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ABSTRACT

The state of HVAC system in building depends on its operation and maintenance
level and the effectiveness of FDD (Fault Detection and Diagnostics). Moreover, it is
important for public buildings and large-scale residential district to make fault
diagnosis to mechanical equipment of their chiller plants that are important
components of HVAC system. Today, methods of FDD is mostly based on data
collected by BA (Building Automation Systems), which are easily affected by the
operation and maintenance level of chiller plant. Usually, it means diagnosis error
caused by data error.

With the development of inspection robot, it has been deployed in more and
more engineering projects. It is feasible to use inspection robot to perform inspection
tasks and equip with sensors of vibration and sound and thermal imaging equipment
to collect data of mechanical equipment in chiller plant. It has lots of advantage over
traditional operation and maintenance in efficiency and accuracy.

Based on the application of inspection robot in chiller plant, we have developed a
method using muti-sensor data contains of vibration, sound and thermal image. It is a
framework to connect the part of FDD on equipment’s energy efficiency with the part
of FDD on equipment’s mechanical and electrical aspects.

In the second part (taking the pump as examples) of the framework, we use data
of sound. Firstly, we develop a method to filter noise of the sound of pumps, which
contains the voice of background. We adjust the denoising via wavelet transform
method by replacing its threshold adjustment part with neural network model, then we
get a good performance in test set. Secondly, we develop an autoencoder model to
classify normal and abnormal sounds of pumps, to solve the problem of lack of
abnormal data. Also, we get good results.

In the second part of the framework, the vibration data based method also used to
anomaly detection. Firstly, the vibration data are edited through cepstrum editing
procedure to denoising. Secondly, the feature spectrums of denoised vibration data are
quantified to classify different fault states of pumps, which has good results in test set.

As the final step in the second part of the framework, the method of muti-sensor
data based FDD is developed. Firstly, we use the pumps’ data of power, thermal image,
sound and vibration to carry out anomaly detection respectively and get results.
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Secondly, we evaluate these results’ credibility and the probability of occurring these
events. Then the credibility and probability are multiplied as the final results.

Key Words: machine learning, Inspection robot, data fusion, FDD, chiller plant
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(1) softmax =& X Jfi kK%L (softmax cross entropy loss)

Etty) = —Z tilogy;
j
(3. 20)
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yj = softmax(zj) =S o7
j
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(1) #LEBEEE FB#: (BGD, Batch Gradient Descent)

0=0-—1-Vy/(0) (3.23)
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(2) FEMLERE FF# (SGD, Stochastic Gradient Descent)

0=0-—1"Vg/(0;xD; y®) (3. 24)
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(3) HiEMNEfETE (Adam, Adaptive Moment Estimation)
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512x256 HI4TEREE 2. WOEBRBOETE ReLU ¥, T iZMA MK H T BH, K
IR MSE (33771 7%8) PRk, THEBAE Y 5aiig NE R L iRE.

I B — R, o] LA B — AN s BB AR R IR Y, BB HL
TP A A M /N ZR 0 X ISR B Al 4 /N R B Lo (R B R O0uE TN R B Ak
B, H3K R MSE XN IS AN RHE R CE AR R, B, % BN R
b S BUEACAAE FIRCE, SRIIBAL .

by b, NERECP S EAERE N ESES RN IURE, G805 ST
R 8 A BT E A A B X — M 2 B T R R /N R B R o W5 5
(ES R Er=RE RN (VAN iR N ORANY % (5 - AL R EP T E 5 N

KB EZE RSG5 TR S AEMS AR, ik, PO
BURIN () /N BN T8 — A BRI 43, AU 255 (A Ayt (Y e 5
/N R BRI E S, HIX—dRBER T EE A NN R
B2 AU A VN e 2

RIt, ARSCIEM B —45 W a, AERHEAT — @ %, FFH SN TRk R
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FRfE S5 — 4558

K 3. 12 ML —/ N AR e L SR ZRIAURE step2

FERY B — W EEat b, 3900 7 — AT LR R B 23, XA A Y gk
1T /NP AR 5 B, B EE S C, THEH 540555 B (1 MSE Hik %y 2,
R B 1 SHUR RS 2 IBUORAT, 158 — N E SRR 2K GIA
TESASRRE, @R RE 2 1X— 55 KB R T 1, A
TAERLRY PP 58 T N RFALE A B R ) #R A

