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Bom dién chim (ESP) tit lau d4 tré thanh mot trong nhitng phwong phéap nang nhan tao hiéu qua nhét goép
phén duy tri téc d6 khai thac va kéo dai tudi tho ctia céc giéng diu. Bén canh nhitng 10i ich to 16n, ESP
ciing dit ra vAn d@ v& viéc gidm sat, sita chita cho hé théng ESP tranh nhiing tinh trang huv héng. D6i miit
v6i nhitng thiét v& kinh té do hu hong ESP géy ra rit nhiéu cac phwong phap duoce dé ra dé dy bao truée
duwgc nhitng bat thuwong ctia hé théng ESP, tit d6 dua ra cic ké hoach thay thé va sia chita. Nhiém vu cia
ngudi ki su diu khi 13 lwa chon dugc phwong phap hiéu qua va it tén kém thoi gian ciing nhu chi phi
nhét. Nhitng nam gin déy Al - Artifici Intelligence (Tri tué nhén tao) phét trién v6 ciing manh mé trong d6
ML - Machine Learning (May hoc) 1a mot thanh tuwu ndi bat. Véi ML viéc du bdo 15i hay xu huéng hoat
dong cta ESP khéng con 1a céng viée qua khé khin nhu triede. ML st dung bo sb liéu hoat dong trong qua
khtt ctia céc ESP triede d6 dé du bao nhitng sy kién c6 thé xay ra trong tuong lai mét cach chinh xéc va dé
dang. Tt d6 gitip giam chi phi va thoi gian dé sita chita thay thé hé théng ESP. Trong nghién cifu niy sé
d2 cap dén hai phuong phap ML hiéu qua va phb bién nhét trong thoi diém hién nay 12 Extreme Gradient
Boosting (XGboosting) va Mang Noron nhén tao (Artificial Neural Network - ANN). Bai nghién ctfu nay sé
st dung hai phitong phép nay dé du béo céc 16i c6 thé phat sinh trong qué trinh hoat dong ctia bom dién
chim. Két qua ctia hai thuét todn sé& dugce so sanh v&i nhau dé tim ra dwge mé hinh téi wu hon trong cong
tac dy béo 16i ESP. Ngoai ra bai nghién ctu sé& danh gid méc d6 anh hwéng cia tiing théng s dén 16i ctia
ESP. Tit d6 gitip ta hiéu hon v& ESP va s¢m dé ra ké hoach nhim ngin ngita cac 16i ESP tim 4n.

ABSTRACT

Electrical submersible pump
Artificial Neural Network

xtreme gradient boosting

The electrical submersible pump (ESP) has long been one of the most effective artificial-lift methods to
improve the production rates and extend the life of oil wells. Although ESP has many great advantages, the
monitoring and repairing process of ESP poses some problems. In order to minimize the economic losses
caused by ESP errors, many methods have been proposed to predict the abnormalities of ESP system before
making replacement and repair plans for ESP. The petroleum engineer must choose the most effective, time-
saving and economical method. In recent years, Al - Artificial Intelligence has been extremely strongly
developing, in which ML - Machine Learning is a prominent achievement. With ML, the prediction of ESP’s
error and operating trend is no longer as difficult as before. ML uses the historical data set of previous ESPs to
accurately and easily forecast possible future events. As the result, the cost and the time to repair and replace
the ESP system may reduce. This research mentioned two most effective and popular ML methods: Extreme
Gradient Boosting (XGboosting) and Artificial Neural Network (ANN). These two methods were used to
predict errors that may arise during the ESP operation. The results of the two algorithms were compared
together to find out the more optimal model in ESP error prediction. In addition, the research also evaluated

the influence of each parameter on the error of ESP with the aim of preventing hidden ESP errors.

1. Gi6i thidu

12 hé théng ESP. ESP s& hitu nhiéu tinh ning nhu: lam viéc & d6 sau

16, céc giéng c6 qui dao phtic tap, hoat déng hiéu qua véi moi loai

Thu hdi diu ting cuwdng bing cic hé théng ning nhén tao dang chét Iwvu va ché do dong chdy... Nhuge diém ciia ESP 14 cAu tao phtic

trd thanh giai doan quan trong va c6 tinh quyét dinh dén nghanh dau tap va phai nang toan b hé théng 1én trong mbi 14n sta chita hay bao

khi. Hién nay hé théng hiéu qua v dang duoc st dung phd bién nhét tri thiét bi. Vi vy khi hé théng gip su b, cong doan sita chita sé vo
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cling mét thoi gian va tén chi phi 16n do phai ngitng san xuét. P6i
mit v6i viée d6 viée gidm sat ciing nhu du bao tride cic sy cb lién
quan dén ESP 13 v ciing cin thiét vi mang tinh quyét dinh dén qua
trinh khai thac.

