Nghién ciru khoa hoc cong nghé

PHAT HIEN TRANG THAI LAM VIEC
TRONG QUA TRINH PHAY DUA TREN RUNG DONG -
MOT UNG DUNG CUA MANG THAN KINH NHAN TAO

Phan Thanh Dat”

Tém tit: Trong nghién citu nay, Mang No-ron (Neural network - NN) duwoc sir dung dé
xdc dinh xem liéu cong cu cdt phay c¢é dang thue sw hoat déng (phay) hay khéng (chay
khong tai) duwa trén do rung cua 3 truc. Dit liéu thu thdp duoc trong cdc thi nghiém duoc
phan tich va su dung trong qud trinh hoc ngoai tuyén (off-line) cua mang NN. Cac cong
trinh truoc ddy cho thay két qua phdn logi lén dén 93%. Muc tiéu ciia chung toi la xur Iy
dir liéu va dat dwoc két qua tot hon. Do do, NN duogc sur dung voi su ho tro ciia chuong
tl’lnh Mazslab. Ngoai ra, Thudt toan di truyen (Genetic Algorithm - GA) duoc s dung de
10i wu héa cdu triic lién két NN bao gom ba tham sé. tham sé tré (tapped delay), so hé $0
Bién doi Fourier Nhanh (Fast Fourier Transform- FFT) va sé no-ron an. Két qua phdn
tich da dat dwoc la 99,6%.

Tir khoéa: Trang thai phay; Rung dong; Mang noron; Giai thuét di truyén.
1. GIOI THIEU

1.1. Giam sat diéu kién trong gia cong CNC

Vao nam 2015, ¢ mot bao céo tir mot nha may khong ngudi diéu khién (unmanned factory)
6 Trung Quéc rang ty 1¢ sai hong giam tur 25% xudng dudi 5% va ning lyc san xut ting tur
8.000 chlec/ngum/thang 1én 21.000 chiéc. Su kién dang cha ¥ nay la mot vi du cho thdy thuc té
clia nganh san xuat khong nhan cong trong tuong lai gan. Xu hudng cua nganh cong nghiép gia
cong 1a giam gia thanh, néng cao chat lugng san phdm va giam ca nguon nhén lyc [1]. HE thong
giam sat va chan doan tinh trang, c6 kha niang xac dinh cac khiém khuyét ctia hé théng va vi tri
cua ching s& dong mdt vai tro quan trong trong hé thong. D6i tuong cua hé théng giam sat 1a
dung cu cit, d6 nham bé mat, cac théng so gia cong,... va hau het cac nghién ctru tap trung vao
tinh trang cua dung cu cit. Rung dong, phat ra &m thanh, lyc cit, nhiét o, am thanh,... 1a mot
trong nhitng phuong tién dugc sir dung dé theo ddi trang thai lam viéc [2]. Ching luu trir théng
tin dudi dang dit liéu chudi thoi gian. Nhitng dir lidu nay can duoc phan tich va trich xudt dé ¢
thong tin hitu ich cing véi viéc giam nhiéu dé hd trg phan loai trong viéc nhan biét trang thai
lam viéc.

Bién dang déo, dirt gdy co hoc va mai mon co hoc trén dao phay 1a nhimng van dé chinh
thudng xay ra trong qué trinh may phay lam viéc [3]. Nhitng trudng hop nay khi xay ra dan dén
may chay khong tai mac du may van & trang thai 1am viéc khi khong c6 sy quan st cua nguoi
van hanh. Do d6, viéc thiét ké mot hé thong giam sat tu dong 1a rit quan trong ddi voi may phay
CNC. Hau hét cac nghién ctru vé giam sat trang thai lam viéc cua may phay (condition
monitoring) khong t1ep can theo hudng phan tich trang thai cit va khong cit cia may. Két qua
méi nhét clia hudng tiép can nay co thé dugc tim thiy trong [4] 14 93%.

1.2. Vai tro ciia mang noron trong giam sat tinh trang

Cho dn nay, mang no-ron nhan tao (Artificial Neural network- ANN) thuong dugc goi la
Mang no-ron (NN) 1a cdng cu tri tué tinh toan manh mé& nhat. NN dugc gioi thidu vao ddu nhimg
nam 1940 [5] v6i ¥ tuong thu vi dang sau no: may tinh c6 kha nang lam viéc gidng ndo bo cua
con ngudi. NN thuong co ba 16p: 16p dau vao, 16p & 4n va 16p déu ra. L6p dau vao nhan dit lidu
chua dugc dao tao cho mang NN, trong khi 16p an va 16p d4u ra chtra cac nut. TAt ca cac 16p va
nat nay dugc két ndi timg 16p. Nhu di dé cap trong [6], mang no-ron di dwoc nhiéu nha nghién
ctru str dung do nhimg uu diém cua né nhu kha ning thich tng cao, kha ning khir nhidu va tinh
chét hudng dit liéu.