SRR, TN RE S, B WA N R
BN AREUR, AR ZARR, SRR R, R et AEREAT N AR e A
RARFP KRGS,

3.6 IKEHINESEMRIIER LR

3.6. 1 REBEIE

ML R 28—/ N AR R S R B NS s TN R 1) R B R B
TAES TS S . AR Z] R KRB F MBS 5B A E 25
(EEBEYLEF MG S AT, MNERBMSAAE LR, IMMNER
FEAZSIAN LI 28 5 73 1) MSE 35325 bR AP 2 0 BUINEOKR 3 SO LI 2RI HY L4
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ZIREMRD], R AT T E MR IR TT

Esehr b, FATTICIE R R AR 2RO B A 20155 5 B A5 (5 5 Al
PRI ] PUREE A — AL E R M A5 5 A2l E 5, Bl — e iEmRt (i &EE 5+
ARUESHIRIT NTEMEWYAES, W& F — 21 [FA B T & eSS Mg
GRS BMANLEBME S R ARG SEME, HiF 25 T 4R K8
) 25 R B 41 RNNo i se 2 Wi

PSSR R AR A

L FEER RS S E, BE A EE SR, R —MiE

E VIR
2. BEAUMFE EAE T AP R o AR, HLIRMER NS (1 &
3. EALKIEEE S BIMEN T A BRI,

3.6. 285k

JF RS R AR A 5 5 IR 38 by (6) 551 A Bl k AN A YR P by AEIZ AR O 2 T 2
R

k
b0 = ) by (3. 28)
i=0

B )RS S 07 b, (0B T Bl kAP A b, AE AL e MR,
S 752 L LA, B 2% P 7 7 2 30 L e R S 7E A TR
i A AL

k
bi(t) = Z(bj,i “hj i) (3.29)
=0

A, by AFEAFEIRAEZAL B WK R (Impulse Response), HAHIR T
B YRR AN 6] B P A A I L TR RS R, AR R gk
BFTE], GG 53 DU B 3 B, PRI 0 X & 75 U7 55 - R I Jk e i) Jz
BEAT BAURAITHE, W R4S 240 25 VR A 5 75 5 by (6)

KRICFT AR T, S HLE 2 BN TT R, LA AL A 1 =10
RN 55, DRI 7SR 7 A e AL ) Wi 75 R 7K 3 7 ) 28 0 T ] A R e 1 8

3.6.3RREEESEM

Zes%(t)

SNR =10+ l0g10
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A, SNRMNEMELL, Z.s2(0)FIZm?(t) 5 HNA G5 HIgE B M= R &
FEE M S 25 S A U RE T, RAARIREEEE, 7T DO RS S E R A R R K
L NIMAFBIASE S BoK-F I B S5 S, § B Em - muE. &E 5t
AT

2s2(t)
a= Tn2(t) - 10SNR/10

(3.31)
b(t) = s(t) + a - n(t)

A odyidid SNR 24 0 HERIGE 7= 4 I T, b(D A EERAEEE S BT
FEEAS SAEAEAL B IR CARSCRA 16 fnfifife), Bl za A &E 5B S
PEAE SR, RIRUER (127, 127]V0 F,  RIUL A B T IR R 1 -

s(t) + a - n(t)

b(®) = 1+a
(3.32)
s1(0 = 1SS)a

BT DA R P 1 R A (127, 1271, {EL R {9 75
B T TR

3. 6.4 WHEEIIE

AT RN 20 G aiig KR B E 4L 210 B, 1Mt 850 B, HTHA
PR, B 100 Bralig /KIE 75 & il 50 BL 7S Sel s, 20 4% s e bk 204 15,
10, 5db FATI A, W LLAE RN 20000 O EHE£E -

Gy AT N AR R FE . AT USRI BN 1782 /i R, RIJE K
1782x20000 % NFEFE, 1782x20000 FIARZS .

3.6. 5G4 R

B2 0 723 R IR B MM ER, Rl R AR AT I 25, LR
KRB MSE, @d 2K, m&EFIAATTIEN SGD, #3155 0.01, YIZk
ZERATT , T LUE 25K pR AU RE I ZR5E XIS IR R F 2 AR /K - (0. 0032).
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FERAR LG B REAT KR E IS SHEACR R RE T, BOERAS7 H RS T
IRFEEUE T, FEANIETREA . SR & R HE (5 2 KR 57 e
A DLEE T2 506 6 Bal I SRt 70 S Y, (B FRE Y 73 SR A5 3R SR B X SR 6
SR, JCIEAE RIS PR TREA BT AL A Bk, — 5 DR AR 2 2 3] B 452K
WS ALK B T K RAER B 0L T RS, 55— 5 i RO s e ik
PN ZRPT F 20E -

