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TOM TAT

Quan trac truc tuyén va duw béo nhiét dé via cd than tw chéy trong mé hédm 16 1a vén dé cép thiét, hién dang
duroc quan tam. Bai béo nay dé xuét str dung phuong phap xay dung mé hinh dw bao nhiét do than tuw chay
ttng gior trong tam gior ké tiép bang mé hinh don bién bd nhé dai - ngén han (LSTM). Céc tham sé ctia mé
hinh duoc diéu chinh thong qua cac kiém thir phi hop véi bai toan dét ra. Hé théng quan tréc két hop voi
phuong phap dw bédo nay gép phén nang cao hidu qua sén xuét, an toan lao dong, bdo vé méi truong, str

dung hiéu qua tai nquyén than Viét Nam.

Ttr khéa: hoc sdu, hé théng quan trac, than tw chay, bé nhé dai - ngan han.

1. DAT VAN BE

Trong lich s khai thac than ham 16 tai Viét Nam
da xay ra mot s6 vu chay mé ma nguyén nhan dwoc
cho la than c6 tinh tw chay cao (hay con goi la chay
ndi sinh). Cac vu chay ndi sinh da xay ra tai cac Céng
ty Than Phan Mé - Lang Cam, Khe B&, Khe Chuébi -
Céng ty TNHH MTV 91, Trang Khé I, Il - Céng ty
TNHH MTV Than Hong Thai, Cong ty than Ha Lam,
Khanh Hoa, v.v. Cac vu chay tiém an nhiéu nguy co
gay mét an toan, khé kiém soat va da anh huwéng
nhiéu dén cac hoat ddng san xuat ctia md, dac biét
phai tang thém chi phi xtr ly, lam téang gia thanh, giam
hiéu qua khai thac [2].

Hién twong than tw chay dwoc giai thich theo cac
hwéng khac nhau dwa trén cac nghién ctru doc 1ap,
riéng biét v&i tinh chéat cac via than khac nhau, diéu
kién dia chat khac nhau,... Qua trinh 6xy hoa than
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xuét hién khi 6xy phan (rng véi than. Phan (rng nay
chuyén tr dang phan (ng vat ly sang phan &ng hoa
hoc tuy thudc diéu kién nhiét d6. Phan &ng 6xy hoa
sinh nhiét, CO, CO2 va hoi nwéc Nghién clru quy luat
céc loai khi sinh ra trong qua trinh 6xy héa méau than
trong phong thi nghiém [2],[8], ngudi ta nhan thay
cac thong sb nhw Ha, Np, CHa, CoHa, CoHa, CoHe,
CsHs co thay dbi nhung & nhiét d6 cao (>100 °C),
trong khi d6 ham luong khi CO2 hdu nhw khéng thay
ddi. Do d6, nhitng théong sb nay khéng co y nghia
nhiéu trong quan trac trwc tuyén va canh bao hién
twong than tw chay trong mé ham 16. Trong khi do,
nhiét 6 via than, ham lwgng khi CO, ham lwong khi
02 |4 cac thong sb thay dbi ngay tir giai doan G nhiét.
Do vay, ching dwoc st dung 1a cac théng sb chinh
can quan trac, canh bao, dw bao hién twong tw chay
cla than trong mé ham 16 va day ciing 1a nhiing

Website: https://tapchi.hoimovietham.vn



CONG NGHIEP MO

CO KHi, BIEN - DIEN TU - TU DPONG HOA ﬁ}

théng s6 ma hau hét cac thiét bi/hé théng quan trac
trwc tuyén than tw chay trén thé gi¢i st dung
[3],[4],[61.[9]. o

