldPop (2023) la co sa di
liéu dan s6 toan cau cé do phan giai 100 m két hop véi Nién giam
thong ké tinh Ca Mau (2023) v6i s6 dan la 1.207.400 nguoi. Gia tri
dan s6 tai tiing 6 ludi 5x5 km dugc xac dinh bang phuong phap
phan bd theo dién tich chong lan (areal interpolation) gitia raster
WorldPop va ranh gi6i hanh chinh.

- Dan s6 cua 6 i dugc phén bé theo dién tich chong lan hanh
chinh, sau d6 quy vé mat d¢ (ngudi/km?): Popi.

-mChudn héa min-max (Randy L. Haupt, Sue Ellen Haupt,

Bang 1. Dii liéu d4u vao phuc vu phan tich mang luéi quan trac khong khi

Nhom dii liéu Chi tiéu Mo ta/Pon vi

e . Phéan bé dén s§ trung binh theo 6 ludi 5x5 km, tinh mat
Dén s6 Dén s raster (100 m) do (ngui/km?) (WorldPop, 2023)

. . e x . o . gre dan Tinh chi s6: S6 dudng + (Chiéu dai/1000), don vi km
Giao thong S6 tuyén duong, téng chiéu dai dudng (OpenStreetMap contributors, 2023)
Cong nghiép Khodng cch dén KCN Tinh khoang cach trung binh tii tam 6 dén cac KCN,

nghich ddo dé€ chuédn hoa

Ludi nghién ctu | 253 6 ludi 5x5 km

Toan tinh Ca Mau dugc chia thanh 253 6, trong d6 c6 40
6 chia tram quan trdc hién hiu

Mang ludi
hién hitu

40 tram quan trac thi cong

Vi tri cac tram quan tric khong khi truyén thong, phan bd
trong ludi nghién ctu (S& Nong nghi€p va Moi truong
tinh Ca Mau, 2025)
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2004) (Niharika, Venkatadri M., 2014) (Jiawei Han,
Micheline Kamber, Jian Pei., 2021):

Pop;—min (Pop)

Normpop (l) = maX(Pop)—min (Pop)

(3)

b. Giao thong

Dt liéu duong giao thong dugc khai thac tu
OpenStreetMap (OpenStreetMap contributors, 2023).
Tai mo6i 6 ludi 5x5 km, tham khao cach tiép can cua
Kanaroglou va céng su (Kanaroglou, P. S., Jerrett, M.,
Morrison, J., Beckerman, B., Arain, M. A., Gilbert, N. L.,
& Brook, J. R., 2005), chi s6 giao thong dugc tinh dya trén
tong s6 tuyén duong cat qua 6 két hgp véi tong chiéu dai
duodng trong 6 (m), quy déi vé don vi km:

Traffic; = Nroad; + —

1000

(4)

V6i Nroadi 1a s6 tuyén dudng cat qua 6; Li 1a tong
chiéu dai dudng trong 6 (m). Viéc chia 1000 dua chiéu dai
vé don vi km d€ cong cung s6 tuyén (khong thi nguyén).

- Chuin héa min-max:

Traf fici—min (Traffic)
max(Traffic)—min (Traffic)

NormTraffic @ =

©)

c. Khu cong nghiép

Trong nghién ctiu nay, di liéu vé bon khu cong nghiép
chinh cua tinh Ca Mau gom Khanh An, Hoa Trung, Nam
Cén va Song Déc dugce st dung. Moi KCN duge chudn
héa vé hé toa Ao VN2000 va quy d6i thanh diém dai dién
dé thuin tién cho tinh toan.

- Tinh khoang cach trung binh tii tam 6 i dén cac KCN
(Liu, H., Shen, Z., & Chen, T., 2017) trong tinh:

I O Vi 5
dl - Eijld(l' KC]V}) (6)
v6i M la s6 KCN, d (i, KCNj) 1a khoang cach tam 6 i

dén ttiing KCN.
- Nghich dao dé ra chi s6 tho gan KCN thi c6 gid tri cao:
1
=g )

- Chu4n h6a min-max:

1Z;—min (IZ)

Normz(D) = i mnas

(8)
(d) Chi s6 t6ng hagp (fitness)

S = 0,5*Normeap(i) + 0,3*Normuragie(i) + 0,2*Normiz(i) (9)

