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TOM TAT

DPon nguyén dia chat cong trinh (BCCT) 1a mot thé tich dat da déng nhét co cung tén goi va cac
dac trung ca ly bién thién khdng co tinh quy luat, hodc néu cac dac trung co ly bién thién cé quy
luat thi quy luat nay co thé bd qua khi théa man diéu kién théng ké. Phan chia don nguyén BCCT
la cong viéc rat quan trong nham cung cap di liéu tin cdy cho tinh toan, thiét ké nén mong va lua
chon gidi phap thi cong hop ly gop phan tiét kiém chi phi khi xay dung céng trinh. Hién tai, viéc
phan chia don nguyén thudng dugc tién hanh thu cong trén ¢ s& cac tiéu chudn phan loai dat
ctia Viet Nam (TCVN), My (ASTM), Anh (BS). .. Vi cong viéc dugc tién hanh thi cong nén khong thé
tranh khoi cac sai sot, ddc biét khi tién hanh vai bo di liéu Ién. Nham gidm bét cac sai sét khi phan
chia don nguyén cling nhu phat hién céc dj thudng trong cau tric BCCT va tiét kiém thai gian khi
téng hop luong di liéu I6n dé xay dung co s& dir lieu BCCT cho mot khu vue, bai bdo nay tng
dung hoc may dé phan chia don nguyén BCCT mét cach tu dong trén co s st dung ba thuat toan
phan cum la K-Means, Gaussian Mixture Model (GMM) va Mean Shift. B sé liéu dau vao duoc ldy
tur két qua thi nghiém co ly ctia 437 mau dat & khu vuc Quan 1 va Quén 8 thudc Tp. HS Chi Minh.
Két qua cho théy, chuong trinh phan chia tu dong cho két quéa phan chia cac don nguyén BCCT rét
trung khdp vai két qué theo phuang phép thi céng. Hon nla, chuong trinh tu dong cé thé phan
chia ra cac don nguyén rat chi tiét, diéu nay gitp phat hién ra cac di thudng trong cau tric BCCT.
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DPon nguyén DCCT la mot thé tich dat d4 dong nhat
3 ¢6 cling tén goi va cac dic trung co ly bién thién khong
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6 tinh quy luat, hodc néu cic dic trung co ly bién

IS

thién c6 quy luét thi quy luit nay c6 thé bo qua khi

«

o

thoa mén diéu kién théng ké. Hién nay cong tac phan
loai va goi tén dit ¢ Viét Nam con dugc thuc hién kha

~

that cdng. Mot s6 nghién ctiu vé phan loai dat tiéu biéu
nhu Huynh Van Binh, Lé Phuéc Hao ! nghién ctiu vé
o hé thong phan loai dit phuc vu cho x4y dung cac cong
trinh thty dién khu vuc Tay Nguyén; Thai Thanh Du,
> Ong Vin Ninh, Pham Thanh Vii va nnk? nghién ctiu
3 vé€ cac dac tinh phén loai dat theo hé thong phan loai
4+ WRB (World Reference Base) 2006 tinh Hau Giang
s ti 1¢ 1/100.000; V6 Quang Minh, Lé Quang Tri3 véi
¢ dé tai dit bong bang song Ctiu Long phén loai theo

©

©

7 hé théng WRB. Nhin chung, hién cic nghién ctiu vé

18 phan loai d4t dugc thuc hién chu yéu dya vao ban do
19 dia tdng khu vyc hay mét hé thong phan loai nao dé
20 ma hdu nhu chua 4p dung phuong phép hoc may.

21 Trén thé€ gidi, c6 nhiéu nghién ctiu vé€ phan loai dat

Linh Trung, Tp. Tha Buc, Tp. H6 Chi Minh, vierz2 SU Ung dung phuong phép hoc mdy nhu Xiangrong

Nam

Email: ngotanphong@hcmut.edu.vn

3 Wang, Hui Wang, Robert Y. Liang, Yang Liu* st dung
2 phuong phédp ban phin cum c6 gidm sat d€ phan loai

dat dya trén di liéu hé khoan va thi nghiém xuyén
tinh; Fausto Molina-Gdmez, Anténio Viana da Fon-
seca va nnk’ ting hoc méay dé xac dinh sy phan bé cac
16p dat dua trén két qua thi nghiém xuyén tinh do ap
luc nuéde 16 réng va séng 4m; Cormac Reale, Kenneth
Gavin va nnk® véi dé tai nghién ctiu vé phan loai tu
dong dat hat min st dung két qua xuyén tinh va mang
ludi than kinh nhéin tao ANN (Artificial Neural Net-
works)...