Cac cdng trinh khoa hoc cong bd gan day cho
thay “hoc sau” (Deep Learning) c6 thé 1a mét phuwong
phap thich hop cho di¥ liéu chudi thoi gian trong
nhiéu linh vie. Lim and Zohren [6] da nghién ctru md
hinh “hoc sau” két hop md hinh théng ké va cac
thanh phan mang no-ron dé cai thién cac phwong
phap dw bao chubi thdi gian. lkram va cong sw [4] da
trinh bay mét nghién ctru st dung mang no-ron tuan
hoan vé&i mé hinh don bién “bd nhé dai - ngan han”
(Long Short Term Memory - LSTM) dé& dw doan nhiét
dé moéi trwong xung quanh. H.B. Sahu [5] st dung
md hinh hé thdng suy luan than kinh mé thich nghi
dé dw bao qua trinh tw dxy hoéa clia than dwa trén két
qué thtr nghiém v&i 50 mau than thu thap tr cac mé
than khac nhau ctia An Do. Zhenhua Xie dé xuat mo
hinh mang no-ron dy doan nhiét dé than tw chay voi
d4u vao la cac gia tri cia ham lwong CO va COs..

Trong bai bao nay, hé théng quan tréc truc tuyén
hién twong than tw chay trong mé ham 16 &ng dung
ky thuat “hoc sau” véi mé hinh bé nhé LSTM duoc
dé xuét d& dw bao vé nhiét do than bién thién trong
tlrng gi® va trong tam gid tiép theo trong cac via than
mé ham 16. Pau tién, dir lieu duwoc sap xép thiy tw
theo thoi gian, duwoc xem 1a chubi thdi gian. K& dén
la bwére bién ddi dir liéu tlr chudi thdi gian thanh bién
dau vao cho mé hinh. Sau cung, moé hinh LSTM
dwoc huén luyén va kiém thtr théng qua dir liéu trong
phong thi nghiém.
2. DI LIEU VA PHU'ONG PHAP NGHIEN CUU
2.1. Gi6i thiéu hé thdng quan tric tryc tuyén than
tw chay trong mé ham Io

Mb hinh hé théng hé thdng diéu khién giam sat
va thu thap di¥ liéu (Supervisory Control And Data
Acquisition - SCADA) xay dwng dé quan tréc than ty
chay gébm co cac phan tt: Trung tam giam sat, canh
bao (dat tai phong diéu khién); Thiét bi giam sat khu
virc phong nd; Dau do nhiét d6 via than an toan tia
Itva; DAu do khi CO an toan tia Itra; D4u do khi Oz an
toan tia Itra (I8p dat duwdi hdm 16). Phdn mém cla hé
théng c6 chirc nang: Hién thi nhiét d6 via than duoi
dang sb va db thi; Hién thi ham lwong khi dudi dang
s6 va do thi; Hién thi canh bao va hudng xi ly 16i; Cai
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d&t nguwéng canh bao; Luu tri sé liéu; Chirc ndng
phan quyén;... Cau tric hé thdng va giao dién chinh
clia phdn mém hé théng dworc trinh bay trong bai bao
[11.

2.2. Dw bao nhiét do than tw chay trong mé ham
16 v&i m6 hinh LSTM

Vi sy phat trién ctia cac thuat toan “hoc may”
(Machine Learning) trong thdi gian gan day da cung
cap thém huéng tiép can mai véi viec xt ly va dw
bao chubi thei gian dat dwoc d6 chinh xac cao. C6
thé ké dén md hinh héi quy tw dong ARIMA,
SARIMA, hay phuong phap tiép can méi hon nham
khac phuc nhitng nhwoc diém cla cac méd hinh
truyén théng 1a cac mang “hoc sdu” (Deep Learning),
dién hinh 1& mang no-ron hdi quy va phién ban mé
réng clia nd 1a “bd nhé dai - ngdn han” LSTM. Mang
LSTM duwoc str dung nhiéu trong cac bai toan dy bao
chubi thdi gian véi két qua kha quan nhé cé kha nang
ghi nh& cac buéc va khong bi anh hwéng nhiéu khi
s6 liéu dau vao bi thiéu [2], [7].

