ﬁ VIETNAM JOURNAL OF ‘

‘@ JJ HYDROMETEOROLOGY M) Check for updates
Bai bao khoa hoc

Dy bio ndng @ bui PM2.5 phat tin trong qua trinh nd min trén
cic mé 1 thién sir dung mang no—ron nhén tao va giai thuat toi
wu héa bay dan cai tién (APSO-MLP)

Nguyén Hoang'?*, Bli Xuan Nam!2, Tran Quang Hiéu'2, Tran Khic Hing3, Nguyén
Tuan Thanh*

! B6 mon Khai thac 16 thién, Khoa Mo, Truong Dai hoc Mo — Dia chat, S5 18 Phd Vién,
phuong Puc Thing, quian Bic Tu Liém, Ha Noi; nguyenhoang@humg.edu.vn;
buixuannam@humg.edu.vn; tranquanghieu@humg.edu.vn

2 Nhom nghién ctru manh Nhimng tién bd trong khai thac mé bén viing va cé trach nhiém
(ISRM), Trudng Dai hoc Mo — Dia chit, S6 18 Phd Vién, phudong Pic Thing, quin Bic
T Liém, Ha Noi

% Vién Khoa hoc An toan va Vé sinh lao dong (VNNIOSH); khachung722007 @gmail.com

* Trudng Dai hoc M6 — Dia chét, S6 18 Phé Vién, phuong Puc Thrfmg, quan Bic Tur Liém,
Ha Noi; nguyentuanthanh@humg.edu.vn

* Tac gia lién hé: nguyenhoang@humg.edu.vn; Tel.: +84-977218899
Ngay nhan bai: 6/02/2022; Ngay chip nhan dang: 16/03/2022; Ngay xuit ban: 25/8/2022

Tém tit: Trong bai b4o ndy, bui min PMzs sinh ra do qué trinh nd min trén mé 16 thién da
dugc du bao bai c&c md hinh tri tué nhan tao dya trén mang no—ron truyén thang nhiéu 16p
(Multi-layer Perceptron Neural Network — MLP) va cé4c giai thuat “tdi wu hoa bay dan”
duogc cai tién (Accelerated Particle Swarm Optimization — APSO), giai thuat di truyén
(Genetic Algorithm — GA), ¢6 tén goi APSO-MLP va GA-MLP. Céc thong s6 nd min va
diéu kién khi tuong da duoc xem xét trong nghién ctru ndy. Mot mang MLP da duoc thiét
ké dé du bao ndng d6 bui min PMzs. Céc giai thuat tdi wu hoa APSO va GA di duogc dua
vao dé toi wu hoa cac trong sd cia mo hinh MLP nhim cai thién mirc do chinh xac cia mo
hinh MLP truyén théng trong qua trinh du béo. Cac két qua cho thay ca hai mé hinh dugc
phat trién déu c6 kha ning du bao nong do bui min PMys sinh ra do nd min véi muc do
chinh xac twong ddi cao. Trong d6, md hinh APSO-MLP cung cip mic do chinh xac cao
hon so v6i md hinh GA-MLP (RMSE = 5,102; R? = 0,900 va MAPE = 0,063). Trong khi
d6, md hinh GA-MLP chi cung cdp murc d6 chinh xac voi RMSE = 5,331, R? = 0,890 va
MAPE = 0,073.

Tir khoa: Mo 10 thién; N6 min; PM2s; Mang no—ron nhan tao; Giai thuat t6i wru; Phat trién
bén viing.

1. Pt van dé

Khai thac 16 thién 1a mot trong nhitng phuong phap khai thac phd bién nhat nhiam thu
hoi tai nguyén khoang san co ich trong 10ng dat. Tuy nhién, cac tac dong tiéu cuc cla cac
hoat dong khai thac 1§ thi€n t61 moi truong xung quanh 1a khong hé nhé (bui, khi dgc, chiém
dung dién tich dat dai, nhiém ban ngudn nudc, chan dong n6 min,...). Trong s6 cac tac dong
d6, van dé 6 nhiém bui trén cac mo 10 thién dang 1a moi quan tdm chlnh cua cac mo, dac biét
la bui min [1-2].

Mot trong cac hoat dong chinh trén cac mo 16 thién gay phat sinh mét lugng 16n byi do
1a hoat dong nd min. Nhitng ddm mAy bui rat 16n xuét hién sau mdi vu nd6 mang theo nhleu
bui min [3-4]. Duéi tac dong cua cac diéu kién khi tuong, dic biét 13 hudng gié va tée do
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gi0, bui min s& gay tac dong khong nho t61 moi trudng xung quanh va vung anh hudng cd
thé rat rong [5-6]. Bé giam thleu bui trong qua trinh n6 min, cac giai phap nhu: tudi nudce bé
mit bai nd trudc va sau khi nd min, sir dung phwong phap nd min phan doan sir dung bua
nudc,... Nhimg giai phap nay tuy c6 hiéu qua trong viéc giam bui phat sinh sau khi n6 min,
nhung chu:a ¢6 kha niang du bao va kiém soat duoc nong do bui min phat tan do cac hoat
dong ndé min. Noi cach khac, cac giai phap k¥ thuat trén méi chi la cac gidi phap giam bui
tuc thoi ma chua c¢6 kha nang du bao trudce khi cac vu nd Xay ra dé danh gia mirc do 6 nhiém
bui do cac hoat dong nd min gay ra va cac giai phap tiém ning co thé ap dung dé xu Iy hiéu
qua nong do bui phat tan.