Nhin chung, viéc nghién ctiu ting dung hoc may vao
cong tac phan loai dét trén thé gidi dang 1a xu hudng.
Phén 16n cac nghién ctiu diéu tp trung khai thac b
dii liéu thi nghiém xuyén tinh, di liéu dia chdn cling
v6i d6 1a ting dung cac thuit toan ban phan cum hodc
mang luéi thin kinh nhan tao ANN. G Viét Nam bo
dit liéu CPT hay dia chin chua nhiéu nhung b¢ di
liéu vé cic chi tiéu co ly trong phong ctia dat thi lai rat
nhiéu. Muc tiéu cua bai bdo 1a nghién cttu Ging dung
thuat toan phan cum trong phén chia don nguyén
DCCT st dyng bo dii liéu ti thi nghiém trong phong
cdc chi tiéu co ly cua dat.

Dii liéu sti dung trong nghién ctiu nay dugc lay tu di
liéu thi nghiém trong phong ctia 437 mau dét & khu
vic Quan 1, Quan 8, thanh phé H6 Chi Minh phan
bd tit mat dit dén do sdu 94.5m. Trong 437 mau dit

Trich dan bai bao nay: Thinh HV, Chung KL T, San L M, Phong N T. Ung dung hoc may trong phan chia
don nguyén dia chat cong trinh dua trén dif liéu thi nghiém dat trong phong. Sci. Tech. Dev. J. - Eng.

Tech. 2024; ():1-10.
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nay dugc tao thanh tii 3 bo dii liéu; trong d6 véi 2 bo
dit liéu dugc thi nghiém theo tiéu chuin ASTM7 (b6
ASTM1 gbém 96 mau, by ASTM2 gbém 237 mau), 1 b
dii liéu dugc thi nghiém theo tiéu chudn TCVN 8 gom
104 mau.

PHUGONG PHAP

Tiéu chuan phan loai dat

Tiéu chudn ASTM D2487

Theo tiéu chudn ASTM D2487, can cti vao dudng kinh
6 hat, ranh gi6i gitta dat hat th6 va dit hat min 13
0.075mm, d6 la c& hat ¢ thé thdy dugc bing mit
thuong. Dau tién d€ phén loai theo ASTM nay, xét
phén traim hat qua ray 0.075mm I6n hon hay nho hon
50%. Néu gia tri nay 16n hon 50% thi day la dat hat
min. Tiép theo xét dén gidi tri gidi han chay (LL), xét
xem tinh déo ctia loai d4t 16n hon hay nhoé hon 50%.
Sau cung xét chi s§ déo (PI) va biéu d6 Casagrande
d€ phén loai va goi tén dit. Néu gid tri phin trim
hat qua ray 0.075mm nho hon 50% déy 1a dat hat tho.
Xét phan trdm hat lot qua rdy 4.75mm d€ biét xem
dat thu¢c loai san (phan tram hat giti lai trén ray 4.75
nhiéu hon) hay loai cat (phan tram hat lot qua ray
4.75mm nhiéu hon). Tiép theo xét phan tram hat lot
qua ray 0.075mm va xét dén hé s6 C, va C. d€ phan
loai va goi tén dét.

Tiéu chuidn TCVN 8217

Theo tiéu chufin TCVN 8217, cin ct vao dudng kinh
6 hat, ranh gidi gitia dat hat tho va dat hat min la
0.08mm. D€ phan loai theo TCVN, xét phén tram céc
hat c6 kich thuéc £0.08mm 16n hon hay nho hon 50%.
Néu gid tri phin trdm nay 16n hon 50% thi day la dat
hat min. Xét tiép gi6i han chay, gia tri chi s6 déo va
duing biéu d6 Casagrande dé€ phan loai va goi tén dat.
Néu gid tri phan tram qua ray nho hon 50%, day la dat
hat tho. Xét phéan tram trong lugng thanh phan hat
tho ¢6 kich thudc 16n hon 2mm. Néu gia tri nay 16n
hon 50%, day la dat san so6i, néu hon 50% trong lugng
thanh phan hat tho c6 kich thuéc nho hon 2mm, day
la dat cat. Xét tiép phéan tram hat c6 kich thudc nho
hon 0.08mm va 2 chi s6 C,, va C. d€ phan loai va goi
tén dat.