Trong nghién ctu nay, chung t6i d& xuét tng
dung k¥ thuat “hoc sau” két hop véi hé théng SCADA
truyén thdng dé xay dung mot hé thdng SCADA thé
hé méi nhdm dy doan truwdc nhitng dién bién cla
than tw chay véi muc dich hé tro mé giai quyét van
dé trwde khi trang thai tw chay trong cac via than tré
nén nghiém trong. Phwong phap tiép can la dwa trén
k¥ thuat “hoc sau” véi mé hinh LSTM don bién dé duy
bao nhiét d6 than tw chay mé ham 16 trong 8 gid tiép
theo nhdm hé tro cac mé chu dong lap ké hoach
phong nglra va dwa ra cac gidi phap khai thac an
toan, hiéu qua. V&i nghién clru nay, dau ra ctia mod
hinh LSTM la chudi gia tri nhiét do via than tw chay
duoc dw bao tirng gidr trong 8 gi®r tiép theo, dau vao
la chudi gia tri nhiét dd trong vong mét tuan truéc do.
Chubi gia tri ciia tap di liéu dau vao gébm cd 120.960
gia tri dwoc hé thdng 14y mau véi chu ky 5 giay/lan.
2.2.1. Tién xt¥ ly chudi di liéu

Trwdc khi ap dung mé hinh dy bao nhiét dé than
tw chay, chudi di¥ liéu dau vao can duoc xt ly qua
thuat toan lam sach véi hai bwéce: (a) X ly cac gia tri
bi khuyét NaN (Not a number) va (b) X ly cac gia tri
ngoai & vé&i quy tac 3o cho phan phéi chuan. Hinh 1
minh hoa dir liéu thd c6 gia tri bi khuyét, gia tri
ngoai l&.
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Hinh 1. Minh hoa dir liéu thd

a) Xt ly cac gia tri bi khuyét

Trong quéa trinh hoat déng cta hé théng, co
nhirng trudrng hop méat dién, bao tri, stva chira,... khi
do dir liéu bi khuyét, tirc 1a NaN (Not a Number). Co
nhiéu giai phap dé xtr ly gia tri NaN. Cach thir nhat 1a
bd dir liéu bi khuyét ra khdi qua trinh xay dwng md
hinh. Cach lam nay don gian nhwng c6 nhirng han
ché nhét dinh. Néu c6 qua nhiéu di liéu bi khuyét thi
sé khong con théng tin gi cho viéc xay dwng hoac st
dung mé hinh. Cach thir hai dworc Iwa chon vi gitp ta
c6 thé gidi quyét van dé dir liéu bi khuyét 1a thay thé
cac gia tri bi khuyét béi mét gia tri trung binh ctia tap
di liéu réi dung gia tri d6 dé xay dwng, st dung mé
hinh.

b) Xtr ly cac gia tri ngoai lé

Trong chudi di¥ liéu nhiét dd via than c6 nhiing
gia tri ngoai lé c6 thé xu4t phat ttr nhidéu nguyén nhan:
Thiét bj do nhiét do via than cé thé bj 16i phan cing;
Nhiéu dién tlr hodc mai truorng cé thé lam sai léch
gia tri nhiét do;.... Tiéu chuadn hoéa z-score l1a mot
phuwong phap phd bién dé xac dinh cac gia tri ngoai
Ié trong mét tap di¥ liéu. Viéc xac dinh va loai bd cac
gia tri ngoai 1& la rat quan trong dé dam bao tinh chinh
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xac va tin cay cta di liéu nhiét d6 via than. St dung
phwong phap tiéu chuin hoéa z-score cé thé gitp
phat hién va xt ly cac gia tri bat thweng nay moét cach
hiéu qua tredc khi dwoe str dung trong mé hinh dw
b&o. Trong phan phéi chuan, gia st p 1a gia tri trung
binh va o la d8 léch chuan. Quy tic 3o cho phan phéi
chuan néi ring: 68% cac diém di liéu nam trong
khodng p * 0; 95% cac diém dir liéu ndm trong
khoang u * 20; 99.7% cac diém di liéu ndm trong
khoang p * 30. V&i mot gia tri di¥ liéu x thi diém chun
z-score cla nd dwoc tinh bdi cong thie (1) [10]:
X— 1

7=— (1)

trong do:

z 13 diém chuan z-score ctia mot gia tri div liéu x
thudc tap dir liéu;

x & gia tri cGia diém di liéu can tinh z-score;

M la gia tri trung binh cla tap di¥ liéu;

o & d6 1&éch chuan cua tap dir liéu.

