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Tém tit. Nghién ctru nay dé xuat mot phuong phap méi dé chan doan hu hong 6 lin trong d6 chiing toi
sir dung ham tich (PF) ctia phurong phap phén 13 trung binh cuc b (LMD) két hop véi mé hinh ty hdi quy
(AR) va may véc to hd trg (SVM). Thém vao d6, cac tham s6 cia SVM duoc lya chon thong qua thuat
toan tién hoa vi phan (DE), ky hiéu DE-SVM. Trudc tién, tin hiéu dao dong gia tdc cia 6 lin dwoc phan
ri thanh nhitng PF bang phuong phap LMD. Tir nhimg PF d6, chung t6i thiét 1ap mé hinh AR va trich
chon nhitng hé sb ciia m6 hinh thanh nhiing véc to déu vao cho bd phan 16p SVM. Cubi dung, nhiing bo
phan 16p DE-SVM dugc dung dé phan loai cac mau 6 1an 15i. Két qua thyc nghiém cho thay phuong phap
dé xudt c6 thé phan loai tinh trang hoat dong ctia 6 lan v&i do chinh xac cao va thoi gian thip khi so sanh
véi cac phuong phap khac.

Tir khéa. Ty hoi quy (AR), ham tich (PF), thuat toan tién hoa vi phan (DE), phan ra trung binh cuc bd
(LMD), may véc to hd trg (SVM).

APPLICATION OF LMD-AR MODEL AND DE-SVM TO DIAGNOSIS ROLLER
BEARING FAULT

Abstract. This study investigates a new method for roller bearing fault diagnosis based on product
functions (PFs) and Autoregressive (AR) model, together with a Support Vector Machine designed using
a Differential Evolution (DE) Algorithm, referred to as a DE-SVM. First, the original acceleration
vibration signals of roller bearings are decomposed into PFs by using local mean decomposition (LMD)
method. Second, the concept of AR model is introduced. Third, AR model is used to extract PFs into
feature vectors and served as input vectors for the support vector machine classifier. Finally, the DE-SVM
classifiers are proposed to recognize the faulty roller bearing pattern. The experimental analysis results
show that the proposed method can classify working condition of roller bearings with higher classification
accuracy and lower cost time compared to the other methods.

Keywords. Autoregressive, product functions, differential evolution, local mean decomposition, support
vector machine.

1. PAT VAN DPE:

O lan 1a chi tiét tuong tac giita bo phan cb dinh va bo phan quay ctia méy vi thé 6 lin dugc st dung
rong rdi trong cac Umg dung cong nghip nhu dong co, hop s, tuabin, .... Nhiing khuyét tat cia 6 lan s&
dan dén pha hong cua ca cum may hoac dan dén nhimg tai nan nghiém trong Theo thong ke, 30-40% hu
hong cua may méc xuét phat tir 6 lan bi khuyét tat vi thé chan doan hu hong 6 ldn dé kip thoi thay thé 1a
rat quan trong [1].

2. GIAI QUYET VAN PE

Cac dang khuyét tat chinh cta 6 lin bao gdm hu vong ngoai (OR), hu vong trong (IR), hu con lan
(B). Nguyén nhan hu hong chinh c6 thé do 13i trong qué trinh san xudt, hao mon tu nhién, hao mon do
thay doi tai dot ngot.

Cac phuong phap chan doan khuyet tat 6 lan bao gdm truc quan, sir dung dung cu do khoang ho,
kiém tra bang siéu 4m, kiém tra bang tin hiéu am thanh va chan doan thong qua tin hiéu dao dong tir 6
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22 UNG DUNG CUA MO HINH LMD-AR VA DE-SVM BE CHAN POAN HU HONG O LAN

lan. Hai phuong phap dau tién cho do chinh xac thip va do tin cdy kém. Phuong phap kiém tra bang siéu
am doi k¥ thuat vién gidu kinh nghiém va can than khi so sanh song s1eu am thu duoc V(n song mau.

