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ABSTRACT

In the context of the "Made in China 2025" policy driven by innovation, the traditional
manufacturing industry has begun to upgrade through industrial intelligent solutions. At present, the
intelligence of metal band saws is mainly reflected in sawing automation and fault diagnosis, and
the prediction of the remaining life of the band saw blade is in the exploratory stage. Replacing the
band saw blade too early will result in waste of the band saw blade, while replacing the band saw
blade too late will bring about a decline in sawing efficiency and quality. It is very important to
accurately predict the life of the band saw blade. At present, the main methods for judging the
remaining life of band saw blades are failure physics and data fusion, which have problems such as
low efficiency and excessive interference in industrial practice.

In order to collect the band saw blade cutting data needed for the research, this paper designs a
complete set of remote monitoring system for metal band sawing machine. Through the intelligent
gateway and the band sawing machine PLC docking, the band sawing machine cutting information
is collected and uploaded to the cloud platform for analysis, and the APP and Web client are
designed to realize the multi-end monitoring and control of the system. The system completes the
online monitoring and data collection functions of the band saw, and provides data support for the
prediction of the remaining life of the band saw blade.

The remaining life of the metal band saw blade needs to be combined with the analysis of the
total cutting area before failure, so this paper proposes a set of remaining life calculation schemes.
By calculating the area of each blade data collected and optimizing the calculation plan, the
accurate cutting area is obtained, and the reasonable failure point is found by analyzing and
recording the whole life data of scrap metal band saw blades. In this way, the total cutting area
before failure is obtained, and the normalized remaining life of the metal band saw blade after each
cut is calculated as the output of supervised learning in machine learning. In order to obtain the
input features related to the remaining life, this paper proposes a data-driven remaining life
prediction feature selection scheme. Through the sorting and preprocessing of other data collected
by the remote monitoring system, the data set is divided according to 4:1, and the selection of input
features is completed by combining experimental tests such as the correlation with the remaining
life.

Finally, through the analysis of the three machine learning algorithm principles of K nearest

neighbor algorithm, random forest algorithm and LightGBM algorithm, the training set is trained
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based on the grid search algorithm and the five-fold cross-validation, and the performance of the

test set is verified. The verification results show that the LightGBM algorithm has higher accuracy
than the K nearest neighbor algorithm, and is nearly 10 times faster than the random forest
algorithm, which is suitable for industrial practice. This paper proposes a band saw blade prediction
model based on the LightGBM algorithm. On the basis of the LightGBM algorithm, the Bayesian
optimization algorithm is further used to improve its parameter tuning process and improve its
prediction accuracy. The root mean square error of the final prediction result is 0.0276, and the
coefficient of determination is 0.9908, to meet the demand for prediction of the remaining life of

the band saw blade.

Keywords: Metal band saw blade. Remote monitoring system. Remaining life prediction.

machine learning
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| | | |
| | 1 |
| | 1 |
r 1 1

v AR

S =
.4
=&

BT H A A AMLAE B BT 1]

K 2.1 BHRER GBI
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RGMIE FEER T 56 AT BB R AR TAE, 5 RAEERE 1 [5] F toA ) 1 B 3 A L 8
A7 9 PR R AT W PN R i R R IR 55, I FLK A Aol ¥ 42 & s B8 PR AN [R] PLC 3 AT Ak
H, G REHE.

W S R AR S ) SRl . EE A T2 PLC MU ANEE TAE, JEId 58T PLC o HoAf
DI, CRAIEEE I R AT FF A L8 2 S brifE . L H 3% 82 OneNet W% BALEHE, Fd@d
M55 2 R AMLAS B2 P i AT 5008 s o TEBETT I G 75 ZE5 FE N OG22 PLC B2 N ThiE, It
HHEERB BN L G TR EDG IR, WiHE &N A5S&T.

MWV B P T Al Tt — A R 2 mE . gk, KR,
B DL SR AR A0 sk W R B BT 0L, J7 et RS UAT A B 4E97 . Web 257 b
WA E U0 UL it Ashae i, mFHL0 APP sadifl A 8 5 @A BIREE, thindgfEyis, ¢
F-HLuity AT DA BE PR A B4R

Bl B RGBT T BN FEAAE PLC f%dE, X8 ks, o
AT AR R — A . RGUE I 45 A M IR EAR, HHTH AR, R
T s oige, —oH T gk a A a il hae. 3B THIRES AR hE S
ZETH, GRS, B R, TR TSRS, HFHON TR T LA
ORISR, R AT R RRAL 2 T HEBR AR DS VEAR I A, 4R 315 7 408 25 T R 77 i A DG 1
i LA B 25 A S 2R A NS
2.2 MR

A2 S AR IR PLC 51 4% 2 LA & o B A& (1 2t B B B DG Fe 2 A ol b
Wz, PAKTREAT LR AN IR B AS AU 0 I 8, 5 B A A ) TR 2R R X T R A 4%
B ThRe, JFHMEEZEH T 5 AR & B 8RR 1) PLC X EH 8, 5 M f E& 1K
S I AL FR T e 1R IR 5 4 = i TR
2.2.1 MKRREHHESR

P A HEZE LI 2.2 P DG HEAT i A% i 32 248 R 1V 2 RS485 i@ B A, Hnl AT — Xt
Lk, HAEWMEREI, EEGHTHEZAE&EAEIR PLC. WIOCH BB MCU
LR JS9391 Ab3ARHR, T &R R A EEOR, W EECKAE M E, BTl MCU fik Al
51879 STM32F103RCT6. 1] 4 J& 7 H R 7l I 585 Sk, BT DU 1 JS9391 AbF A H .
JS9391 AbFRAEH F Y WIFL Bide, @it 15 MCU #Hi%. LED BIREFELA AN TAERASTE
AN SERRGURSTERIT . AR 4G REERIT . MRS ERE HHRE, 7
KA G425 2s 2 4s. REREM KB G IEMNAF BITNARIR AL S8dE 21 K]
BATIAG T AR IRS 4.