Nhirng diém c6 diém chun z-score nam ngoai
doan [-3, 3] c6 thé duoc coi la cac diém ngoai 18, tir
do thay thé céc gia tri ngoai & bang gia tri trung binh.
Hinh 2 minh hoa di¥ liéu da dwoc xcr ly.
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Hinh 2. Minh hoa két qua di liéu da dwoc xir Iy

2.2.2 Xay dwng mé hinh dw bao

Budc tién x(r ly chudi di¥ liéu trinh bay phan trén
duwoc tw dong thuc hién bang phdn mém cta hé
thdng. Sau khi dwoc lam sach, thu dwoc méi chudi
c6 d6 dai 120.960 mAu (g v&i 7 ngay x 24 gior. Tww
do, dé xuéat sir dung méd hinh LSTM véi cau tric: 200
don vi & I&p dau vao, 200 don vi & I16p &n va 8 don
vi & 1&6p dau ra. Ham kich hoat ReLU va tdi wu héa

Adam gitp md hinh hdi tu nhanh va hiéu qua. M6
hinh dw doan 8 budc thi gian tiép theo dwa trén 24
budc thdi gian trwdc doé. Viéc chon clra sO truot 24
budc cd nghia la md hinh sé st dung 24 gia tri nhiét
do trudc do dé dw bao 8 gia tri nhiét d6 tiép theo. Cac
siéu tham sb (hyperparameters) clia mé hinh dwoc
trinh bay chi tiét trong Bang 1.

Bang 1. Cac siéu tham s6 ciia mé hinh dw bao

1T Tham sé Gia tri Giai thich
1 | n_steps_in 24 Sé buéc dau vao cho mé hinh la 24 (&ng véi 24 gidy).
2 | n_steps_out 8 S6 bwéc dau ra ma mé hinh dy doan (dw doan 8 gio tiép).
3 | n_features 1 S6 dac trung dau vao (mdt loai di¥ liéu, cu thé la nhiét do).
LSTM units (1st L&p nay co vai trd quan trong trong viéc xtr ly va hoc cac dac trwng
4 200 R X
layer) twr div liéu chudi thdi gian.
Co thém vu X ly thém va hoc§éu hon cac dac truwng tie dir liéu
chudi thoi gian. Thong tin tlr chudi thoi gian trwde do (do Iop LSTM
dau tién cung cap) dwoc xt ly thém giip mo hinh hiéu rd hon vé
5 LSTM units (2nd 200 quan hé gilra cac budc thoi gian trong chudi, nho do cai thién do
layer) chinh xac cta dy doan. Dau ra cta Iop LSTM thir hai (con dugc
goi 1a hidden state cudi cung) sé dwoc chuyén dén I16p Dense. Lop
Dense sé& st dung théng tin nay dé& thwc hién cac dy doan cubi
cung cho n_steps_out = 8.
6 | Dense units 8 Lép D_ense cc'),nhiém vu ta~o ra dél,’l ra cnuéi _cpn_g c&]a mb :h_‘mrl. Mbi
don vi trong I&p Dense sé dy doan mét gia tri cua chudi dau ra.
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Giai thich

Voi 8 don vi, lop Dense sé tao ra mét chudi dau ra gém 8 budc
thoi gian ng véi két qua dy bao 8 gio tiép theo.

7 | Epochs 200

mo hinh).

Mb hinh sé trai qua toan b tap di liéu huén luyén 200 Ian (200 1a
gia tri dLyo’c Ira chon sau nhiéu lan ’gth nghiém vp’i tiéu chi vé thoi
gian huan luyén, gia tri cia ham mat mat, tinh tong quat héa cla

8 | Optimizer Adam

Thuat toan tbi wu Adam thudng hdi tu nhanh va hiéu qué trén nhiéu
loai bai toan khac nhau. Kha nang diéu chinh téc dé hoc tw déng
gilp gidm thiéu nguy co hoc qua mirc hodc hoc khong dua.

