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TOM TAT

Khi phéng xa radon la mét loai khi phé bién, la nguyén nhan chi yéu cda hon 50% céc ca nhiém
doc phéng xa. Mé dong Sin Quyén la mot mé phét tan phong xa trong qua trinh khai thac & Viét Nam.
Uranium la mot phéng xa phé bién trong mé, la nguén chinh phét tén khi radon ra ngoai méi truong
trong qué trinh khai théc. Panh gia va dw béo luong radon phat tan la mét yéu cau quan trong trong
qué trinh khai thac. Nghién ctru nay phét trién mot mang than kinh nhan tao (ANN) dw béo phat tan
phéng xa radon cho mé Sin Quyén. Str dung hang triéu diém di¥ liéu dé dao tao, mé hinh cho thdy d6
chinh xéac cao cung véi gia tri sai léch thdp. Céac két qua so sanh véi cac mé hinh hoc may phé bién
khéc nhw Random Forest (RF) va Support Vector Machine (SVM) déu cho théy sw vuot troi cia mé
hinh nay. Péng thoi, céac phén tich do nhay chi ra rang cac thdng sb vé khodng cach va vi tri diém

danh gié c6 anh huéng I6n dén két qué dw bao cta mo hinh.

T khéa: khai thac md, phat tan phéng xa, radon, uranium, mang ANN

1. DAT VAN BE

Hién nay, Viét Nam c6 rat nhiéu md khoang
san chra cac chéat phong xa dang trong qua trinh
khai thac, tiém &n nguy co' cao phat tan cac chéat
phéng xa ra méi trwdng xung quanh. Mot trong
cac khi phong xa nguy hiém khi phat tan dé la
Radon, |a san phdm clia chudi phan ra phéng xa
Urani-238, phat ra tia alpha rat ddc hai cho co thé
con ngudi qua dwdng hd hap. Do vay, viéc quan
tréc va dy bao phat tan loai khi nay ra méi trwérng
xung quanh |& mét yéu cau cép thiét.

Trong nhi*ng ndm gan day, da cé mot sb
nghién ctu dwoc tién hanh dé quan tréc va dw
b&o phat tan radon [3, 4, 5, 7] bang cac md hinh
toan hoc hoac thiét lap cac ban dd phattan [1, 12,
13]. Tuy nhién, khéng cé nhiéu nghién ctru st
dung céac thuat toan hoc may vén da dat duoc
nhirng tién bod quan trong trong théi gian qua cho
cbng viéc nay.

Nghién ctru nay dugc thyc hién nham phat
trién moét md hinh dw bao phat tan radon dwa trén
mang than kinh nhan tao véi cau tric don gian, tiét
kiém chi phi dao tao va do sai léch nhd. M6 hinh
dwgc dao tao st dung di¥ liéu I&n thu thap tir mé
ddng Sin Quyén, bao gdm di liéu phd gamma tir

ddng vi uranium do dwoc tr mang lwéi quan trac
bén trong mé, két qua do t» cac giéng tham do va
d@ liéu phat tan radon do lwdng thyc té & cac khu
virc quanh md. Thém vao dé, dd nhay cia moé hinh
cling dwoc phan tich dé danh gia cac yéu té tac
doéng Ién dd chinh xac ctia mé hinh
2. DI LIEU VA PHUONG PHAP NGHIEN CcUU
2.1. Tép div liéu

Hon mét triéu div liéu st dung trong nghién
clru nay bao gébm céc gia tri Radon (Bg/m?3) va 6
bién d&u vao ctia mé hinh gdm c6 toa dd X, Y (m),
liéu gamma, (uSv/h), khodng cach (m), hwéng
(d6) va ham Iwgng uranium (ppm). D liéu dwoc
thu thap chl yéu vao 3 nam 2013, 2014 va 2021.
Mdrc d6 tap trung uranium & cac khu vwc quanh
khoang sang phan anh sy phat tan radon t dat
da va quang va dwoc do tai cac diém do. D@ liéu
uranium dwoc quan trdc bang may quang phd
(GammaSurveyor of GF Instruments) trén mat
lwdi 3x3m. Khu vwe do gia tri uranium cé kich
thwdc 350x1250m trén khu vee khai tredng dugc
thé hién bang hinh chi nhat mau dé nhw Hinh 1.
Trong khi dé, lwgng radon tich tu dwoc ghi nhan
lién tuc trong 3 thang tai 21 giéng do quanh khu

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL. 02, ISSUE 02, 2024

vire khai thac, st dung thiét bj do CR-39.