A R e N T e VA0

4G > > RS485iHE ML
Eu|
G
fiER
> RS232JEEHEH
159391 MCU
g | T osbmpsk
LEDFIH |« < Fise B T AR B

FL AR

B 2.2 R EHE SR
2.2.2 MR
R BT AT 5 5SS . RS b TR, FRE AR 23,
%5 7T QBB LA, I HLG 7 BB % & OneNet (R HER A, JFH 2
H 4G BRI 6 5 AR B A AR HHTIEM, M BRI BB =, BRI
B BRSSPI, P56 T BT B R, CMESOR AR TR . JEE M E B %
R A E DB, DA S R A K 7 BB S ThRE, I R S B R

> TR (-
b £ 7 %
Y
OneNet _
B EEH BH
A
FIEAE TR VEM TS T N
P& SERSEET
Y
»  EHRS =

K 23 MX5 T ERRER
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SRS = P 6 REEZ G, AT AER IO . W@ Modbus RTU #R3 LA &
Modbus ASCLL PG4T 82 M £ s Kk #3240 B, 383 Modbus TCP # BGEEAT DAK 2 1145
PEALER . EFXIAS RIS Gl e AN F 1) C 254044, 40 RS485 IEA5 45k L R 3%

# 2.1 RS485 JH{E 45t 1Ak

AP XF R
uint8_tchannel IWIES (0~10 RoR-MB/ 485 #2110, 11~15 fRED
uint32 t baudrate ViR
uint8_twordlength P (0: 8bit, 1: 9bit)
uint8_tstopbits fZIEAL (0 FRoR “17, 1 FR “057 , 2, “27, 3HR “1.57)
uint8_tparity KEAL (0, 1, 2 73 AFEE RS . AR

Bl 76 B2 2 AT R I J LA Json A% SCHEAT RO AEGE, (RAFDY txt SCPF. Bl A et i i i1
B ME— BRI TR G M R S PR, T S MRSk ARl HEATHOR M Sy, B2
458 Json kg R RAEAE txt X
223 wHEEHRR

BRE & B AR S & 2.4 TR,

B 2.4 HELSBARIR
W e L ERAR AN 2.5 o, WSeaMERIE 2.6 Fix.

K 2.5 MG H IR K 2.6 MKAMNER
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2.2.4 PLC XHEMR
WO EZE I RERR T2 IE AR 2 A, T EXT PLC AT AR . H T ARG T E
SCHL AR AT A A A IO TN, 7% BN AR R AT R s ), B BN AL PLC (4
DIz H o AT ORUE e % 7 i T () B s AN 2 AR AL =, T2 T AT e A AR R 28 -
& 2.7 ZM5%5 PLC I BRI FE R, B e B e 020, BN TP, AN A%
ZHi3k4T PLC X%,

Admin

L~

% S 200 =

3 PN E e : :
= BUASE - - -
Bt BEEE EEE
Faoows ] ; i
10101040 EEEEE

2 | I : 192.168.0.3 |

&SR 10101038
PAIP : null

PO S
PLCISEEmA
IEFmPLC SR
PLCI=SERE:
TEFEREPLCS e L
PLCSSRENAT ‘

o | [ 7= |
Bl 2.7 B AR E

HEAT XA E R L 30 B )5, BAINLEAZSRAFMOCH) 1P, J8id EALHLE R OS5 % 18
ZRAF DL LA N 2K 5 PLC 2 [ AE SEIR , 24 W S5 & # 7R 2R I Tk AT PLC I FE S 2.8,
SERRE . JEEXFPETT T 3000 1200, 1500, S7-200 FXFHEMNR, HAHE4A KLY, EEG
%EmeEZ@;%ﬁﬁﬁmﬁﬁﬁ%o

For
) Useric -
Admin
—
Cwmea | 24 [ !!
maen ==
=Bt R LY BNRE
-10101038
10101040 EEFHER

BEIP: 192.168.0.3
RIP 10.8.0.40

BEEFR: 10101038

KRAZERA () 2009 Microsoft Corporation, {REERTETFI.

C:\Users\Administrator\Desktop\izf24si2_Ll(1)\migdmis LAz
>route add 192.168.0.3 mask 255.255.255.255 10.8.0.40 IF 14&exit
fese! \
|
|

RigTHE
Kl 2.8 AL 58 i K
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23 mEERT
231 ®ER

B MM P EBBIH) OneNET V&5, #1357 SRKTER, IWHAEIBEAAEE . WoE
i WIFT @57 TCP 4% )5, MHJEMEM MQTT HrisCh v it 4% 2] OneNET & =1 &,
RIS 2 f2 i APT AR . ~SFE MBIl 2.9 fs. JFR AT DURSE AR 7 KR
WATHARI AR BE, R BN B

memn EREFIEHEE

61 T 75856530 529976

2.9 OneNET #E/R & % = St
232 &=
W55 = 2RI E] 2.10 Frs, DiRe=X et APL A, If HIREUK & =1 & Bk &%
H B 2% 2 (1) APLe S5 K45 73 A S SR 0 3515 SLB, 1847 Ja uin A2 F7 1) tomcat 84,
FFAMNAFE R AR . ST AN APT 3 R % & BB 19— tomcat -,
tomcat _FIZ1TH GimAET, FRIFARIEAFIR APLIGRA LSRR S OneNet, ¥ FELH, Fhlk
FAb I Rk [F 25 APL TR o K55 = A7 TR 0L 3 OneNet ~1- & 415 (1) il & #5823

XSRS AEAPIE

T

ER=E e
ML
» B HSLB
A
OneNet
W& T E 4
P 4 FHAPI = TomcatZE#f
A
A 4
e =

K 2.10 M55 =488
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2.3.3 EEEMK

TRV 2 % 4% 2 W A0 4% p BB 1, PR NG B I LA R Ao P A7 B A Pk e UL,
TR B IR B WEWNFH AN 1R, SFP. 1080, HORAEREE A (AR
1) BT OUAEAEE BCH 7a3a ) s AL R AT LA 2.1 A1 2.12

=R (B ZHIRE (24)

oA&CPU
i 8

8GNTFE 4RECPU

K 2,11 R85 A O sl 3y )

ZhREE (24 ZEIRE (24D redis (E4)