Trong nhitng nim gin day thudt todn may hoc dang phat trién
v6 cling manh mé, thuit todn nay di duwoc 4p dung cho nhiéu nghanh
nghé va linh vyc trong x3 hoi va diu khi ciing khong ndm ngoai xu
thé nay. Hién nay c6 nhiéu 3 loai mé hinh chinh gidm sat va dy béo
hu héng cho ESP bao gdm:

Binary Classification models (phén loai nhi phéin): muc tiéu cua
mo hinh 13 xadc dinh ESP ¢6 gip su ¢b hay khéng trong mot khoang
thoi gian hay mét twong lai gan.

Multi-Class Classification models (phin loai ddn nhén): muc tiéu
ctia md hinh 13 dv doén su c¢6 ESP trong nhiéu khung thi gian, xac suit
gdy ra su cb ctia mot bd phan ESP hay mot nhan t6 méi trudng nao do.
MBS hinh con ¢6 kha ning du doan nguyén nhén giy nén su cb.

Regression models (m6 hinh hdi quy): khac v&i hai mé hinh
phan loai trén mé hinh nay duoc ding dé dy doan tudi tho va thoi
gian hong héc cua bom.

Trén co s& ba loai mo6 hinh dé da c6 nhidu phuong phép duoc
chuyén gia diu khi st dung nhi mé hinh canh bao thdi gian thie bing
thuét toan Principal Component Analysis (PCA) Model va Non-Linear
Residual Models ctia Abhijeet, et al [1]. M6 hinh phén loai 18i ESP bing
thuét todn Decision Tree ctia Barrios, et al [2]. Mé hinh x4c dinh khoang
thoi gian xuét hién 16 ctia ESP bing phwong phép Time-series Shapelets
ctia Om, et al [7]. Dy béo thoi gian xay ra 16i ctia ESP cling c6 thé thitc
hién bing phitong phap phan tich sb liéu két hop véi cac cac thuét toan
hoc may téng cuong (Boost) cta Rinat, et al [9].

Ngoai ra phwong phap PCA ciing duge ding dé gidm sat su
thay ddi ctia cdc tinh ning dong ctia ESP, ti d6 tim ra viing van hanh
nguy hiém trong [3] va [5]. Trong sy phét trién ctia internet, hé théng
van hanh, gidm sat ESP bing IoT ciing dugc 4p dung bdi Nico, et al
[6].

Nghién cttu nay sé trinh bay mét cach tiép can khac, d6 1a xay
dung mot mé hinh st dung 2 thuit todn khac nhau la Extreme
Gradient Boosting va Mang Noron nhan tao dé dy doan 15i ctia ESP
trong qué trinh st dung thiét bi.

Khéc v&i md hinh phén loai nhi phan canh béo 16i cia ESP nhu
[11, [3], [51, [7]1 va [9] md hinh trong nghién ctu sé du doan tinh
trang clia ESP va gén diing tén 15i clia ESP véi tiing bo sb lidu duge
cung cAp. M6 hinh nay c6 muc dich twong tw nhu [2], nhung nhu ta
d4 biét Decision tree c6 mot d6 chinh x4c khéng cao, ciing nhu khong
duge t6i wu nhu XGbooting vA Mang Noron nhéan tao nhu dénh gia
trong [8]. Bén canh d6 mé hinh sé dénh gid mdc d6 anh hudng cta
chc théng sb dén 16i ESP va sy thay d6i ctua dy doan khi lugt bo
nhitng thong s6 it anh hwdng.