N&i dung chinh clia bang la mé ta cac siéu tham
sb clia md hinh dw bao dwa trén kién trdc LSTM st
dung cac thw vién TensorFlow va Keras. Tham s6
“n_steps_in” xac dinh s6 buwéc dau vao clia mé hinh,
& day la 24, twong trng v&i viéc md hinh sé nhan 24
gia tri lién tiép tr chudi thoi gian (nhiét do) dé dw bao
gia tri twong lai. Viéc chon s budc dau vao 16n gitp
md hinh c6 thém théng tin vé xu hwéng qua khir dé
cai thién dw bao. Tham sb tiép theo la “n_steps_out’,
day 1a s6 budc ma md hinh sé dw bao trong twong
lai, & day la 8, nghia la md hinh sé dy doan cac gia
tri cho 8 thoi diém tiép theo (twong ng véi dy béo 8
gio t&i). S6 budc dau ra phi hop gitp can bang gitra
dd phtrc tap clia mod hinh va tinh chinh xac cta dw
b&o. Vi mé hinh chi st dung mét dac trwng duy nhét
tlr div liéu, cu thé Ia nhiét d6 nén tham sb “n_features”
duoc thiét lap 1a 1, dang don bién (univariate). LSTM
units (1st layer) la sé lwong don vi LSTM trong 16p
dau tién. V&i 200 don vi, md hinh c6 kha ndng hoc
cac mau tir chudi thdi gian mdt cach chi tiét. S6
lwong 1&n don vi gip mé hinh ndm bét nhiéu théng
tin phire tap tr div liéu. Lop LSTM thir hai cling co
200 don vi, tiép tuc hoc cac déc trung sau hon tir [&p
LSTM d4u tién. Lép nay gitip md hinh hiéu rd hon vé
qguan hé gitra cac bwéc thdi gian va cai thién do
chinh xac cua dw bao. L&p Dense co6 8 don vi, dong
vai trd dau ra cudi cung, dw doan 8 gia tri cho chuéi
dau ra (twong &ng véi n_steps_out = 8). L&p nay
tébng hop thong tin tir cac Iép LSTM trude dé dé dua
ra dw bao. M6 hinh dwoc huén luyén qua 200 epoch,
ttrc 1a di¥ liéu huén luyén sé dwoc 18p lai qua 200 lan.
Con sb nay d&m bao mé hinh c6 du thei gian dé hoc
nhwng khéng qua I6n dé tranh overfitting (hoc qua
murc, lam gidm kha ndng tbng quéat héa). Thuat toan
Adam duoc sir dung dé toi wu héa qua trinh huan
luyén. Adam la mét trong nhirng thuat toan téi wu hda
hiéu qua nhét hién nay, két hop gitra tbc d6 hoc va

NN so 1-2025

tinh thich nghi, giup mé hinh hoc nhanh chéng ma
van gitr dwo'c do chinh xac cao.

