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Tém tit: Nghién ctiru du bao dién bién phat tan vi nhya trong nudc mit luc dja bang ngdn
ngtr 1ap trinh R, thudt todn c6 chirc nang md hinh hoa céc dac diém hinh dang cta vi nhya
theo mua trong ndm va muc nude thuy tridu trong ngay. St dung nén tang R dé hinh thanh
ham phan tich twong quan, thanh phan chinh dit liéu, xir Iy da cong tuyén dit liéu va phan
tich cum nham muc dich dy doan xu hudng hinh dang cua vi nhua trong nude song trong
thoi gian gan. Két qua ing dung nghién ciru cho thiy tat ca cac vi tri 1y mau trén luu vue
cac séng Sai Gon - Pong Nai déu dang c6 mirc vi nhua dang soi cao va tang tinh tlen theo
cac nam. Két qua nghién ctru 13 cong cu hiéu qua trong dy doan dién bién thay ddi vé dic
diém, hinh dang ctia vi nhya duéi tac dong ctia mdi truong, theo mua trong nam, theo thiy
tridu 1én va xubéng. Hon nita, két qua nghién ctru nay c6 thé duoc str dung dé diéu chinh céac
mo hinh phu hgp véi dir liéu dugc thu thap trong diéu kién lién tuc, luong dir li¢u luu trix
16n, @ chinh x4c cao. Can c6 sy chi trong trong ngudn gbc lam phét sinh vi nhya dé c6 su
kiém soat va quan 1y kip thoi. Pay 13 cong cu dong gop quan trong trong nghién ctru vi nhya
trong nudc séng Sai gon, song Dong Nai va s& 14 ing dung rong rai cho nghién ctru vi nhya
nudc mat luc dia.

Tir khéa: Phan tich cum; Phan tich twong quan da bién; Phan tich thanh phan chinh; R; Vi
nhua.

1. Giéi thi¢u

Vi nhya c6 mat khép noi va gay anh huéng dén nhiéu moi truong, nhu bién [1], sbng,
hd [2], Bac Cuc [3], dat [4] va khong khi [5]. Cac nghién ctru di cho thay tac dong tiéu cuc
ctia vi nhya d6i v6i méi trudng va hé sinh thai [6], duara nhiéu luan ctr vé nguon gbc va tac
dong dén strc khoe nguoi [7]. Vi nhwa c6 thé chtra cac hoa chat doc hai, chang han nhu
Phthalate hodc Ete Diphenyl Polybrominated, d6ng thoi c6 kha nang hap phu, hip thy va giai
phong, phén tan cac chat hitu co khé phéan hay [8]. Hon nita, toc do phan huy nhwa cham,
can nhiéu thoi gian va tuy theo diéu kién moi truong vat 1y, ching c6 thé ton tai trong moi
truong trong nhiéu nam, nhiéu thé ky [9-10].

Phan 16n cac két qua nghién ctru trude day déu tap trung vao vi nhua trong nude bién,
trong khi d6 méi trudng nude ngot, nude mit luc dia it duoc chu ¥ [11-12]. Nhung gan day,
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viéc nghién ctru vi nhya trong cac sdng da dugc tang cuong [2]. Cac phat hién sy ton tai ciia
vi nhya trong cac mau nudc song da cho thiy su phong phu vé mat d cua vi nhya & séng co
mdi twong quan véi nhau véi cac yéu t6 nhan tao va mat do cao ‘hon thudng dugc phat hién
& cac khu vuc c6 mat do dan sb va tap trung déng dan cu sinh séng. Diéu nay da dugc quan
sat va cong b két qua trong cac nghién ctru khac nhau & nhiéu néi trén khép toan cau nhu:

Chau Au [13-16], Chau A[17-21], Uc [22—23] hodc Bic My [2, 24-25]. Mot s6 nghién ctru
khong thé chi ra mdi twong quan tich cuc gitra sy phong phu veé mat do cta vi hat nhya va
mat d6 dan s6 [26-28]. Mic du ciing ¢ mot s6 nghién ctru ¢6 thé chi ra mdi quan hé 16 rang
gitta mat dg cua vi nhya ngay cang tang 1a do murc d6 do thi hoa ngay cang tang hay sy phat
trién ctia cong nghiép héa & cac khu vue luu vue song [29-30]. Trong khi & mot vai nghién
ctru khac khong c6 mdi quan hé rd rang gitra sy thay d6i moi truong nudce song va luong vi
nhwra doi dao di duogc tim thay [21, 31]. Mot s6 cong bd két qua didu tra vé mat do caa vi
nhya doc theo song tur khu vuce thua déan dén noi tap trung d6 thi [18, 21]. Quy md nghién
clru cac yeu t6 khu vuc, diéu kién moi truong theo mua hay thuy triéu va dja phuong nghién
ctru ¢ thé 1a nguyén nhén gay ra sy han ché nhu vay gilta cdc cong bd [2, 27], nhung noi
dung di séu vao dién bién, ddc diém cua vi nhua trong cac yéu té diéu kién 1a rat can thiét dé
hiéu day du vé ching.

Cho dén hién tai, Song Sai Gon va song Pong Nai van 1a ngudn cung cap nudc sinh hoat
chinh cho nguoi dan 2 bén luu vuc séng. Hé thong ctra song Sai Gon, sau khi chay qua d6
thi 16n 1a Thanh phd Ho Chi Minh, két qua phén tich miu nudc trén kénh Nhiéu Loc, Thi
Nghe cho thay tong khdi lugng vi nhya dai dién chiém 11-43% [32]. ]. Tac gia [33] da lan dau
tién cong b két qua nghién ctru vé mat do vi nhya trong nude va tram tich 2 con séng nay
da xuat hién vi nhwa dang manh, dang soi va dang hat c6 kich thuéc 0,1-5 mm. Trong do,
phﬁn 16n 1a chung nhya PE 51,2%, PP 27,1%, PVC 13,4% va 8,3% la cac loai nhya khac
[33—34]. Emilie Strady va cong sy (2020) ciing di cong bd trong nude song Sai Gon ¢ sy
xuét hién cta vi nhua dang soi tur 22-251 soi trong 1 lit nudce, khong tinh dén yéu td anh
huong nhu luong mua, luu luong nude hodc cic yéu td phi sinh hoc khac. Uéc luong hang
nam co tir 115 x 1012 dén 164 x 1012 vi nhya dang s¢i dugc thai ra tir con song Sai Gon
[35-36].