De du bao nong d6 bui min phat sinh khi né min trén cac mo 16 thién, cac phuong phap
truyén thong thuong sir dung cac moé hinh mé phong nong d6 bui phét tan theo hudng gioé va
tdc do gié nhu mé hinh Sutton, Pasquill, Berliand,... [7]. Tuy nhién, cac md hinh trén con
ton tai nhiéu han ché v6i mutrc d chinh xac con khiém tén do cac dic thi riéng va cac yéu td
hinh hoc cua mo.

Trong nhirng nim gan day, khoa hoc may tinh véi sy phat trién ctia cong nghé thong tin
va sy ra doi cua tri tu¢ nhan tao da 1am thay ddi ca thé gi6i, khong ngoai trir khai thac mé.
Dé du bao néng d6 bui phat sinh trén moé ndi chung va do cac hoat dong nd min néi riéng,
nhiéu mé hinh tri tu¢ nhan tao (Artificial Intelligence) va hoc may (Machine learning) da
duogc phat trién cho muyc dich nay véi mae d6 chinh xac dugc cai thién dang ké so voi cac
phuong phap truyén thong. [8] di phat trién mot mé hinh tri tué nhén tao lai (Hybrid model)
dua trén mang no—ron nhan tao (Artificial Neural Network — ANN) va giai thuat di truyén
(Genetic Algorithm — GA), goi tat a GA-ANN dé dy bao nong d6 bui PMio phét sinh do cac
hoat dong khoan trén mo véi muice do chinh xéac sai s6 binh quan phuong géc RMSE = 0,028,
hé sb xac dinh R? = 0,979, sai sd tuyét ddi binh quan MAE = 0,023 va ti 1¢ phén tram 16i
tuyét ddi trung binh MAPE = 0,055. Trong mdt nghién ctru khéc, [9] da st dung h¢ thong
mo (fuzzy system) dua trén ciac mé phong Monte Carlo két hop véi Iy thuyet xac suat va 1ap
trinh biéu hién gen (Genetic Expression Programming — GEP) dé du bao ndng d6 bui phat
sinh khi n6 min trén mé. Céc két qua cho thdy mo hinh nay dat t6i muc d¢ chinh xac R? =
0,8754 va RMSE = 7,0181 trong qué trinh thir nghiém. Cac mo phong Monte Carlo cua
nghién ctru nay ciing cho thiy khoang cich phét tan bui khéng vuot qua 199212 m. [10]
cling da dé xuat mot mo hinh lai dé dy bao ndng do bui khi nd min tai mo da voi sir dung cac
phan tich héi quy (regression analysis) va thir nguyén (dimentional analysis). Cac két qua
cung cip muc do chinh xac rat cao v6i R? = 0,9357. Mot mé hinh tri tué nhén tao lai khac
ciing da dugc phat trién boi [11] nham du bao buyi phat tan theo phuwong thang dimg trong
qué trinh nd min trén cic mo 16 thién sir dung mang no—ron nhan tao va ban d6 nhan thirc
mo (fuzzy cognitive map). Cac két qua cung cap muc d6 chinh xéac rat cao voi R? = 0,9933
vaf RMSE = 0,009. [12] trong mét nghién ctru khac ciing di dé xuat mot mo hinh tri tué nhan
tao dua trén phan tich thr nguyén va mang no—ron nhan tao cho muc dich twong tu va céc
két qua 1a rat kha quan vé6i do nhay va do chinh xéac cao.

Xem xét cac khia canh va tong quan cac cong trinh cho thy tri tué nhéan tao 1a mot cong
cu manh mé cung cap mirc d6 chinh xac cao trong viéc du bao ndong do bui phét sinh trong
qua trinh nd min. Tuy nhién, cidc mo hinh tri tué nhan tao chwa dugc xem xét phat trién dé
du bao néng do bui phat sinh hodc phéat tan trong qua trinh nd min tai cac mo 16 thién Viét
Nam. Do d6, bai bao nay nhiam trinh bay cac két qua nghién ctru phat trién mé hinh tri tué
nhan tao lai dya trén mang no—ron truyén thing nhiéu 16p MLP va céc giai thuat t6i wu hoa
bay dan duoc cai tién APSO, giai thuit GA, goi tat 1a APSO-MLP va GA-MLP, dé du bao
nong do bui PMzs phét tan trong qua trinh n6 min.

2. Phuwong phap nghién ciru

Trong nghién ciru ndy, mang no—ron nhan tao truyén thang nhiéu 16p — MLP da dugc
xem xét dé du bao ndng d6 bui PMys phét tan trong qua trinh né min trén moé 16 thién. MLP
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dugc xem la mot trong nhiing loai mang no—ron nhén tao phd bién va duoc ap dung rong rii
trong nhitng ndm gan déy [13-15].