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 02, SO 02 - 2024 KH TRAI BPAT VA MO

—_ 8 « Céc diém do Uranium

2.50325

2.50300

(m)

2.50275

Y

2.50250 4

2.50225 4

2.50200 1

376500 377000 377500 378000 378500

X,(m)

Hinh 1. (a) Khu vuc nghién ciiu and (b) vi tri cac diém do uranium

Hinh 1 biéu dién khu vuc kiém tra gia tri nay  di¥ liéu dau vao khac bao gdm toa d6 (m), khodng
bang da giac mau hdng. Gia tri liéu gamma cling  cach (m) va huéng (dd) dwoc ghi nhan bang thiét
dwoc quan tréc tai 21 giéng do radon nay. Cac  bi GPS.
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Hinh 2. Biéu do tan suat (histogram) véi cac gia tri thong ké co ban (mean: trung vi, std: do Iéch chuan, min: gia tri nhé
nhat, max: gia tri I6n nhat) bao gom cac bién gamma (a), khoang céch (b), hudng (c), gia tri Uranium (d), va Radon (e)

Hinh 2 biéu di&n biéu db tan suét v&i cac gia Do cac gia tri nay khac nhau vé don vi ciing
tri thdng ké clia cac bién dir liéu nay. nhw phan boé nén chung sé dwgc chuan hoa vé
khoang 0 va 1 theo cong thirc 1.

Biéu d6 nhiét & Hinh 3 dwoc s dung dé

N £ I x, —min(x)
phan tich mdi twong quan gilva cac bién nay. L= - (1)
Phan mau dam cho thdy mic dd twong quan ] max(x)—mm‘(x.)’ S
thap gitra gia tri radon va cac bién con lai. Trong do: x = (x1,...,Xn) 1a gia tri d& liéu thu

duworc, zi la gia tri chuan hda clta di liéu i.
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Hinh 3. Ma tran tuong quan giita cac bién dif liéu

2.2. Mang than kinh nhan tao (ANN)

ANN hoat ddng twong tw nhw ndo bd con
nguoi, bao gdm hang ti no ron sinh hoc két nbi
v&i nhau theo mét cau tric phan I1&p. Mdi no' ron
nhan tin hiéu va dén thoi gii tin hiéu dau ra cho
cac no ron khac trong mang. Théng thwong, ANN
c6 cau truc phirc tap va phan I&p bao gébm moét
l6p dau vao va mot I16p dau ra két hop voi cac
I&p &n ndm & gilra. Tuy nhién, ANN v&i mét 16p
4n duy nhét da dwoc chirng minh 1a da hiéu qua
& trong rat nhiéu cac nghién ctu khac nhau [1].
Trong nghién ctru nay, gia tri radon dworc coi la
mo6t ham toan hoc cla 6 yéu td dau vao khac
nhau trong mang ANN.

Hinh 4 minh hoéa cAu trGc mang ANN st
dung trong nghién ctru nay véi S la sé lwong no
ron tdi wu trong I&p &n. Gia tri S sé dwoc xac dinh
trong phan 3.1.

Gia sl rang véc to dau vao trong mang
ANN & Hinh 4 |a P:

P=(p,,p;, P35, P4 Ps: Ds) (2)

MbGi thanh phan p; trong véc to P duoc két
ndi v&i mdi no' ron n; trong I&p an thé hién qua
trong s6 wj. No' ron nay cé gia tri tdng dwoc la
céc trong sb tw I&p dau vao cung véi mot gia tri
thién vi b; nhw trong céng thirc 3. Téng gia tri nay
sé duwoc chuyén qua I6p dau ra véi gia tri a; qua

mot ham chuyén ddi £, nhu trong codng thire sb 4
va 5.

j=1,2.8S, (3)

(4)

1+
a,=f,(s;) j=12.S, (5)

O |&p dau ra, cac no' ron nay lai tao ra gia tri
Y: Ia két qua cla trong sb w; va gia tri thién vi by
quan ham chuyén dbi f,. Bwéc tinh toan nay
dwoc thye hién nhw trong céng thirc 6, 7 va 8.