Ngay nay, khoa hoc phat trlen nhiéu van dé moéi truong can dugc kham pha da tao ra
mot luong dir liéu rat 16n tir cac s6 lidu phan tich, hé théng quan tric dién tir, hé thong luu
trr dit liéu da phuong tién va cac ung dung trong mang khong gian cua van vét (Internet of
things). Su tién bo vé cong nghé da gitip cac nha nghién ctru ¢ thé chuyén tir viéc thu, nhan
dir ligu 6 mure thap sang nghién ctru tich hop muc cao voi kha nang phan tich, nhéan dang, du
doan cac van dé [37]. M6 hinh hoc may 1a mot trong nhiing phuwong phép giai quyét van dé
dugc dat ra, nd la mdt thuat toan quét qua mot lugng vo cung 16n dir liéu dé tim ra cac dic
trung mau hodc dua ra du bao, du doan. Cé kha nhiéu mo hinh hoc may (ML - Machine
learning) nhu: hoc khong giam sat, hoc ¢6 giam sat, hoc ban giam sat, hoc sau,... Vi sy bung
nd cua cua tri théng minh nhén tao (Al - Artifical Intelligence), nhiéu nha phan tich da cho
thdy hoc sau (DL - Deep learning) la mot trong nhing ky thuét thanh cong nhat dé tim ra cac
ddc trung mau va dua ra du bao. Hién nay trong nganh mdi truong da c6 nhleu phuong phép
dé du bao lan truyén moi truong nhu moé hinh Gauss tinh toan lan truyén trong khong khi,
md hinh Berliand k§ thuat, mé hinh Suttan hay mé hinh Streeter-phelps. Tuy nhién, hau hét
cac mo hinh nay dugc xay dung co ban quyén, hodc tinh toan bdi cac cong cu danh gia va
phéan tich dir liéu 1a phan meém Excel cua Microsoft Office v6i cac ham s6 don gian, hoac
Ung dung cac phan mém dugc lap trinh san c6 nhu SPSS, Stata, EViews... Han ché cua cac
phan mém nay la: i) Khong dugce mién phi, phién ban mién phi lai bi han ché sir dung; ii)
Nguoi danh gia bét budc phai phu thugc vao diéu kién hay db tin cdy trong xtr 1y dir licu da
dugc ap dat sin vao phan mém tir nguoi xay dung, nhiing nguoi ma bi han ché hiéu biét vé
linh vyc nganh moéi trudng, dac biét 1a nghién ctru van dé chuyén sau nhu vi nhya; iii) Cac
phan mém dugc xay dyung san chil yéu phat huy hiéu qua manh trong xir Iy s6 liéu don thuan
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va cho ra cac két qua cu thé, mang tinh rap khuon, phu thudc s ngau nhién cia dir liéu dau
Vao; diéu nay kha phu hop ddi véi linh vuc tai chinh, tién té nhung trong nghién ciru vé moi
truong can phai co phuong phép luén cua cac nha chuyén mon; iv) Néu dir liéu can xu 1y qua
nhiéu, vuot han muc s0 dong xur ly cho phep thi cac phan mém trén khéng thé xir Iy duoc
hodc mirc d6 tin cdy vé két qua dé dang bi tac dong.

Trén co s& nhiing ndi dung duogc trinh bay, muc dich nghién ctru thuc hi¢n xay dung
thudt toan biéu din va hoc mdy trén nén tang ngdn ngit R dé phuc vu cho van dé nghién ctru
dién bién hinh dang cta vi nhua cia séng Sai Gon va séng Dong Nai dudi anh huéng cua
muyc nu6e thuy tridu 1én, thuy tridu xudng va cac mua mua, mua kho doc theo thuong ngudn
dén ha ngudn cua cac séng va dé quan sat su thay ddi ciia mirc d6 mat do cua vi nhya trong
qua trinh chuyen dbi tir cac vi tri dan cu thua thot d&én noi tap trung khu dan cu, do thi, cac
thanh phd 16n. Tir cac két qua phan tich dit liéu va ung dung dai sé hinh hoc bao giac
(Conformal Geometric Algebra - CGA) vdi hoc may (Machine Learning), nghién ctru sé dua
ra cac du bao vé khuynh hudng dic diém cua vi nhua theo sy anh hudng boi cac bién yéu t6
tac dong voi do tin cdy cao trong xu ly s liéu. Két qua nghién ctru s& giip cac chuyén gia,
cac nha quan 1y nim bét hién trang va xu hudng, tir d6 quan 1y va giam thiéu vi nhya trong
moai trudong nudc song hi¢u qua.

2. Phwong phap nghién ctru

2.1. Vi tri va phwong phdp ldy mdu
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hudng. Cac phép do cua dong ho do luu R e e e e T T
lugng dugce chuyén doi thanh luong nude Hinh 1. So d6 vi tri iy mau.

di qua lu6i Manta. Tai mdi vi tri lu6i chian
nude va dong hd do luu lugng duoc dit trong 5 phut xudng séng, noi chung dugc dat ding
yén. Tai mdi vi tri, 2 mau dugc 14y lap lai cach nhau 30 phit.

Cong tac iy mau dugc thye hién vao luc thiy triéu 1én va thuy triéu xudng trong ngay,
vao miia mua va mua kho trong cac nam 2021 va 2022. Cac mau sau khi lay qua ludi Manta
s€ duoc loai bo thu cong cac tap chat 16n hon Smm nhu canh cdy, 14, vat liéu xay dung, nhing
manh nhua 16n... Téng cong 144 mau nudc duoc bao quan trong cac chai thity tinh t6i mau
nham tranh bi anh huéng nhiét d6 hay anh sang méi truong tu nhién va duge van chuyén dén
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phong thi nghiém Nation Lab va phong phén tich Vién Méi truong va Kinh té tuan hoan
Mién Nam (IECES) dé phan tich xac dinh vi nhuya.

2.4. Phwong phap hoc co giam sat (Supervised Learning)

Phuong phap hoc giam sat 1a mot mo hinh hd trg quyét dinh str dung biéu d6 hoidc mé
hinh cta cac két qua co thé xay ra, bao gom két qua sy hién dién ngau nhién, dir liéu vi nhua
va mdi truong. Hoc giam sat (Supervised Learning) 1a mé hinh hoc may du doan dau ra cta
mot dir liéu mai dya trén cac cap dir licu dau vao cho trude dua trén 2 thuat toan:

- Cay quyet dinh (DeCISlon Trees): la s6 cau hoi Co6/Khong tbi thiéu duogc dit ra dé
danh gia xac suét dua ra quyet dinh vé két qua 1a dung. Cay quyét dinh cho phép nghién ciru
tlep can van dé mot cach c6 céu tric va cd hé thong dé dat dugc mot két luan hop ly.

- Su phan 16p (Naive Bayes): 1a mot nhom cac su phan loai x4c suat don gian dya trén
vi€c ap dung dinh 1y Bayes v&i cac gia dinh doc 1ap gitra cac tinh nang.

Trong Machine Learning (Hoc May), mot “data set” (Bo dir liéu) 1a mét tap hop cac
dir liéu thuc té hodc a0 dugc sur dung dé dao tao va kiém tra cic mo hinh may hoc. Data set
nay thudng bao gém hai phan chinh: i) Tap dir liéu dao tao (Training Data): Day 1a mot phan
cua data set duoc sir dung dé dao tao mo hinh may hoc. Tap dir liéu nay thuong bao gdm céc
cdp (dAu vao, du ra) hodc cac mau dir liéu duoc gan nhan tuong tng. Trong qua trinh huin
luyén mo hinh hoc tir cac mau nay dé c6 thé thuc hién du doan hodc phan loai dir liéu mai
sau nay; i) Tap dix liéu kiém tra (Test Data): Pay 1a mot phan khéac cua data set duoc sir dung
dé kiém tra hiéu suit cia mo hinh hoc méy sau khi n6 da dugc dao tao. Dit liéu kiém tra
thuong khong duoc str dung trong qua trinh dao tao, va mo hinh khong biét trude két qua cua
cac mau nay. Dit liéu kiém tra gitip danh gla kha ning tong quat hoa cua mo hinh, tic la kha
nang cia né trong viéc dy doan dir liéu méi ma nod chua ting thay.