Céu trac ciia mang MLP bao gom 16p thong s6 dau vao (inputs), mot hodc nhidu lop a an,
va 16p dau ra (output). Cac 16p nay chira cac no—ron nhan tao va chung dugc lién két véi
nhau dé truyén tai va xur ly thong tin. Cac no—ron dugc két ndi v61 nhau va dugc mé hoa dudi
dang céc trong sb va do léch giita cac 16p. Chung phan anh méi lién hé giita cac no—ron lién
két voi nhau va duge xt 1y, tinh toan thong qua cac ham kich hoat gitta cac tang (16p).

Ngoai ra, cac ham kich hoat (activation function) duoc str dung dé mé phong ty 1 truyén
Xung qua axon cua mot no—ron than kinh va chung thuong dong vai tro 14 thanh phan phi
tuyén tai cac nat ddu ra cia mang no—ron [16]. Cac ham kich hoat nay c6 anh huéng 16n toi
mirc d6 chinh xac clia mang no—ron trong qua trinh huan luyén.

Bén canh d6, mot thanh phén quan trong khong thé thiéu cho cac mang no—ron nhan tao
no6i chung va mang MLP néi riéng 1a giai thuat hun luyén. Cac giai thuat huan luyén thuong
quyét dinh nhiéu dén marc d6 chinh xac cua mang no—ron nhan tao. Trong thuc té, c6 nhiéu
giai thuat co thé ap dung dé hudn luyén mang no—ron nhan tao nhu: giai thuat lan truyén
nguoc (backpropagatlon algorithm), gidi thuat Levenberg-Marquardt, Adam,... [17-18].

Dé danh gia “muc do tot” ca mang no—ron nhén tao, ham mat mat (Loss funtlon) duoc
su dung nham tim ra tap hop trong s6 va do léch tdt nhat giip gidm thiéu ham méat mat. Co
rat nhiéu ham mat mét c6 san c6 thé str dung dé danh gia hiéu suat huan luyén cia mang MLP
nhu MSE (sai s6 binh quan trung binh), RMSE, R?, MAPE,...

Do d6, viéc thiét ké va lua chon cdu triic mang, giai thuat huan luyén ciing nhu ham kich
hoat hgp Iy cho mang no—ron nhan tao MLP dugc xem la mgt cong viéc quan trong va chiing
quyét dinh t6i mtrc d6 chinh x4c ctia mo hinh du bao. Cau triic co ban cia mang MLP du béo
néng dd bui PM2s phat tan do cac hoat dong nd min trén mo 16 thién duoc minh hoa trong
hinh 1.
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Hinh 1. Mang no—ron truyén thing nhiéu 16p MLP du bao PM; 5 phét tan do cac hoat dong nd min trén
mo 16 thién.

Trong nhiing niam gan déy, cic giai thuat ti uu ciing da duoc nghién ciru, phat trién
manh mé va chung c6 xu thé duoc str dung thay cho cac giai thuat truyén thong dé huan luyén
mang no—ron nhan tao vdi hiéu suat duoc cai thién dang ké [19-21]. Trong s6 do, cac giai
thuat téi uu hoéa bay dan (Particle Swarm Optimization — PSO) va giai thuat di truyén
(Genetic Algorithm — GA) 1a nhiing gii thuat t6i wu duoc sir dung rong rii trong nhiéu linh
vuc khac nhau.
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[22] 14 nhimg ngudi dau tién gidi thiéu giai thuét t6i wu hoa PSO tir nim 1995 dua trén
co ché sin moi cua cac dan dong vat trong thuc té (dan chim, dan ca,...). Méac du c6 nhiéu
vu diém trong qua trinh t6i wu hoa cac bai toan thuce té, tuy nhién giai thuat PSO goc van gap
phai mot s6 nhuoc diém nhu dé& bi 101 vao t61 wu hoa cuc bd dbi véi dir liéu nhiéu chiéu
(khoang khong gian tim kiém 16n) va téc d6 hoi tu chdm [23]. Do do, dén nam 1999, [24] da
thyc hién mot cai tién nhé nham khac phuc cac nhugc diém trén bang cach thém vao céc
trong SO Wmin V& Winax (trong luong tdi thiéu va tbi da cua céa the) va no dugc goi l1a giai thuat
t61 uvu hoa bay dan thic day Accelerated Particle Swarm Optimization — APSO). Chi tiét vé
giai thudt PSO va APSO c6 thé tham khao trong cac tai liéu tham khao [24-27]. Dya trén cac
wu diém cua nhitng cai tién d6, nghién ctru ndy da xem xét str dung giai thuat APSO dé tbi
vu hoéa mé hinh mang no—ron nhan tao MLP dy bao ndng do bui PM2s phén tan trong qua
trinh nd min trén mé 16 thién, dugce goi la mé hinh APSO-MLP. So dd lam viéc ciia mé hinh
APSO-MLP dugc minh hoa trong hinh 2.