Nhin chung ca 2 tiéu chun phan loai vita néu déu dya
trén thanh phén hat, tinh déo, biéu 46 Casagrande dé
phén loai va goi tén dat. Tuy nhién, gitia 2 tiéu chuin
c6 nhiing khdc biét nhu trinh bay ¢ Bang 1.

Thuat toan phan cum trong hoc may
K-Means, Gaussian Mixture Model (GMM), Mean
Shift 1a cdc thuét todn phan cum phd bién trong hoc
mady, ddc diém ctia ching dugc trinh bay trong Bang 2.
Thuét toan K-Means

Thuat toan dugc xay dung dua trén cong thuic:

J=h o ) =P 0
Trong do: k14 s6 cum t6i vu; n 8 trudng hop; | |x§j )
¢;||* 1a ham khoang céch tii 1 diém dén diém trung
tAm. SO cum tdi vu dugc xdc dinh dya theo biéu do
Elbow®.

Ham mat mét

Y7M:arg'gf‘g):ﬁv:l):f:lyijl\xi—ij% )
Trong d6 Y = {y1;y25.-5y8 ) M = [my,my, ...,mk]
14an lugt 14 cdc ma tran dugc tao bdi label vector ctia
mbi diém di liéu va center ctia mdi cluster.

Thoa mén diéu kién: y;; € {0, 1}Vi, j; X5 yij = 1vi
Thuat toan K-Means sé duing lai sau mét s6 hiiu han
vong lap. Ham mat mat la mét s6 duong va sau moi
lan thuat todn ldp lai, gid tri hAm mat mat bi giam di.
Thuit toan GMM

Thudt toan nay dugc xay dung dua trén cong thiic ctia

phan phéi chudn:
p(x) =XE, oiN (x|p;, o) ©)
1 —@ )
N (x|pi, 0;) = N 20

o\V2m

Trong do: w; 1a gia tri trung binh cta phén tu thi i,
0; 1 phuong sai ctia phén ti i. Gid tri s6 cum t6i uu
dugc x4c dinh theo bidu d6 AIC va BIC®.

Ham mét mét

St dung thuét toan EM (Expectation-Maximization)
dé u6c lugng ham mét mat.

Trong thuat toan EM lién tuc thuc hién cac vong lap
ma moi vong ldp bao gom hai budc hudn luyén chinh:
E-Step:

Udc lugng phan phéi ctia bién 4n z thé hién phan phéi
xdc sudt ctia cdc cum tuong ting véi dii liéu va bo tham
$6 phén phoi.

Muc tiéu ctia budc E-Step 1a tinh xdc sudt ctia moi
diém di liéu dya trén phén phdi Gaussian dya trén
tham s6 6, ctia vong 1ap gan nhit

__mN (Wje, X e xi)
YN (Wi, X e |xi)

Trong d6: xdc xudt 7r; chinh la xac sudt tién nghiém

E_ (zj|xi, 6;) 5)

(posteriori probability) bang véi ty 1é cdc quan sat
thudc vé cum j & vong lip thi t. N ([.Lj,,th |x;) la xac
sudt cia x; roi vao cum thit j dugc tinh theo phén phoéi
Gaussian da chiéu.

M-Step:

T6i da héa phéan phdi xac sudt dong thai (join distri-
bution probability) ctia di liéu va bién dn. Tai budc
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Bang 1: Piém khac nhau giira tiéu chuan ASTM D2487 va TCVN 8217

Tiéu chuidn ASTM D2487 TCVN 8217
Ranh gi6i cd hat min va tho, mm 0.075 0.080
Mau dét xac dinh gi6i han chay phai lot qua ray, mm 0.425 1.000
Khéi lugng chuy xuyén trong thi nghiém xdc dinh gi6i han chay, g 80 76
Thoi gian con xuyén vao dat trong thi nghiém xac dinh gi6i han chay, 5 10
giay
Bang 2: Pic diém cha 3 thuat toan K-Means, GMM va Mean Shift®
K-Means Gaussian Mixture Model Mean Shift

Duya trén diém trung tim
Bi anh hudng nhiéu boi gia tri ngoai
lai

Can tim s6 cum t6i vu
(stt dung phuong phap Elbow)

Dua trén su phan bé di liéu

It bi nh hudng béi gia tri ngoai lai

Can tim s6 cum t6i vu
(stt dung 2 chi s6 AIC va BIC)