Muc ti€u cua mo hinh hoc c6 giam sat trong ML 1a tim ra mdt ham s6 du bdo ma gia
tri ctia chiing khac vé6i “ground truth” 1a nhé nhét. Ground truth & ddy chinh 1a gia tri cua
bién muc tiéu. Su sai khac nay c6 duoc thong qua cac ham mat mat (Loss function). Huén
luyén m6 hinh hoc may thuc chét 1a quy vé tim cuc tri cia ham mat mat. Tuy thudc vao bai
toan ma ¢ cac dang ham mat mat khac nhau. Trong bai toan dy bao nghién ctru nay sir dung
ham MSE (Mean Square Error) lam ham mat mat. Ham s6 ndy c6 gia tri bang trung binh cta
tong binh phurong sai s6 giita gia tri du bao va gia tri thyc. So d6 mé hinh xu 1y dit lidu cia
nghién ctru dugc thé hién trong Hinh 2.

NHOM NGHIEN CUU HE THONG
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Hinh 2. So d6 kién tric mo hinh xr 1y.
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Hinh2 da thé hién day du cac mod hinh Machine learning d& duoc st dung trong nghién
ctru nay bao gdm: i) M6 hinh hdi quy tuyén tinh da bién: Dung cho cac mau trong bang dir
liéu s6, trong nghién ctru nay 1a bang tinh Excel cac dir liéu vé dac diém hinh dang vi nhya.
Cac md hinh tuyén tinh str dung dai sé dé du doan mdi quan hé gitta cac bién trong cac du
bao; ii) M6 hinh phan 16p, phan cum K-Means: Du doén cum céc bién gan; iii) M6 hinh d6
hoa: Dung tryc quang hoa két qua phan tich, thé hién dudi dang biéu d6 mét xac suét, hay xu
hudng; iv) Cay quyet dinh/ Rimg ngau nhién: Cau hoi C6/Khong dugc dit ra dé danh gia xac
suat dua ra quyét dinh 1 dung.

2.5. Phuong phdp hoi quy tuyén tinh da bién

Hbi qui tuyén tinh da bién 1a phuwong phap hdi quy tuyén tinh véi nhiéu bién dau vao.
Trong nghién ctru ndy, cac bién dau vao 1a dic dlem hinh dang (so1, manh, hat va dang khac)
ctia vi nhua theo mua va dién bién cua thuy triéu. Phuong trinh hdi quy c6 dang:

Yi = F(X1,X2, ..., Xk) = 00 + w1Xil + 02Xi2 + - + wpXik = WTXi (1)

O day ta xem Xi 1a mot vec to dai dién cho quan sét tht 1. Cu thé n6 gdm cac gia tri
(X1, Xz, ..., Xk). Ma tran X c6 kich thuge n x k, trong do cu moi dong 1a mot quan sat, va moi
coOt la m(_)t bién sb. Con Xj 1a quan sat thir i cua bién tht k. Ma trin m& rong cua X duogc (ky
hiéu 13 X), chinh 1a ma tran c6 thém vec to cot 1 dugc thém vao dau tién. Luc ndy, xét toan
bo tap dir liéu, ta duoc:

1 X11 X1k
v=reo=|; @

’ R 7 1~Xn1 v Xnk

Vecto sai s0 gitra hi¢u (Y-Y) dugc bi€u dien thanh:
CE=Y-Y=Y-X, , R )
Ham MSE la trung binh cua tong binh phuong cua cac sai s0, n6é dugc bi€u dien:
v T v 2

£(z) = S (G - W2 = geTe = (Y =K)T(Y=X) = X, - YII;  (4)

Biéu thuc ||X, — Y||2 13 binh phuwong Norm chuin bac hai (Euclidean norm). Bang

cach khai trién dai sb tuyén tinh sé& tinh duoc dao ham ctia ham MSE:

2O -XTX, - V) 5)

Phuong trinh hoi qui c6 nghiém 1a:
Z=XTX)"1XTy = (471b) (6)
Ritgon A =X"XvaX"y =b (7

Phuong hinh hdi quy da bién c6 nghiém khi 12 kha nghich.
2.6. Ngon ngir R

Ngon ngir R 12 mot ngon ngit 1p trinh va méi truong phan mém danh cho tinh toan va
dd hoa théng ké. Pay 1a mot ban hién thuc ngdn ngir lap trinh do Ross Thaka va Robert
Gentleman tao ra [38]. Cho dén nay ngén ngir R 1a do R Development Core Team tiép tuc
phat trién. Ngon ngir R con duogc viét tat 1a R. Pay 1a ngon ngit mién phi véi dic tinh ndi troi
la ma nguén ma, hi€u qua manh va dugc hd tro mé rong va la moéi trudng t6i wu cho nghién
cuu, théng ké va trinh bay dir li¢u, dac biét 1a cac tap dir li€u 16n (Big data). Hiéu qua va suc
manh ctia ngon ngit 1ap trinh nay thdng qua cac hanh vi: i) Chay cac ma code khong can trinh
bién dich, hay néi cach khac chinh code R la mot ngon ngir thong dich (Interpreted
language); ii) Thuc thi moi phep tinh trén vec to (Vectors Ianguage) ma khong can dén vong
lap ma van c6 thé dung bét cir chire ning (Function) nao; iii) Ung dung trong viéc thong ké
dir liéu (Statistical language), c6 thé dap tmg hoan thanh tat ca cac thuat toan vi ban chit cua
code R 1a mot loai ngdn ngir “turing - language”. Hay néi cach khac “turing - language” la
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ngon ngir 1ap trinh linh hoat trong moi bai toan; iv) Ngon ngir R 1a mot ma nguén mé (Open-
source) hoan toan mién phi nén s¢€ tiét ki€m nhiéu chi phi ma van mé phong dir li€u rat hi¢u
qua.

Cac goi Package hd tro théng ké t6i wu cling cong ngh¢ hién dai, dugc cap nhat thuong
xuyén boi cong ddng chuyén mon khép thé gioi. Hau hét cac y tudng moi déu dugc ing dung
trén nén tang R trude tién va bat ky nha lap trinh nao ciing c6 thé st dung, cai tién theo cac
code riéng, cac sang tao va muc dich riéng. Bén canh d6, nguoi dung R ¢6 thé hiéu rd cach
van hanh cua chung thong qua phan tich source code, tir d6 tu chu dong thém tinh nang, sua
16i, tich hop sir dung thém cac ngon ngit khac nhu JAVA, SQL, C, C++... Ngon ngit ndy 1a
mot nén tang doc lap, vi vay, phu hop dé chay duoc trén moi h¢ diéu hanh. Hé sinh thai R rat
t8i vu va manh mg, phu hop nhiéu loai dir liéu nén ¢ cac dang hé co sé sit li¢u phong phu.