Trong nghién ctru nay, giai thuat GA ciing duoc xem xét sir dung dé t6i vu hda mé hinh
MLP cho muc dich tuwong tw, goi tit 1d md hinh GA-MLP. Chi tiét vé giai thuat GA co thé
tham khéo trong cac tai liéu [28-30]. Pong thoi, nd duge sir dung dé so sanh v6i mo hinh
APSO-MLP trong qua trinh du bao ndong do bui PM2 5 phét tan do cac hoat dong n6 min trén
mo 19 thién. Co ché ti ru héa mé hinh MLP ctia giai thuat GA tuong ty nhu giai thuat APSO
trong hinh 2.
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Hinh 2. So d6 lam viéc ciia mé hinh APSO-MLP.

3. Dir liéu sir dung

Trong nghién ctru nay, cac dir liéu dugc thu thap tai mo than Coc Sau tai Quang Ninh.
Pay 12 mo than 16 thién sau nhat Viét Nam dén thoi diém hién tai (-300 m so véi myuc nude
bién). Ngoai ra, mo than Coc Sau nam lién ké véi cac mo than Péo Nai va Cao Son va cach
khu vuc dan cu khoang hon 600m vé phia Nam. Do d6, anh hudng ciia bui mo 1a réat 16m.
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Trong nghién ctru nay, 10 bién dau vao da dugc xem xét bao gdm: khdi luong thude nd sir
dung (Q), chi tiéu thude no (q), chidu dai cot bua (L), khoang cach giita cac hang 18 khoan
(b), d am khong khi (AH), d6 am thanh phén cta dat d4 (MC), 4p suat khong khi (AP), toc
do gio (WS), huong gio (WD), va khoang cach quan trac buyi tinh tir vi tri n6 min (D).

De quan tric nong do bui PMzs phét tan trén mé do cac hoat dong nd min, cc tram quan
trac c6 dinh (duoc thiét ké va ché tao bai nhom nghién ctru ISRM—-Truong Pai hoc M6 — Dia
chét) duoc dat tai mot sd vi tri can giam sat trén mo. Trong thuc té, cac tram quan tric duoc
dat & huong Nam 1a huéng ma bui mé co thé anh hudng té1 khu vuc dan cu 1an can. Cac vi
tri ddt cac tram quan tric c6 thé thay doi tiy thudc vao mdi vu nd nhu dwoc minh hoa trong
hinh 3. Céc gia tri ndng d bui duoc quan trac theo thoi gian thuc véi chu ky 1 gidy. Tuy
nhién, chi gia trj ndng do bui 16n nhit duoc lya chon va str dung trong b¢ dir liéu nhu nhiing
bién dAu ra ciia m6 hinh (output). Thoi gian quan tric duoc tién hanh tir 04/2018 dén 12/2021
tuy thude vao diéu kién thuc tai mé khi nd min. Dit liéu sir dung trong nghién ctru nay dugc
tom tat va mo phong trong bang 1 va hinh 4.

MONG DUONG

CamiPha

Hinh 3. M6 than Coc Séu va cac tram quan trdc bui trén mo.

Bang 1. Tom tit dit liéu sir dung dé dy bao PM2s phat tan do nd min.

Phan loai Q q Lo b AH MC AP WS WD D PMz2s
Nho nhét 12248 51 2,8 4 69 1,74 102 0,02 1 29,9 17
25% dir lieu 14598 52 3,8 5,8 75 2513 104 1,725 5 116,4 52
Trung vi 15404 55 43 6,4 80,5 3455 105 2,3 9 2151 65
Trung binh 15625 5,484 4,369 6,365 79,86 3,327 1053 2,245 8,563 203,8 63,38
75% dit lidu 16941 57 4,8 7 84 3,98 106 3,013 12,75 263,1 75
Lén nhét 19688 5,9 6,3 8,7 95 5,54 109 3,97 15 386,2 114
Luu ¥, huéng gié di duge ma hoa dudi dang s6 dé phuc vu bai toan hoi quy mot cach
hi¢u qua.
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Hinh 4. Mat d6 phéan b cua dit liéu.

4. Két qua va thao ludn

Trudc khi phét trién mé hinh APSO-MLP va GA-MLP dé du bao PMzs, bo dit liéu da
dugc xem xét, phan tich va tién xur Iy dé loai bo cac yéu td c6 thé gay nhifu hoic giam mirc
d6 chinh x4c ctia mo hinh. Sau d6, 142 dir liéu dugc phan chia ngiu nhién thanh 2 phan: 70%
stt dung dé huan luyén mé hinh va 30% con lai dé kiém tra mic d6 chinh xac cua cac mo
hinh d4 huén luyén.