Bang 2. Phan bo chi s6 S cia 253 0 ludi theo phan vi

Phan bd 40 tram quan trac khéng khi tinh C& Mau theo & Iudi 5x5 km
le6
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Hinh 2. Bdn dé phan bé 40 diém quan trdc thii cong

Trong s6 (0,5; 0,3; 0,2) dugc lua chon dua trén
kinh nghiém va thuc t€ phan anh tdm quan trong
uu tién cua cac yéu td trong thuc tién quan ly
MTKK tai Ca Mau. Chi s6 Si phan anh mtic d6 uu
tién cua tling 6 va la dau vao cho budc phan tich
phan vi va sang loc cac tram hién hiu.

Két qua tinh toan chi s6 tong hgp S cho 253 6
luéi cho thay su phan hoa ro rét. Gia tri S dao dong
tt 0,006 dén 0,938, trung binh 0,150. Cac 6 c6 gia
tri cao tap trung tai TP. Ca Mau, doc QL1A va gan
cac KCN 1én (Khanh An, Hoa Trung); trong khi
cac 0 gia tri thap (<0,1) phan bé cht yéu & ven
bién thua dan. Bang 2, thdng ké s6 6 luéi c6 gia tri
S theo cac ngudng phan vi Q1, Q2, Q3:

Bang 2 cho thdy phan bé cac 6 luéi theo phan vi
dugc chia déu thanh bén nhém, moéi nhém chiém
khoang 25% tong s6 6. Khong gian phan bs: nhom
<Q1 tap trung cht yéu & ven bién va ndng thon thua
dan; nhém >Q3 chti yéu phan b6 6 TP. Ca Mau, doc
QLI1A va cac KCN 16n. Két qua nay tao co s& dé
budc tiép theo d6i chiéu véi 40 tram quan trac hién

htiu nhidm thyc hién sang loc.

Gia tri S theo phan vi | S6 6 lwéi | Ty 18 (%) Ghi chu 3.3. Phan tich théng ké phan vi
< Q1 (S< 0,065) 64 25,3 Ven bién, thua dan va sang loc tram hién hitu
Q1-Q2 (5:0,065-0,125) | 63 24,9 Viing dém Chi 6 t8ng hop Si cita 253 & Iudi duige
Q2-Q3 (5:0,125-0216) | 63 24.9 Do thi phu can phén chia theo phén vi: Q1. § = 0,065; Q2
TP. Ca Mau (trungvi:$ =0,125Q3:5=0216
>Q3 (S>0,216) 63 24,9 OLIA, gin KEZN ‘ Khl/ .dOlA,Chle},l 4OA trar£1 hién h}iu
. vao ludi, két qua phan bé: <Q1 ¢ 1
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Bang 3. Két qua phan vi va sang loc tram quan tric
hién hiiu tai Ca Mau

Nhém S6 tram | Ty 1§ (%)
Q1 (S <0,065) 1 2,5
Q1-Q2 (0,065 - 0,125) 6 15,0
Q2-Q3 (0,125 - 0,216) 5 12,5
>Q3 (S >0,216) 28 70,0
Téng 40 100

tram, Q1-Q2 c6 6 tram, Q2-Q3 ¢4 5 tram, >Q3 co
28 tram. Theo nguyén tic sang loc (git cac tram c6
S >Q2):

Loai bo: tong cong 7 tram (1 tram <Q1 va 6 tram
Q1-Q).

Git lai: 33 tram (5 tram Q2-Q3 va 28 tram >Q3).

Viéc loai bo 7 tram thdp giup tép trung ngudn
luc, dong thoi duy tri duge 80% tram & miic uu tién
cao (= Q2).

Dbang chu y, trong nhém giti lai c6 6 6 chiia nhiéu
tram (tii 2-5), cu thé: 6 165 (5 tram), 6 166 (3 tram),
0 64, 136, 177, 216 (mdi 6 2 tram). Cac tram nay
dugc giti toan bd va sé dugc tinh gon bang thuat
toan tdi uu & budc tiép theo (Bang 3).

3.4. Téi wu héa vi tri ddt tram online

Sau khi sang loc bang phén vi, tap ting vién con
lai g6bm 33 tram (23 6 lu6i). Nghién ctu tiép tuc tién
hanh t6i uu hda vi tri cac tram quan triac khong khi
online bang hai phuong phap: Heuristic va Thuat
toan di truyén (GA).