N
s, =Y w,a, +b, t=1, (6)
j=1
1
Jo(X)=1= (7)
+e
Y=1(s) t=1, (8)

D0 sai léch gilra gia tri dw doan (Yt) va gia tri
that (yt)cha khi dao tao mé hinh dwoc tinh toan
nhw trong cong thirc 9, trong d6 T la sb lwong div
liéu dao tao.

1 < )
MSE=;Z(yt—Y,) 9)

t=1
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Cobng thre 10 tinh toan do Iéch gradient cho
|&p dau ra.

51 =(Yt _yt)f;(sz)

Thuat toan lan truyén nguwoc (back-
propagation algorithm) dwoc st dung dé diéu
chinh gia tri trong s6 va do thién vi trong mang
ANN ndm téi thiéu héa gia tri ham muc tiéu nhw
trong cong thir 9. Twong tw, ham nay cling dwoc
st dung trong cac I1&p &n va I&p dau ra nhw trong
cbng thire 11 va 12.

wy(k+D=w,(k)+a(y,-Y)Y,(1-Y)a, (11)

(10)

)
b(k+1)=b(k)+a(y,~1)1-Y)

(12)

Trong khi do, céng thirc 13 va 14 duoc sk
dung dé cap nhat cac gia gia tri trong s6 va thién
vi gitra 16p d4u ra va 16p an.

(k1) =, (k) 4B i(yt—Yt)x(l—z)w,t]aj(l—aj)pi (13)

M_

b (k+1)=b (k)+

(yt-Yt)Y,(l-Y,)W,-,}aj(l-a,-) (14)

t

trong d6 « va B (0<a, p<1) la tbc dd hoc
(learning rate) gilra cac I&p va k twong (rng vo&i
l&n diéu didu chinh thtr k. Téc do hoc thé hién
mirc d6 hoi tu dén két qua clia mang no ron.

Hinh 4. Cau triac ANN sii dung trong nghién ciiu

Trong nghién ctru nay, phan mém Matlab sé
dwoc st dung dé dao tao mang ANN. Trong vong
lap dAu tién (epoch), trong sb (wj, wi) va gia tri
thién vi (b, br) s& dwoc cho mét gia tri ban dau
ngdu nhién. Mang sé& dwoc dao tao s dung

phwong phap Levenberg—Marquardt [2] qua
nhiéu vong I&p cho dén khi mang tao ra duwoc gia
tri sai s6 toan phwong trung binh (MSE) trong
cong thire 9 dat dwoc gia tri &n dinh.
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B6 chi s6 bao gébm trung binh binh phwong
sai s6 RMSE (cong thirc 15) sai sb phan tram
tuyét ddi trung binh MAPE (coéng thirc 16), sai s
tuyét dbi trung binh MABE (cong thirc 17), hé sb
twong quan r (cdng thirc 18), hé sb xac dinh R?
(céng thirc 19) dwoc st dung dé dé danh gia va
so sanh do chinh xac ctia moé hinh.

T
RMSE = /lZ(yt—Yt)2
T3

MAPE:%ib;’_YJ

Trong dd: yt va Y:are lan lwot la gia tri radon
that va dy doan; y,va Y, gia tri radon that va du

doan trung binh; va T la sb lwong di liéu dao tao.

RMSE cho thay sw sai khac gitra gia tri radon
dw doan b&i md hinh va gia tri radon that do
lwdng dwoc trong thwe t&. Mot cach tdng quat,
gia tri RMSE cang thap dd chinh xac md hinh
cang cao. Trong khi d6 MAPE la gia tri do lwong
thdng ké cho thdy mirc d6 hiéu qua cia mé hinh.
MAPE cang nhé cho thay do chinh xac mé hinh
cang cao. MABE cho thiy d6 sai léch gitra gia tri
radon dy doan va gia tri thyc té. He sb r (0= r=1)
duoc st dung dé do lwong mire d6 twong quan
gitra gia tri dw bao va thuc t&. r =1 cho thay méi
quan hé tuyén tinh gitra gia tri dw bao va gia tri
thwe té. Gia tri R? cho thay d6 quan trong cla gia
tri dw bao sinh ra tir mé hinh dw bao.