M6 dun phan mém dw bao nhiét d6 than tw chay
st dung m6 hinh LSTM dwoc xay dwng voéi nhiéu
tinh nang nhuw: tai, hién thi va phan tich dir liéu nhiét
dod qua khe; hién thi két qué dw bao nhiét do dudi
dang d6 thi va sb; cung cap cac tuy chon cho ngudi
dung khi thyc hién dy bao;... Chirc ndng cung cap
tuy chon cho nguwdi dung khi thye hién dy bao thé
hién tinh linh hoat cia phan mém, méi tly chon mang
lai mot wu diém khac nhau, tlly thudc vao nhu ciu st
dung. Tuy chon th nhat 1 “St& dung mé hinh da
luyén”. Bay la Iya chon st dung mé hinh LSTM da
dwoc huan luyén trude do véi div liéu qua khir. MO
hinh ndy da qua qua trinh t&i wu, pht hop cho cac
tinh huéng ma ngudi dung khéng can diéu chinh
thém mod hinh ma chi can st dung ngay lap tirc. Uu
diém clia cach nay la tiét kiém thoi gian, vi khéng can
phai huén luyén lai mé hinh va du bao c6 thé duoc
thure hién nhanh chéng (khoang 30 giay). Tuy nhién,
néu dir liéu thuc t& méi thay ddi so véi div liéu da
dworec md hinh huén luyén trudrc dé, d6 chinh xac clia
dw béo cé thé khéng cao. Tuy chon the hai la “Chinh
md hinh”. Tuy chon nay cho phép ngudi dung tinh
chinh m6 hinh dw bao hién tai dwa trén cac théng sb
hodc di liéu m&i. Thdi gian hiéu chinh mé hinh
khoang 400 giay (v&i may tinh cong nghiép cau hinh
core i7, b0 nhé Ram 16GB). Viéc hiéu chinh giup md
hinh thich rng v&i cac didu kién thuc té hon, dac biét
khi c6 thém di liéu méi hodc khi hé théng can diéu
chinh cac théng s ctia mé hinh dé dat dworc d6 chinh
xac cao hon. Pay la Iya chon phu hgp khi md hinh
da c6 do chinh xac twong ddi, nhwng can diéu chinh
thém dé phu hop véi cac bién ddng hién tai hodc cai
thién tinh dw bao. Ty chon cubi cung Ia “Huén luyén
md hinh mai”. V&i tly chon nay, mé hinh sé dwoc
xay dung tlr dau dwa trén di liéu mai nhat. Cach nay
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cho phép tao ra mot mo hinh hoan toan méi, co6 kha
nang phan anh chinh xac tinh trang hién tai ctia hé
théng. Wu diém chinh 1a tinh cap nhat, gitp mé hinh
phan anh dwoc di¥ liéu méi nhat. Nhwoc diém la tén
nhiéu thdi gian va tai nguyén may tinh do qua trinh
huén luyén bat dau tir diu. Tuy nhién, trong mot sb
trwdng hop, diéu nay la can thiét d& ddm bao rang
mod hinh dw bao c6 thé thich rng v&i nhivng thay ddi
m&i va dua ra két qua chinh xac hon. Phuong phéap
nay thich hop cho cac tinh hudng ma mé hinh cii
khong con hiéu qua hoac khéng con phan anh duang
cac xu hudng hién tai. Trén co sé ly thuyét cling nhw
thwe t&, md hinh dwa trén LSTM hay bat ky mé hinh
hoc may nao khac, déu phu thudc vao di liéu huén
luyén. Néu dir liéu méi xuét hién cac mau hodc xu
huwéng khac biét véi nhirvng gi ma mé hinh cl da
dwoc huén luyén thi mé hinh cii khéng ndm bat duoc
nhirng sw thay ddi nay, khi d6 sé& phai hun luyén lai.

Viéc cung cAp cac tly chon gilp nguoi ding co
thé linh hoat trong viéc st dung phan mém dwa trén
muc tiéu va diéu kién cu thé. Tuy chon “Str dung mé
hinh d3 luyén” phu hop cho cac truéng hop can duw
bao nhanh chéng ma khéng can huén luyén lai mé
hinh. “Chinh mé hinh” cho phép tinh chinh thém khi
c6 di¥ liéu méi hodc can cai thién do chinh xac. “Huén
luyén md hinh méi” 1a Iwa chon cho cac tinh huéng
yéu cau mé hinh hoan toan méi. Méc du tao md hinh
m&i nhwng khdng doi héi ngudi st dung co kién thire
chuyén sau vé cdng nghé, cac thao tac chi gdm lya
chon, nhan chudt va che doi phdn mém thue hién.
Cach tiép can nay rat hiéu qua trong viéc dam bao
tinh linh hoat va cap nhéat clia cac hé théng dw bao
dwa trén tri tué nhan tao.
3. KET QUA VA THAO LUAN
3.1. Tién hanh thir nghiém

Muc tiéu ctia thtr nghiém la kiém tra kha n&ng clia
mé hinh LSTM don bién trong dw bao nhiét dé ctia
than tw chay v&i cac diéu kién gia 1ap, mé phang hién
twong tw chay mé ham 10 trong 8 gio tiép theo. Thi
nghiém nay nham danh gia tiém nang (rng dung clia
mé hinh trong thuc té.

Cac thiét bi va hé thédng dwoc chuan bi gdm co:
Heé thdng SCADA véi nhiém vu thu thap va hién thi
dir liéu thei gian thuc vé nhiét dd clia cac via than
trong mé ham 16; Mé hinh hoc sau LSTM don bién
duwoc stir dung dé phan tich va dw bao chubi di liéu
nhiét dd cla than tw chay; Tap di liéu dau vao gdm
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120.960 gia tri nhiét d6 gia lap cla cac via than, thu
thap v&i chu ky 5 gidy/lan trong mét tuan trudc dé.