2.7. Hudn luyén mé hinh

Céc gbi Package trong R 13 tdp hop cic ham va bo dir lidu do cong dong phat trién.
Trong moi truong R, cac goi nay dugc luu trir trong thu muc ¢6 tén Library. Thu vién hé
thong trong R (System library) co chira cac goi Package quan trong va da duoc cai dit sin hd
trg nguoi su dung. Trong nghién clu nay, cac goéi dugc st dung la Psych (Corrplot),
Factoextra, Ggbiplot, Magrittr, va Dplyr.

2.8. Phirong phdp phdn tich tiwong quan da bién

Phuong phap nay dugce ding dé danh gid mdi twong quan giita nhiéu bién cing mot
lac. Hé sb twong quan (Coefficient of correlation) duoc ky hiéu trong nghién ctru nay 1a r va
duogc st dung dé do luong d6 16n cia mdi quan hé giita hai bién sb. Cac Package va Ham
1énh phan tich twrong quan da bién, x4c dinh r va biéu dién d6 thi duge thé hién trong Hinh 3.

Y Y

type = "upper", order = "hclust",tl.col = "black", tl.srt = 45)

> library(psych)
> pairs.panels(data,gap=0,bg=c("red","yellow") [data$Site],pch=74)
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Hinh 3. Phén tich twong quan da bién bang ngon ngit R: a) Md hinh biéu dién mirc twong quan giita
bién X va Y v6i = 0,6; b) M6 hinh biéu dién mirc twong quan hoan hao giita bién X va Y voir = 1;
¢) Ham phén tich tuong quan bang R véi goi Corrplot; d) Ham phan tich bang R véi gbi Psych; e)
Db thi twong quan duoc biéu dién bai gbi Corrplot; f) D6 thi trong quan duge biéu dién béi goi
Psych.
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Trong nghién ctru ndy, phuong phéap phén tich twong quan ddi twong vi nhya trén ngdn
nglr R dugc str dung boi ham phan tich (Pairs.panels) dua trén Package Psych.

2.9. Phirong phdp phan tich thanh phan chinh

Phan tich thanh phan chinh (Principal Components Analysis - PCA) Ia hitu ich nhat khi
dit liéu nam trén hoic gan véi mot khong gian con tuyén tinh cua tap dit liéu. Véi loai di liéu
nay, PCA tim mot co s cho khéng gian con tuyén tinh va cho phép bo qua cac dic trung
khong lién quan. Vi mot tap dit liéu dugc cho, noi mdi mau di liéu ¢6 D chiéu (tic 1a D dic
trung), PCA tinh mét tap cac véc to dic trung D chiéu dugce giong voi cac hudng ma co
phuong sai cyc dai cia dit liéu. Cac thanh phﬁn chinh c6 mot sb cach su dung: (1) Chiéu dit
liéu gbc 1én cac thanh phan chinh nay; (2) St dung cac thanh phan chinh nay dé tao ra cac
diém méi. Phuong phap phan tich thanh phan chinh 12 mot thuat toan thong ké su dung phép
bién ddi truc giao dé bién d6i mot tap hop dir li€u tir mot khong gian nhiéu chiéu sang mét
khong gian méi it chidu hon nhim t&i wu hoa sy bién thién cia dir liu (Maximize the
variability) [38—41]. Hinh 4 phét thao vé ciach ma dir liéu duoc biéu dién trong khong gian
méi cua PCA.

00?\

(b)

Hinh 4. Biéu dién dit liéu trong khong gian méi cia PCA: (a) Khong gian dit 1iéu ban dau; (b) Khdng
gian dir liéu méi.

Trong khong gian dit liéu ban dau, Hinh 4a véi cac tap diém mau xanh duoc quan sat
trong hé truc xOy, theo mdi chiéu déu c6 phuong sai 16n. Trong khong gian dit liéu méi moi,
Hinh 4b véi tap diém mau d6 duoc quan sat theo hé truc aOb theo chiéu th hai ¢6 phuong
sai 81 nho hon so véi 62. Diéu nay cho thiy khi chiéu dif liéu 1én truc a s& co duge cac diém
gan nhau va gan voi ky vong. Vi vay, phuong phap phén tgichl PCA con dugc coi la phuong
phap giam chiéu cua dit liéu ma van giir dugc tong phuwong sai con lai 1a 16n nhét.

Gia str cho tap dit liéu hudn luyén: X = {X;|X;eRP},ie{1 ... N}. Véi Xi 1a vecto thudc
khong gian D chiéu, N 1a sé lugng vecto trong tap X. Thay vi giit lai cac truc toa do ciia
khong gian cii D chiéu, PCA xay dung mot khong gian méi K chiéu voi K<D, nhung lai c6
kha nang biéu dién dir lidu tot turong dwong khong gian ci, nghia la dam bao do bién thién
(Variability) ciia dir lidu trén mdi chiéu méi. Trong khong gian mdi, PCA s€ chleu dir liéu
1én hé truc méi dé xac dinh phuong sai 16n nhat ciia phép bién doi. Sau dé, sip xép theo thir
tur giam dan cua gid tri riéng g v6i K vecto riéng 16n nhat. Cubi cing, chon K vecto riéng
dau tién, goi la cac thanh phﬁn chinh, dé tao thanh mot khong gian con gén v&i phan bd cua
dir liéu ban dau. Trong bai bao nay, nghién ctru chon K vec to dau tién tao duoc tong phuwong
sai 16n hon 60% dé thuc hién nghién ciru tiép theo.

Trong nén tang ngdn ngit R, dé phan tich PCA céac dic tinh ciia vi nhua theo thoi gian
va khong gian, nghién ctru str dung cac ham R tich hgp Prcomp() va Princomp(). Nghién ctu
thuc hién du doan khuynh hudng bién d6i cta cac dic tinh vi nhua trong méi trudng nudc
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song Sai Gon va song Dong Nai trudc sy thay doi cua thiy tridu va thoi gian vao mua kho,
mua mua cua nam. Pinh dang don gian ctia 2 ham nay la:

> Prcomp (x,scale = FALSE)

> Princomp (x,cor = FALSE,scores = TRUE)

## x: 1 bién ma tran s6 hay khung dit liéu

## cor: la mot gia tri hop ly, néu TRUE, dit liéu cin gitra va chia ti 1€ trudc khi
dugc phan tich

## scores: 1a mot gia tri hop 1y, néu TRUE, toa d6 trén timg PC dugc tinh toan

Céc két qua dau ra dugc ham Prcomp() va Princomp() tra vé bao gdm: 1) B¢ 1éch chudn

ctia cac thanh phan chinh; ii/ Ma tran tai trong thay doi (cac cot 1a vecto riéng); iii/ Cac kha
blen iv/ Do léch chuén cua cac bién (ty 1€ ap dung cho ting bién); v) Toa d6 1a cac dai lugng
tuyén tinh hay goc chi vi tri ciia mot diém trong méi quan hé véi mot hé quy chiéu cho trude
(quan sat) trén cac thanh phan chinh. Géi Packages dugc st dung cho cic ham nay gdm
Devtools va Factoextra.