2#%CPU s
8cHTF 44ZCPU
s @ -
K 2.12 355 B (s 8 3y iy
RS R DLERAE, T W N2 ARG I 2 25 T, K ERAE 400-900 [T, 7 £

IR INA T AT, A R H = A R LER .
£ 2.2 I A MRS R E

SR H R AL 1 # 5 10s R R el
400 24000 18ms 3022ms 4030ms 0.00% 601.9/sec
600 36000 23ms 3215ms 9013ms 0.00% 507.0/sec
800 48000 25ms 3309ms 9220ms 0.00% 537.2/sec
900 54000 42ms 3708ms 10013ms 0.00% 515.8/sec

* 2.3 HIE BN EE

A R AL Is 5s 10s R R it
400 24000 17ms 3007ms 3997ms 0.00% 654.6/sec
600 36000 22ms 3208ms 9002ms 0.00% 600.0/sec
800 48000 24ms 3300ms 9104ms 0.00% 606.4/sec

900 54000 40ms 3612ms 9995ms 0.00% 552.3/sec
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2.4 Web &1t

R IRIKIE I I R TR EERRERGk IFHREI ST R, ZR/GE - BHT A
ek T EH#, RADHTFANN. FrLUEX T APP 5, Web St AHLAC ELINfE A )08, #
THS BN E A 583 .
2.4.1 EZREIT

Web %5 ik FH ()72 Vue HEZER2), & — MG, mIERER MVVM FE. MVVM HEZEAE
Model. View. Controller 2 [E][FJANEE R AE 2L, HT Web b i iHFEXBONE 2%, 752K A
Wl SGHRAE — 2, P B A FEAR S, MOCRFIZAESE . Vue IGA AN T E A . ma & 20
(ISR o A VAW Y oy AW DR o S S NI G AN I i s N O S A I S Y P B
B, ML TT T Web s B E 2R F5 2, BA TSy k.

Web & 7 i FAEZL 4 R B 213 Fios, MEZELL Vue N FAE, @il HAH AR REE R =
J5 44 B Bmap SKS2HLE R AR R R A7 B, Echart SR04 8 48 PR TER BUE 4T RA% T
A E R EAT Hitp 753K, SE RO R RN R R .

st |l e | ley] FEVAN
vue-router © Bmap. Echart
VUEHEZE
wsmm | PR s
< < > >
Vuex Axios

Webpack. npm. vue-clifd, &

P 2.13 Web & 7 i 42 44 P

242 Ihegwit

EH—FEHHE, WSEEWEKTELRERSAEGITE, HERAMSE—NEEYS.
B AR 22 4 1) Web i AN G ST 110 4 e B8 PR A SR 4 8 38 ) Bl R Iz s 4 X sy, S ST
TEERE AN [F AR YA it 28— P Bl R Al A B X 3

(1) B A& s K Aty

WA R R AL N ORI AL, EE5E ) DR G s i . PLC B, Mad%
R BB A . B B Se R AR WA AT, M RO JE T AT AT
ININBE . MIBRICE . WA EHEE ., RRE . BRREEDIRE. PLC BILRE Eid1T PLC
s In. MIBR. AL SOIRSHEEDIRE, RER T WOCHEE 2 (M3 7@ 5. s S
PUEAT A% A BR . B ek DRe. HE BT HEAES A P e B ek . HAd g A,
FE A BT, S B Ihfes.
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(2) A Ml i 7 iy

A b B0 A L T R TS A B SR (5 R 1 S T R e T AT A
X5y, TEEAARRARIK S FiD, BB BT S B . 29a L e %% 5
PR mm b K S, SRS EAENQUEK SEN, ER&EiEa 8 EdmA—
SEIK ST, I A3 AR R 525 0t 7] DAAE ¥ A AR IS 4 F 6 B . R A IBANE A R
GEIF R A SR K APL, A VSR AR R GE VR R AT 3REL . % 3 J5 1 i A m RIS 46 4 11
NV £iER8, W ARSI P B R S% Btk SO E . R AR A SR I AP ks 2R
SER, AL B AR 2 et T I P S 15K 4% 5 Mt 358 HOGT I8 A b P 9 4% B8

Web % P AS 55 APP % /it ST B et b 58 A5 5, APP T ELE TR B, HEORA
T HEATEE SR A R R . 1T Web % 7 S AE A APP % 7w I ThREZ A1,
P AT R AN L%, L an et AN ] b ol DAREAT eV 1S S v B, o HAE AR 7 M
PSINREE R LB IS ARG, DU RS B vedn, BRihThie (Bb#) BmEZ, i
2 RAE RGBS TR o
2.4.3 Web BFPIHR R

Web LB G, & 2.4 AV EEREV TG, & 2.15 EfRisg 2% .

WEAE RS OEEE R

NEWRE  ERCWEETES

K 2.14 M EHE
EFREEEERS

== | SEHtR

K 2.15 iz
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2.4.4 THEEMK

(DR E D BE : KSR A ey =R 2E: BRVIRW . fal IR rELATL R 5 A0 HL A )
N EpYI R St WS ] T 4 N e T E Iy N e O il SR i e i e v
B, kM R LR . B AR IR L 2R L ikl R P Lk o G A ) R0 4 7K R e
AR R KA E, R S AL 2.16.