Tap chi Nghién ciru KH&CN qudén suw, S6 Déc san Hpi thio Quéc gia FEE, 10 - 2021 163



Co hoc — Co khi dong luc — Co dién ti

2. PHUONG PHAP LUAN
2.1. Xir ly tin hi¢u
Diu vio dit lidu thé tai thoi diém k c6 thé duge md td nhu [af, aj, aZ]. Tham sb do tré
Nzdugc thém vao d¢ bict tiang thém théng tin cia dir ligu dau vao
Pr = [a§, ak_q, - ak d,a%, a,{ 1 a% @ Qier A1y ooes Qg Viéc chon gia tri N 1a mét van dé
quan trong d6i voi dau vao cia NN. Gia tri N, 1on hon cung cip thém thong tin trang thai phay.
Tuy véy, N4 16n hon ciing tao ra nhiéu nhiu hon va thoi gian tinh todn nhidu hon.

bé ¢6 duge thong tin can thiét vé trang thai xay, dir liéu dugc xur ly thopg qua thuat toan Fast
Fourier Transform (FFT). Thuat toan nay thuc sy hoat dong dua trén Bién doi Fourier roi rac
(DFT) (2).

-
Pk=2pnel"1v 0<k<N-1 1)

Trong do: p, la Vlet tat cia tin hiéu N diém trong mlen thoi gian (po, p1, -, Pn-1); N Vakla
chi s6 thoi gian va tan s6 roi rac; P thuge N tin hidu mién tan s6 (PO, Py, ...,Py_1).

Vi d6 dai cua tin hiéu trong mién tan s6 bang tin hiéu trong mién thoi gian nén s6 hé sé FFT
N. = cnén c6 d6 dai hop ly.

Hon nira, s6 lugng no-ron trong 16p an Ny, cling rat quan trong dbi v6i cau trac lién két va
hiéu suét ciia NN. Nhu thao luan trong [7], tham s0 nay chu yéu dugc lya chon boi kién thtrc nén
tang va thuc nghiém. Con s0 nay c6 thé duoc chon trong khoang tir nam dén mot trim nhur da dé
cap trong [8]. Mot s6 nha nghién ciru sir dung phuong phap xac nhin chéo va chinh quy hoa dé
tim tham s t6i wu [9, 10] trong khi nhitng nha nghlen ctru khac co the chi can chon gia tri Ny do
bang gié tri trung binh ciia cac noron trong 16p déu vao cong vé6i sb noron cua lop déu ra. Trong
truong hop nay, phuong phap GA duogc 4p dung cung véi NN dé tim cac gia tri toi wu cho
Ny, N¢, Ny,.

2.2. Neural Network
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Hinh 1. So d6 phan tich dir liéu cua mang No-ron nhdn tgo.

Mang NN dang suy luén tién (Feedforward Neural network) dugc ap dung dé theo ddi tinh
trang cét tir dit liéu rung dong cua may phay. Trong [12], nhom nghién ctru cua G. Zhang cho thdy
rang d6i véi dit lidu dao tao, mot 16p an 1a di. Céu triic ciia mang dugc trinh bay nhu trong hinh 1.

Boi vi phuong phap dao tao ngoai tuyén (offline) da duoc sir dung nén tai thoi dlem k dau vao
ctia NN ¢6 thé dugc trinh bay duéi dang: [aj, ..., aFik_1, a%, s a2’+k v ag, ..., C+k 1] voi
ak 1a gia tri ¢6 dugc tur bién d01 FFT tai thoi diém k clia gia toc truc x. Mdi thanh phan cua dau
vao x; két ndi véi cac no-ron an thong qua trong sd va do 1éch. Sau khi 4p dung ham kich hoat

cho céc noron an, dau ra tir noron an it ¢ thé duoc mé ta nhu sau:

ul, = v wl' - pl+w”) @
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Trong do, u;'( 1a dAu ra tai noron an it" tai thoi diém k, C = 3 - c 1a s lwong miu dau vao,
i jb s L\ oaaa , Z . . a2 .
W]il, W]i 1a trong s6 va do6 1éch cuia noron an it" tai thoi diém k, v 1a ham sigmoid.

Pau ra NN vao thoi diém k duge tinh nhu sau:

Yie = 5O) wit -l + wg?) ©)

Trong do, y; 1a dAu ra ctia NN tai thoi diém k, u,i( 14 dau ra tai no-ron an it" tai thoi diém Kk,
w2, weP 1a trong s6 va do léch ciia 16p dau ra tai thoi diém k, s 12 ham softmax cua 16p dau ra.
Ham sigmoid va softmax 1an lugt dwoc mé ta trong phwong trinh (4) va (5).

sigmoid(p) = i o7 (4)
D
softmax(p) = % (%)

2.3. Giai thuit di truyén (GA)
Giai thuat di truyén duogc ap dung dé tim ra cac thong sd [Ny, N,, N, ] t6i wu vé kha niang phan
loai va thoi gian huan luyén ctia NN.
Thuat toan duoc dién giai nhu sau:
Bude 1. Khoi tao: Tao quan thé gom 30 nhidm sic thé (NST) ctia 3 tham sb [Ny, N, Np,]
Buoc 2. Panh gia: Rén luyén NN voi tung bo NST va dat hi€u suét kiém tra cudi cung T;.
Buée 3. Bit dau vong lap tir budc 4 dén budc 7.
Buéc 4. Panh gia gia tri fitness F; ctia ting nhidm sic thé duya trén két qua cta ham muc tiéu.
Tinh toan sy pht hop clia timg nhiém sic thé. Cac nhidm sic thé phil hgp nhat c6 x4c suét cao
hon P; s& duoc chon cho thé hé tiép theo.