Duya trén mat do di liéu

It bi dnh huéng bai gid tri ngoai lai

Khong cén tim s6 cum t6i uu

M-Step cép nhat lai tham s6 phan phdi theo ham aux-
iliary 0 (6, 6;)
oo Liei P (31 6)
J N
Thuit toan Mean Shift
Thuét toan Mean Shift dugc xay dung trén cong thiic
ham mat do:

ﬂx):ﬁ:if(’“;x")

(6)

(7)

Trong d6 n: 13 s6 diém dii liéu; d: kich thude di liéu;
h 1a gi4 tri bandwith®.
Ham mét mat

Vx]?(x) =

2000 | ¢ { X; } ®)
: SO\ —

nh+2 |:Zi } 18

Trong do: nz/;% (X, g(y)] 1a ty trong phan phéi ctia

ham mat do xdc suit tai diém x.
Xi _ 1 :
50 x] dugc goi la meanshift vector
Dé don gian héa viéc tinh todn, toan b 3 thuit todn
phan cum dugc tac gid st dung theo bd thu vién
sklearn thu¢c ngén ngit 1ap trinh Python 1°.

Quy trinh phan chia don nguyén BDCCT

Quy trinh phén chia don nguyén DCCT dugc thuc
hién theo 5 budc sau: Budc 1. Lya chon cac thong s6
dau vao mo hinh; Buc 2. Chudn hoa di liéu (Gng
dung ham standardScaler() thudc b¢ thu vién sklearn
trong ngdn ngi 1ap trinh Python); Buéc 3. Tim s6
cum t6i uu; Budc 4. Chay mo hinh thuét toan phan
cum; Budc 5. Xuit két qué phan 16p.

Cac thoéng s6 dugc st dung trong phan cum gom
thanh phan hat, giéi han chay (LL), giéi han déo (PL),
d6 4m (MC), dung trong ty nhién (DEN), hé s6 rong
(VOID), cac thong s6 dugc trinh bay chi ti€t & Bang 3.
Luu y vé€ thanh phén hat, cac thong s6 lién quan dén
ham lugng kich thudc hat cudi, san, cat, bui va sét
dugc xem nhu 1a méi thong s6 riéng biét trong qué
trinh phan cum. C6 t6ng cong 17 thong s6 tuong ting
v6i cac bo dii liéu ASTM1, ASTM2 va TCVN.

Dé dénh gid muc d¢ anh hudng ctia thong s6 dau vao
dén d¢ chinh xdc cia m6 hinh phan cum, bai bédo da
xem xét thay d6i s6 lugng thong s6 ddu vao 1an lugt 1a
12, 14 va 17 tuong ung véi ba truong hop THI, TH2
va TH3. Trudng hgp THI, c6 12 thdng s6 dau vao
dugc xem xét lién quan dén thanh phén hat. Truong
hgp TH2, ¢ 14 thong s6 dau vao dugc xem xét lién
quan dén thanh phén hat, giéi han chay va gi6i han
déo. Truong hgp TH3, c6 17 thong s6 dau vao dugc
xem xét lién quan dén thanh phan hat, giéi han chay,
gi6i han déo, d6 dm, dung trong tu nhién va hé s6
rong.

Chu thich: TH1-thoéng s6 ddu vao chi gobm thanh
phan hat (GR1, GR2, SA6, SA5, SA4, SA3, SA2,
SAl, SI2, SI1, CL2, CL1) trong trudng hgp bd dit
liétu ASTM1. Tuong tu cho cac bo di liéu khéc.
TH2-thoéng s6 ddu vao gém thanh phén hat, giéi
han chady, gi6i han déo (TH1+LL+PL). TH3-thdng
s6 ddu vao gom thanh phan hat, giéi han chay, gisi
han déo, d6 4m, dung trong tu nhién, hé sd réng
(TH2+MC+DEN+VOID)

So d6 tinh todn dugc trinh bay trong Hinh 1.
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Bang 3: Cac théng s8 st dung khi phan cum véi bo dii liéu ASTM va TCVN

ASTM1 ASTM2 TCVN

GR1-san SI1-bui GR1-san SI1-bui CO1-cudi SI2-bui

GR2-san CL2-sét GR2-san CL2-sét GR3-san SI1-bui

SA6-cat viia CL1-sét SA6-cét tho CL1-sét GR2-san CL1-sét

SA5-cat viia LL-gi6i han  SA5-cat viia LL-gi6i  han  GRl-san LL-gi6i han chay
chay chay