2. Co s& ly thuyét
2.1. Extreme Gradient Boosting (XGboosting)

XGboosting 1a mot thuit todn hoc mdy tdng cuong la mot
phuong phap tdng hop nhdm giam phwong sai va bias. Trong qué
trinh hoat dong phéan loai, thuat toan sé€ tao ra nhiéu bd phan loai yéu
v6i @ chinh xéc vira phai, sau d6 sé gop nhitng bd phan loai nay tao
nén mot bd phén loai manh cudi cling, qua trinh nay dugc biéu dién &
Hinh 1. Sau khi nhitng b6 phan loai yéu dugc thém vao dit liéu cia
chiing sé duoc tai trong sb, trong d6 nhitng miu da phén loai diing sé
giam trong s6, nhitng mau phan loai sai sé ting trong sb. XGboosting
duoc biét dén véi do chinh xdc va hiéu qua cao so vGi nhitng thuét
toan twong ty va tiét kiém dwoc tai nguyén [12]. V& d6 phd bién
XGboosting 14 thudt toan duge sit dung trong nhiéu linh vire cling nhu

céc cudc thi vé phan tich d liéu.
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Hinh 1. Tryc quan qué trinh hoat dong ctia XGboosting [10].

QY/E @@ ae g@

f( Q )=2+09=29 ( @ )=-1-0.9=-1.9

Hinh 2. Phén loai don gian bing XGboosting [11].

XGboosting da dugc tao ra bdi Tiangi Chen [12] nhu sau:
Cho mot bo dit liéu c6 n mau va m dic trung:
D = {(x, yD}(D| = n,x; €R™,y; ER)
Mo hinh hoc ctia XGboosting:
Ji =) =Tk=1 f(x) f €F

Trong d6: F = {f(x) = wy}(q@:R™ > T,w € RT) 1a khong gian
ctia cdy, T 12 s6 14 trong cdy, w 14 trong sb ctia nit 14, q 13 ciu tric ctia
mét ciy anh xa miu dit liéu vao nit 14 twong tng, fi: ciu tric cac ciy

k doc 1ap ctia m6 hinh,
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371-(‘)151 gié tri du doan cta vi du thit I va vong 14p thi t.
Ham hoc ctia XGboosting dugc trinh bay nhu sau:

L(g) = Zl(mi) +Zn(fk)

Trong d6: 2 =yT +L§AZJT-:1 wf

1 12 ham mAt méat (loss function) thé hién d¢ sai khéc cta gia tri
thuc va gia tri du doan. Q 1a ham thé hién do phtic tap cia md hinh,
duwge thém viao dé han ché hién twgng overfitting. Tién trinh hoc duge
thé hién théng qua cac cong thitc bén duwdi:

n

1O =Y 13 + 6] + 20

i=1
n

o 1
1O~ 3 1y + gifi () + 5 20| + 2G5
i=1
Trong d6: g; = 0 ¢l va h; = 0;_@_1)1

n 1 1 T
1O = 3" tgif ) + 5 hef 20| +9T +52 ) w}
i=1 =1

T
1
L(‘)=Z[ Zgi w,-+§(hi+y)w,2 +yT
j=1

i€l
2.2. Mang noron nhdn tao

Mot Mang Noron nhan tao thuong dugc td chic cic noron
thanh titng 16p va mbi 16p chiu trach nhiém cho mét cong viée cu thé.
Mang Noron nhén tao thudng c6 3 16p: 16p nhap hay 16p dau vao, 16p
4n va 16p xut [11]:

L6p nhap (input layer) cung cip cho mang céc sb liéu can thiét.
S6 lwgng noron trong 16p nhap twong Gng véi sb Iwgng thong sé diu
vao dugc cung cip cho mang va cic théng s6 dau vao nay duge gia
thiét & dang véc to.

L6p 4n: (hidden layer) chtta cdc noron 4n gitp két nbi gia tri
dAu vao dén gia tri dAu ra. Mot mang noron c6 thé ¢6 mot hodc nhidu
16p 4n chiu trach nhiém chinh cho viéc xi Iy céc noron ciia 16p nhap
va dua cac thong tin dén noron ctia 16p xuét. Cac noron nay thich Gng
v6i viéc phan loai va nhan dién méi lién hé giita thong sé dau vao va
thong s6 dau ra.