3. KET QUA NGHIEN C(’U VA THAO LUAN
3.1. C4u hinh mang ANN

Trong nghién ctu nay, mang ANN chi sk
dung mét I16p an, nhw da thao luan trong phan
2.2. S6 lwong no ron S trong 16p an la thong sé
quan trong va sé duoc xac dinh trong phan nay.
Thuc té, van chwa c6 cdng thire hay quy trinh nao
chinh thirc xac dinh gias tri nay. St dung dinh ly
Kolmogorov, Hecht-Nielsen [3] cho ring 2n +1 (n
la s lwong bién dau vao dy bao) 1a sb lwong no
ron I&n nhat ma mot I&p &n cé thé co. V&i 6 bién
dy bao (n=6) sw dung trong nghién ctru nay thi
sb lwong no ron I6n nhat sé 1a 13 va sé lweng no
ron téi thiéu sé dwoc chon la 2.

Béang 1. Hiéu qua chia cac md hinh ANN véi so ludng nd ron khac nhau trong 16p an

M6 hinh | S0 '“’%’;95"‘10 'ON | RMSE (B¢/m®) | MAPE (%) | MABE (%) r R?
Pao tao
1 2 31.073 12.576 23.553 0.579 | 0.336
2 3 21.471 9.012 17.023 0.826 | 0.683
3 4 18.097 7.469 14.084 0.880 | 0.775
4 5 16.025 6.778 12.792 0.907 | 0.823
5 6 12.381 4.064 7.435 0.946 | 0.895
6 7 11.281 3.721 6.921 0.955 | 0.912
7 8 10.735 3.863 7.200 0.960 | 0.921
8 9 7.763 3.262 6.137 0.979 | 0.959
9 10 6.972 2.542 4.971 0.983 | 0.967

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL. 02, ISSUE 02, 2024



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 02, SO 02 - 2024 KH TRAI DAT VA MO

M6 hinh | S° '“’%’;95"‘1“ ron | pMSE (Bg/m®) | MAPE (%) | MABE (%) | r R?
10 11 2.959 1116 2029 | 0997 | 0.994
11 12 3.027 1146 2174 | 0997 | 0.994
12 13 2.793 1121 2102 | 0997 | 0.995

Kiém tra
1 2 31.048 12.564 23545 | 0580 | 0.336
2 3 21.487 9.010 17.033 | 0.826 | 0.682
3 4 18.139 7.483 14122 | 0.880 | 0.774
4 5 16.006 6.760 12.768 | 0.908 | 0.824
5 6 12.395 4.064 7.431 0.946 | 0.894
6 7 11.254 3.708 6.895 | 0.955 | 0.913
7 8 10.689 3.850 7476 | 0.960 | 0.921
8 9 7.742 3.252 6122 | 0979 | 0.959
9 10 6.938 2,525 4943 | 0983 | 0.967
10 11 2.971 1117 2033 | 0997 | 0.994
11 12 3.020 1141 2166 | 0997 | 0.994
12 13 2.791 1117 2004 | 0997 | 0.995

Di¥ lidu dao tao
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Hinh 5. Gia tri MSE ctia cac mé hinh ANN khac nhau trén tap dii liéu dao tao (training) va kiém tra (testing) vdi s6 epoch

Phan mém Matlab dwoc st dung dé khditao  nhau. Két qua cho thay model 12 va 13 cho gia
céc gia tri trong sb va thién vi ngau nhién cho cac  tri MSE nhd nhat & epoch 300. Nhin chung, hiéu
cau hinh mang ANN. M&i mé hinh ANN s& dwoc  qua clia mang ANN & trén tap training va testing
dao tao 10 lan dé tim ra s lwong no ron t6i wu  la twong déi gibng nhau cho thay mé hinh khéng
cho I6p an. Hinh 5 biéu dién gia tri MSE khi dao  hoc thudc dir liéu dao tao va thuc sw biéu dién
tao va dnahs gia v&i sb luong no ron I6p &nkhac  méi quan hé thyc té.
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Bang 1 va Hinh 6 cho thay hiéu qua ctia mé
hinh qua cac thdong s& RMSE, MAPE, MABE, r va
R?. Model 10, 11 va 12 cho théy hiéu qua cao
nhat voi gia ti RMSE < 5 (Bg/m®), MAPE
VAMABE < 3%, va r, R? > 99%. Sw khac biét |a

khong dang ké khi so sanh cac mé hinh nay. Tuy
nhién, model 12 cho thdy gia tri R2. Cac gia tri
théng ké RMSE, MAPE, MABE, and rtrén di liéu
kiém tra lan lwot1a 2.791, 1.117, 2.094 and 0.997
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Hinh 6. Biéu dd thé hién hiéu quéa cia 12 mé hinh duogc dé xuat