IS B 2 AT N IS 4N 515 T KR 75 5 B K SRR A i 2 AT (1 2
HRIWT, BRI KR AR A R, 3D IR S ARSI A ARl i A s AN 2
N GYBEATHRARASLIN o 17K IR P 5 0 St AR () S B PR AN SRR IE RS I R mT AT 1%
G EE s R LUK FANL A S R DN 1 1Ty A 2 B 2K )

TE LIRS TE D, B g as ™ R DR L R /N 5 R A B 22 AU
PEA A B R I 1) e o L WL AR SEBUE AR M e X 2%, SRR R T+ — R B 2 —
SE AT B, R — A RERRIN 2% BENE AT ARG — AR A1 B 1) 0 A Re ik, I
IR AL SR (A A B, RIS — I8 T R 90 B0 ) B RS e 8, X T AN
EZIAT RS, Z MR TCIEAR G SE BB W, AT W H D S i

K41 Egnhd a5 i Ailm & K

H i A% I 2R R R IR AR A, HARRIYIZREC R, wl LAy it
ER B LRI, FFEARI7 5K,
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4.2 BEYwhess/RIE

H4ifid et (Autoencoder) " J&—Fh I Wi B HFAEFE AL, 4> N4t 851
FRIDES PR 2, Refs MAEAH H 25 ) SR BCRHIE AN S A 0 () B0, ozt #8
A, I R @ P X 4 S

bW H gD A fEIR B % ) h M IR T, M Oa B 2 MR E
Gt dt, BIEERE AmiSE. AL, Lo AmEaRSE, & TRAERRI
PG 18 i S5 A

B2 AR BoH FT s R, LM 5 an T~ B FTR

74 AN
‘Aﬁ&ﬂ.kﬁ‘yAhLL
V‘(

K 4.2 BHmiLaspinE

MGG A2 . R RS as = E X PRGN,  HOX Le 24 35 N Ri 5t
XAHE W2, HAHEE 4R/ THN x FIfIN x7 o SRAXFE S M I 2z i
SERCH B, BR B R BN BAE AT R RE . H R

¢:X-F,
y:F - X, (4. 1)
¢, ¥ = argming,y [|X — (¢ o P)X]|?

T QAT G i R 25, K A N ERHE XL BRRAE B, WA AR R 28, AR AR F A
BEIX, LSRRG —MEEREL, ZEEREELIX — (b o v)X]|>=0. 1E
SEHEUR A CH DL ST,

z = f(Ax + c),
x' = g(Bz + d), (4.2)
L(x,x") = llx = x'|I> = |lx — g(Bf (Ax + ¢) + d||?
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KA, YRS EIIBUEREL, A NMENE, ¢ NiWE; FEgNEISEET

WOE R, B NMEAE, d NIWmE. N T4EE8 o MR AEGE, HEERE N n

(R gm bl 2 A AERD 2, o] AR B 9R TS 2 Apn EEAM X1, 8IS 2 By 45N

nxm, FIEZEMYEE In x 1 CRABEFHERE) . ATLOES, Zm > nif,
H i 25 BE IS AR 127 2] R 70 A1 1) B 35 RHAIE

if n =m:
2 Apmxn = Buxm = I, ¢=d=0, f=g=id, f#15 L(x,x') =0
if n > m:

HFAELE Buxms Amxnr 77BnxmAmxn = In» L(x,x) =0

4.3
if n<m: ( )

1E§iﬁ7?%T:anm“lmxn = p> y

n = rank(l,)) = rank(BA) < min{rank(A),rank(B)} < min{m, m} =

PRI, BAFEBrxm s Amxn 819 Brym Amxn NIEEAZ i

KL, AT Zm > nitf, A RERRI B 9t DAA BRI 20 T2 30 A\ 20 (1
IIMATRFIE, A Z BN R SR A TS o

4. 3 KR EFINE S FERMIIE R LRI

R DAY 7 5 A (A0 AR s N s I 25 B it g . 5 RISCE MR
PN R BOR EL, B0 S B0 e 5 B A B i U R, /NI AR AT S A 1 i A
ARG, JaH RT3 28I, 5 AR B R L AT I %0y, NER KK
AR [ R PR IS) BONL T F B R AL, (H/ N R BEHR 4EFE EOR, R BERE R E RS,
HAE A 5 & 2 W BEATRAE 732K

R st G KR KM 5 K H BT 03, WRRPR:

R4 IRREFEARLAR 73R

LA PIREA HARFEAS

B 274 834 1060
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log10{MSE)

K 4.5 Bgmisasiilitas R

B, AR KRy HA 25 R S AN BE 1 MSE BX 1ogl0, L s AR ST AR A
L AR, St g ARRIETIFEAS, PIRECR 45 RAFAE DT BRI 73, 7] WL B b o
(RI B BE A ZEAT LE T A A AT AR I A A RO ASIN B mT DGR R - 1. 4304 1D
FEHE A bE . T ZBREARE,  E AR 1 R I 2] 100%.
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58 ETEEMBAUNKRIRINESER

5.1 IKRIRENES K+

5.1. 1 IKERIRBPEM 777

AORIPRBN R A =AT7IH, — 2 AL 7 808 T IR AT, fite
FL s 9 A 5 P, e FELBLATR A AR B LN 7 A AR 22 222 A 1
KNGS SEN U R e, =R K ST & A ARk i
XL ] AR 2 3 BUKE P 2E A M RS A o HLAR B3 70 A 4 3 5 7] [
B L MERS A RSN, X AREIANR &, = S BUKRIRS) I 3R
W, N T OKEARS B A . TR BN 1D KGR IR B A B PR 50
HIHE, — BT R IR as, RIFERE A SO MK 2 F) 22 R i s oo ik, I H.
FERIR R 22 i P, 5 BRIV PR iR A B v AR P BR 22 38 n] LUK KR AN [/
HIPRBNMERE, IF HIE BB RRIRFCR » I, A7 B K R BOE KR
FRIPIAE SR S5 A0 B mT PSR SR SR IR IR B 1% 100

IKIEARBN B AR IR — OV IRBNALRE « IRENESE . PRSI =H (09
{5, AR & R SRAN R R DL B — Rl 2 i dia e, IREDALAE — ROE H T
PRARSEAGIN RSN L — e SE BEAR L R IR BIRFALL » RSN AL FE A R 1)
AEAARKEERIE . IR IRBIESE . PRSI E 73 A1) T LR it i AL A%
A IR AL RS . RSN AL AR AT I

(1) iR AE R as

AR AR 2 T 2 B LR SR B AL A A e O FIAS S, DRI B SR X B
HA S, Hod l HRSR sk I 2%+ .

(2) YRBNIE ALK

FE LRI AR AR A M LA, BN S BH SR SR, B IR B R e ik
NHAE S, Hl T e A, HTARPBZ 28— RE, A& T
H AR BB

(3) YRBINIHE A% B

KL B RAL RS R AR T AT A, HR S, AhF I i 5 5
WHB iR R AETEAS, TP R A5 S, DAHCREE I A 5, Homi B[R] 30,
HTARSRBAR X TE -
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TERMALE b, MR ERRRAE 1507919 B3 (ekt LI 2 R 3N HO T B
FIFSE) FREER™, SR ARSI — M “IRah A i B M L Rk R 5
FUB R PR AT R M T 7, BRI . RCE RIS 11, I EL A T A 3
IR, FLRE BB I N K SR Bl K ELRER BRI, JIC A i == AT AR il s il
FERTIN T M) b, AREREUE T HiE . K BEE =AMOT ), BT ESIARLE K
A — F Rt o A A [ 2

AR AR R PRI FEAL DS, 1%L BRI S ERZ B T BRI,
T2 A B 8 U 8 s 1 U A I P PE 7K R b, TR /K R AR B4 N N IR Bl 42 i
w5 o T AR BARHIAALE KL ANANEZRAE 491 /s, RIELL P13 IR S8 fE 7] LA
BRI ARV o SR R /K SR Bl AR R Ao B A ) 3 LA 7 [ i e 3
EWATIIGE e e

% 5.1 {REhE A LB R B H
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B, RO EORIE PG MR IRRZBAU R AT R . 45 6520 = | A AR
BLER, 2 ORI R AR AU, P AT U5 5 (K R KR [ A £
BB 25000z RAERBATRIFAS BRI A, FeHOIg K o)
i) 5, WEA RS SWFESAGTHE, KRIEMET 500z, — 10 FHHNE
GEHMAES, AiaKb BRI BORBEEALTAE 500Hz M, HATHE
500Hz 95 BRAFAIAR .
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K 5.2 AFERFER T XA A1

PRI, AR SR PR Bl 3 A% s, BICRAFE A4 0 500Hz, S UCR AR A] Y 10,
FERRHL 5 DI IR AR 828 NRAN .
FESEIR SRR ST 6 LIRS 789 MRS EHE, W1 F Fros:

* 5.2 KB KIEIRNEHE £

KR | IEFIRES FO | KEJD F2 SERtFA S F3

AL 279 345 165

R, NANFPAKER =RGS IR IZ1TIRES FO, ERtashJFIs1IREs F3,
EIENKE TR JGia TR F2, JRNERKRE & TRESET .