L6&p xuét (output layer) chita cac noron dAu ra nhim chuyén
thong tin dAu ra ctia cac tinh toan tit Mang Noron nhan tao dén ngudi
dung. Mot Mang Noron nhan tao cé thé duoc xay dung dé c6 nhidu
thong s& du ra. S6 noron ctia 16p nhap va 16p xuét sé do bai todn
quyét dinh, sé noron 16p 4n va sb 16p 4n sé do nguwdi nhap quyét
dinh. Tuy nhién, viéc chon loai va s lugng ctia théng sé diu vao c6
anh hwong 16p dén chét lwgng clia mang.

Mo hinh toan hoc cta Mang Noron nhéan tao dugc trinh bay

yx)=f (i Wixi>

i=1
Trong dé: y 1a gia tri diu ra tGng v&i bién x, f 1a ham kich

nhu sau:

hoat hay ham truyén, w 12 trong sé lién két ctia noron, x 13 cic gia

tri dau vao.

2.3 Ma trdn nham ldn (Confusion Matrix)

La mot phiong phap danh gia két qua ctia nhitng bai toan phan
loai v&i viéc xem xét ca nhitng chi s6 v& d6 chinh xac va bao quét cau
cac du doan cho titng 1¢p. Mot ma tran nhim 14n gdm 4 chi s6 sau d6i

véi mbi 16p phan loai:

Actual Values

Positive (1) Negative (0)
1%
(3}
r_=° Positive (1) TP FP
>
°
Q
S
g Negative (0) FN TN
Q.

Hinh 3. Ma tran nham l4n.

TP (True Positive): S6 lulgng dif doan chinh xic nhén c6 gia tri Positive

TN (True Negative): S5 luong di doan chinh xic nhin c¢6 gid tri
Negative

FP (False Positive): S6 ltong du doan sai nhén ¢6 gia tri Positive

FN (False Negative): S liiong dut doén sai nhén c6 gia tri Negative

T 4 chi s6 nay tao c6 2 con sb dé danh gia do chinh xé4c cta
mo hinh:

Precision: trong tit ca cic dy doan Positive ¢6 bao nhiéu dy

doén chinh xac:
TP
TP+FP
Recall: trong tt ca cac du doan Positive c6 bao nhiéu dy doan

1a do mo hinh dva ra:

Precision =

TP
TP+FN
Ngoai ra ta con c6 mot théng so khéc 14 Accuracy: trong tat ca

Recall =

cac du doan thi ty 1& dy doan ding la bao nhiéu
TP+TN

Accuracy = ——
y TP+FP+TN+FN

3. Thu thap sb liéu du vao

B6 dit liéu trong bai nghién ctu ldy tit thi nghiém cta M.
Barrios Castellanos, et al [2]. M6 hinh thi nghiém dugc mé ta trong
hinh 4 bao gdm: ESP, bdn chta (tank), bom ting ap (booster pump)
(hai truc vit), bd trao ddi nhiét, bd truyén dong, van tiét Iwu (choke
valve), hé théng phun khi bao gdm may phun khi, may nén, van diéu

2 s A X
chinh va ong mém.
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Chét lvu duoc sit dung 13 hdn hop hai phan khi va 16ng, phin
16ng 12 hén hop diu c6 API = 13-14°API va dau diesel S500, phan khi
14 nito.

Thi nghiém dugc cai dat dé kiém soét chinh xac viée ting ap
suét, luu lugng, nhiét do. Cac bién duge gidm séat ¢ thi nghiém nay
bao gdm: AP (bar) (chéch léch giita 4p suét hit va dp sudt xa clia may
bom), My (kg/s) (khdi lwong lwu lugng cta phan long), Ty, (°C)
(nhiét d6 dAu vao ctia bom), ® (rpm) (moment xoin ctia bom) va
mgas (kg/s) (khéi lvong lvu Ivong cta phan khi).

Muc dich ctia thi nghiém 13 thay ddi ctia cac thong sb clia hé
théng thi nghiém tit d6 tim ra diéu kién xay ra céc trang thai ctia mot
ESP ¢6 thé giip phai. C6 hai trang thai duoc dé cip & déy 1a trang théi
binh thuong (Normal) tai d6 ESP hoat dong binh thudng, trang théi
tht hai 13 trang théi 16i (Fault) tai d6 ESP gip tric tric, hu héng.
Trang thai 18i bao gdm bén truong hop. GI (Gas Increasing) ting bat
thuong cta khi vao ESP gay ra hién tugng surging or gas locking
phenomena. VI (Viscocity Increasing) chit luu ting do nhét lam
giam hiéu suét clia bom va ting ma sat trong dudng éng. CV (Choke
Valve closing) van tiét lvu d6t ngdt bi déng. DIP (Decreasing of
Input Pressure) giam ap suit diu vio.