Thern vao do phuong phap nay doi hoi bé mit bé mat chi tiét kiém tra can phai lau chui va can cac khép
nbi dé truyén ning luong song siéu am tir vat kiém tra dén cac dau do. Phu’o*ng phap kiém tra bang tin
hiéu 4m thanh doi hoi diéu kién kiém tra phai cach am nghi€ém ngdt dé tranh nhiéu 4 am thanh, dleu nay kho
ng dung trong co khi. Phuong phap chan doan thong qua tin hiéu dao dong gia toc dugc truyén tir cic
cam bién gan trén gbi dd 6 lan vé bo thu nhan dit liéu. Uu diém cta phuong phap nay la dya trén sy thay
doi kth luong cac chi tiét ma mo dun dan hoi thay dbi din dén gia toc quay ciia cac bd phan 6 ,0 lan ciing
thay d6i. Tuy nhién bién dang song dao dong nay rat phuc tap, cic phuong phap nhu bién d6i wavelet,
bién d6i Fourier chi phii hop véi tin hiéu dirng trong khi tin hiéu dao dong 6 lan 1a tin hidu khong ding.
Trong bai bao nay ching t6i st dung hai budc co ban 1a trich xuat dic tinh va nhan dang khuyét tat.
Trude tién, nhimg tin hiéu dao dong gia tdc ctia nhitng 6 1an dwoc phén rd thanh nhiig ham tich (product
function-PF) bang phuong phap phan ra trung binh cuc bd (Local mean decomposition-LMD) [2]. Bude
thir hai, mé hinh ty hdi quy (Autoregressive-AR) dugc dung dé trich chon nhirng ham tich nay thanh cac
véc to déc tinh va dung cac veéc to nay lam véc to dau vao cho bo phan 16p SVM [2, 3]. Cubi dung, nhiing
bd phan 16p str dung thuat toan tién hoa vi phan (DE-SVM) duorc dung dé nhan dang cac miu 6 lin c6
khuyét tat [4]. Két qua thuc nghiém cho thdy phuong phap dé xuét c6 thé phan loai tinh trang hoat dong
ctia 0 lan voi d6 chinh xac cao va thoi gian thap khi so sanh véi cac phuong phap khac.

2.1. Trich xuit dic tinh
Trich xuat dic tinh 1a xut ra cac thong sb chinh cua tin hiéu dao dong. Trong bai bao nay chung t6i
st dung phuong phap phan ra trung binh cuc b két hgp mo hinh tu hoi quy.
2.1.1. Phuong phap phan ra trung binh cuc b (LMD)
Phuong phap LMD dugc phat trién tir gia thiét 1a bat ky mot tin hiéu phirc hop déu bao gom nhiéu
PF [2]. Theo phuong phap nay, moi tin hi¢u déu co6 thé phan tich thanh mét s6 PF va mdt phan du 74(2).
X0)=2 PF,()+r,(0) (1
voipla sb lugng PF, r, la mot ham don digu.
2.1.2. M6 hinh ty hdi quy (AR)

Mo hinh AR la mdt mé hinh co ban trong phan tich ch}lf")i thoi gian. Tuong ty nhu hoi quy da bién,
AR la m&t mo hinh hoi quy, tuy~nhién bién phu thudc va bién doc 1ap trong AR lan Iugt 1a gia tri tai thoi
diém ¢ va gia tri p trude ctua chuoi thoi gian (lag=p). Mot md hinh AR thudng c6 dang nhu sau:

P
X,=>aX_ +&; a,#0 2)
i=1
voi p 1a bac cua tu hoi quy, Xui 1a gia tri ctia chudi thoi gian tai lag=i, a; 1a hé s6 cua Xy, g la 16i ngau
nhién. M6 hinh AR bao gdm ba budc 1a nhan dang mé hinh, uéc lugng hé sb va kiém tra chan doan.
2.2. Nhin dang khuyét tat
Céc thong s6 ghinh cua tin hiéu dao dong thu dugc tur bude trich ’xuétﬂdéc tinh dugc dua vao bd nh:?n}
dang may véc to ho trg (SVM). Tuy nhién may véc to ho trg cd khuyet di€m la viéc lua chon hai, tham so
Cva o doi hoi kinh nghiém cta nguoi dung. Trong bai bdo nay chung toi sir dyung thuat toan tién hoa vi
phan dé toi uu hai thong so trén.
2.2.1. My véc to hd trg
SVM 1a ky thuat hoc may manh dya trén ly thuyét hoc théng ké. Y tuong co ban cua SVM 1a anh xa
nhiing mau huan luyén tr khong gian dau vao vao mét kl}éng ‘gian dac tinh co so chiéu cao hon lgéng cé(;h
st dung mét ham 4&nh xa ¢ [3]. Gia thi¢t rang cho trudéc mot tdp mau huan
luyén G = {x,,y,},i=12,...,I}, v6i mdi mau thuoc mot 16p y € {+1,—1} va dit liéu huén luyén phi tuyén
khong thé phan chia trong khong gian dic tinh, ham muc tiéu c6 thé dugc biéu dién nhu sau [5]:
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minimize $(w) = %<a).a)> +Cy &