5.2 IKZIRTHIESEE T

5.2. 1 1 REREEXRIESH
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FERT AR IR S 5 MR PR 2 SINE 2R E KM, H 2 ZORIFE T
ANJT I
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(2) AFTEDL NS ZRBORA RGN R GIRE

(3) JABABIAFAERS MR 7=, LI A2 A0 3 B4 [FI I 2R 56 (1 IR 3h 2o 47
FEARA s

(4) KEMBERLAAF SR IE B UE 5 iR G — SiERE .
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WAE—EE T
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XFRIE (3), AT AL, AR EATIRIRAEHE, AT
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5.2.2 REhEMREK

I SOR SRR SRS B AR I S RS S R, — O TR L
B BKOR BRI 5 (R 1 LA R S IR B A5 5, 31X —#870 ml REI P B 26
B4 A IRENAFAE s 53— 7 TR I b B IR BN & U IR 5, X & IR
TR . G KEE B A I, ARSI RIE C 2 gl B AE B
PUMe Rz o, PRI n] LB AR R BEN LIRS .

AR EN (5 = Kot , HMg sl ae S 1 A B HAR B AT PR BN RFE
PARBENLIR BN, HAE AR n] BLR R B R 3K

k k
V() = V() + ) Vo) + No(P) + D VaeD+ Na(D + () (5.1)
i=0 i=0

K, VO NIERENE S HHE, VOO NITE KRB RIE S
Vo (AR FZ K IR BN 7E HAG I A 1 BB BUBR 0 8, No () A ELBEHLME 75 5
SHARE, Vo (FFRFAAR B IR BN AE R A AN B O BN, (F) J FL B L
R 5 SR, N, (F) i BEHLIR SR A o 22 A E AL A5 (A B B n, AT
HFEHUMERE, FHIbiZ A

k k
V() = V() + ) Vo) + ) V() +N(PD 5.2
i=0 i=0

0 S T R AR R B, Vo (F) EEEREM R IRENE S, Vi (F)BI
AR RIR MR BN B S AE — BUR IR I RE TP IZH R H s R 3 48 73, BRIV, (F)
NESBOAERE S, LR E, MARE TR A FiE T, £14E
RUEIRBN A B HEAR CRECENINZE) . PP ZEH0, RMBL CGEHILATR) 1
RFALE T AL ML/ o

Zi b, YRGS HHE IR EORAE T

(1) HERBEPLYRSN M

(2) KERIRANE SRR EBR & .

5.3 g RLEREE

5.3.1 SRR

T AL ™ 8 T RS M . TEACSCE U, 1% (Cepstrum) 2
R IRah e T AT tRade il LA e, O KR R AT PRI B AR e 25 2R, I
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THE AW
Co(q) = F*(log(Xz(f) + iX¢(f))) (5.3)

X, Co(@) NIRENE T BTG, Xp(F) NIRSNE 5 i Bk AR 45 (1 ST
iX, ()RR

PRGN R, HSERIEIT RN T, BT RRE A RINRA, i
R RHMSE, SET ZMIRSNES S, XAIRsh S IMAENLEE A IR
YR, RUONASRIRSh 25 (07 M) A% AT SR8 TR o HoB gl SRAE A I DA
BRRIE NI, R

 JC

Lo

B 5.4 B 1 R

IR, AN EERR G, e Mg GO, %
BN EEPRN, S B 2 ORI, BRI ST B B O 70 &
XL B — 2 A AR, DRI, mT DU 2 #r i) 07 kA IA BN %
P P PR AT DR 30 A BRI A g, ] AAS 38 0 3 12 A 1) A 1] ) T A
FESE AT R, JRATTHE EE AR PSP B S B i, TR0 BB A T DUR B AR
) R B, B O R R LA A

5.3. 2 EiET A LIRME

ERETE AL, EASGE SOHRITHRARSE 5 (RS &, A1 B b b A
XL R B, T AEIRBN S 5 M B o 25 BRI, B 2R 25 BRI it b
MR A A 70 o H R T A0 5 7 2 A [l B AR IR B 155 B IR £t , A
SERR EAR ARG (SR, MR B BT U5, e B T
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lbﬁ"?i*c?fftl
A
e P e SRy | EREE S
s Ry [
ThE i S~ S E eSS
i > SEEHE P — Wi