> If('require(devtools))install.packages("devtools™)

> Devtools:install_github ("kassambara/factoextra™)

2.10. Phuwong phap phan cum

Phan cum trong R dé cap dén qua trinh nhom cac diém dit liéu tuong tu lai voi nhau dya
trén dic diém cua chung. R, ngdn ngit 1ap trinh cho dién toan thong ké va do hoa, cung cap
nhiéu thuét toan phan cum khac nhau nhu K-Means, phén cum theo cap bac. Phan cum K-
Mean la phuong phap phén ving pho bién nhat. N6 yéu cau nha phan tich chi dinh sO luong
cum can trich xuat. Biéu do tong binh phwong cta cac nhom bén trong theo 6 cum dugc
trich xuat c6 thé gitip xac dinh s6 cum thich hgp. Nha phan tich tim kiém diém ubn cong
trong biéu do twong tu nhu phép kiém tra nén trong phan tich nhan t6.

3. Két qua nghién ctru

Toan b tap dir liéu s€ duoc thuc hi¢n tién xir 1y trudce khi st dung R. Trong quy trinh
lam sach tap dir licu vé vi nhua, thtr tu ciia cac bude 1a rat quan trong. Cac budc lam sach dir
liéu dugc nghién ctru thuc hién bao gém: Nhap dir liéu, lam sach hodc ddi tén cot, loai bo
trung ldp, tao va chuyén d6i cot (vi du: ma hoa lai hodc chuan hoa céc gié tri), loc hodc thém
hang. Thuc hién tao dir li¢u:

>ThS_HuynhThiNgocHan=data.frame(DangSoi, DangManh, DangHat, DangKhac)

## # A tibble: 5 x 144

i ViTri  DangSoi DangManh DangHat DangKhac
#i <chr> <dbl> <dbl> <dbl> <dbl>
##1 SGL1-High_tide-Dry_season 163969 13613 8331 17271

## 2 SGL2-High_tide-Dry_season 202466 18451 7380 17713

## 3 SGL3-High_tide-Dry_season 212350 25563 8715 43864

#i# ...

>data (ThS_HuynhThiNgocHan)

Két qua nhap dir liéu duoc xuét dudi nén tang R duoc biéu dién trong Hinh 5.

Trong bai bdo nay, nghién ctru s& xay dung va cung cdp mi R dé tinh toan va truc quan
hoa PCA trong R bang cach sir dung ham Prcomp() va goi Factoextra va thyc hién ting budc:

Budc 1: Tai Package Factoextra dé truc quan hoéa dir li¢u

>library (factoextra)

Budc 2: Tinh toan PCA

> res.pca<-prcomp(ThS_HuynhThiNgocHan,scale=TRUE)

Budce 3: Truc quan héa cic gia tri riéng (so d6 Scree Plot). Hién thi ty 1& phan trim
phuong sai duogc giai thich boi timg thanh phan chinh.

> fviz_eig(res.pca)
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=" R Console = @

Hinh 5. Nhap va xuét dir liéu trén giao dién ngon ngit R.

Budc 4: D6 thi ctia cac thanh phan. Nhimg thanh phan c6 dic diém giéng nhau s& dugc
nhom lai véi nhau.

> fviz_pca_ind (res.pca,

col.ind="cos2", # Mau sic theo thudc tinh dai dién
gradient.cols=c ("#00AFBB", "#E7B800", "#FC4EQT7"),
repel=TRUE  # Tranh chong chéo vin ban)

Budc 5: Do thi cta cac bién. Cac bién twong quan duong chi vé cting mot phia ctia biéu
dd. Cac bién tuong quan am chi ra cac canh ddi dién cua biéu dd.

>fviz_pca_var (res.pca,

col.var="contrib", # Mau sic do déng gop cho PC
gradient.cols=c ("#00AFBB", "#E7B800", "#FC4EQT7"),
repel=TRUE  # Tranh chong chéo vin ban)

Budc 6: V& biéu dd Biplot

> fviz_pca_biplot (res.pca,repel = TRUE,

col.var="#2E9FDF", # Mau bién
col.ind="#696969" # Mau thanh phan)

Budc 7: Truy cép vao két qua PCA.

Budc 8: Dy doan toa d ciia cac bién thanh phan va bién bo sung chi bang cach st dung
thong tin do PCA di thyc hién trudc d6 cung cap. Dit liéu méi phai chira cac cot (bién) c6
cung tén va theo cung thur tu vo1 dit ligu hién hoat dugc stir dung dé tinh toan PCA. St dung
ham co s& R du doan():

> ind.sup.coord<-predict(res.pca,newdata=ind.sup)

So d6 thanh phan bao gém ca thanh phan b sung:

## So 0 cac dai dién chinh

> p<- fviz_pca_ind (res.pca,repel=TRUE)

## Bo sung dai dién

> fviz_add (p,ind.sup.coord,color="blue")

Toa d6 dy doan ctia cac thanh phan co thé duge tinh toan thi cong nhu sau: i) Tap trung
va chia ty 1¢& dit liéu thanh phan méi bang cach sir dung trung tim va thang do ctia PCA; ii)
Tinh toa d6 du doan bang cach nhan cac gia tri ty 16 véi cac vecto riéng (Loadings) ctia cac
thanh phan chinh.

Budc 9: Cac bién dinh tinh/phan loai c6 thé duoc su dung dé t6 mau cac ca nhan theo
nhom. Bién nhom phai c6 cing d6 dai véi sb lwong thanh phan dang hoat dong.

> groups<-as.factor(ThS_HuynhThiNgocHan$Competition[1:])

> fviz_pca_ind (res.pca,

col.ind=groups, # Mau nhom
palette=c("#00AFBB", "#FC4EQ7"),
addEllipses=TRUE, # Elip tap trung
ellipse.type="confidence",
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legend.title="Groups",
repel=TRUE)

Tinh toan toa d6 cho cac cép do cua cac bién nhom. Toa d6 ctia mot nhém nhat dinh
duoc tinh bang toa d trung binh cua cac thanh phan trong nhom.

> library (magrittr) #cho loai %>%

> library (dplyr) # Céc loai khac

# 1. Toa do riéng

> res.ind<-get_pca_ind (res.pca)

# 2. Toa d0 nhom

> coord.groups<-res.ind$coord %>%

>coord.groups

Toa d6 ciia mot bién dinh luong nhét dinh duge tinh br:ing mbi tuong quan gitlra cac bién
dinh luong va cac thanh phﬁn chinh.