SA4-cat viia PL-giéihan déo  SA4-cat viia PL-gi6ihandéo  SA5-cat tho PL-gi6i han déo

SA3-cit min MC (w)-dd 4m SA3-cit min MC-d6 4m SA4-cét viia MC-d6 4m

SA2-c4t min DEN-dung SA2-c4t min DEN-dung SA3-c4t min DEN-dung trong tu
trong tu nhién trong tu nhién nhién

SA1-cit min VOID-hé s6  SAl-cit min VOID-hé  s6  SA2-cat min VOID-hé s6 rong
rong rong

SI2-bui SI2-bui SA2-cit min

Tién xi Iy ditliéu

Tim 56 cum t6i vu

Y
Tién hanh chay
timg thudt toan véi
timg bé dir héu

Pua ra két qua
phén cum

Hinh 1: So d6 tinh toan
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KET QUA VA THAO LUAN

Do chinh xac

D0 chinh xdc dugc tinh todn dua trén viéc so sdanh két
qua phén 16p theo phuong phép tht cong va phan 16p
theo thuét toan phan cum. D¢ chinh xdc dugc xac
dinh tlit s6 mau phén 16p gi6ng nhau gitia 2 phuong
phép (a) va téng s6 mau (b) nhu sau:

Do chinh xdc = £ x 100 (%)  (9)

Trong d6: a la s6 miu phan 16p gidng nhau gitia
phuong phap hoc méy va tha cong; b 1a téng s6 mau.
D0 chinh x4c ctia 3 thuat todn K-Means, GMM, Mean
Shift tuong ting v6i 3 bd di liéu ASTM1, ASTM2,
TCVN trong trudng hgp TH3 dugc biéu thi & hinh
Hinh 2. Luu ¥, truong hgp TH3 (17 thdng s6) cho do
chinh xdc cao nhit. Dya vao d6 thi nay c6 thé thiy,
theo xu hudng chung, gia tri d6 chinh xdac tang theo
trinh tu tit thuat todn K-Means dén Mean Shift va do
chinh xac dat gid tri cao nhat la 93.8% & thuét toan
GMM. Do chinh xdc cta thuit toan GMM cao gip
1.07 1an Mean Shift va gép 1.05 14n K-Means.

Tu két qua thuit toin GMM phén tich két hop véi
bang phan loai thi cdng tién hanh vé cac hinh tru h
khoan.

Quan sat hinh Hinh 3a dé& nhan thdy két qua phan
chia theo phuong phap phan cum khd tuong dong véi
phén chia theo phuong phap tht cdng. Tuy nhién mot
$6 mau ¢ d sau tit 15-18.5m két qua thuat todn phan
cum c6 sy khac biét. Nguyén nhéan cta su khac biét
nayla do tai vi tri d6 c6 khd it diém dii liéu. G Hinh 3b
va Hinh 3c cho két quéa tuong dong gitia phan chia
theo hoc may va phén chia tht cong.

Anh huéng sé lugng thong s6 dau vao
Nhéim danh gia anh thudng ctia s6 lugng thong s6 dau
vao dén d6 chinh xdc ctia m6 hinh phan cum, s6 lugng
thong s6 dau vao dugc thay déilan lugtla 12, 14 va 17
tuong ting véi ba trudng hgp TH1, TH2 va TH3. Két
qué do chinh xdc ctia 3 thuét todn K-Means, GMM va
Mean Shift qua 3 bo dii liéu tuong ting véi cic trudng
hgp thong s6 mo hinh dugc théhién trong cac Bang 4,
5vae.

Do chinh xdc ctia thuat todn K-Means tang theo s
lugng thong s6 dau vao mo hinh. Dua vao do thi trén
Hinh 4 ¢4 thé thiy, theo xu hudng chung khi s6 lugng
thong s6 moé hinh cang ting thi do chinh x4c ctia thuét
toan cling tang theo. D¢ chinh xdc dat gid tri 16n nhit
tai trudng hgp TH3 (17 thong s6) la 88.5%. D¢ chinh
x4c tang tit 83.3% lén 88.5% khi s6 lugng thong s6
tang tu 12 1én 17 thong s6.