K 5.5 BT AL E

HAH R T
(D WHEAIRME 5 ERE, P C(q) NEIE, Cr(q) FiC.(q)Fr 3 A E i i 5L
FRANREES, Co (@) NEIRE YIRS, 2 TP HRERBRIE T, C,(q) J9fEIEHAH
75
X(f) = Xp(f) +iX.(f) = 1010910(F(V(t)))

C(q) = Cr(q) +iCc(q) = F'(log(Xr (f) + iX:(f)))

(5.4)
Cn(q) = 1C(q)I
_ C.(q)
Cp(q) = arctan(CR(q))
(2) HT EZHR SR b YRR R, BIeR FH BHE 77 Ak B
FER S, KN EHBRE, Cp' (@) v BIE R 5 8] iR A -
3
A == (max(Cp(q)) — min(C,,(q))) + min(Cp(q))

4 (5.5)

e~ _ 0, Cn(q) <A
@D =g, () et 22
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class Mydataset(Dataset):
def _init_ (self,s_n_data,use_original_coeffs=True,data_encode =
None,data_decode=None,data_loader = None,coeffs_loader=None):
super(Mydataset,self).__init_ ()
self.df =s_n_data
self.len = len(self.df)
self.data_encode = data_encode
self.data_decode = data_decode
self.data_loader = data_loader
self.coeffs_loader = coeffs_loader
self.use_original_coeffs = use_original_coeffs
def __len__(self):
return self.len
def _ getitem__ (self,index):
if self.use_original_coeffs:
x = self.df[index][0][O]
X = torch.Tensor(x)
y = self.df[index][1][0]
y = torch. Tensor(y)
return x,y,index
def getcoeffs_x(self,index):
coeffs_x_path = PATH + "M 5 Je g /Nyl AR 4 40 4 £ /" +self. df [index] [0] [1]
coeffs_x = self.coeffs_loader(coeffs_x_path)
coeffs_x = [np.array(i) for i in coeffs_x]
return coeffs_x,index
def getcoeffs_y(self,index):
coeffs_y_path = PATH + "l 5 Je g /N AR 4 40 4f £/ +self. df[index][1] [1]
coeffs_y = self.coeffs_loader(coeffs_y_path)
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coeffs_y = [np.array(i) for i in coeffs_y]
return coeffs_y,index
def getwave_x(self,index):
_._._,_,wave_x = self.data_loader(self.df[index][0][2])
return wave_x,index
def getwave_y(self,index):
_._,_,wave_y = self.data_loader(self.df[index][1][2])
return wave_y,index
train_data = Mydataset(trainset_list,use_original_coeffs=True,data_encode =
data_encode,data_decode = data_decode,data_loader = open_wave,coeffs_loader = coeffs_loader)
test_data = Mydataset(testset_list,use_original_coeffs=True,data_encode =
data_encode,data_decode = data_decode,data_loader = open_wave,coeffs_loader=coeffs_loader)
train_loader = DataLoader(train_data,batch_size=BATCH_SIZE shuffle=True,num_workers=0)
test_loader = Dataloader(test_data,batch_size=BATCH_SIZE,shuffle=False,num_workers=0)
print(‘dataload done")

#AL AR
class FC(nn.Module):
def __init__ (self,input_len):
super(FC,self).__init_ ()
self.fc = nn.Sequential(
nn.Linear(input_len, 512),
nn.ReLU(True),
nn.Linear(512, 256),
nn.ReLU(True),
nn.Dropout(p=0.5),
nn.Linear(256, input_len)
)
def forward(self, x):
out = self.fc(x)
#out = F.log_softmax(out,dim=1)

return out

B ER Iy KR E R AR ALY GRS (YD
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class Mydataset(Dataset):
def __init_ (self,dataset_list):
super(Mydataset,self). _init_ ()
self.df = dataset_list
self.len = len(self.df)
def __len_ (self):
return self.len
def __getitem__ (self,index):
x = torch.Tensor(self.df[index][0])
label = self.df[index][1]
return x,label
train_data = Mydataset(dataset_list)
eval_data = Mydataset(eval_dataset_list)
all_data = Mydataset(all_dataset_list)
train_loader = DataLoader(train_data,batch_size=BATCH_SIZE,shuffle=False,num_workers=0)
eval_loader = Datal oader(eval_data,batch_size=1,shuffle=False,num_workers=0)

all_loader = Datal oader(all_data,batch_size=1,shuffle=False,num_workers=0)