AR
A Y A
b fal AR AL Hot it

A 4 A 4 Y l A A l A 4 Y A 4

i it % It % K
] i e 4 K B K K| fir
A c L fal d fl fal I U
i1 Hl fid i ilF ilF Ak WO || R
e i1 i i1 i1 i34 i1 e bR || IR
P& P& i s i =

Kl 2.16 WK E
4 PLC 2 B0 508 £, B oC RS485 KIEEI =T & . Hildds A A 75 Web 8(# APP
Ui 1 SR A SREX, T iR A I R T 2, — BRI TR e, =P a4 Web
Ui Al APP i ROE TR S B . N 2.17 5 Web sl a0 chae S, HAR 4L 7 Rt a).
EE T, TS O EE DL A R A

REEN ¥

I
2020-08-29 15:2 2020-08-29 15:2 .
KRS NSRS n BeE REEE
D 3 TR 517 8:22
S — L 2020-09-06 10:4 2020-09-06 10:4 e
REnE RESIEE BEGIRE = 79 EoE = FEEE
2020-09-09 11:3 2020-09-09 11:4
TREHIR ZERBIEE  ZEREIEE i 69 BatE 5 FEEE
3
e
GAEE o o 2020-09-15 18:0 2020-09-15 18:1 _ _
EERTRE BERTRE 1so l B oot FEEE © FEEEHLES
. 2020-11-1210:4 2020-11-12 10:5 _
(EEBIUEE RIS 7 B4 SEEE o AEEENGRE

055 . = © RHEEME]

B 2.17 i ]

()WL M 7 T e - U SR AE <52 iy S R IR VRS ) 5 A R 1 L, B it vl DO 3
SRR AR . (ERAE b5, JF Bl geAA e B Z pgsgm, R i
FEAEIGA A, 2SR, IEE4EE S . IR T RE, AT U )
JEBLE B, REUT RE AR . A RGIMAMSULIEThRE WL 2.18, $24 4G A
WIFT SE AR T 73 R WS e, 3R 0k B v ifs A AR Ik 1) O3 At o
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Kl 2.18 HAu e 2 &
Q)M E Thfe: i B A R R B R BT 2 S, SRR AT R R 4z, I
M0 B TR D RE RE 8 T B AV BE EDULH 1 2 8 T A R R A BRI b i, DB T S DT
JeYEiz 55 TAE. I HEDyREE mT BL 1 i @ air SRR I B 20 A . EZIE 4. T 2.19
N Web i 15 £ b ] e 47 T g

L5

PEARAND , wm

Kl 2.19 N

(A& WM TR bR 1 HEAT N P& R AT IRE, &8 PR A A2 I 1% R G0 75 22N %)
W% 24 S AT HORE 3 B V) L2280 T W E, TR VIRIRERE. . 4
DIMPRLERE . MR B, MORSERE . BaUlm AR, FR) 4 B DU 5 B . @it o8
AR S = 6 1 Bl Web s Al APP s AT or, I8N, Web i TAE IR AT LL5E
m&%%w*“ﬁﬁm*ﬁﬁﬁﬂgzmo

RIS
Lt g Lt ey
R . N =
@ =n wE L Ao FEROE: 22056mm  REE: 86.18mm  AHEE: 52855mm
o MR 2480mm LRI 17) BB 4456.4mm
_ LR LMENE  SEERR
R LTRRED: 000m TSR 07 EGvER: SEE
E @z @
£ ouERE v EE DREigmTE): -
aEm v T EreEE  TETMEE —
2 @ (7] N T
B 7= ey e LT THERRE: 0.10mm/min  HETEEED: 393.22kg

LRI 574553 EREITAERE: 187165353
TRE=EE  RERSEN NIIE 24

K 220 &
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2.5 APP &1t
2.5.1 #EZEIT

ZE RS APP WBOHER K B2, FERATHA MVC. MVP. MVVM. {E#THF
Wit 2/, S BRI S TSRO ATE B A E T HELE, A Re Lot wR—14 App R
ARIAMTTIMAE R, ERATFEMHRELR, FoEAMELERmGEm T T/EE. fid%5
W25 T RANE AR &, A MVC SRS E e e i S A R e 4% APP IUREZE L] 2.21,

TR ) Eetiles

(Controller) |
,7 R
M l’ﬁf%ﬁ
A >
K i
(View) (Model)
< BN

Kl 2.21 APP HEZE it ]

TEN4 MVC BN 2 BT, S5 3E4T Android F #7840 #T, Android F VY K ZHLAE A activity -
service. content provider. broadcast receiver®l, HH activity A & 5 controller 1 I fE,
N activity DU ASREHEAT I 5 AP HUAER #RVE 2 1E L ANR,  JTEA activity fE 24 controller 231l
WA View 2 145 5 32 #5 A1 25 46 5K 5635 Model JZ EE 8357 1T Model JZ 32 E k(T — UL kE
I FAEAE, DO DB PR B A N2 3R DL S — SRE R B 5% . View 2 22 —2E xml UM,
ML AE xml SCAF AT R R iy 44 DL SCEE i — 54 ok 52 UL 36 1) T THI s
2.5.2 heewit

TERE T HELL fe, FFARIEAT LS 0. T I 2.22 2 DhREf S ARRESS, & %6 —A> APP
A RS BRIK S, ZE#AT R, EiEo oviEiT k. TES. PAER
= RPHAT RN .

(Dizf7infs . a7 Mg Ayt A7 B R AR a8 R B, &8 i iR IR
BRAFTE LK E WKL, T Rk AR 4N T HMEEE, B DR R B
—# o R E R, EI X E A SDK, HAIN & &AL A by, AR 7 E 1S Sl )
fe. H—ilr el &g, FE@INER A s SDK, fELMMNLARIEITIRES, PLARR
WS B 5

Q) TAEE R, TAE GBI NS IO BB SR B 28 VEAN TR e s i, s
DIfeF 208 T &I TR, Ak BARE, &&M5 . MSER. HEEREESE.
MW & VRS R — EH T WoR B & IR DL & SNy 2 il & J5 o 28 — 2 DU
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WL, ATE Y. VMR, SRE. I THMERSEE, YA EEA s
S B s e S N T A R T, 12 DT 3 S 800 20 A o T S e AT PR s
HAEEH

G)YMNE BB ANE SRR R, EER T AT e. SkEBEER, K58
e BRNEEREL, AR ER.

FH 0 B bl
Y
Bl bk TG, AN e
x///////W\x v
P L B R oy B T B R T A BB
Wil W Wk RTAI% (SR AI% AR

Kl 2.22 APP Tfg kit

I BN SS oA 1A APP BT TR E I DIREfS, 2T SR IR SR IT R TAE .

BARGI: HAEHTAEAZ, HIAHAG R FATEH 20 Fragment 55 =
J7HEZE FragmentationX, N ETUHAN— Activity, is{TIERBHR. T/EE. MAEEHN
Fragment . — /M5 3l i &S ¥ TabLayout F1 ViewPager 5¢ i UL [fl % i Dh Ag, vl aE it & &
TabLayout B¢ # &3l ViewPager K SZH =™ Fragment )] 4 .