# Du doan toa do va tinh Cos2

>quanti.coord <- cor(quanti.sup, res.pca$x)

# D) thi cac bién bao gdm cac bién bo sung

>p <- fviz_pca_var(res.pca)

Két qua phan tich twong quan da bién va PCA céac dic tinh hinh dang cua vi nhya trong
moi trudong nudce song Sai Gon va song Pong Nai trén nén tang R dugc thé hién trén Hinh 6
va Hinh 7. Bén canh d6, nghién ctru st dung phuong phap vé& db thi c6 thé dé hinh dung anh
huong cia do khong dam bao tham sé trong nhitng du doan ctia mé hinh nghién ctru.

Dua theo két qua thu dugc sau khi phan tich PCA bang ngon ngit R duoc thé hién trong
Hinh 6 da cho thdy nhiing dong gop dau tién thanh phan chinh vé hinh déng vi nhya trong
nam 2021 thoa man phan trim giai thich phuong sai >10% 1a PC1(56,6%), PC2(23,8%) va
PC3 (12,7%) duoc biéu dién trén Hinh 6a va Hinh 6¢. Tuy nhién, nghién ctru nay chi lya
chon 2 thanh phén chinh dau tién vi tong 2 thanh phén nay da giai thich dugc toan b 80,5%
tap dir lidu yéu cau. Cac vec to mau xanh cho biét mdi quan hé gitra cac bién ban dau (hinh
dang MPs) va cac thanh phan chinh, d6 dai ciia vector cho biét @6 manh ctia mdi trong quan
cua bién ban dau vai thanh phan chinh. Theo két qua phén tich ma tran xoay trong Hinh 6a,
mdi tuong quan gilta cac hinh dang vi nhya trong Hinh 6d va két qua gia tri P- Value trong
Hinh 6b cho thay rang: i) Dang soi - dang khac gan nhu khong c6 moi twong quan (r = 0,08)
va dang manh - dang hat c6 mdi twong quan yéu (r = 0,47), cac gia tri P-Value < 0, 05 (coy
nghia thong ké); i1) Ngoai ra, Hinh 6a ciing cho thidy dang manh va dang hat c6 mdi tuong
quan véi thanh phan chinh PCI cao hon cac dang khac va dang so1, ngoai ra trong PC2 thi
dang soi va dang khac c6 mdi twong quan cao véi thanh phan chinh nay (nhung gia tri P-
Value giita dang sgi-dang khac trong Hinh 6b lai cho thdy chiing khong c6 y nghia thdng ké
P-Value = 0,48).

a) Két qua phan tich PCA cua R; b) Két qua trinh dién hé s6 turong quan va gia tri P-
Value cuia cac hinh dang vi nhya tir R; ¢) Biéu do Scree plot thé hién phan trim phuong sai
ma céc thanh phan chinh giai thich bo dir liéu; d) Biéu do tuong quan da bién cac hinh dang
ctia vi nhya duoc tim thay; e) Biéu d6 du bao xu hudng bién ddi cua cac hinh dang vi nhya
theo PC1 va PC2 (Hinh 6).

Twr céc phan tich trén, nghién ctru lya chon thyuc hién phép trich cac hinh dang vi nhya
cho céc thanh phan chinh nhu sau:

PC1 gém: Dang soi (hé s6 xac dinh 1a 49%), dang manh (56%) va dang hat (52,8%)

PC2 gbém: Dang khac (74,7%)

Biéu dién phuong trinh cho thanh phan chinh PC1:

PC1 =0,49DangSoi + 0,56DangManh + 0,53DangHat (8)

Biéu dién phuong trinh cho thanh phan chinh PC2:

PC2 = 0,75DangKhac 9)
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> print (pc) Correlation matrix

Standard deviacions (1, ... P DangSoi DangManh DangHat DangKhac

[1] 1.5049831 0.9764745 0.7116877 0.5244273 DangSoi 1.00 0.63 0.44 0.08

Rotation (n x k) = (4 x 4): DangManh 0.63 1.00 0.47 0.39
PCl PC2 BC3 PC4 DangHat 0.44 0.47 1.00 0.47

DangSoi 0.4900693 -0.6031740 0.03015217 -0.6285730 DangKhac 0.08 0.39 0.47 1.00

DangManh 0.5645086 -0.1953144 -0.52973450 0.6021326 Sample Size

DangHat 0.5285401 0.1991835 0.78366503 0.2585351 {11 72

DangKhac 0.4022530 0.7472344 -0.32301907 -0.418917¢6
summary (pc)
Importance of components:

robability values
DangSoi DangManh DangHat DangKhac

pC1 pC2 PC3 pCa DangSo:.~ 0.00 v} v} 0.48
Standard deviacion 1.5050 0.9765 0.7117 0.52443 DangManh 0.00 0 0 0.00
Proportion of Variance 0.5662 0.2384 0.1266 0.06876 DangHat 0.00 v} 0 0.00
Cumulative Proportion 0.5662 0.8046 0.9312 1.00000 DangKhac 0.48 0 0 0.00
a) )
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Hinh 6. Két qua phan tich twong quan va PCA cac dic diém vé hinh dang ctia vi nhya trong moi
truong nude sdong Sai Gon - Pong Nai trong nim 2021.

Hinh 6e cho thdy gan nhu cac hinh dang vi nhya trong cac diém khao sat trén séng Sai
Gon va song Dong Nai d& ¢ lién quan dén thanh phan chinh dau tién. Cac vi nhya bi phan
rd ngoai dang soi, manh, hat c6 lién quan dén thanh phan chinh th hai. Cac hat dang soi, hat
va bi phdn manh 1a céc loai vi nhya chinh dugc tim théy trong nudc bé mat luu vuc song
trong ca hai mua, vao lic tridu 1én va xudng trong ngay.

Phén tich tuong t cho nim 2022, Hinh 7a va Hinh 7c cho thdy nhitng déng gop dau
tién thanh phan chinh vé hinh dang vi nhwa trong niam 2022 théa méin phan trim giai thich
phuong sai > 10% la PC1 (65,3%), PC2 (19,1%) va PC3 (12,3%). Nghién ctru nay chi lya
chon 2 thanh phan chinh dau tién vi tong 2 thanh phan nay da giai thich duoc toan bo 84,3%
tap dit liéu yéu cau trong nam 2022 (Hinh 7c¢). Vec to hinh dang vi nhya dang soi c6 chiéu
dai vuot tréi hon so v6i nam 2021. Pidu ndy ching t6 mirc nhiém vi nhya dang soi trén luu
vuc 2 con song van cao va tang hon nam 2021. Két luan nay duoc khing dinh boi ¥ nghia
thong ké cua dir liéu khao sat 13 rat rd rang boi gia trj P-Values hoan toan < 0,05 (Hinh 7b).
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Correlation matrix

> print(pc)