B6 sb liéu gdbm 806 miu trong d6 c6 392 mau Norma, 37 mau
CV, 45 miu DIP, 42 mAu VI, 290 miu GI duge thé hién rd & Hinh 5.

_ Chiller

(a) Description

Hinh 4. M6 hinh thi nghiém ESP [2].

(b) Test bench layout

Fault Tul€)  [rpm] Pty [kg/h] Ap(bar] i (kg/s) # Experiments
Normal 50 3500 114 0.00-16.40 939 a7
3000 1-14 015-13.14 1523 45
2400 114 0.00-6.79 421 70
1800 1-14 045071 10-11 5
45 3500 1-14 0251584 1827 2
3000 -4 021-11.61 15-23 43
2400 1-14 0.00-6.16 1n-17 43
0 3500 1-14 007-1275 16-27 £
3000 1-14 0.20-9.46 13-21 6
2400 1-14 014-570 9-15 2
o 50 3500 15 0.55-16.08 339 17
2400 15 001-224 519 1
) 3500 15 0.17-9.06 11-25 9
oIP 50 3500 25 061-16.43 339 2
2400 25 0.00-236 421 12
0 3500 25 167-890 13-21 8
vi 30-45 2400 4 0.00-1.02 1115 a2
Gl 50 3500 014 1.23-19.63 17,23,28 2
3000 014 0.37-14.80 14,19,23 £
2400 014 0.18-8.97 1,15,18 49
1800 014 0.43-069 10,11 3
45 3500 014 157-18.10 17,22,27 E3
3000 014 0.20-14.01 14,19,23 3%
2400 014 0.00-7.96 10,14,17 3
) 3500 014 177-1552 17,22,27 2
3000 014 0.00-12.66 13,17,21 38
2400 014 0.08-876 912,15 2

Hinh 5. Bang s6 liéu ddu vio ctia mo hinh [2].

4. Xay dung mé hinh dv doan 16i ctia bom dién chim béng hai
phuong phap XGboosting va Mang noron nhan tao

Muc tiéu cta viéc xy dung moé hinh 1a t&¢ nhitng dit liéu dAu
vao ban diu 1a cic thong s6, tham sé anh hwong téi hoat dong cta
ESP dé duy doan chinh xdc nhét thong sé dAu ra 1a tinh trang cta ESP.

Céc mo hinh st dung 2 phuong phép c6 hoc may 1a XGboosting
va Mang Noron nhin tao. 6 chinh xac ctia mé hinh duge danh gia
bing ma tran nhim l4n.

M6 hinh XGboosting tién hanh tron 14n di liéu méu sau d6 chia
b6 dit liéu ban diu thanh hai phén: bo dit liéu dao tao chiém 70% (564
mAu) bo dit liéu ban diu bd, bd di liéu kiém tra chiém 30% (242 miu)
con lai ctia bo dit liéu ban dAu. M6 hinh XGboosting duge thiét 1ap xay
dung 100 cay quyét dinh (e_estimator = 100). D9 siu téi da ctia cy 1a
6 (max_depth=6), gia tri khoi ddu 1a 0.5, ciy dau tién ctia mo hinh
duge biéu dién & hinh, tiv d6 du do4n tinh trang ctia hé théng ESP.

C s Tt
> Cansssummi
e S
[

ey ™o

Hinh 6. Cay quyét dinh dau tién ctia Xgboosting.

Mo hinh Mang Noron nhan tao chia bo dit liéu ban dAu thanh 3
phén bao gdm:

Bo dt liéu dao tao (training data) chiém 70% bo dit liéu ban
dAu, bd dit liéu dbi sanh chéo (validation data) chiém 15% bo di@ liéu
ban dau, b6 dit liéu kiém tra (test data) chiém 15% con lai ctia bd dit
liéu ban diu.

M6 hinh Mang Noron nhén tao st dung mang noron c6 2 16p

truyén thing, 16p 4n c6 10 noron.

Hidden Layer Output Layer

Input

10

Hinh 7. M6 hinh mang notron.