TR JERDIRE: R HEIRZ IR, 2K K ListView {8 FA K7 f#,
DIREAE iR K . BARAFDIREAE A, BN T Hem g &M T/, 77 LA#H Recycler
View & 28 =77 FE BRVAH 5552 AR MRS M ER . R el 2L Dhhe .

AT IR R R T RE s ARG AEAE F 211 2 MPChartLib, 1X /& — 3R & 2 3K
RERE =D, I AT Json Bedl, KT I BERE N Entry b, PRI 04 2% A KA
AT BT e B R 2R B . ZIARESHR A

WX 45 AL S S ThRE : AR AE# ] Okhttp+retrofit FIHESE, OKhtttp J# I & & F v 1) J& 4
TR B B s B AT A I I N e SE s T I B B W TR, JF HAW
a6 MRk AR AR R EAIME B R IA 3] View HHINFIR EIR . 1 retrofit 32244 F 2 Java IKJZ 7E
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IR S NG e S A7
fRIhAE, MWERZEML T Okhttp HIfEH, BT sh AR kb T Okhttp AL &, 25
T ERERE T -
2.5.3 APP BEFIRRER
APP % 7 B Web Ui FRSE(H, S P AR EHE: . HHtE D6, W& MEEEyI%
UM PAAEEE RS Um LN 2230 B 2.24. ] 225, K] 2.26.

= D 9:51 2 T GD 9:51 = D ss2@@ D

© BT O EfTEE < ZRmig { PRER

| wEsEs EHBE
.

1

Heng

Ry

- wm R
re  wm - - mm \:J 1k

#
=
]
8
-
=

Q * o aio | it wa-on e
.

R a S
i 1 [

s
=
=
=

8

| ®eo1-ET

&8 e
ey 2 R =
" " T 4
L

=

b

]
El 3 R ] ] = ]
i Bl B i Bl R B
=2 =
E £l B B

il

=
L3

Gl

2@
]
]

B 223 BR8] 224 WASIRAE & 225 BURSIR AT K 2.26 $iE e AL
2.5.4 F2EMMNR

I EIR B S s B R APP, &3R5 5 AT EA% B Google 7 LA VK
RS K. APP R&EME GREFL. CPU. M%) RERHFIRMRHEE.

(1)Android monitor iz

Android monitor /& Android Studio H 77 FJMIATIRE, R LLAK M APP 1217 CPU. %
AL S FER RS . TEZ APP RIB MR, A% En i I, X /& APP
AT BRI Z . 1 2.27 KA CPU R, HOA Light, FEHERUN.

K| 2.27 APP #EH 15K
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BUPH LR R 2 A 2 A 18 S
4 APP AL TR GRS, AF APP MINAA GO, 18— Bt A lit, APP R
RIS, @i R 228 193], M TF4E L Java i 26.3M. Native Ji& 2 i 63.6M. FiHi 2l
Graphics 4 40.7M. Code 5 16.3M. Other Jy 8M, HEHNFERH T 155.1M.

K 2.28 APP NAE-1# A
MR E HRH, APP L TRENAE. FEHERIERN, WAESH. HEHEANS,

(2)Android Monkey iz
“WETFIMR” J& Android R H w5 I AT THPY, JEddy SAT7E R & 34T FH 3R,
FEASL APP WA F AT T s PiE, 40 m B E AL AL L A AE Dy 1000+ 2000 5000
10000 HEATMK. WAL R nF R
% 2.4 Monkey M 45 R

WL Ak M RRUH B
1000 0 0.0000%
2000 1 0.0005%
5000 3 0.0006%
10000 7 0.0007%

MREERF I APP IEF R, ROl RO JOHL. DB, B siek, (UEBULIRS
# exception, TS error. S S IRAT BEA A U INA L THAS, %0 APP
SEAT RLAT.
2.6 RE/NE

AEFENAT SIRSEAOL N RE BT, NTRHT T RS B —Fi
(RIS AE « RS« 30 SRR B 5% (O A P SR ST P 4 IR AR PLC 5 & 2, LA
P RN AT F IR . 2 R SRR . DIASRL AT 2P G Y. Web &/ BT
APP B3 HL 58 A B4 IR T4 o @b R 1 R M Sr, AT T RIS R AL T
fE, Jdn 4R AR % S R G T B0R P4 .
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£ 3 F ETHIRIKENRYR & F a5 UM FHEEE

T SR 4 75 i T — B S U B . O B RS s DX B — R 52 7 1) 20,

RARBRTT . R vREE G T OA e R A5 s, nT DLdE i W s AR
IR AL B ks oW 5 B3 AN T 300 1R 2R B S T o %7 v FH T i 2k Tl 5 75 i T
H, ALEE M H NSO, BB, AL R T R SO A R LI . (R AT A
KA AR AT WS, RS ITEIAEE .

Bmih & 07 BURAG 7775 B TR A T R R M By, H 32 Bl i 48 il 22 M % IR AR AR 31 |
B RE. BN, IR ERHESA TR . 12V E E S E R R 2 AR D 55
F IR W, & TR R AR A AR DA PR SR RS

BymIRsh 72 A AR X Bh A R TS ] SREOK E A A, B (R AR R
KIE, SIMECHER 7T Z M. 48RS VAR & LS 2% S AT B ar Ty, akeoR
BRI ERE AR A, AR S Bl HIWIX R R 555 R R, #d
5500 7 i B4 2R BR B W I 2649 2 Sk BE A . iR E A SEABE Z R, A
EH T EEXFIERE R

TR TR 6 )5, ik UcsE — Ber Rl g D)8 48 B4 1 2 IR i 2614,
W BRI, WREAANESMHERH A (U WRBH AR L) MEdERES (S
HEE ZPMEIES) VA TRMEIR RS, TR i IR 1 7 VEAR PR O AR B R Rk
BERIPRE RSN, FFEATHLAR 2 ) RPN H 75 4
3.1 BIHABUERE
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WU L BHOR 2B 267 1 S