3)
sty ((op@)+b)21-&, £20, i={12,..1}

V61 @ 1a véc to phap tuyén cua siéu mat; C 1a tham s6; b 1a d6 1éch va 13 mdt vo hudng; & 1a nhing bién
bu khong am; ¢(x) 1a ham anh xa.
DPua vao nhitng nhan tir Lagrange «; > 0, bai toan t6i wru c6 thé dugc viét lai nhu sau:

1 I
max L(w,b,a)= Zi=1az- - Ezi’j:laiaiyl.yjl((xi,xj)

st Y ey =0, 0<a,<Ci=12,..1

v6i K(x;,x;) la ham kernel.

(4)

Ham quyét dinh siéu phang tdi uu (hyperplan) cé thé thu duoc theo [3]
7@ =sen > ey K(x,x)+b 3)

Ham kernel thudng dung trong SVM 1a ham RBF (radial basis function), dugc biéu dién trong cong
thirc sau [5, 6]

K(x,x;,)=exp (— ||x - x,.||2 /20'2) (6)

v6i o'la thong s6 kernel.

Théng sb C trong cong thirc (3) va o trong cong thire (6) duge chon lira bang thuét toan DE.
2.2.2. Thuit toan tién ho6a vi phin (DE)

Thuét toan DE la mét thudt toan tim kiém truc tiépq song song dya trén nhirng di truyén co ban bao
gom dot bien, lai ghép va lya chon dé tao ra nhimg ca thé thir [4]. Thuét toan DE bao gébm nam budce sau:
(¢) Binh nghia bai toan va nhimg thong s6 cua thuét toan; (if) Khoi tao; Dot bien; (iv) Lai ghep; (v) Lua
chon. Tién trinh cua thuét todn DE dugc biéu dien nhu trong Hinh 1.

Pinh nghia bai toan va cic thong sb ciia thuit toin
Cuec tiéu ham f(x) (7)

saocho x; € D, =[l,,u,],i =12,...M

Trong cong thire trén, f{x) 1a mot ham muyc tiéu (fitness function); x =(x,x2,...,.xy) la véc to cac bién
doc lap; N 1a s0 lugng bién doc 1ap; D; I va u; 1an luot 1a ving chira gia tri kha thi, bién dudi va bién trén
cua bién doc 1ap thur i;
2.2.3. T6i wu héa thong s6 SVM biing thuit toan DE

Nhiing théng sé6 SVM t6i uu sé lam ting do chinh xac phan loai. Nhimng thong sé ham kernel
Gaussian bao gdbm mdt nhan té phat C va thong sé kernel o. Viéc lya chon nhimng théng s6 SVM khong
phai 1a cong viéc dé dang. Thong thudng, C va ¢ duoc lya chon dua trén kinh nghiém vi thé dan dén
nhing két qua phan loai khong toi uu. Trong bai bao nay thuat toan DE dugc ding dé t6i vu C va ¢. Ham
muc tiéu 1a 16i kiém tra caa SVM. Ldi kiém tra cia SVM dugc biéu dién nhu sau:

G(x)=LKTsym(x) ®)
trong d6 G(x) ham muc tiéu , LKTsyy 13 18i kiém tra va x = {C , 0'} ,

Trong cong thirc (8) 151 kiém tra cia SVM duoc dinh nghia:

LKTsyy =S6 lwong madu sai trong nhitng mau kiém tra/Tong sé ciia mau trong tdp kiém tra  (9)

© 2017 Truong Pai hoc Cong nghiép thanh phé HS Chi Minh



24 UNG DUNG CUA MO HINH LMD-AR VA DE-SVM BE CHAN POAN HU HONG O LAN

Mo hinh DE-SVM bao gém bén bude, duge biéu dién nhu Hinh 2: (/) Khoi tao nhimg gia tri C va o;
(it) Huan luyén nhiing tap dﬁ: liéu mau véi nhfmg gia tri C va o duogc tao ra. (iif) Tinh toan ham muc ti€u;
(iv) Lap lai vong 1ap cho dén khi dat duoc dicu kién dung.