Thi nghiém dwoc tién hanh tirng budc. Trudc
tién, di liéu dwoc tién x&r ly d& dam bdo tinh chinh
xac va lién tuc. Céac gia tri duoc kiém tra nham loai
bd s bét thwéng va cu truc thanh chudi thdi gian
dé dwa vao md hinh LSTM. Tiép theo, mé hinh LSTM
don bién sé dwoc huén luyén trén tap di liéu dé hoc
cac xu hwéng va quy luat thoi gian cua hién tuwong
tw chay than. Cubi cuing, sau khi huan luyén, mé hinh
thue hién dw bao nhiét do cda via than trong 8 gi&y
tiép theo, hién thj va tw ddng nhan xét két qua dw bao
(mirc dd bién ddng cla nhiét dd, khd nang cé/khéng
¢6 canh bao nhiét dé vwrot ngudng,...) trén man hinh
may tinh.

3.2. Cédc két qua thir nghiém va théo luan

Dau ra ctia md hinh 1a chudi gia tri nhiét 6 dw
b&o tirng gi®» trong 8 gi®r tiép theo, dwoc trinh bay
trong Hinh 3. Néi dung chinh ctia hinh thé hién giao
dién ctia md dun phan mém phan tich va dy bao
nhiét dd via than. Phan chinh giira cGa giao dién la
biéu d6 dy bao nhiét do theo gi& trong 8 gi®r t&i,
dudrng bén trén thé hién gia tri nhiét d6 16n nhat trong
mdi gid, dudng bén duwéi biéu thi gia tri trung binh
nhiét do trong mdi gior. Cac thdng bao nhan xét két
qué dw bao (nhiét dd c6 xu hudng én dinh, c6 kha
nang vuwot nguwdng canh bao hay khong,...) duwgc
trinh bay phia bén dwéi cla giao dién, tr do giup
nguwdi dung ndm bét va (ring pho kip thoi.

Céac dé&c trung théng ké cuia sai sb dw bao, duwoc
tinh tr tap gia tri dw bao va tap gia tri nhiét do thyc
ldy mau trong phong thi nghiém cla cac 1an thir
nghiém duwoc trinh bay trong Bang 2. N6i dung cla
bang trinh bay vé cac 1an th» nghiém dw bo khac
nhau (6 lan), v&i cac dc trung sai sb dwoc do ludng
va ghi nhan theo cac théng sb théng ké&. Mbi cot dai
dién cho mét Ian dw bao cu thé, véi cac théng sd nhw
trung binh, d6 léch chuan, gia tri nhé nhét, phan trdm
phan vi va gia tri I&n nhat. Théng sb “mean” thé hién
gia tri trung binh clia sai s6 dw bao & méi lan. Thong
s6 “std” biéu thi mirc do phan tan cla sai sb. Cac
thong s6 “25%”, “75%” thé hién cac gia tri & mbc 25%
va 75% cla phan bd sai s6, gilip nhan dinh khoang
gitva ctia dir liéu sai s6, nhw 25% cuia 1an 1 1 -3.56,
nghia la 25% gia tri sai s6 ndm dudi mirc nay. Théng
s6 “min”, “max” 1a cac gia tri sai sb gitra gia tri nhiét
dd dw bao va gia tri nhiét do thuc trong méi lan thr
nghiém.
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7 Phin tich dif liéu va du bdo

? x

30.0 1

29.5 1

29.0 4

Théing s6: | Nhiét 6 2 tram 4 v

Tir ldc

2024-10-0

Dén liic
Kiém tra tinh dirng: O

M6 hinh: | Chinh md hinh 34 luyé ~

Phan tich dif ligu

[ 100%

.

Nhiét @6 trong 8 gid tdi (*C)

Gid tri I¢n nhat: nirc
Gia tri trung binh: 28.6°C
Gid tri nha nhét: 26.0°C

Dai gid tri: 5.1°C

T T
08 09 10 11 12

PRER X

NHAN XET KET QUA DU BAO

Mhigt @6 trong B giér tiép theo cd thé bién ddng.