SCHR 27 Pribis e 2 A B RS WO R 3R, t AR SR o ) s 25 A A A B (A
[, AN[R] s A 2 7 AT 73 JRT 1R . ARG R K BT HEIR PLC I B0A WSy A 2k 144
FifE 2, fRETIMANWHEFN S BT KRG EEE DY A — B BT PR PR 9 2% 2
LA £ 72 ] — b 00 < B 0 2 A2, BUAR SCANKE At 41 26 TR S AR RS i IR 3R o DRI AR S 2 AT 7
RS g A R 25 IR R TN, RS2 DR 3 BEAT 17— Y PR o

Lhr T TIAR)E, AR PLC EAARIEEE, Bl Pl Wik, Uil
K BEUIHAR S IR TAERTE . AR MORLTEE . MPRIR . SR8 3RATTHE Web iR T
REHE, WK 3.3,

T p———

WImR | WEEE LS
78 330mEim  2020-08-29

i 2mm mm G Om/min m/min .00m/min .00kg 5 o
£307) 4548 380.2 396.2 FikEE  65.0m 20.00m/ 55.00m/mi 0.00k 870: 135cm? o
in !

78.15cm?m  2020-08-29

#3197 4555 380.2mm 396.2mm FhiEE 650mmin  20.00m/min  55.00m/min 0.00kg 8725 1135cm? P
in
77.79cm¥m  2020-08-29
#3187] 454N 380 2mm 396.2mm Fhg#® 650m/min  20.00m/min  55.00m/min 0.00kg 876s 1135¢cm?

n 15:20:59

75.2fcm¥m 20200829
i | 7mm mm SIS Om/min m/min 00m/min g s o
=177] 4541 3797 404.2 FhiimR 65.0m/1 20.00m/ 55.00m/ 0.00k 903 132cm?
in 1:57:10

. 75.44emim - 2020-08-29
3167) 45H5 3797mm  4042mm  FHGBE  650mmin 2000mmin  5500mmin 0.00kg 901s 132cm? _ i
in i B

] 3.3 Web i i £ (1) $icHfs
I R, FRATER TR TR, #RUIEEat GEEE. whED . FEUIHE . 48
DIAR . VIR RS A a2 . (HR il AR B, FRATR 2l T R E%Y)
HI ) BRI TJ D) EI TR AR, FRATT4R S 1 AR el R A ar B A s N, ATl T B 5 2]
HH IR H R SR i RUL GV B4R 2.

32 REFEMUTERR

Wk 3.0 R TL, BATHE AR R, B — L 50740 2% R 7 A e i A
£, AR N H ) B 25 J6 R iy RUL (18 R U E E, T da s MR R Fd ok B
PR, RILBRATE MTBD 648 B3 AFE 0 00 o FE0 20 805 B AR AT 2, 8
rH A 2 HAR— T J5 MR AR 75 a7, 15 2140 26 B 7T 0 TR AE AN . 1 38 4% 75 o LB AL )1 25
32,1 YIHIERTERR

Kl 3.2 drn s AT AR A, AR TR G, R TUIMIE RN R E. P a
AT . UIHIR R E . HAUIEZx] Rpbp % B LK 3.1, R4 Gi s
PRk 5 TR SN 2 FERE R IRIE S IR, N & B A& DI EI A T LAt 4T
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UM HL R R 22 A 2247 1 S
ZAEWMTIHES, PRUESE R A R AT P B R 5 .
3.1 IIMESTIHIZER LR

Mk LLRS B 4 m/min YIHI % cm?® /min
fICHREN 15 55~80 80~95
RN 45 55~75 75~90
B LN 40CrNi 35~45 35~45
g el W18Cr4V 30~40 25~35

Hil K AN GCrl5 40~50 35~45
AN OCr18Ni9 40~50 25~35

A RGAEBATHEAT AT UTEIZR 3 Ay, RV HIZR G TR IR R AE IE G, n#4s
B P B B VTHI 0N 80cm? /min,  AJSEFR_EARPSELE A B 7 BN sl g . HUIEIR )
HrEf K 3.4,

s

K 3.4 #oE UIHI R A

EROZI R AR A EEA A LI HE AR, TR . SRR IR, 8]
F) 58 I 1) B 03 T 3 B U HI 2R AR B AR s 2 DT IR AR S ARV 2 9, (B D)2 5507 A
W, EEEFRAMART R IR XM RS TR O, RN LLRE 515 3
Bl oin TP RRE AN SE, N ARG SRR T T AR Z, ik

FE IRV SRR (R R, B BETE AL ORI AR IR IR 51 (4 I A AN L
R HER RO E 2, WA R, ARG EEEE =M% 2 ERIE, RBIEIZIIEER
See FLHURE BT 18 3.5 1 o R DI S Gk R AR L 3.6, BEHHRIKEET B
BRI, TARTBELRR, A&, &HEGRMET 0L, IfF2uiR
38 I TR R = I TAFHAR, e rp I A28 T R A AR A B
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322 KU RFIHT AR

(1)MTBF FH g4 #r

MTBF 4877 it (1) T i it 18], PR R — AN R a] S [A] 73 AR B, — A= i =
A BK ARIE, LR I E R R PRGOS R . SR I R AR RO, T
Wit HiliE AN, P2 RER R IURRUE L. AR 2 e ARG R S, A
AT RIS [ B, I TR B . ik R B SRk 77 i R AT R R )
WEZE . MTBF 48 [ 2 155 18 FH I ) B DA ok 8, R BT 3.9 R IR 48 I IR) 2338 T1. T2,
T3, WFERECH 3, H MTBF= (TI1+T2+T3) /3.