Hinh 7 so sanh hiéu qua cta 12 model st
dung biéu dd Taylor [4].
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Hinh 7. Biéu dd Taylor so sanh hiéu qua cta 12 model

Uu diém cla loai biéu d6 nay la cho thay
dwoc hiéu qua cla cac model dwa trén cac gia tri
RMSE, db6 léch chudn va hé sb twong quan.
Khoang céach giira model tinh tir diém quan sat
(hinh tam giac mau den) dwgc vé trén truc hoanh
cho thay cac model néi suy cac gia tri radon gan
véi thue té nhu thé nao. Cé thé thay rang cac
model 1-9 cé hiéu qua twong ddi th&p do nam xa

diém quan sat. Trong khi do, cac model 10, 11,
va 12 cho thay hiéu qua tét hon véi cing gia tri
RMSE, d6 léch chuén va gié tri twong quan (duwoc
minh hoa bang dwong nét dit & ban kinh 0,246).
Tuy vay, model 12 van co gia tri RMSE va do
twong quan cao hon déi chiat. Chinh vi vy, cac
két qua vé sau sé lya chon model 12 dé tiép tuc
nghién ctru.
3.2. Hiéu qua ctia mé hinh ANN dé xuat

Hinh 8 so sanh biéu dd mat do xac suét (hinh
bén trai) cac gia tri radon do lwong dwoc trong
thwe té va dwoc ANN du doan tir md hinh dwoc
lwa chon trong phan 3.2 va biéu d6 phan bb tich
IGy (hinh bén phai) cho 3 tap dir liéu kiém tra
(testing), dao tao (training) va toan bo tap di liéu.
Két qua cho thay mirc d6 twong quan rat cao gitra
gia tri thwe té va gia tri dw bao. D6 léch chi xuét
hién chi yéu khi model dy bao céac gia tri radon
dao dong & mirc 200 (Bg/m?3). Bén canh do, hinh
dang phan bd cla két qua dw bao trén 3 tap dir
liéu la twong ddng nhau cho thdy kha ndng dw
bao clia model voi tap di¥ liéu méi.
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Hinh 8. Biéu dd so sanh phan bé xac xuat va tich lily cia dif liéu thuc t& va du béo trén 3 tap di liéu kiém tra
(testing), dao tao (training) va toan bé tap di liéu

Do Iéch mo hinh trén phan vi (quantile) la mét
cong cu khac dwoc st dung dé danh gia hiéu qua
cla mo hinh trong nghién clru nay.

Hinh 9, cac phan vi dwgc chia thanh cac
khodng bang nhau tir 10 dén 90%. Nhin chung,
do léch trong cac khoang phan vi khi mé hinh dw

b&o la twong tw nhau cho thay kha n&ng dy doan
mot cach cuc bé clia mo hinh.

Bang 2 danh gia dd léch chi tiét trén méi phan
vi. D6 léch ¢ gia tri cao nhat nam & cac phan vi
10, 20, 60 va 90. Bén canh dé, do lIéch trung binh
trén tap testing cd khac biét rat nhd so véi trén
tap training va toan bé tap dir liéu.
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Hinh 9. Biéu dd phan vi so sanh dé léch giiia gia tri radon du bao va
thuc té trén 3 tap kiém tra, dao tao va toan bo di liéu

9

0

Bang 2. So sanh do léch giiia gia tri radon du béo va thuc té trén 3 tap kiém tra, do tao va n