5. Két qua va thao luan
5.1. XGboosting

Mo6 hinh XGboosting cho ta cac du gia tri dy dodn c6 d6 chinh
xac cao ¢ cac hién twgng nhu Normal (88 %), VI (93 %), GI (90 %) va
dd chinh xéc ¢ mic kha nhu DIP ( 67%) va trung binh nhu CV (42%).
D6 chinh xac téng thé 13 Accurary =85.33834586466166 %. Nguyén

nhén ctia viéc du doan khéng chinh xéc hai 16i CV va DIP 14 do hai
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nguyén nhén sau. Th¢ nhit 14 do s§ lwvong miu xuét hién hai hién
twong nay 1a khd it véi 37 miu & CV va 45 mau & DIP. Nguyén nhan
th¢ hai 12 do diéu kién xut hién caa hai hién tugng nay la gﬁn nhu
twong ddng nhau nén gy ra hién twgng nham 14n, du béo sai qua lai
gitta hai hién tugng.

Normalized confusion matrix

Normal 0.0078 0 o] 0.12
0.8

cv{ 017 0.42 0.42 o] 0

DIP 4 0 0.33

True label

wvi{ 0071 0

Gl 0093 0.01

Normal v DIP wvi Gl
Predicted label

Hinh 8. Ma trin nhdm 14n dénh gi4 d¢ chinh xac ctia Xgboosting.

XGboosting cung cip danh gid mébi twong quan clia cac dic tinh
dbi v&i két qua duv doan ctia mé hinh. Hinh 9 thé hién sy anh hwdng
clia cic dic tinh tif thdp dén cao dbi v&i mé hinh. Ta ¢ Myjgyiq €O SW
anh huéng 16n nhat véi 1582 diém, ké dén la my,, va AP c¢6 stic anh
hwéng gan nhv nhau 13n lwot 1a 1110 diém va 984 diém, hai dic
trung con lai 14 T va ® c6 anh hwong kha nhé néu so sanh véi 2 dic
tring ké trén. Nh& vao bang d4nh gia nay ta chay lai mé hinh véi viée
Iwgt bo bét di hai théng sb it anh hwéng hon 12 T va o dé xem c6 thé
loai bé b&t nhiéu cho mé hinh hay khéng.

Feature importance

HLIQUID

MGAS

o

Features

Tior) - —0t 1

o [ —03

200 400 600 a00 1000 1200 1400 1600

Hinh 9. TAm anh hudng ctia cic dic trung tic dong dén mo hinh.

Viéc chay lai mé hinh v6i hai thong sé duoc lugt bo 1am ting
tinh chinh xac ctia viée dy béo nhu trong hinh 10 CV ting tit 42 dén
58 %, VI ting tit 93 % dén 100 %, nhung nhitng dy bdo vé& 3 hién
twong con lai bi giam xudng tir d6 1am cho dé chinh xéc tdng thé giam
con 83.83458646616542 %. Nhitng du bio vé Normal, GI, DIP tuy c¢6
giam nhung lai giam mét lwvgng khong déng ké so v&i viée dy bao CV
ting ti mdéc dwdi trung binh dén mdc trung binh. Két ludn dé ting
kha ning dy dodn ding & titng nhan cé thé ta phai hy sinh di d6

chinh xéc tdng thé ctia mé hinh.

Normalized confusion matrix

Lo

Normal 0.016 0.0078

DIP

True label

WA

Gl 1

0.0

T T
Normal o DIP Vi Gl
Predicted label

Hinh 10. Ma trdn nhim 14n sau khi d3 lwot bo hai dic trung T va o.
5.2. Mang Noron nhdn tgo

M6 hinh Mang Noron nhéan tao cho ta cidc dy bdo ¢ mtic trung
binh v&i nhan Normal 58,3 %, CV 50 %, DIP 48 %, GI 58,2 % va dac
biét kha chinh x4c & nhian VI 81,3 %. VAn gidng v&i mé hinh
XGboosting v&i CV va DIP 14 hai nhan c6 ty 1& du bao ding thap nhit.

D6 chinh xéc tdng thé ctia m6 hinh ndm & mdc 59,1 %.