(i) Phuong phdp Heuristic:

Nguyén tic lua chon 1a tuln tu chon cic 6 ludi
c6 gia tri chi s6 téng hop S cao nhit, dong thoi bao

Bang 4. Két qua lua chon vi tri tram online bang Hueristic

S6 tram Ao o

o O lu6i duwge chon (ID)
online

1 165

2 165, 136

3 165, 136, 95

4 165, 136, 95, 208

5 165, 136, 95, 208, 113

6 165, 136, 95, 208, 113,43

7 165, 136, 95, 208, 113, 43, 64

8 165, 136, 95, 208, 113,43, 64, 216

9 165, 136, 95, 208, 113,43, 64, 216, 172

10 165, 136, 95, 208, 113,43, 64, 216, 172, 158
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dam khoang cach t6i thi€u 15km (khoang cach nay co
thé thay ddi theo yéu ciu cua dia phuong) gitia cac tram
dé tranh chong 1ap. Quad trinh dugc thyc hién theo kich
ban gia dinh: trong tuong lai, néu cé diéu kién dau tu tu
1 dén 10 tram online, thi IAn lugt chon céc 6 uu tién tu
trén xuong (Bang 4).

(ii) Kiém chiing bang GA:

GA dugc ap dung cho kich ban 3 tram online, véi
tham s&: quén thé 100 cé thé, s6 thé hé 100, ty 1é dot bién
10%, rang bu¢c khoang cach téi thi€u 15 km. Két qua
GA chon ba 6: 95, 136, 165 véi Fitness (S) trung binh
dat 0.58, hoan toan trung khép véi két qua Heuristic
(Hinh 3). Sy d6ng nhit nay khing dinh tinh hgp ly va
do tin cdy cua phuong phap Heuristic khi ap dung cho
bo dii liéu nghién ctiu.

Danh sach cac 6 uu tién tit Heuristic cho phép xéy
dung 16 trinh dau tu theo giai doan: khi kinh phi han
ché c6 thé dau tu trudc 1-3 tram, sau d6 md rong dan
lén 5-10 tram. Két qua cling cho thay ca hai phuong
phap déu nhan manh céc vi tri uu tién tap trung 6 TP
Ca Mau, truc QL1A va cac KCN 16n (Khianh An, Hoa
Trung), trong khi cic viing ven bién it dan cu it dugc
Iwa chon.

Hinh 4, phéan bé 33 vi tri tram quan trdc khong khi
sau sang loc va 10 tram online t6i uu dugc lua chon
bang thuét toan Heuristic.

Thao luin:

Két qua nghién ctiu da chi ra sy can thiét phai sang
loc va t6i uu lai mang luéi quan trac khong khi tinh Ca
Mau. Viéc 4p dung thong ké phan vi gitp loai bd 7 tram
it y nghia, git lai 33 tram c¢é muic d6 uu tién cao hon. Céc
nghién ctiu (Nguyen, H. T,, & Le, T. P,, 2021) (Helsel, D.
R., & Hirsch, R. M., 2002) trudc day
tai Viét Nam va qudc t€ ciing khing
dinh cach tiép can phan vi la phu hgp
khi s6 liéu phan bé khong dong déu.

Phuong phap Heuristic cho két

Stng b qua nhanh, dé ap dung va c6 thé xay
0.94 dung 10 trinh dau tu theo giai doan
0.68 (1-10 tram). Dic biét, viéc kiém
0.58 chiing bang GA cho kich ban 3 tram
0.52 da trung khép hoan toan, cing c6 do
0.48 tin cdy cta phuong phap. Diéu nay
0.44 phu hop véi xu hudéng cac nghién
0.41 ciiu quoc t€ nhu Chen & cdng su

(2019) (Chen, Y., Li, X., Zheng, Y,
0.38 & Guan, Y., 2019), Lee & cdng su
‘0)33 (2020) (Lee, M., Kim, H., & Park, J.,