Khoang Tap kiém tra Tap dao tao Toan bo div liéu

phan vi (%) | m P E M P E M P E
10 138 | 135.930 | -2.070 | 138 | 135.590 | -2.410 | 138 | 135.657 | -2.343
20 145 | 142.071 | -2.929 | 145 | 142.075 | -2.925 | 145 | 142.074 | -2.926
30 151 | 150.804 | -0.196 | 151 | 150.675 | -0.325 | 151 | 150.701 | -0.299
40 165 | 165.290 | 0.290 | 165 | 165.262 | 0.262 | 165 | 165.268 | 0.268
50 191 | 190.188 | -0.812 | 191 | 190.131 | -0.869 | 191 | 190.143 | -0.857
60 193 | 195.305 | 2.305 | 193 | 195.284 | 2.284 | 193 | 195.288 | 2.288
70 200 | 200.513 | 0.513 | 200 | 200.500 | 0.500 | 200 | 200.503 | 0.503
80 207 | 207.253 | 0.253 | 207 | 207.221 | 0.221 | 207 | 207.227 | 0.227
90 214 | 217.664 | 3.664 | 214 | 217.649 | 3.649 | 214 | 217.652 | 3.652
Trung binh 0.113 Trung binh 0.043 Trung binh 0.057

*Ghi chu: M=Thuec té (Bq/m°);:P= Dw béo (Bq/m®); E= D6 léch (Bq/m°).

Hinh 10 minh hoa kha nang dw bao ciia mo6
hinh khi so sanh v&i gia tri do dworc thyc té & 21
giéng. Mot cach trc quan, gia tri radon dw bao

sai khac rat nhé so véi gia tri do dwoc & 21 giéng
nay. Diéu d6 cho thay kha nang duw bao chinh xac
cao clia mé hinh.
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Hinh 10. Du bao phat tan radon tai 21 giéng

3.3. So sanh vé&i cac mé hinh dw bao khac
Dé& ching minh cho hiéu qua clia mé hinh
ANN trong nghién ctru nay, nhém nghién ctru tién
hanh so sanh md hinh dé xuét v&i 2 mé hinh phd
bién Support Vector Machine (SVM) va Random
Forest (RF) do trén cung tap di liéu. Thém vao
do, mé hinh ciling dwgc so sanh véi mé hinh ANN
twong tw nhwng véi s 16p an tang 1én 1a 2. Vo
md hinh SVM, ham dd do Gaussian (radial basis
kernel function) dwoc st dung dé& dao tao mé
hinh cung v&i 2 thong sb ham tén that (C) va hang
sb sigma (8) cling dwoc tinh chinh dé dam bao
cho do6 chinh xac ctiia moé hinh. V&i moé hinh RF,
kich thwéc nhé nhat cta la (minimum leaf size)

(m) va sé luwong cay quyét dinh (nt) dwoc st dung

dé danh gia do chinh xac ctia mé hinh. Gia tri tdi
wu cla cac théng sd C, 6, m, nt dwoc xac dinh
bang phwong phap thir va sai (trial and error). Két
qua cho thdy, C = 51.623, 5= 0.024 v&i md hinh
SVM va nt = 800, nt = 4 v&i md hinh RF.

Bang 3 cho thAy mé hinh dé xuat ANN hiéu
qua hon hdn cac mé hinh nay véi gia tri RMSE,
MAPE thap hon va r, R? cao hon. Trong khi do,
mo hinh SVM dat do chinh xac kém nhét trén ca
hai tap dao tao va kiém tra. C6 thé thay rang, khi
sb lwong Iop &n tang 1én, chdng han nhu 2 16p
an, do chinh xac ctia mé hinh gidm xuébng rd rét,
ddng thoi mé hinh bat dau hoc thudc long di liéu
hon la suy luan.
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Béang 3. So sanh giiia mé hinh dé xuat va cac mé hinh phd bién khac

M6 hinh fENN 9 Mo hinh ANN 2 16p &n SVM RF
Hiéu qua Xua
Paotao | Kiémtra | Paotao | Kiémtra | Paotao | Kiém tra | Pao tao | Kiém tra
RMSE 2.793 2.791 8.696 9.130 12.021 13.112 6.650 9.610
(Ba/m®)
MAPE (%) 1.121 1.117 2.020 2.030 5.286 7.025 2.210 3.220
r 0.997 0.997 0.974 0.970 0.830 0.824 0.987 0.970
R2 0.995 0.995 0.949 0.942 0.812 0.805 0.974 0.941