Do chinh xdc ctia thuit toan GMM qua 3 trudng hop
thong s6 moé hinh dugc thé hién trong Hinh 5. Dya
vao d6 thi dé nhén thdy, do chinh xdc cta thuat toan

tang khi s6 lugng thong s6 mo hinh ting 1én. Cu thé
do chinh xdc ting ti 82.3% lén 93.8% khi s6 lugng
thong s6 tang tir 12 1én 17 thong so.

D6 thi trén Hinh 6 thé hién d6 chinh xé4c cha thuat
toan Mean Shift qua 3 trudng hgp TH1, TH2 va TH3.
Tuong ty nhu & do thi Hinh 4 va Hinh 5, dé dang
nhan thdy 1 xu huéng chung, trong truong hgp nay
do chinh xac ting theo s6 lugng thong s6 moé hinh.
Tuy nhién, xuét hién di thudng véi truong hop TH2
va TH3. Truong hgp TH2 c6 mot vai diém bang thim
chi cao hon trudng hop TH3. Nguyén nhén cé thé1a
do bo dii liéu duing trong dé tai chua du 16n cling véi
d6 su chénh léch do chinh xac gitia 2 trudng hop 1a
khong cao boi 1é mbi lan thuét todn chay lai thi do
chinh xdc ciing c6 su thay d6i nho.

Vé xu hudéng chung, c6 thé két luén d¢ chinh xac cta
3 thuat todn phan cum c6 moéi quan hé tuong quan
thuan véi s6 lugng thong s6 ddu vao md hinh. Khi s&
lugng théng s6 mo hinh ting thi do chinh xdc ctia cac
thuat todn sé tang theo.

Di thuong

Duya vao Bang 7 ¢6 thé dé dang nhan thdy ham lugng
hat bui trong 2 mau 49 va 95 cao hon cic mau con
lai. Do d6 thuét todn da phan tach cdc mau nay vao
mot 16p riéng biét. O phan chia theo phuong phép
tht cong véi cac dédc tinh mau dat nhu vay, tit cd mau
nay chi dugc phan vao cung 1 16p duy nhét, 16p ky
hiéu MH. Tuy nhién khi st dung thuéit toan GMM,
thuét todn da phén chia 16p nay ra thanh 2 16p nho
hon. Nhu vay thuét todn phan cym c6 thé giup phan
chia chi tiét hon cdc 16p dit, tit d6 gitp phét hién cac
16p kep mong trong dia tang.

Tuong tu, & cic mau 54 va 100 trong Bang 8 c6 ham
lugng cét tit hat tho dén hat viia cao hon ¢ cidc mau
con lai. Néu & phén chia theo phuong phap thu cong,
tt cd cdc mau nay sé dugc gom vao cung mot 16p 1a
cat bui, SM. Tuy nhién khi phan chia theo thuét todn
GMM thi cdc miu nay dugc chia ra thanh 2 16p, diéu
ma phuong phép tht c6ng chua lam dugc.

Nhin chung d¢ chinh x4c ctia cac thuét todn phan cum
sé tang theo s6 lugng thong s mo hinh nhung theo
két qua titt hinh Hinh 6 c6 thé thdy ¢ bo dii liéu ASTM1
xudt hién di thuong. Truong hop TH3 cé s6 lugng
théng s6 mo hinh cao hon trudng hgp TH2 nhung lai
c6 d6 chinh xac thép hon truong hop TH2. Nguyén
nhén c6 thé 1a do s6 lugng mau diung trong nghién
ctiu kha it dan dén thuat todn chua nhan dién dugc
chinh xéc.

Luuy d¢ chinh x4c ctia thuét todn sé thay d6i ¢ méilan
chay vi thuét todn gia dinh diém trung tdm 6 méi 1an
chay tuong ting. Do véy gia tri 4o chinh xdc sé thay
d6i, tuy nhién gid tri thay d6i nay 1a rat nho, khong
dang ké c6 thé bo qua khi phén tich.
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B¢ dit licu

Hinh 2: So sénh do6 chinh xac gitta 3 thuat toan phan cum déi véi bo dit liéu ASTM1, ASTM2 va TCVN trong trudng

hop TH3

Bang 4: D6 chinh xac ciia 3 thuat toan trudng hop TH1 (12 théng sé)

Thuét toan K-Means GMM Mean Shift

Bo dii liéu

TCVN 59.6% 60.6% 56.7%

ASTM1 83.3% 82.3% 85.4%

ASTM2 77.2% 78.1% 79.8%
Bang 5: Dé chinh xac ciia 3 thuat toan trudng hop TH2 (14 théng s6)