B4t dau

Khai tao

v

Udoc IL’yqnglgié tri
tot nhat

v

Dot bién

!

Lai ghép

v

Lwa chon

\

Khéng

Co6 thda diéu kién
dirng ?

Co
Két thuc

Hinh 1. So d khéi ctia thuat toan DE.

DE B E—

v

Théng s6SVM: C, o

Tap miu +
huin  |—| Huin luyén md hinh SVM

luyén +

Tinh toan ham muc tiéu

C6 thoa didu kién ding ?

Thu dugc cac thong s6 SVM tbi uu

Hinh 2. So d thuét toan DE-SVM.
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3. THUC NGHIEM

So d6 giai thuat ciia phuong phap chan doan trong bai bao nay dugc minh hoa trong Hinh 3. Cac
budc tién hanh thuc r}ghiém nhu sau: . . o x .
(1) Dung bg do gia toc dao dong, 1y mau N lan tai mot tan so lay mau co dinh dudi nhfrng dicu kién lam
viéc nhur diéu kién binh thuong, hu vong ngoai, hu vong trong, tuan ty. Tat ca nhitng mAu tin hiéu dao
dong dugc chia thanh hai nhom g6ém nhém méu huan luyén va kiém tra. y
(2) Mbi tin hiéu mau dugc phan ra béi phuong phap LMD va thu dugc chudi cac PF.
(3) Dé gi6i han hiéu (g ctia bién do tin hiéu véi su khac nhau ctia phan du 6,.2 , chiing t6i chuan hoa mdi
thanh phﬁn PF dé dat dwgc mot thanh phﬁn moi.

e PEQ@)

PF=——"12 (1)
VLPE®

(4) Udc luong md hinh AR bdc m cho thanh phin dd chuin hoa, ciac hé s6 tw hdi quy
@, (k=1.2,...,m)va phuong sai cia phan du ol véi @, 1a hé s6 ty hdi quy thir k ctia thanh phan PF
thir i. Vi thé, véc to dic tinh dugc ding nhu 12 véc to dau vao cia SVM duge biéu dién nhu sau:
4 =01, (/Jtnwo-iz]-

(5) Thiét ke bd phan 16p DE-SVM va nhén dang hu hong cua 6 lan.

Bat dau

Nhép vao tin hiéu ban diu x(7)

1

Thu duogc cac thanh phﬁn PF sau
khi ap dung LMD cho x(t)

Y

M0 hinh AR duoc tao ra cho
mdi thanh phan PF pfi(1)

Trich xuat nhitng véc to
dac tinh A;

B0 phan loai DE-SVM

v

Nhan dang tinh trang cta nhitng 6 lin

Hinh 3. So d6 thuat toan LMD-AR va DE-SVM.

3.1. Thu thap dir liéu

Dir liéu duoc thu thap dwa trén bang thu nho thé hién trong Hinh 4, bang thtr nay thuong dung dé
kiém tra do cén bang, d6 thang hang va nhiing khuyet tat khac cua 6 lan. Bang thir nay bao £g6m mot dong
co, mot khop ndi, mét rd to va mot truc voi hai 6 lan. Nhiing 6 6 1an 1a loai ky hiéu 6311. Tén s6 quay cua
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tryc la 25 Hz va m6é men quan tinh doc cuc cua r6 to 1a 0.03kg'm>. Bang thuc nghiém ba tan s6 cong
hudng dau tién dugce xac dinh tuan ty 1a 420 Hz, 732 Hz va 1016 Hz. Vi the tan s0 lay mau duogc lay &
4096 Hz.

Pong co dan dong

Bé may |

Hinh 4. Bang thir

Tin hiéu dao dong dugc thu thép tir cam bién gia toc duoc gin trén gdi d& 6 1an tai tin s6 ¢ dinh cta
truc. Vi 6 lan thuong duoc dung ¢ téc do cb dinh, qua trinh khoi dong va dung co thé dugc bo qua. O lan
hong dugc tao ra bang cach dung phuong phép laser cit mot rinh rong 0.15 mm va sau 0.13 mm. Ba tinh
trang cta 6 ldn (binh thudng (NOR), hu vong trong (IR) va hu vong ngoai (OR)) duoc kiém tra va thu
thap 45 tin hi¢u dao dong cua 6 lan ¢ mdi tinh trang. Chon ngau nhién 30 mau tin hiéu dé huin luyén va
phan con lai ding dé kiém tra.