All Confusion Matrix
1|308] 15| 24 | 3 WE&S%
38.2941.9%|3.0%|0.4%22.1%1.7%

5 5 14 7 0 2 p0.0%
@ “ 10.6%]|1.7%|0.9%|0.0%|0.2%§0.0%
S, 37 |12] 0|3 80y
© 7 |0.4%|0.9%| 1.5%0.0%|0.4%52.0%
2, 5[0 |0 394 B3y
£ " |0.6%]0.0%0.0%4.8%|0.5%18.8%
o S| 71| 1 | 2| 0 103 F82%

8.8%)0.1%0.2%|0.0%[12.8% 1.8%|
[78.6%37.8%426.7%092.9%35.5%469.1%
21.4%62.2%73.3% 7.1% 54.5%40.9%

N 1 G & ©
Target Class
Hinh 11. Ma tran nhAm 14n khi 16p 4n ¢6 10 noron.

All Confusion Matrix
29| 9 | 7 | 4 162E2.2°/
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Hinh 12. Ma trn nham 14n khi 16p 4n c6 20 noron.

Véi 10 noron 16p 4n ty 16 du béo khéng duge nhu ki vong nén

ta ting s6 noron trong 16p 4n 1én 20 noron va nhan duge két qua bt
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14 ty 1é du doan chinh xéc déu tang 1én nhan Normal (58,3 — 62,2 %),
CV( 50 — 62,5 %), DIP (48 — 51,6 %), VI (81,3 — 84,4 %), GI (58,2
— 61,2 %). Tt d6 1am ting do chinh xac tdng thé 1én thanh 62,5 %.
VAn gii s6 noron 16p 4n 1a 20 noron va thit 4p dung cach 1am
twong ty XGboosting 14 lwgt bo 2 dic trung 14 T va o ta s€ dugce do
chinh x4c toan phin 14 56,9 % thip hon Mang Noron nhan tao v&i 10

noron 16p An. Rat ra két ludn viée loai bo 2 dic trung trén khéng c6

hiéu trong mo6 hinh Mang Noron nhén tao.

5.3. So sdnh d¢ chinh xdc ctia hai mé hinh XGboosting va Mang Noron
nhdn tao

Ta so sanh hai két qua t6t nhit clia 2 mé hinh trong Bang 1.

Bang 1. So sanh do chinh x4c cta hai m6 hinh XGboosting va Mang Noron nhéan tao.

Model Normal Ccv DIP VI GI Accuracy
XGboosting 87 % 58 % 60 % 100 % 85 % 83,83 %
Mang Noron nhén tao 62,2 % 62,5 % 51,6 % 84,4 % 61,8 % 62,5 %

Tit bang trén ta thiy sy viot trdi ctia XGboosting trong bai todn [31. Long Peng, Guoqing Han, Xianfu Sui, Arnold Landjobo Pagou, Liying

phén loai 13i ctia hé théng ESP. Nguyén nhén clia sy vieot trdi nay 1a
do Mang Noron nhin tao thich hgp hon véi nhitng bai toan héi quy
hon 12 nhitng bai toin phan loai. XGboosting st dung céc ciy quyét
dinh dé x4c dinh x4c sult xuit hién clia céc nhan, trong khi
XGboosting hoan toan diing dén cic ham tinh toan do dé d& bi nhiéu
hon.

6. Két luan

Bai nghién cfu dd trinh bay mét phuong phép tiép can cha
déng dé& dy doan 16i cia bom dién chim. M6 hinh trong bai da st
dung hai phuong phap may hoc thong dung nhit hién nay la
XGboosting va Mang Noron Nhan Tao. Két luan dugc dua ra la
phuong phép XGboosting thich hop hon trong vin d& phan loai 16i
bom dién chim. Két qua ctia phuong phap nay khéng chi cé d6 chinh
x4c cao ma con cho ta thiy sy anh huéng ctia cac tham sé dbi v&i qua
trinh phan loai. Thong qua két qua ctia cdc mé hinh ta thiy dugc hiéu
qua ctia viéc loai bét nhitng tham sb ¢6 anh hwong it dén két qua diu
ra trong bo sb liéu ban diu. Viéc loai bd nhitng tham s6 nhiéu trong
bo dit liéu lam qua trinh du doan chinh xac hon, tiét kiém tai nguyén

cho m6 hinh.

L&i cam on
Nghién cttu duoc tai trg bdi Truong Pai hoc Bach khoa - PHQG-HCM
trong khuan khé D2 tai ma s6 To-DCDK-2021-07.
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