Dé thiét ké cau triic mang MLP, k¥ thuat thir va sai (trial-and—error) da dugc ap dung.
Mot ciu trac MLP véi mot 16p 4n va 25 no—ron an da dugc thiét 1ap trong mang MLP. Mot
ham muc tiéu (loss function) phuc tap MSE da dugc sir dung lam trong qua trinh huan luyén
mang MLP nay. Qua trinh huén luyén, ham kich hoat ReLU da dugc st dung. Bén canh do,
s6 lugng quan thé ban dau dugc khai tao dugc thiét 1ap v6i 200 ca thé va qua trinh huan luyén
dugc thue hién vai 1000 epoches va batch size 1a 16.

Déi voi cac tham sd cua giai thuat, 10 bo tham sé khac nhau cua mdi giai thuat duoc
xem xét ap dung dé tham gia vao qua trinh huén luyén mé hinh MLP. Dé danh gia va lya
chon dugc bd tham sd t6t nhat cua giai thuat, mot ham muc ti€u phtc tap dya trén nhiéu chi
s6 hiéu suat (RMSE va MAPE) di duoc str dung dé danh gia hiéu sudt clia cac mo hinh mot
cach toan dién hon nhu dugc trinh bay trong phuong trinh (1).

fitness = 0.5RMSE + 0.5MAPE Q)

Trong qué trinh huin luyén mo hinh, ky thuét kiém tra chéo k—nép gap (k—folds cross—
validation) da duoc ap dung dé dénh gia hiéu suat ciia mo hinh mot cach khach quan, khong
thién vi. Trong nghién ctru ndy, 5 folds di dugc st dung va l3p lai 3 1an trong qua trinh huan
luyén mo hinh. Theo d6, 70% dir li¢u huén luyén dugc chia thanh 5 folds va ching lan luot
dugc huan luyén va kiém tra dé xac dinh mirc d6 chinh x4c trung binh trong qua trinh huan
luyén mo hinh nhu dugc minh hoa trong hinh 5. Qua trinh huén luyén va chon b tham s6 tt
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nhat cho cac mé hinh APSO-MLP va GA-MLP d du bao nong dd PM.s phat tan do cac
hoat dong n6 min trén mo 19 thi€n dugc minh hoa trong hinh 6.
Fold kiém tra Fold hudn luyén
i

—

——
L3n 1 - — Hiéusuat H,
an2 [ [
Lan 3 - » Hiéu sudtH; — Hiéu sust chung:
Lan 4 - ~ > Hidu suat H, P=%ZH"
Lan 5 - —» Hiéu suat H,

-

—> HiéusuatH,

5-folds

Hinh 5. Ky thuat kiém tra chéo véi 5 folds.
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Hinh 6. Hiéu suit hudn luyén va kiém tra ctia cac md hinh APSO-MLP vad GA-MLP vdi cac bd
tham s6 t6t nhét: (a) M6 hinh APSO-MLP; (b) Mé hinh GA-MLP.
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Céc két qua huin luyén mo hinh MLP bang cac giai thuat t5i vu APSO va GA dé du béo
PM_25 trong hinh 6 cho thdy sai s6 ctia cac mé hinh rat nho (MSE trén duéi 0,003) va khong
c6 su khac biét nhiéu giita hai mé hinh. Céc két qua twong tu cling dwoc ghi nhan trén tap dit
liéu kiém tra. Tuy nhién, di v6i m6 hinh GA-MLP, vung hoi tu lai khong phai ving cung
cép muc dd chinh xac cao nhat, nhu thé hién trong hinh 6. Trong khi d6, mé hinh APSO—
MLP cung cép murc d6 chinh x4c cao nhét tai vung hdi tu nhéat.

Luu ¥, cic két qua hudn luyén va kiém tra trén dugc thuc hién trong qua trinh tim kiém
cac bd tham sd tt nhit cho cdc mé hinh. Sau khi cac bo tham sb tot nhét ciia cdc md hinh
APSO-MLP va GA-MLP di dugc tim thdy, qua trinh huan luyén lai cac mé hinh nay véi bo
tham sd tot nhat d3 dugce tién hanh nhu sau:

- M6 hinh APSO-MLP: C1=C;, = 1,2, Whin = 0,5, Whax = 0,9,

- M6 hinh GA-MLP: Pc=0,8; Pm=0,1;

- C4 2 md hinh nay déu duge huin luyén dua trén 200 ca thé khé tao ngﬁu nhién ban dau
va dugc thuc hién vai 1000 epoch.

Hiéu suét huin luyén lai va mirc 6 hoi tu ctia mang no—ron nhan tao MLP dua trén cac
tham s toi wu ciia cac giai thuat tdi vu duge minh hoa trong hinh 7.
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Hinh 7. Murc d6 héi tu ctia cac mé hinh APSO-MLP va GA-MLP trong du bao PM;s: (a) Qua trinh
huan luyén; (b) Qua trinh kiém tra.