1
F=—— 6
14T, ©)

G = Z P @)

~ ’ 2 1

Budce 5. Lua chon nhiem sdc thé: Str dung phuong phép Banh xe quay Roulette.

Buore 6. Cheo: ty 1€ chéo p, = 0,7 da duoc ap dung.

Budc 7. Dot bien: ap dung ty 1€ dot bien p,,=0,1. q ) )

Buoce 8. Giai phap (Nhiém sac thé tot nhat): 30 theé hé da dugc xir Iy d€ tim ra loai tot nhat
[Na, N, Np].

3. THIET LAP THi NGHIEM

3.1. H¢ théng dé thu thap dir ligu

Mot hé théng’cém bién khong day diéu khién may thu hoach nang luong dién tir co tllé g'ém
vao dugc thiét ké nhu trong [4] d€ thu thap dir li€u. Tong sO 59,946 mau di liéu cho moi mau

chira cac tin hiéu tir truc X, truc'y va truc z duoc sir dung cho cac thi nghiém. Gia tri dit li€u nam
trong khoang tur 0,8581 dén 2,5484 theo truc.
3.2. H¢ théng thuc thi mang NN

Chuong trinh Matlab R2016a dugc sir dung dé huan luyén NN chay trén CPU Intel Core i7

3,60 Ghz v61 RAM 28G va card man hinh NVIDIA GeForce GT 610 4GB. Cac tham s6 cho hop
cong cu Mang than kinh dugc hién thi trong bang 1.
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Bing 1. Bing thong sé dit liéu sir dung cho hudn luyén mang NN.

Data division Random
Training Trainlm
Performance Cross-entropy
Derivative Default
Gradient 1.00e-06

Min MSE goal 1.00e-09

Max epochs 50

Validation Checks 10

4. KET QUA THi NGHIEM VA THAO LUAN

NN v6i GA duge thye hién da dat duoc phan loai 99,6% nhu trong hinh 2 - Buong cong
R.O.C. Ket qua dat dugc voi Ng= 71, N.= 48 & Nyp=53 lan luot 1 d6 tré khai thac, hé s6 FFT va
s6 no-ron 4n trong 16p an.

R.O.C Curve NN+GA
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False Positive Rate
Hinh 2. Két qud phan loai biéu dién bang dwong cong R.O.C.
Van con 114 16i trén 59.946 mau dit ligu trong thir nghiém. DA xay ra 48 16i (~ 42%) khi
chuyén doi "trang thai phay" va "trang thai khong phay". Chi tiét dugc hién thi bén duoi:
Bing 2. Céc I6i dir dodn.

Dy doan Thyc té Loi Ldi tai thoi diém chuyén tiép
1 0 68 23
0 1 46 25
Tong cong 114 48

5. KET LUAN

Nghién ctru da nang cao thanh cong kha nang phan loai trang phay trong qué trinh lam viéc.
Vi co s& do chinh xac cao 99,6% phat hién trang thai lam viéc va chay khong tai cua qua
trinh gia cong hira hen mot hé thong ty dong ma yéu cau lao dong cia con nguoi 1a tdi thiéu
Trong cac thir nghiém gan day, tac gia cing ap dung cac phurong phap khac nhu “Trich xuét dir
liéu tir hinh anh dé phan loai dit liéu kiéu thoi gian Extracting Texture Feature for Time Series
classification” dua trén biéu do lap lai “recurrent plot” [11], Méy vecto hd trg [12] va cac lan
chay thir khac dé thu cau tric lién két mang khac nhau nhu duge dé xuét trong [13]. C6 bang
ching trong mot s lan chay cho thdy két qua tot hon khi lam viéc voi SVM (tte 1a 99,7%).
Do do, tac gia tin tudng rang ty 1& phat hi¢n co thé duogc cai thién khi nghién ctru dugc phat
trién thém.
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ABSTRACT

DETECTION OF WORKING STATUS DURING MILLING PROCESS
BASED ON VIBRATION - AN APPLICATION OF NEURAL NETWORK

In this research, a Neural Network was used to defy whether the cutting tool of milling

is actually working (i.e., milling) or not (i.e., idling) based on the vibration of 3 axes. Data
harvested during experiments were analyzed and used in batch learning. Previous works
showed the result of up to 93% classification. Our goal is to investigate the data and reach
a higher performance. Therefore, the NN is adopted to recognize the milling status and is
implemented by Matlab. Moreover, Genetic Algorithm was used to optimize the NN
topology including three parameters: number of tapped delay parameters, number of Fast
Fourier Transform (FFT) coefficients, and number of hidden neurons. A preferable
recognition rate of 99.6% was achieved.
Keywords: Milling status; Vibration; Neural network; Batch training; Genetic Algorithm.
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