R4 /R /R IRA
R R R 0

T3 T3 T4
B 3.9 7 il Sk 20R 391 P
MTBF A b, IR 5] — 7 i KB ™ il (18- 35 o W e ek 18] 1 AT 4
THEE . [F]— 7™ b B G W R I (R JE R TEAS 40 AT, il I MR 2R %5 B2 7 #2(3.1) % 78 MTBF A4:
MTBF = [7tf (¢)dt (3.1)

MTBF A] DAt H 7 i B~ F- 38 Jo B i T8], - {H  Jo B i TR A5 & IR 0 AR R R, T
MTBF N IE& AT me IAHFIT 50% 807 b i R 2N MTBF, 40848498 MTBF %4k
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Hghn, £ MTBF IN[A] R TE 31 Fi 80 2k S e g AT 3 i T g m 4E 2 2% . MTBF 7] LLA T
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MTBD J& — /M, 8RR R AT FIn . A XF MTBF #81L, H &
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WA [E IR R MRS R LR . ZIR R HER 7R TARRIX ], a8 fhid 712
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EREAS, WrRMRm, NS Eik.
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323 REFEHEEITE
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2019 MRS E G TR G HFTRCY, MiRRAEE, TRIEEANNEETNT T2
ATREIAPRL, 1735 b DL R 26 AT I 240 10 m* BNk A H A o

i LAUIH) B TR E A i 2 A 5, A5 B 3.3 B SR ISR, M IRAT1E
AIUL T RE —AME R TIEONTER . AR SRR T T AR HE TR L K 58 T S5 3
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o ORTEATE e, WIARHBET UM, IR — AR

IS AT S WER I EAE, AHZATEE R SR D AT RS S DA AR S, XA
T2 2% T DUIE I 2 1 R) A SR U T AR B DA e T R A B A 3] A — I ) R R R R A U —
BB RULG), HAKXMTF.

RUL u>=7§L- (3.2)

i=l1

FEREAT R R 75 s BSOS AR PR 1K 3.10 thTEER A K A Ak S B A, i T
VEBOYE B, I 7545 & Wb 0% v (15 O (8 S A R e P W i P . 2R, AT
WRESY: HUIHIRES: = TR T I HAE B DI SRR T I E AR A 52 = I gt N
&, BTG B PR HARO R R AR 6 0 5. HOE BT A LRI 3.1, JE#E
P2k (5 DI LR A R MR AT SR, AR IR E AT P R i
R, FHEE BT R B R R S M. RJRIEE A (3.2) #ATIHE. A
RPN ARG AR 2 I A A BT BB, AR R A AR, L4538 200 41
WA R R AT a5

T — AR5 B 4—‘

B LLE

) T 54 ARUL

Bl 301 HHE SRR AR AT dr i SR AL I
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A R e N T e VA0

3.3 HIEMALIE

TR TAE Y 7R BRR, A R () e 5 H 2 ZHE i ix A~ FRRBY, 385 il
AERTAEA SEAN S . BE S B, A — % A susd R EGE 3 N H kRt
200 R EBATES, BENEAYIEIJIECH 150-200 2 18], 3t 34274 DNEEE . X 6E 44 4T
B R A B, AR S TR L 2000 MR AR R I 2R, K] 3.12 ATE] 3013 R T M4

KBy SR e KE

FOELA R MRV FER e I AR T ) i el N 15 K Jakeg SEUIHIE BRUTTTRL W02 RARA IR

A3REY  370.8 400.0 Tk i i rO. 20.00 55. 00 0.00 839 1080 77.24 2020-09-09 20:19:54
A3fRE 370.8 400.0 FlkiyiE 70.0 20.00 55. 00 0.00 829 1079 78.16 2020-09-09 20:04:34
A3fHd  380.8 407. 4 FhkididE 70.0 20.00 55. 00 0.00 845 1139 80. 89 2020-09-09 18:37:44
A% 380.8 407. 4 Flikii# 70.0 20.00 55. 00 0.00 840 1139 81.37 2020-09-09 18:19:24
A3l 380.8 407. 4 Flikilid 70.0 20.00 55. 00 0.00 842 1139 81.18 2020-09-09 18:04:34
A3fHY  380.8 407. 4 FlkiiE 70.0 20.00 55. 00 0.00 857 1139 79. 76 2020-09-09 17:49:44
A3fHd  380.8 407. 4 FhkididE 70.0 20. 00 55. 00 0.00 831 1139 82.26 2020-09-09 17:34:34
A% 380.8 407. 4 Flikii# 70.0 20.00 55. 00 0.00 842 1139 81.18 2020-09-09 17:19:54
A3l 380.8 407. 4 Flikilid 70.0 20.00 55. 00 0.00 845 1139 80. 89 2020-09-09 17:05:04
A3fH  380.8 407. 4 FlkiyiE 70.0 20.00 55. 00 0.00 864 1139 79.11 2020-09-09 16:50:04
A3fHd  380.8 407. 4 FhkididE 70.0 20.00 55. 00 0.00 849 1139 80. 51 2020-09-09 16:33:24
A% 380.8 407. 4 Flikii# 70.0 20.00 55. 00 0.00 840 1139 81.37 2020-09-09 16:18:24
A3l 380.8 407. 4 Flikilid 70.0 20.00 55. 00 0.00 841 1139 81.28 2020-09-09 16:03:34
A3fH  380.8 407. 4 FlkiiE 70.0 20.00 55. 00 0.00 845 1139 80. 89 2020-09-09 15:48:44
A3 379.1 407.0 FhkididE 70.0 20. 00 55. 00 0.00 844 1128 80. 25 2020-09-09 14:39:58
A3fH  374.5 400. 3 Flikii# 70.0 20.00 55. 00 0.00 828 1101 79.82 2020-09-09 11:32:58
A3 374.5 400. 3 Flikilid 70.0 20.00 55. 00 0.00 829 1101 79.72 2020-09-09 11:17:48
A3fH]  374.5 400.3 FlkiyiE 70.0 20.00 55. 00 0.00 836 1101 79. 05 2020-09-09 11:02:38
A3fHY  374.5 400. 3 FhkididE 70.0 20. 00 55. 00 0.00 842 1101 78. 49 2020-09-09 10:47:18