Nhin vao hinh 7, ¢ thé thiy mé hinh APSO-MLP dudng nhu cung cap mirc d chinh
xéc cao hon trén ca bo dit liéu hudn luyén va dit liéu kiém tra khi dy bao ndng do PM2s phét
tan do n6 min trén mo. Mirc d6 hoi ty trén tap dir liéu huan luyén duong nhu rat tét khi sai
s6 MSE giam dan theo bién do manh va hdi tu dan & mire dudi 0,004. Trén tap dir licu kiém
tra, mirc do sai s6 c6 thé khac nhau & cac vi tri epoch khac nhau, tuy nhién, sai s6 thap nhat
van duogc ghi nhan & mo hinh APSO-MLP & muc dudi 0,003. Dé danh gia hi¢u suét du bao
PMg2s cta cdc mo hinh da phat trién, cac chi s hiéu suét bao gém: MAE, RMSE, R? va
MAPE da dugc str dung va tinh toan dya trén cac gia tri thuc té va du bao trong bang 2.

Béng 2. Hi¢u suit ctia cac mod hinh du bao PMzs phat tan do céac hoat dong nd min.

Mb S6 lwgng Dir li¢u huén luyén Dir li¢u kiém tra

hinh quanthé MAE RMSE R? MAPE MAE RMSE R? MAPE
APSO- 4494 5763 0890 0,087 3,823 5102 0,900 0,063
MLP 200

GA- 4259 5513 0899 0,080 4504 5331 0,890 0,073
MLP 250

Tir cac két qua trong bang 2, c6 thé thdy hiéu suit ctia ca hai mé hinh APSO-MLP va
GA-MLP tuong doi cao va khong c6 sy chénh 1éch 16n. Tuy nhién, m6 hinh APSO-MLP
cung cap muc dg chinh x4c cao hon mdt chit so véi m6 hinh GA-MLP v4i MAE = 3,823;
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RMSE = 5,102; R? = 0,900 va MAPE = 0,063 trén tap dir liéu kiém tra. Dé danh gia thém va
truc quan hon vé mirc d6 chinh xac cua cac moé hinh trén, sai so twong doi (relative error —
RE) va twong quan gitra cac gia tri du bao va thyuc té da dugc minh hoa trong hinh 8.
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Hinh 8. Sai s tuong déi RE, tuyét ddi va twong quan cua cac mé hinh du bao PM,s: (a) M hinh
APSO-MLP; (b) M& hinh GA-MLP.

Dua trén cac chi s sai sd tuong dbi RE, tuyét dbi va twong quan cua cac mo hinh dyu bao
PM2s trén hinh 8, c6 thé thy rd hon su khac biét gitra hai md hinh APSO-MLP va GA-MLP
trong du bao nong do PM2s phat tan khi nd min. Trong khi bién d6 dao dong cta RE trén m
hinh APSO-MLP 1a tir -9 dén 25, m6 hinh GA-MLP cung cép bién do RE 16n hon rat nhiéu
(tir —20 dén 20). Ngoai ra, cac so sanh trén tap dir liéu kiém tra & hinh 8 ciing cho thiy mirc
dd chinh xac cua cac du doan trén mé hinh APSO-MLP la tdt hon so véi cac du doan trén
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mvﬁ hinh GA—M LP. Do d6, m6 hinh APSO-MLP da dq(jc lrra chon lam mo hinh chinh thirc
dé du bao nong do bui PMy s phat tan trong qué trinh ndé min tai mo nay.

5. Két luan va Kién nghi

Dy béo ndng d6 bui phat tan trong qua trinh nd min trén cac mo 10 thién la mot bai toan
trong d6i kho do anh hudng cua cac yeu t6 hinh hoc mo, cac thong sb nd min va diéu kién
khi twong. Trong khi cac théng sé hinh hoc cia mo khéng (hodc it) thay ddi, cac thong s6 nd
min c6 thé thay ddi duogc thi cac théng sb vé diéu kién khi twong 14 nhimg théng s6 khong
thé kiém soat/thay d6i duoc. Do d6, viéc du bao nong do bui noi chung va PMzs nOI riéng la
khong don gian. Nghién ciru nay da xem xeét téng thé cac yéu to veé thong s6 nd min trong
cac diéu kién khi twong khac nhau voi khoang cach giam sat khac nhau de xay dung hai mo
hinh tri tu€ nhan tao cé kha nang dy bao nong d6 bui PM2 s phat tan do nd min (APSO-MLP
va GA-MLP). Cac két qua budc dau cho thay muc do kha thi va d6 chinh xéac co thé chip
nhén dugc cho cdc mo hinh tri tu¢ nhan tao trong viéc du bao néng d6 PM2s phat tan do nd
min. Trong d6, mo6 hinh APSO dugc danh gié la tot hon mot chit so véi md hinh GA-MLP
trong nghién ctru nay voi do chinh xac dao dong ¢ muc 90%.

Mic du nghién ctru nay dé chi ra mirc d6 kha thi cua cac mo hinh tri tu¢ nhan tao trong
du bao ndng d6 bui phat tan khi nd min trén cac mo 19 thién, tuy nhién, ching can dugc tiép
tuc nghién ctru m& rong trong twong lai voi viée xem xét du bao ndng do bui trong khong
gian, t6i wu hoa s lwong bién dau vao hodc xem xét cac mo hinh tri tué nhan tao khac véi
muc dich cai thién mirc dg chinh xac trong qué trinh du bdo. Cac két qué nghién ctru la tién
dé dé toi uu hoa cac thong sd nd min nham giam thiéu hodc kiém soét bui phat tan ra moi
truong xung quanh, hudng tdi khai thac bén vitng va c6 trach nhiém véi moi truong.