Dur bao cho thay nhigt 48 n dinh.

Duwr bdo cho théy nhiét d6 c6 the khéng wrot ngwing trong & gidr tiép theo. 3

D bdo cho thay khdng cd xu hwdng thay doi dit ngdt vé nhiét dd trong 8 gic tiép theo.

Keét qua dw bdo cd the chénh it so vdi thue té.

Gidr (2024-10-01) - (Ghi chl: mau dé |a gia tri 1én nhat, mau xanh |a gia tri trung binh trong méi gi&)

Dw bao nhiét d3 trung binh moi gicr trong 8 gier toi la- 27.94, 28 2, 28 36, 26 48, 28 53, 28 55, 28 57, 28 6.
Duw bao nhiét dé 1&n nhét méi it trong B gitv b 14: 29,11, 29.52, 29,67, 29.84, 30.02, 30.03, 30.16, 30.31.

T T T
13 14 15 Til& dif ligu xdu: 0.0
Téng s6 miu- 120960

Hé sb tw tvong quan: 0972

D& méo phan phéi: 0.12
B léch chudn: 15
Gid tri 25%: 27.8°C
Gid tri 50%: 28.5°C
Gia tri 75%: 294°C

Khiing dwgc kidm tra.

Hinh 3. Két qua dw bao nhiét do via than 8 gi® tiép theo, tir 8h dén 15h

Bang 2. Cac dic trieng thong ké cua sai sé dw bao

Théng sb Lan 1 Lan 2 Lan 3 Lan 4 Lan 5 Lan 6
mean -2.59 0.36 -0.04 0.08 0.32 -0.11
std 1.92 2.09 1.68 1.65 1.45 1.29
min -4.50 -1.06 -4.45 -4.27 -2.63 -3.01
25% -3.56 -0.83 -1.09 -0.93 -0.65 -0.98
75% -1.63 1.08 0.03 -0.02 0.43 0.81
max -0.66 2.77 1.06 1.14 3.20 2.36

Sé liéu thr nghiém cho thay sai sé dy bao dao
dong ttr -4,50 °C dén 3,20 °C. Két qua cho thay sai
s6 dy bao chap nhan duoc, ndm trong giéi han cé
thé ap dung duoc trong thuc té, ddm bao do tin cay
khi str dung dé quan tréc va canh bao sé'm than tw
chay trong mé ham 16, tlr 6 mé ra trién vong ap dung
thuc té.

4. KET LUAN

> Hé théng quan trac két hop véi phwong phap
dw bao nhiét do than tw chay bang ky thuat “hoc sau”
véi md hinh mang don bién “bd nhé dai - ngan han”
LSTM dong vai trd quan trong trong an toan khai thac
than ham 16 tir d6 nang cao hiéu qua san xuét.

m SO 1-2025

> Bang cach ap dung nhirng tién bd khoa hoc
c6ng nghé, hé thdng gitp cac mé cé thé cha déng dw
bao va &ng phdé vé&i bién dong clia nhiét d6 than tw
chay, tlr d6 giam thiéu nguy co’ tai nan va tang hiéu
qua trong qua trinh khai thac.

> Két qua thtr nghiém da cho thay tinh kha thi,
hiéu qua cuia viéc ap dung nhirng thanh twu ctia cudc
Céach mang cong nghiép lan thtr tw v&i md hinh
LSTM trong hé théng quan tréc than tw chay. Chéat
lwong duw bao sé tiép tuc duoc cai tién dé dat duoc
dd chinh xac cao hon trong giai doan ap dung thyc
té tai cac md than ham 16 O
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ABSTRACT

Online monitoring and forecasting of coal seam temperature in underground mines with spontaneous
combustion is an urgent issue that is currently receiving attention. In this paper, a method of building a model
fo forecast the coal spontaneously combustion temperature every hour for the next eight hours using a
univariate Long Short Term Memory (LSTM) model is proposed. The parameters of the model are adjusted
through tests suitable for the given problem. The monitoring system combined with this forecasting method
contributes to improving production efficiency, labor safety, environmental protection and effective use of
Vietnam coal resources.

Keywords: deep learning, online monitoring system, coal spontaneous combustion, long short term memory.
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