Standard deviations (1, .., p=4): DangSoi DangManh DangHat DangKhac
[1] 1.6147184 0.8748295 0.7016527 0.3674798 DangSoi 1.00 0.37 0.64 0.25
DangManh 0.37 1.00 0.75 0.49
Rotation (n x k) = (4 x 4): DangHat 0.64 0.75 1.00 0.64
PC1 pC2 pC3 pC4 = >
DangXh . 0.49 0. .00
DangSoi 0.4255148 0.78690590 -0.27508579 0.3521989 angRhac 0=25 Q-3 008 LG
DangManh 0.5112127 -0.19430465 0.73889952 0.3936175 Samp;}’e Size
DangHat 0.5907643 0.05233241 0.03357134 -0.8044450 11 72
0.4567233 -0.58334048 -0.61418912 0.2718260 robability values
summary (pc) DangSoi DangManh DangHat DangKhac
Importance of components: DangSoi 0.00 0 0 0.03
i = b i DangManh 0.00 ] ] 0.00
n 6 0.8748 0.7017 0.36748 Z = =
i o i b shAs 0 iais oAz o owie (Demide 1040 0 o 0.00
b X n n: . -3 « 4 «dZ - £ o o 00
Cumulative Proportion 0.6518 0.8432 0.9662 1.00000 DangKhac 0.03 o o V=00
a) b)
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Hinh 7. Két qua phan tich twong quan va PCA céc dic diém vé hinh dang cta vi nhua trong méi
truong nude sdong Sai Gon - Pong Nai trong nim 2022.

a) Két qua phan tich PCA ciia R; b) Két qua trinh dién h¢ sb tuvong quan va gia trj P-
Value ciia cac hinh dang vi nhya tir R; ¢) Biéu do Scree plot thé hién phan trim phuong sai
ma cac thanh phan chinh giai thich bo dit lidu; d) Biéu do tuong quan da bién cac hinh dang
ctia vi nhya duoc tim thay; e) Biéu do du bao xu hudng bién doi ciia cac hinh dang vi nhya
theo PC1 va PC2.

Pé xé4c dinh cac nhén t6 trong 2 thanh phan PC1 va PC2, nghién ctru dya vao Hinh 7a
va Hinh 7d va lua chon két qua trich hinh dang vi nhya nhu sau:

- PC1 gdém: Dang soi (hé s6 xac dinh 13 43%), dang manh (51%) va dang khac (46%)

- PC2 gdm: Dang khac (52%)

Phuong trinh biéu dién thanh phan chinh PC1:

PC1 = 0.43DangSoi + 0.51DangManh + 0.46DangKhac (10)
Phuong trinh bi€u dién thanh phan chinh PC2:
PC2 = 0.52DangHat (11)

Gan nhu cac hinh déng vi nhwa trong cac diém khao sat trén song Sai Gon, song Dong
Nai dé 6 lién quan dén thanh phén chinh dau tién (dang soi, manh). Cac vi nhya bi phén ri
dang hat c6 lién quan dén thanh phan chinh thr hai. Cac vi nhua dang soi, manh va bi phén
manh 13 cac loai vi nhya chinh dugc tim thay trong nudc bé mit luu vyc song vao luc triu
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1én va xudng trong ngdy, trong ca hai mua, dic biét la vao mua kho. Trong d6 ham lugng vi
nhya dang soi kha cao. Trong Hinh 7e, vi nhua trong triéu 1én va triéu xudng ctia mua kho
va vao luc tridu 1én ciia mia mua déu chiu 4nh hudng nhidu béi PC1 (giai thich dugc 65,3%
phuong sai) trong khoan gia tri PC1 1a tir -2 dén 2 (cum elip xam, d6 va cam) va vi nhua céac
hinh dang con lai xuét hién trong mua mua luc triéu xudng chiu anh huéng chinh bai PC2
(giai thich duoc 19,1% phuong sai), c6 cum elip mau xanh 14. Ngoai ra, két qua phan tich
PCA cho thiy luu virc song Sai Gon va song Pong Nai bi anh hudng boi cac dang vi nhya
soi, manh nhiéu hon trong ca hai mua cua nam 2022. Ham luong vi nhya dang soi tir cac
ngudn phat sinh anh huong luu vuc cac song rét cao.

Nhu viy, trong 2 nim 2021-2022, mic nhiém vi nhya dang sgi, manh kha vuot troi
hon cac dang khéc trong ca cac mua ctia nam, nim 2022 cao hon nim 2021. Can c6 sy chii
trong trong ngudn gdc 1am phat sinh vi nhya dang nay dé co6 sy kiém soat va quan 1y kip thoi.

Pé kham phé nhiing dia diém léy mau c6 dic diém hinh dang vi nhya tuong tu nhau,
mot phan tich cum duoc tién hanh dya trén hinh dang cta vi nhya trung binh trong mua kho
va mua mua (Hinh 8).

# Chuén bj dit ligu

>ThS_HuynhThiNgocHan<-na.omit(ThS_HuynhThiNgocHan) #Danh sach x6a thiéu

>ThS_HuynhThiNgocHan<-scale(ThS_HuynhThiNgocHan) #Chuan hoa céc bién

# Xac dinh s6 cum

> get_clust_tendency (df, n=15,graph=T)

> cl$hopkins

# Chi s6 Hopkins (-1:1) cho thiy c6 thé phan nhém dugc khong, cang gan 1 thi kha nang
phan nhém tot

> print (cl$plot)

Céc vi tri 1dy mau duoc chia thanh 2 nhém trong ca 2 mua cta nim 2021 gdm 2 cum
mua co ban la mau xanh duong va mau do voi chi s6 Hopkins = 0,76 (dit liéu kha thich hop
dé phan tich cum) va K-Cluster t6i uu 14 2 (nghién ctru chon phan nhdém cac vi tri lay mau
thanh 2 cum dé quan sat). C6 sy khac biét tuong dbi 16 rét trong phén loai cac vi tri lay mau.

ll a1 Cluster plot
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Hinh 8. Két qua phan tich cum dya trén hinh dang ctia vi nhya trong trong 2 nim 2021 - 2022:
a) Hinh minh hoa mdi lién két theo mau cua 2 cum (xanh duong va d6) trong nam 2021; b) Biéu
dd cum nam 2021cta 18 vi tri khao sat trén cac song Sai Gon va sdng Dong Nai; ¢) Hinh minh
hoa mébi lién két theo mau cua 2 cum (xanh duong va do) nam 2022; b) Biéu d6 cum (cluster
plot) vao nam 2022 cua 18 vi tri khao sét trén céc song Sai Gon va song Pong Nai.

Dim1 (65.2%)
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Céc vi tri thugc nhém mau xanh duong va nhoém mau do c6 chung dic diém vé hinh dang
vi nhya, chiu anh huéng bai PC1 giai thich 56,6% phuong sai gom dang so1i (h¢ sd xé4c dinh
1a 49%), dang manh (56%) va dang hat (53%). Cac phan loai dac diém hinh dang vi nhya tai
dja diém 14y miu cho céc cum khac nhau dugc trinh dién trong Hinh 7b. Tuong tu nhu vay,
vao nam 2022, vi tri lay mau duoc chia thanh 2 cum mau co ban 1a mau xanh duong va mau
d6 véi chi sd Hopkins = 0,78 va K-Cluster t8i wu 12 2. C6 su khac biét tuong ddi 1o rét trong
phan loai cac vi tri léy mau. Céc vi tri thudc nhém mau xanh duong va nhém mau d6 c6
chung déc diém vé hinh dang vi nhya, chiu anh huong boi PCI giai thich 65,2% phuong sai
gom dang sgi (h¢ s6 xé4c dinh 1a 43%), dang manh (51%) va dang khac (46%). Cac phan loai
dic diém hinh dang vi nhya tai dia diém 14y mau cho cac cum khac nhau duoc trinh dién
trong Hinh 8.