Pong gop ciia cac tac gia: Lén y tuong, Diéu tra, khao sat, Viét va chinh stra ban thao: N.H.,
B.X.N.; Phan tich so bg, xtr ly dit li¢u, truc quan hoa cac két qua, viét ban thao géc: T.Q.H.,
T.KH., N.T.T.

L1 cam on: Nhom tac gid xin giri 161 cam on t¢1 Trung tam Nghién ctru Co Dién Mo va céac
thanh vién trong nhom nghién ciru manh “Nhiing tién bo trong khai thic mo bén vimng va cé
trach nhi¢ém” — ISRM cuia Truong Pai hoc M¢ dia chét d3 hd trg nhém nghién curu thu thap
dir 1iéu phuc vu nghién ctlru nay.

Tai liéu tham khao

1. Silvester, S.; Lowndes, Il.; Hargreaves, D. A computational study of particulate
emissions from an open pit quarry under neutral atmospheric conditions. Atmos.
Environ. 2009, 43(40), 6415-6424.

2. Alvarado, M.; Gonzalez, F.; Fletcher, A.; Doshi, A. Towards the development of a
low cost airborne sensing system to monitor dust particles after blasting at open—pit
mine sites. Sensors 2015, 15(8), 19667—19687.

3. Bhandari, S.; Bhandari, A.; Arya, S. Dust resulting from blasting in surface mines
and its control. Proceedings of explosive conference. 2004.

4. Bhandari, S. Fines and dust generation and control in rock fragmentation by blasting.
in Rock Fragmentation by Blasting: The 10" International Symposium on Rock
Fragmentation by Blasting, 2012 (Fragblast 10). Taylor & Francis Books Ltd, 2013.

5. Heo, S.; Kim, D.Y.; Kwoun, Y.; Lee, T.J.; Jo, Y.M. Characterization and source
identification of fine dust in Seoul elementary school classrooms. J. Hazard. Mater
2021, 414, 125531.

6. Vanicela, B.D.; Nebel, M.; Stephan, M.; Riethmuller, C.; Gresser, G. Quantitative
analysis of fine dust particles on moss surfaces under laboratory conditions using the
example of Brachythecium rutabulum. Environ. Sci. and Pollut. Res. 2021, 28(37),
51763-51771.



Tap chi Khi tiwong Thaty van 2022, 740, 88-99; doi:10.36335/VNJHM.2022(740).88-99 98

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Nam, C.tk.t.d.v.Y.V. Bdo cdo danh gia tdc dong moi truong "Dy an dau tu cai tao
mo rong nang cong sudt mo da hoa tring Chau Cuodng, xa Chau Cudng, huyén Quy
Hop, Ngh¢ An. 2014.

Bui, X.N. et al. Utilizing a Novel Artificial Neural Network—Based Meta—heuristic
Algorithm to Predict the Dust Concentration in Deo Nai Open—Pit Coal Mine
(Vietnam). Cham: Springer International Publishing, 2021.

Bakhtavar, E. et al. Air Pollution Risk Assessment Using a Hybrid Fuzzy Intelligent
Probability—Based Approach: Mine Blasting Dust Impacts. Nat. Resour. Res. 2021.
30(3), 2607-2627.

Hosseini, S.; Mousavi, A.; Monjezi, M. Prediction of blast-induced dust emissions
in surface mines using integration of dimensional analysis and multivariate
regression analysis. Arabian J. Geosci. 2022, 15(2), 163.

Bakhtavar, E. et al. Green blasting policy: Simultaneous forecast of vertical and
horizontal distribution of dust emissions using artificial causality—weighted neural
network. J. Cleaner Prod. 2021, 283, 124562.

Hosseini, S. et al. Prediction of Dust Emission Due to Open Pit Mine Blasting Using
a Hybrid Artificial Neural Network. Nat. Resour. Res. 2021, 30(6), 4773-4788.
Hyder, Z.; Siau, K.; Nah, F. Artificial intelligence, machine learning, and
autonomous technologies in mining industry. J. Database Manage. 2019, 30(2), 67—
79.

Ali, D.; Frimpong, S. Artificial intelligence, machine learning and process
automation: existing knowledge frontier and way forward for mining sector. Artif.
Intell. Rev. 2020, 53(8), 6025-6042.

Soofastaei, A. The application of artificial intelligence to reduce greenhouse gas
emissions in the mining industry, in Green Technologies to Improve the Environment
on Earth. IntechOpen London, UK, 2018.

Sharma, S.; Sharma, S.; Athaiya, A. Activation functions in neural networks.
Towards Data Sci. 2017, 6(12), 310-316.

Ghaffari, A. et al. Performance comparison of neural network training algorithms in
modeling of bimodal drug delivery. Int. J. Pharm. 2006, 327(1-2), 126-138.