Thuét toan K-Means GMM Mean Shift

Bo dii liéu

TCVN 61.5% 68.3% 66.4%

ASTM1 84.4% 91.7% 90.6%

ASTM2 78.1% 81.0% 84.0%
Bang 6: Dé chinh xac ciia 3 thuat toan trudng hop TH3 (17 théng sé)

Thuét toan K-Means GMM Mean Shift

B0 dii liéu

TCVN 66.4% 77.9% 71.2%

ASTM1 88.5% 93.8% 87.5%

ASTM2 84.8% 85.2% 84.0%
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» KET LUAN

207 Trén co s6 ting dung thuét toan phan cum K-Means,

209 GMM va Mean Shift trong viéc phan chia don nguyén
299 DCCT cho b dit liéu cac chi tiéu co ly ctia dat, bai bao

300 di dén céc két luan sau:

302

303

304

305

« Trong 3 thuét toan phan cum K-Means, GMM

va Mean Shift thi thuat toin GMM cho két qua
v6i d6 chinh xdc cao nhétla 93.8% tuong Ging véi
bo dit liéu ASTMI trudng hop TH3 (17 thong

sO).

Hinh 3: (a) Hinh tru h6 khoan d6i véi bé dir liéu ASTM1 trudng hgp TH3; (b) Hinh tru hé khoan d6i véi bo di liéu
TCVN trudng hgp TH3; (c) Hinh tru h6 khoan d6i véi bo dit liéu ASTM2 trudng hgp TH3

« Nhin chung bo dit liéu ASTM cho két qua tot

hon bo dit liéu TCVN. Trong d6 bo di liéu
ASTM dat d6 chinh xéc cao nhét 14 93.8% trong
khi bd TCVN chi dat 77.9%. Nguyén nhan co
thé 13 do su khdc nhau vé ranh giéi ¢& hat,
phuong phap thi nghiém xdc dinh giéi han chay.
Do véy c6 thé két ludn ring bo dit lieu ASTM
pht hgp hon cho thuét toan GMM.

Thuit todn phan cum c6 thé xéc dinh dugc cac
di thuong bing cach so sanh céc tinh chit cta
mot mau dat nay véi cc tinh chét ctia mau dat
khéc. Thuat todn c6 thé phan chia cic 16p dit chi
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Hinh 4: D6 chinh xac cla thuat toan K-Means doi véi théng s6 mé hinh trong 3 trudng hgp TH1, TH2, TH3

hinh xac (%)
g &

Po c
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=

TCVN ASTMI ASTM2
B¢ dir lidu

Hinh 5: D6 chinh xac ctia thuat toan GMM déi véi thong s6 mé hinh trong 3 trudng hgp TH1, TH2, TH3
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Hinh 6: D0 chinh xac clia thuat toan Mean Shift di véi théng s6 mé hinh trong 3 trudng hgp TH1, TH2, TH3

Bang 7: Két qua phan chia don nguyén st dung thuat toan GMM & 16p bui tinh déo cao (MH) cta bé dii liéu

ASTM2 truong hop TH3
S6 hiéu mau SI2-bui (%) SI1-bui (%) Ham lugng hat  Thu cong Machine learning
bui (%)
- 0.075 =+ 0.02 0.02 -+ 0.005 - - -
mm mm
0 16.1 22 38.1 MH 7
1 10.3 23.4 33.7 MH 7
48 16.2 19.7 359 MH 7
49 28.1 222 50.3 MH 3
95 325 24.2 56.7 MH 3
142 16.9 20.7 37.6 MH 7

Ghi chu: gid tri i trong cot Machine learning nghia la 16p dat i.

tiét hon tit viéc phat hién ra cac di thudng trong
bo dii liéu, diéu ma phuong phép phan chia tha
cong chua lam dugc.

S6 lugng thong s6 md hinh c6 méi quan hé
tuong quan thuén véi do chinh xdc ctia thuét
toan. Khi s6 lugng thong s6 mo hinh tang thi do
chinh xdc ctia thuét toan sé ting theo. D¢ chinh
xac cua thuét todin GMM & b di liéu ASTM1
tang ti 82.3% lén 93.8% khi s6 lugng thong s6
tang tit 12 1én 17 thong s6.