Két luan vé két qua phan tich cum d3 dap tmg phu hop véi két qua PCA vé hinh dang
MPs. Tét ca cac vi tri 1y mau trén luu vyc cac song Sai Gon - DPong Nai déu dang c6 mirc
MPs dang soi cao va tang tinh tién theo nam. Két qua nghién ciru dac diém cua hinh dang vi
nhua theo mua va thuy tridu bang ngon ngir R ¢6 thé dat duoc méi truong xu ly lugng dir
liéu 16n, dua ra duogc cac két qua dd thi thé hién truc quang rd rang vé dir liéu nghién ctru,
ddng thoi véi phuwong phap Machine learning, cac dit liéu duoc xir Iy phdi hop nhiéu mé hinh
dua ra duoc két qua voi do tin cdy cao hon ma hién nay cac phuong phap mé hinh khac chua
thuc hién dugc. Néu dit lidu cac nim dugc thém va bo sung vao tép dit liéu, s6 miu tang tinh
tién, hé théng s€ tu hoc va tu phan tich dua ra két qua vé dién bién hinh dang vi nhya trong
tuong lai, nhiéu két qua nghién ctru s& dat 46 chinh xac vé dy bao cang t6i uvu. Phuong phap
nay rat phi hop va can dugc phat trién trong van dé xir 1y dir liéu 16n cia méi trudng, nhu
danh gia tép dir liéu tinh tién vé cac yéu t6 gay ton thuong va 6 nhiém dé du bao mure do bién
do6i khi hau. Bac biét, viéc dung phuong phap du bao voi tép dir licu co s6 dong mau ting
tinh tién & muc cao (Big data) bang ngon ngit R d6i véi cac chat “6 nhiém méi” nhu vi nhya
1a v6 cung quan trong trong cong viéc nghién ctru, boi vi sur tao thanh cac chat nay (thot gian
phan i chat thai nhya thanh vi nhya) lai can d6 dai thoi gian 16n, doi khi vuot qua tudi tho
loai nguoi.

4. Két luin

Ung dung thanh cong phuong phap phan tich dit liéu thuc té dé dy bao dién bién dic
diém hinh dang vi nhya trong méi trudong nude séng Sai Gon va song Béng Nai trén nén tang
ngbn ngit R 1a két qua nghién ctru hiéu qua trong linh vyc nghién ctru vé vi nhya hién nay.
Mot trong nhiing khia canh thach thirc nhit cta viéc xdy dung phuong phap dy bao trén nén
tang R la can phai xac dinh package nao dugc st dung trong truong hop cu thé. Trong két
qua xay dung dugc, nghién ciru da cung cap dugc it nhat cac package dac biét dugc thiét ké
riéng cho muc dich phan tich twong quan, phén tich thanh phan chinh va phan tich cum hiéu
qua, trinh dién cac biéu d6 dién giai két qua phan tich mot cach 16 rang cac dic tinh hinh
dang ctia vi nhwra theo mua va theo muc nude thiy triéu. Phuong phap xay dung thuét todn
giam chiéu dit liéu va phan cum trén R du doan khuynh huong dac diém hinh dang cua vi
nhya trong nudc mat luc dia song Sai Gon va song Bong Nai da giai quyet dugc nhu cau vé
mdt cong cu danh gia véi do tin cay cao, xir Iy dugc vain dé da cong tuyén trong dir lidu thuc
nghiém, xtr Iy dugc thu vién dir liéu 16n va hoan toan tranh dugc chi phi tai chinh cho ban
quyén tir cac phan mém duoc ban sin trén thi truong. Ngoai ra, phuong phap nay co thé duoc
1ap trinh cac ham d6 hoa, dua ra cac hinh anh, biéu d6 hién thi phong phu, giai thich rd rang
cac ndi dung ma cac nha chuyén moén mdi trudong, cac nha nghién ctru vi nhya co thé luan
giai dugc trong kham phé dir liéu nghién cru vi nhya. Bén canh d6, han ché trong két qua
dat dugc cua nghién ctru 1a dir li€u quan sat vi nhya trén 2 Iuu vuc song con it, chi méi thu
thap duoc trong 2 nam 14 2021 va 2022 bai vi “chat 6 nhiém” méi nay hién nay gan nhu chi
mai dugce nghién ctru & mirc do phat hién, danh gia vé mat do. Chinh lugng dir li€u con han
ché 1am giam d9 tin cay khi phén tich bang cdc mé hinh ML ctia ngén ngit R mic du d6 chinh
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xac cia phuong phép (ét cao. Cac ma code, goi Package ludn can phai duoc diéu chinh thich
hop khi cap nhat h¢ diéu hanh may tinh va cac phién ban cua R.

bong gop cua tac gia: Xay dung y tuong nghién coru: H.P., HT.N.H.; Lya chon phuong
ph&:lp nghién ctru: H.P., N.T.H.; Xt ly s6 liéu: H.T.N.H., V.H.K.; Lay mau: H.P., H. T.N.H.;
Viét ban thao bai bao: H.P., H.T.N.H.; Chinh stra bai bao: H.P., H.-T.N.H.

Loi cam on: Nghién clru nay dugc thuc hién dudi sy tai trg ctia du an nghién ctru Vién Moi
truong va Kinh t€ tuan hoan Mién Nam (IECES).

Loi cam doan: Cac tac gia dam bao rang bai viét nay la cong trinh cua céc tac gia, chua duoc
xuat ban & noi khac, khong dugc sao chép tir nghién ctru trude do; khong co6 xung dot loi ich
trong nhom tac gia.
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Abstract: The study has developed an algorithm to predict the spread of microplastics in
continental surface water using the R programming language. The algorithm has the
functions of modeling, correlation analysis, principal component analysis, data
multicollinearity processing and cluster analysis of shape characteristics of microplastics
according to the season of the year and the tidal water level of the day. Research results
have shown that sampling locations in the Saigon River and Dong Nai River all have high
density of fibrous microplastics and increase year by year. The research results are an
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effective tool in predicting changes in the shape characteristics of microplastics according
to the seasons of the year and the high and low tides of the day. Furthermore, this result can
be used to adapt models to data collected under continuous conditions, large amounts of
stored data, and high accuracy. From there, it is the basis to pay more attention to the source
of microplastics and have timely control and management. This is an important contributing
tool in the study of microplastics in water of the Saigon River and Dong Nai River, and will
be widely applied to the study of microplastics in continental surface water.

Keywords: Cluster analysis; Multivariate correlation analysis; Principal component
analysis; R; Microplastics.