#HL) 3 E G i e O 4%
class AutoEncoder(nn.Module):
def __init__(self,input_len):
super(AutoEncoder,self). _init_ ()
self.encoder = nn.Sequential(
nn.Linear(input_len,128),
nn.Tanh(),
nn.Linear(128, 64),
)
self.decoder = nn.Sequential
nn.Linear(64, 128),
nn.Tanh(),
nn.Linear(128, input_len),

#nn.Sigmoid()
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def forward(self, x):
encoded = self.encoder(x)
decoded = self.decoder(encoded)

return encoded,decoded

F=HBor: AKRIRB S FE RIS k)

#FME: HURE) PR ——seg HISCAE,  EAT NG 1A A AL 2
def get_data(file_name):

data = pd.read_csv(file_name)

N = len(data)

f s=500

y_values = np.array(data['vibra)

x_values = np.arange(0,10.0,10/N)

returny_values,x_values,f s

def ceps_while(file_name):
y_values,x_values,f s = get_data(file_name)
N = len(y_values)
f_values = np.linspace(0.0, f_s, N)
#E K0
fft_values = fft.fft(y_values)
#AH AL
fft_angle_values = np.angle(fft_values)
#iRAE T
fft_r_values = np.abs(fft_values)
HI ] E
fft_rcceps_values = fft.ifft(np.log(fft_r_values))

#{3TE G 4

fft_rcceps_values[1:] =0
#5 J5J FR M
new_fft_r_values = np.exp(fft.fft(fft_rcceps_values))

HIR AN B
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new_fft_values = abs(new_fft_r_values)*np.exp(1j*fft_angle_values)
new_y values = abs(fft.ifft(new_fft_values))

new_new_fft values = abs(fft.fft(new_y_values))
#log_new_new_fft values = 10*np.log10(abs(new_new_fft_values))
#plt.plot(log_new_new_fft values)
#plt.plot(10*np.log10(fft_values))

#new_y values = np.real(fft.ifft(new_fft_values))
#plt.plot(f_values,log_new new_fft values)

return f_values,new_new_fft values,f s

#RI5rMAEEFIIEEE 7:3
train_new_data_0 = new_data_O0[O:int(len(new_data_0)/10*7)]

test_new_data_0 = new_data_O[int(len(new_data_0)/10*7):]

train_new_data_1 = new_data_1[0:int(len(new_data_1)/10*7)]

test_new_data_1 = new_data_1[int(len(new_data_1)/10*7):]

#UT SRR A Q3 AIETHFEA Q1
train_new_data_0.sort()
train_new_data_0_Q3 = np.quantile(train_new_data_0,0.75,interpolation="nigher")

train_new_data_1 Q1 = np.quantile(train_new_data_1,0.25,interpolation="lower")

def make_f(data 0 Q3,data_1 Q1,fzyz):
if data 0 Q3 <data 1 Q1:
if fzyz < data_0_Q3:
return O
elif fzyz > data_1 Q1.
return 1
else:
return (fzyz-data_0_Q3)/(data_1_Q1-data_0_Q3)
else:

return make_f(data_ 1 Q1,data 0 Q3,fzyz)

#Il RS T R
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train_result_dict = {'fzyz"[],'f:[],'label':[],'new_label":[]}

for i in range(len(train_new_data_0)):
f = make_f(train_new_data 0 Q3,train_new_data 1 Q1,train_new_data O[i])
train_result_dict['fzyz'].append(train_new_data_O[i])
train_result_dict['f'].append(f)
train_result_dict['label].append(0)
if f>0:
train_result_dict['new_label].append(1)
else:

train_result_dict['new_label].append(0)

for i in range(len(train_new_data_1)):
f = make_f(train_new_data_0_Q3,train_new_data_1_Q1,train_new_data_1[i])
train_result_dict['fzyz'].append(train_new_data_1]i])
train_result_dict['f'].append(f)
train_result_dict['label].append(1)
if f>0:
train_result_dict['new_label].append(1)
else:

train_result_dict['new_label'].append(0)

train_result = pd.DataFrame(train_result_dict)

#I AR TP IR IR
test_result_dict = {'fzyz"[],'f":[],'label":[],'new_label"[]}
for i in range(len(test_new_data_0)):
f = make_f(train_new_data_0_Q3,train_new_data_1 Q1,test new_data_O[i])
test_result_dict['fzyz'].append(test_new_data_O[i])
test_result_dict['f'].append(f)
test_result_dict['label].append(0)
if f>0:
test_result_dict['new_label'].append(1)

else:

83



RPN il w2 DA (TS

test_result_dict['new_label'].append(0)

for i in range(len(test_new_data_1)):
f = make_f(train_new_data 0 Q3,train_new _data 1 Q1,test new_data_ 1[i])
test_result_dict['fzyz'].append(test_new_data_1[i])
test_result_dict['f'].append(f)
test_result_dict['label].append(1)
if f>0:
test_result_dict['new_label'].append(1)
else:
test_result_dict['new_label'].append(0)

test_result = pd.DataFrame(test_result_dict)

FVUHER Iy KR AR R FE AN ()

os.chdir(r'F:\ftp_share\/K 7 & s 56\ E 5\ F ')

df = pd.read_excel (‘155 /K ZE £ x1sx’)

new_df = df[[ 1) 1487 MUK - Th (kw) 1]
new_df.columns = ['i} [a]",'Zh 3]

new_df = new_df[new_df['Tj%"] > 1]

new_df['f )] = pd.to_datetime(new_df['ff [&]'])

new_df = new_df.reset_index(drop=True)

#HAE - T2 - 18.5kw

new_df['p’] = new_df['Z=%"].values/18.5

start = pd.to_datetime('2020-06-10 00:00:00")
end = pd.to_datetime('2020-06-23 23:59:00")
delta_n = int(round((end-start)/np.timedelta64(24, 'h"),0))
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now_df_list=1]
for i in range(delta_n):

now = start + i*np.timedelta64(24, 'h")

now_df = new_df[(new_df['ff [E]"] - now < np.timedelta64(24, 'h"))&(np.timedelta64(0, 'h’)
<= new_df['i[E]"] - now )]

if len(now_df) < 100:

continue
else:

now_df _list.append(now_df)

HULE X Bl A
x_left =min(new_df['p])-0.05
X_right = max(new_df['p'])+0.05

plt.figure(0,figsize = (8,12))
#plt.title('p_i")
for i in range(len(now_df _list)):
plt.subplot(len(now_df list), 1, i+1)
plt.xlim(x_left,x_right)
plt.ylabel(str(now_df _list[i]['F} [7]].iloc[0]).split(' *)[0])
sns.distplot(now_df _list[i]['p'].values,hist = False,rug = False)

plt.show()

plt.figure(2,figsize = (6,4))

plt.xlim(x_left,x_right)
#plt.ylabel(str(now_df_list[i]['f[H]"].iloc[0]).split(" ")[O])
sns.distplot(new_df['p‘].values,hist = False,rug = False)

plt.show()

#%%

#UF SRR
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window = 30
new_df['p_std'] = [0]*len(new_df)
for i in range(len(new_df)-window):

new_df['p_std'].iloc[i] = new_df['p'].iloc[i:i+window].std()

new_new_df = new_df[new_df['p_std] > 0]

startl = pd.to_datetime('2020-06-10 00:00:00"
endl = pd.to_datetime('2020-06-23 23:29:00")
delta_nl = int(round((end-start)/np.timedelta64(24, 'h"),0))

now_df_listl =]
for i in range(delta_n1):

nowl = startl + i*np.timedelta64(24, 'h")

now_dfl = new_new_df[(new_new_df['if [#]'] - nowl < np.timedelta64(24,
'h"))&(np.timedelta64(0, 'h’) <= new_new_df['f5 [#]'] - now1 )]

if len(now_df1) < 100:

continue
else:

now_df _listl.append(now_dfl)

#HILE x Hia A
x_leftl =0
x_rightl =0.04

plt.figure(1,figsize = (8,12))
#plt.title('p_j,std")
for i in range(len(now_df_list1)):
plt.subplot(len(now_df list1), 1, i+1)
plt.xlim(x_leftl,x_rightl)
plt.ylabel(str(now_df_list1[i]['t [E]'].iloc[0]).split(" ))[0])
sns.distplot(now_df_list1[i]['p_std"].values,hist = False,rug = False)
plt.show()

86



RPN il w2 DA (TS

plt.figure(4,figsize = (6,4))

plt.xlim(x_leftl,x_rightl)

#plt.ylabel(str(now_df _list[i]['f [H]"].iloc[0]).split(" ")[O])
sns.distplot(new_new_dff'p_std"].values,hist = False,rug = False)

plt.show()
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