328 Nghién ctiu nay chi tién hanh phén cum trén di liéu

320 V€ cac chi tiéu co ly (thanh phan hat, gi6i han chay,

330 gi6i han déo, d6 4m, dung trong tu nhién, hé s6 rong)

cuia dit, chua st dung dii liéu vé mau sic, trang thai
va d¢ siu ctia 16p ddt. Do d6 cin b6 sung thém cac
nghién ctu st dung cdc thong s6 vé mau sic, trang
thdi va d¢ sau ctia 16p ddt trong thuat toan phan cum
dé€ phén chia don nguyén DCCT trong tuong lai. Bén
canh d6, nghién cttu nay chi dua trén dii liéu cdc miu
d4t & Quén 1 va Quén 8 thudc Tp. H6 Chi Minh. Vi
vay, trong tuong lai cdn m& rong pham vi nghién ctiu
& cac khu vuc khéc d€ dédnh gia khich quan vé mic
d0 hiéu qua ctia phuong phap Machine learning trong
phéan loai dat.
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Bang 8: K&t qua phan chia don nguyén st dung thuat toan GMM & I6p cat bui (SM) ctia bé dit liéu ASTM2 trudng

hop TH3

S6 hiéu mau SA6-cit tho  SA5-cit viia  SA4-cit vua
(%) (%) (%)

- 475 + 2.00 2.00 ~ 0.85 0.85 = 0.425
mm mm mm

5 0 0 4.8

99 0.2 1.1 5.2

147 0.3 2.3 12.3

54 3.6 16.4 18.8

6 0.3 0.3 9.7

53 0 0 3.9

100 2.3 22.8 21.7

Ham Iugng  Thu cong Machine learn-
cat (tho-viia) ing

(%)

4.8 SM 2

6.5 SM 2

14.9 SM 2

38.8 SM 4

10.3 SM 2

39 SM 2

46.8 SM 4

Ghi chu: gid tri i trong cOt Machine learning nghia 1a 16p dét i.

XUNG POT LOI iCH

Nhom tac gid cam két khong méu thuin vé quyén lgi

va nghia vu ctia cac thanh vién.

DONG GOP CUA CAC TACGIA
Tac gid Huynh Vin Thinh thuc hién nhiém vu lap

trinh python, phén tich két qua va viét ban nhap bai
bao; tac gia Kiéu Lé Thuy Chung téng hop dii liéu thi
nghiém dat, hd trg hiéu chinh néi dung; tac gia Lé

Minh Son dé xuét y tudng, cung cép di liéu, chinh

stia code python va gop ¥ chinh stia; tac gia Ng6 Tan

Phong thuc hién chinh stia toan vén bai bdo, lién hé,

nép va tra 16i cdu hoi ctia phan bién va ban bién tap.
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Applying machine learning for soil classification in geotechnical
engineering based on laboratory soil test data

Huynh Van Thinh', Kieu Le Thuy Chung?3, Le Minh Son#, Ngo Tan Phong?3""

R
A \\g'e:} ABSTRACT

Py An engineering geological unit/soil layer is a homogeneous volume of soil and rock with the same
name and physical and mechanical characteristics that vary without regularity, or if the physical and
Use your smartphone to scan this mechanical characteristics vary with a regularity then this regularity can be ignored when statistical
QR code and download this article conditions are satisfied. Classificating soil layers is very important to provide reliable data for calcu-
lating, designing the foundations, and choosing reasonable construction solutions that contribute
to saving the costs of building constructions. Currently, the classification of soil layers is often car-
ried out manually based on soil classification standards of Vietnam (TCVN), America (ASTM), Britain
(BS), etc. Because the work is carried out manually, errors are inevitable, especially when working
with big data sources. To reduce errors when classification of soil layers as well as detect anomalies
in the soil stratigraphy and save time when synthesizing large amounts of data to build a geotech-
nical database for a region, this article aims to apply Machine learning to automatically classify soil
layers based on the use of three clustering algorithms such as K-Means, Gaussian Mixture Model
(GMM), and Mean Shift. The input data set is taken from the results of soil testing of 437 soil samples
taken from District 1 and District 8 in Ho Chi Minh City. The results show that the automatic clas-
sification program gives results of soil layers that closely match the results of the manual method.
Furthermore, the automatic program can divide soil stratigraphy into very detailed units, which
helps detect anomalies in geotechnical engineering.
Key words: Gaussian Mixture Models, K-Means, Machine learning, Mean Shift, Soil classification
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