3.2. Ung dung

Trudc tién, nhing tin hi¢u dao dong duoc phén ra thanh mot s6 PF bang phuong phap LMD. Luu y
rang phén tich & cac nghién ctru [7, 8] trude cho thdy ba thanh phan PF dau tién cta tan sd cao chira dung
thong tin 16i quan trong cua 6 lan. Vi thé, ma tran véc to dic tinh khoi tao duoc wdc lugng voi bon thanh
phan PF diu tién cta tan s cao hon. Thi hai, 4p dung md hinh AR cho ma trén véc to khdi tao tir d6 co
thé thu duoc nhitng gia tri riéng tuong Ung - nhimg gia tri lién quan dén véc to dau vao cho bd phan 16p
DE-SVM. Tht ba, véi nhitng véc to dau vao tir nhitng miu huan luyén, nhimg bd phan loai DE-SVM
dugc thiét ké dé dat dugc viéc phan loai da 16p nhu Hinh 5. Cudi cing, nhitng miu chua biét dwoc phan
16p v6i DE-SVM dé nhan dang nhiing tinh trang 6 ldn. Véi SVM1, nhan dang tinh trang hoat dong véi 15
hu vong ngoai la y=+1 va nhimg tinh trang khac la y=—1; vi thé 16i hu vong ngoai c6 trong co thé dugc
tach ra khoi nhing tinh trang khac. Ké tiép SVM2 s& tach tinh trang hu vong trong va phan con lai 1a 6
lan binh thuong.

Mau kiém tra

O lan binh thuong

Hu vong ngoai Hu vong trong

Hinh 5. So @b thuét toan chan doan hu hong 6 13n bang nhiéu b phan 16p SVM.

4. KET QUA VA THAO LUAN

Béng 1 trinh bay chi tiét két qua phan loai tinh trang 6 lin bang phuwong phap LMD-AR-DE-SVM.
Tinh trang ctia 6 lin duoc chia 1am 3 loai, 1an luot & hu vong ngoai, hu vong trong va binh thuong. Két
qua cho théy tin hiéu dao dong cua 6 lan sau khi dugc phan ra thanh ting PF két hop véi trich chon cac
thong s boi md hmh AR da tao gia tri dau vao tét cho bo phan 16p SVM. Thém vao do, bd phan 16p
SVM v6i cac thong s6 di dugc toi uu boi thuat toan DE da phan loai cac miu kiém tra thanh tirng nhom
riéng biét. Dé thdy rd sy khac biét, ching toi ciing dong thoi thiét ké bo phan 16p GA-SVM va PSO-
SVM. Béng 2 thé hién két qua phéan 16p trén tap kiém tra cta cac phwong phéap dugc sir dung. Theo do,
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két qua & Bang 2 cho thay phuong phap dé xuét cho két qua phan loai cao hon cing voi thoi gian ngin
hon so v6i cac phuong phap nhu LMD-AR- GA-SVM va LMD-AR- PSO-SVM.

5. KET LUAN

Bdng 1. Két qua phén loai hu hong 6 lin bing phuong phap LMD-AR va DE-SVM.