2020), khi GA thuong dung d€ kiém
chiing tinh t6i uu cta cac thuét toan
don gian hon.
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NGHIEN CUU
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Hinh 3. Vi tri 10 tram online theo Heuristic va 3 tram  Hinh 4. Sang loc 33 tram thu cong va chong ghép 10

trung theo GA

Tt bi€u d6 Hinh 5 cho thdy gia tri
trung binh S gidm nhanh khi s6 tram
tang. V6i 1-5 tram, S trung binh van
duy tri 6 muic cao (~0.5), phan anh cac
vi tri dugc chon déu thudéc nhom uvu
tién. Khi mé rong dén 10 tram, S trung
binh chi con 0.34, thip hon nhiéu so
Vv6i trung vi 0.46 ctia cac 6 dugc chon.
biéu nay chiing té mot s6 6 ¢d gia tri
S rat thap da kéo ha gia tri trung binh,
lam cho mang luéi kém dong déu va
gidm hiéu qud. Theo Kanaroglou va
cong su (Kanaroglou, P. S., Jerrett, M.,
Morrison, J., Beckerman, B., Arain,
M. A., Gilbert, N. L., & Brook, J. R,,
2005), khi s6 tram vugt qua muc hop
1y, hiéu qua gidm do cdc tram bd sung
thudng roi vao viing it dan cu hodc xa
nguodn thai. Do do, quy moé 3-5 tram
dugc xem 1a phu hgp nhét cho tinh
Ca Mau, viia ddm bao hiéu qua giam
sat, vua tranh dau tu dan trai vao cac
khu vuc it vu tién.

biéu nay cho thay két qua cta
nghién ctu tai Ca Mau phu hgp véi
xu thé quoc té nhung dong thoi co
tinh dac thu dia phuong.

tram online t6i uu

KET LUAN

Nghién ctiu da dé xudt cach tiép can két hgp phén tich théng ké
phén vi, phuong phap Heuristic va thuat toan GA d€ sang loc va t6i
uu mang ludi quan trac khong khi tai tinh Ca Mau.

Trén co s& dii liéu dan s6, giao thong va khu cong nghiép, chi s6
tong hop S dugc xay dung cho 253 6 ludi. Két qua sang loc loai bo
8 tram c6 gia tri thap (Q1 va Q2), giti lai 33 tram c6 muc dd uu tién
cao hon.

Heuristic: Mean S theo k

0 2 4 6 8 10

S8 tram online (k)

Hinh 5. Gid tri trung binh S theo s6 tram online
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Phuong phap Heuristic cho phép xac dinh thi tu
uu tién dau tu 1-10 tram online; trong d6 3-5 tram
online la phtt hgp dét tai cac vi tri quan trong nhat tap
trung 6 TP. Ca Mau, truc QL1A va cac KCN 16n.

Thuat toan GA kiém chiing cho kich ban 3 tram
online da cho két qua trung khép hoan toan véi
Heuristic, chiing minh tinh hogp ly va tin cay ctia cach
tiép can.

Két qua nghién ctiu c6 y nghia thuc tién trong viéc
xay dung 10 trinh d4u tu mang ludi tram quan tric
online theo giai doan, dong thoi cung cip co sé khoa
hoc dé diéu chinh khi Ca Mau va céc tinh 1an can dugc
sap nhép trong tuong lai.

Tuy nhién, nghién ctiu van con mdt s6 han ché.
Mang luéi quan trac dugc t6i uu héa méi chi dya trén
ba yéu t6 chinh gom dén s6, giao thong va khu cong
nghiép. Trong thuc té, chat lugng khong khi con chiu
anh hudéng baéi nhiéu yéu t6 khac nhu khi tugng, dia
hinh, hién trang st dung dat, cling nhu cac nguon thai
phan tan ti sinh hoat va nong nghiép. Do thiéu d liéu
day du va dong bo, cac yéu t6 nay chua dugc tich hop
trong nghién ctiu nay. Cac nghién ctiu tiép theo can
mo rong pham vi tiéu chi, két hgp dii liéu quan trac tu
dong, mo hinh lan truyén va phén tich chi phi - lgi ich
dé nang cao do chinh xac hon.

Ldi cdm on: Nhém nghién ciiu xin chan thanh cam
on Truong Dai hoc Tai nguyén va Moi truong Thanh
phé H6 Chi Minh da hé trg va tao diéu kién thudn lgi
cho qud trinh thyc hién va hoan thanh nghién ciu naym
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