3.4. Giai thich mé hinh

M6 hinh ANN dé xuét dy bao gia tri radon
duwa trén 5 yéu t6 toa d6 X, Y, khodng céch,
hwdng, tia gamma, va tich tu uranium. Tuy nhién,
mot cau hdi can phai tra & d6 1a yéu t6 nao anh
hwédng dén dd chinh xac khi dw bao. Dé tra Ioi
cau héi nay, nhém nghién ctru str dung phwong
phap don gidn va phd bién dé 1a Permuation
Importance [5]. Phwong phap duwgc thwc hién
theo trinh tw nhw sau:

(1) S& dung mé hinh ANN;

(2) Trén céac gia tri & trong cung mot yéu td
va tién hanh dy bao trén tap dir liéu dwoc tao ra.
Gia tri dw doan va thuc t& sé dwoc sir dung dé
tinh toan gia tri tdn thAt RMSE tao ra sau khi tron
va danh gia tm quan trong ctia cac bién tron 1an.

(3) Chuyén di liéu vé vi tri ban dau va I&p lai
cac buoc 2 va 3.

Do sy trén 1an 1a ngau nhién, bwédc 2 duoc
I&p lai 5 14n dé cho ra két qua trung binh.

Uranium

Huwéng

XY,
Khoéng cach

N .

0 1

2
0
RMSE (%) <104

Hinh 11. Phan tich tam quan trong ctia cac yéu to khi
du bao phat tan radon

Két qua nhw trén hinh 11 cho thay céac gia tri
toa d6 X, Y va khoang cach cé mirc dd twong
quan cao. Do d6, bién khodng cach sé& dwoc sl
dung dé |am gia tri dai dién khi giam tinh thién vi
khi x6a tron dir liéu.

4. KET LUAN

Radon |a mdt nguyén tb phéng xa nguy hiém
cho ca con nguwdi va mdi trwdng xung quanh.
Nghién ctru nay xay dwng mot mé hinh dy bao
sy phat tan radon dwa trén dir liéu thu thap duoc
tlr mé ddng Sin Quyén, Lao Cai.

Mb hinh s&r dung mang no ron ANN v&i cau
tric mot Ién &n, giup gidm bét chi phi dao tao va
tham chiéu mé hinh, cho phép du bdo trong thoi
gian thwc. M6 hinh dé xuét cling tranh duwoc tinh
trang hoc thuéc long di liéu khi cac gia tri sai léch
khi dao tao (RMSE = 2.793) va kiém tra (RMSE =
2.791) la khdng qua khac nhau. Thém vao dé, mo
hinh cling cho thay hiéu quéa cao khi cac gia tri dd
léch thap .e MAPE = 1.121 (%), MABE = 2.102
(%), r=0.997, R?=0.995 cho di¥ liéu dao tao and
MAPE =1.117 (%), MABE =2.094 (%), r = 0.997,
R?=0.995 cho dir liéu kiém tra). Cac gia tri twong
quan cao va do léch thap khi so sanh gia tri dy
bao va gia tri thuc té & trén cac tap di liéu kiém
tra, dao tao va toan bo tap dir liéu déu cho thay
kha nang ctia mé hinh khi dw doan cac di liéu
mdi. Dac biét, mé hinh con cho thay dd chinh xac
cao hon khi so sanh vé&i cac mé hinh truyén théng
da dwoc thé hién trwdc day. Phan tich tdm quan
trong ciing cho thay yéu t6 khodng cach va toa
d6é dong vai tro quan trong khi dw bao mirc d6
phat tan radon.
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ABSTRACT:

Radon is one of the most toxic natural radionuclides which occupy more thant 50% of natural
radiation expose. The Sinquyen is a natural radioactive bearing mine in the North of Vietnam. The
uranium is the dominate radionuclide in this mine, which is the source emit radon to surrounding when
the mine is exploited. The machine learning have been applied in radon prediction still rare and
limitation. The assessment as well as understanding the radon dispersion released from this mine are
important targets for radiation hazard assessment. In this paper, we designed a simple one-hidden
layer artificial neural network (ANN) that requires low computation cost to train and reference. Our
comparison results suggested that the proposed model outperformed other benchmark methods such
as two-hidden-layer ANN, Random Forest (RF), and Support Vector Machine (SVM). The results also
revealed that distance and coordinates factors had a greater effect on the prediction of Radon
prediction.

Keywords: mining, disperson, radon, uranium, ANN
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