LMD-AR- LMD-

Tclli’;l grf‘ﬁ?lg PF o, P, P o’  DESVMI AR-DE- ;ZL‘%‘;;
SVM2
Hovong P 02616 20.1835 20.1709 09107 1
ngoat o 21597 -2.4306 1.8468 0.074 +1 OR
ofs  3.9575 -8.1742 11.799 0.0036 +
Hovong 7 20.2791 20.4028 00722 0.4766 1
ool of 2.0677 2475 19365  0.0544 +1 OR
of; 46111 -10.5019 16.0504  0.0002 +1
Hovong 2 20.3397 20.4283 0.0798  0.5729 1
ngoat o 1.7736 13711 04208  0.1107 1 OR
of; 42862 87313 11.1701  0.0004 +1
Hovong 2 202418 20.6641 0.1863  0.4248 1
ngoat o 1.9404 11,5529 04526  0.0646 1 OR
of; 3.7698 -6.7083 72314 0.0023 +1
Hovong 7 20.1498 20.6022 03022 0.43 1
hgodi of 1.8595 -1.8237 11529 0.0655 +1 OR
of; 3.9888 73312 8.6686  0.0001 +
Hovong 2 20.6805 20.3328 200141 0.6625 1 1
trone of: 1.6667 112323 02015  0.052 -1 +1 IR
of; 3.9118 -6.5739 50576 0.0004 1 +1
Hovong P 20,527 202527 0.0388  0.7605 N 1
trone of 1.9899 -1.6894 0526  0.0533 1 1 IR
of; 3.1451 -4.9996 51397 00117 1 1
Hovong P 20.8091 20.3802 201814 0.5741 1 1
rone of 1.5947 -1.2734 04179  0.1712 1 1 IR
of; 42063 -8.7308 119513 0.0011 1 1
Hevong 2 20.9768 20.4391 012 04412 N 1
trone of 1.7375 -1.335 04221  0.1219 -1 +1 IR
of 43322 -9.7677 151724 0.0016 -1 +1
Hovong P 20.5338 20.5779 0.0264 05737 N 1
rong of 1.7493 -1.4344 0434  0.1097 1 1 IR
of; 3.9391 -7.7467 9.0307  0.0014 1 1
of 20.3596 20.4551 0.0424  0.7267 ] 1
Binh thuong  pfs 1.5754 11,5248 0.7455  0.1546 -1 -1 NOR
of; 3.7091 -6.0068 53649  0.0006 1 1
of 20.4179 20.4621 0.0081  0.7199 | |
Binh thuong ~ pfs 1.7602 -1.4444 0.494  0.1217 -1 A1 NOR
of; 44182 -9.1139 115665  0.0003 -1 -1
of 20.2719 20.4356 200174 07877 ] 1
Binh thuong  pfs 1.638 -1.2583 03806  0.1516 -1 -1 NOR
ot 4.0135 -7.8284 95782 0.0015 1 1
ot 20,279 20,4364 0.0482 07181 | |
Binhthuong  pf> 1512 -1.1888 03518  0.1888 1 -1 NOR
of 2.4601 2.6773 16089 0.0205 -1 -1
‘ i of 20.2669 20.4954 0.0304  0.7199 1 a1
Binh thuong 1.6706 -1.3242 03787  0.1283 -1 -1 NOR
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Bai bao di dé xuat mot mo hinh chan doan hu hong 6 lin dua trén may vec to hd tro SVM két hop
v6i phuong phép trich chon dic trung AR. Bén canh dé, cac thong s6 cia SVM ciing dugc tbi uvu bang
thuét toan DE, diéu nay lam rat ngin thoi gian phan 16p va ting cuong do chinh x4c ctia by phan 16p
SVM. Cac tin hiéu dao dong 6 lin duoc phan tich thanh nhimg PF bang phuong phap LMD tao thuan loi
cho viéc trich chon cac thong sé dic trung bang mo hinh AR & budc tiép theo. Cac két qua thuc nghiém
clia chung t6i cho thiy viéc ap dung phuong phap phan 16p DE-SVM két hop véi viée trich chon cac
thong s dic trung bang md hinh AR vao bai toan chan doan khuyét tat  1an dat do chinh xac cao va thoi
gian ngan hon khi so sanh vdi cac phuong phap LMD-AR-PSO-SVM hoic LMD-AR-GA-SVM.

Bdng 2. Két qua phan 16p hu hong 6 lin ctia phuwong phap LMD-AR-DE-SVM so sanh v&i phuong phap LMD-AR-
GA-SVM va LMD-AR-PSO-SVM.

Phuong phép Milllyleurllan Msﬁrlgiém Th?éguié c Tcsh?c;guié Thoi gian () ml\n/{gi?fhlf)‘;»)
LMD_AIS{{/?\Z 45 15 1994.80 2.89 2.37 0
LMD_AR;\)/SI\EI){ 45 15 399.97 7.63 3.15 1. 46
LMD'AE‘VGI\?I' 45 15 29147.78 0.11 3.21 2.78
LMD‘AIS{{/?\Z 20 10 113.84 7.88 413 0
EMD-AR SO 20 10 320.15 20.40 442 1.21
LMD'M;'VGI\?Z' 20 10 27415.88 1.41 4.48 2.15
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