Can, A. et al. Landslide susceptibility mapping at Ovacik—Karabik (Turkey) using
different artificial neural network models: comparison of training algorithms. Bull.
Eng. Geol. Environ. 2019, 78(1), 89-102.

Abedinia, O.; Amjady, N.; Ghadimi, N. Solar energy forecasting based on hybrid
neural network and improved metaheuristic algorithm. Comput. Intell. 2018, 34(1),
241-260.

Chong, H.Y. et al. Advances of metaheuristic algorithms in training neural networks
for industrial applications. Soft Comput. 2021, 25(16), 11209-11233.

Khan, A. et al. An alternative approach to neural network training based on hybrid
bio meta—heuristic algorithm. J. Ambient Intell. Hum. Comput. 2019, 10(10), 3821-
3830.

Kennedy, J.; Eberhart, R. Particle swarm optimization (PSO). Proc. IEEE
International Conference on Neural Networks, Perth, Australia. 1995.

Li, M.; Du, W.; Nian, F. An adaptive particle swarm optimization algorithm based
on directed weighted complex network. Math. Probl. Eng. 2014, ID 434972.

Shi, Y.; Eberhart, R.C. Empirical study of particle swarm optimization. Proceedings
of the 1999 congress on evolutionary computation—-CEC99 (Cat. No. 99TH8406).
IEEE, 1999.

Bui, X.N. et al. A novel Hybrid Model for predicting Blast-induced Ground
Vibration Based on k—nearest neighbors and particle Swarm optimization. Sci. Rep.
2019, 9(1), 1-14.



Tap chi Khi tiwong Thaty van 2022, 740, 88-99; doi:10.36335/VNJHM.2022(740).88-99 99

26. Ding, Z. et al. Computational Intelligence Model for Estimating Intensity of Blast—
Induced Ground Vibration in a Mine Based on Imperialist Competitive and Extreme
Gradient Boosting Algorithms. Nat. Resour. Res. 2020, 29(2), 751-7609.

27. Zhang, X. et al. Novel Soft Computing Model for Predicting Blast—Induced Ground
Vibration in Open—Pit Mines Based on Particle Swarm Optimization and XGBoost.
Nat. Resour. Res. 2020, 29(2), 711-721.

28. Ahmadi, M.R.; Shahabi, R.S. Cutoff grade optimization in open pit mines using
genetic algorithm. Resour. Policy 2018, 55, 184-191.

29. Armaghani, D.J. et al. Airblast prediction through a hybrid genetic algorithm—ANN
model. Neural Comput. Appl. 2018, 29(9), 619-629.

30. EI-Mihoub, T.A. et al. Hybrid Genetic Algorithms: A Review. Eng. Lett. 2006,
13(2), 124-137.

Forecasting PM2.5 dust concentration induced by blasting in
open pit mines using artificial neural network and improved
swarm optimization algorithm (APSO-MLP)

Nguyen Hoang?", Bui Xuan Nam®?, Tran Quang Hieu®?, Tran Khac Hung?, Nguyen
Tuan Thanh*

! Department of Open—pit Mining, Faculty of Mining, University of Mining — Geology,
No. 18 Pho Vien, Duc Thang ward, Bac Tu Liem district, Hanoi;
nguyenhoang@humg.edu.vn; buixuannam@humg.edu.vn; tranquanghieu@humg.edu.vn

2 Research Group of Innovations in Sustainable and Responsible Mining (ISRM), Hanoi
University of Mining and Geology, No. 18 Pho Vien, Duc Thang Ward, Bac Tu Liem
District, Hanoi

% Vietnam National Institute of Occupational Safety and Health (VNNIOSH);
khachung722007@gmail.com

4 Department of Training, Hanoi University of Mining and Geology, No. 18 Pho Vien,
Duc Thang Ward, Bac Tu Liem District, Hanoi. nguyentuantthanh@humg.edu.vn

Abstract: In this paper, PM2s induced by blasting operations in open—pit mines has been
predicted by hybrid artificial intelligence models based on multi—layer perceptron neural
network (MLP), accelarated particle swarm optimization (APSO), and genetic algorithm
(GA), named as APSO-MLP and GA-MLP. Blasting parameters and meteorology
conditions were considered for this aim. Subsequently, a MLP model was then designed for
predicting PM2 s based on the inputs (blasting parameters and meteorology conditions). The
optimization algorithms APSO and GA then were applied to optimize the weights of the
designed MLP model, aiming to improve the accuracy of the MLP model for predicting
PM2s. The results showed that both hybrid models (APSO-MLP and GA-MLP) provided
pretty high accuracies in predicting PM2s (over 90%). Of those, the APSO-MLP model
provided a slightly higher performance with RMSE = 5.102; R? = 0.900 and MAPE = 0.063.
Meanwhile, the GA-MLP model provided lower performance qwith an RMSE = 5.331, R?
= 0.890 and MAPE = 0.073.

Keywords: Open pit mine; Mine blasting; PM.s; Artificial Neural Networks; Optimal
Algorithm; Sustainable Development.