K 3.12 RS A3 TRANES o B E

MELR R MERERE OB R L SRR P P A 4 g e P R LR Ak S I PR DD TR DI AR AR A

45880 381.0  416.0 FlkiiE 65.0 20.00 55.00 0.00 892 1140 76.71/2020-09-16 07:37:37
45858 381.0  416.0 TIkifid 65.0 20.00  55.00 0.00 891 1140 76. 8 2020-09-16 07:21:27
45HRRN  381.0  416.0 Fki#E 65.0 20.00 35.00 0.00 903 1140 75.78 2020-09-16 07:05:47
45840 381.0 416.0 FlkifdiE 65.0 20.00  55.00 0.00 908 1140 75.36 2020-09-16 06:49:47
4520 381.0  416.0 FIkif#E 65.0 20.00  55.00 0.00 916 1140 74.7 2020-09-16 06:33:47
45858 381.0  416.0 FIkiE 65.0 20.00  55.00 0.00 927 1140 73.82/2020-09-16 06:17:37
45:%& 381.0  416.0 FlikifiE 65.0 20.00  55.00 0.00 922 1140 74.22 2020-09-16 06:01:17
45808 381.0  416.0 TIkif i 85.0 20.00  55.00 0.00 921 1140 74.3 2020-09-16 05:44:57
45.*-*{MJ 381.0  416.0 Ik 65.0 20.00  55.00 0.00 918 1140 7454 2020-09-16 05:28:37
4580 381.0  416.0 FlkifiE 65.0 20.00  55.00 0.00 919 1140 74. 46 2020-09-16 05:12:27
45WH 381.0  416.0 514 65. 0 20.00 55.00  0.00 920 1140 74. 38 2020-09-16 04:56:17
BHY 381.7  416.4 {65.0 20.00 55.00  0.00 890 1144 77.15/2020-09-16 04:21:07
458G 381.7  416.4 FlkifiE 65.0 20.00  55.00 0.00 889 1144  77.24/2020-09-16 04:05:27
458558 381.7  416.4 Flkifid 65.0 20.00  55.00 0.00 903 1144  76.04 2020-09-16 03:49:47
A5HRMAN 381.7  416.4 534 65. 0 20.00 55.00 0.00 913 1144 75.21/2020-09-16 03:33:47
458G 381.7  416.4 {65.0 20.00  55.00  0.00 920 1144 74. 64 2020-09-16 03:17:37
458 381.7  416.4 FlkiHi#E 65.0 20.00 55.00 0.00 915 1144  75.04/2020-09-16 03:01:27
458548 381.7  416.4 TIkifid 65.0 20.00  55.00 0.00 921 1144  74.55 2020-09-16 02:45:17
458 381.7  416.4 Flikiyist 65.0 20.00 55.00 0.00 922 1144 74.47 2020-09-16 02:28:37
45;{%" 381.7  416.4 FlkifdiE 65.0 20.00  55.00 0.00 918 1144 74.8 2020-09-16 02:12:17
SEMHY 381.7  416.4 FIkif#E 65.0 20.00  55.00 0.00 922 1144  74. 47 2020-09-16 01:56:07
#LMJ 381.7  416.4 FIkiE 65.0 20.00  55.00 0.00 924 1144  74.31 2020-09-16 01:39:47
4586 381.7  416.4 FlkifiE 65.0 20.00 55.00 0.00 921 1144  74.552020-09-16 01:23:37

Kl 3.13 RSk 45 BN ET 2 Bod
T8 Re A R AL T- AR B, 8 prie SR 2 R, Wom HU)HIRPRL 32 SN BREN A KL,
TEAR N T SO TR o Eiﬁﬁiﬁ%&ﬂ&ﬂi‘iﬁqﬂ, T 5 ENLES 2% 3] python F217 1415
[R5 18 LS IR s B R, &8 SO A0 Al A2 . h5iE. FR734r RUL Joik
HERI, FiEd B BT R . IZREE T U 25 (3R 77 A RUL T I ZRAgE AL, i il
AR T B 2R R R 75 i RUL AR 9 30 F 45 SR ke o Ber A5 284 1) v A
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A R e N T e VA0

3.3.1 BR{EHT

THUAh R H R A D 78 (1) 7 VI8 R SR A AE B B BRI R, BT EE AN R . T
TF 5 BR — i o AR B B ook, R R B e, SRR e 077k, Ak
AR B -

HH TR RUL SEEZSER], SE R TAE R EARIEXT RUL #H47 H#h 72
T 3.2.2 75 R E I T A 2k A BB R R AT, DL T e R SRR AR . FE HASH
RAFMAHRKF RS L A0 Al.....A10, FAE RIS H K C BN AR, BIREH 7 E0R
WrHE 3.14 .

A0 Al A2 A3 A4 A5 A6 A7 A8 A9 A0

45#%5K 3810 416.0 Fhk/EE 650 2000 5500 000 918 1140 7454 0.7706
45#5x0 381.0 4160 FhkEE 65.0 2000 55.00 000 919 1140 7446 0.7646
45#50 381.0 4160 FikE=E 65.0 20.00 55.00 000 920 1140 7438 0.7586
45#F0 381.7 4164 FRkEE 65.0 2000 55.00 000 890 1144 77.15 0.7526
45#5 3817 4164 FhkEE 65.0 20.00 55.00 000 889 1144 7724 0.7466
454540 3817 4164 FHKEE 650 2000 5500 000 903 1144 76.04 0.7405

Kl 3.14 Fl 7 dr RUL Hdath 7
332 HEAIE
ToUAL 35 Hh S B AL B R B B SRS, AT RS s 3 2P PLC HidE L
Frh R 2 T E R R R AR, B R R AR S 2 BN S T, R m A
IEFAEE S DLRGRI R AR dr it S, KRB LS R8s o 38 B4 % 25 2 AT T ALAK
AT, BN FIEAR AT E A, WNE 3.15 Ao 3B R 05 2R T B B,
WL 3.16 ATas o

I ERE D B J1V7] il 8]
10000 8758 900
8000 880
- - W
4000 840
2000 845 820
54+ 1504 SEba i smine g g B el oy
E 315 DA ) S AE A Bl 3.16 22805 Jia Hoi b 3

PR e A = B, Hn] MDA AR, TR &Lk, WHAEdH TR hE, &
AL T Rakas, BRA 0, #HTRE LK.
3.3.3 JA—{LAbIE

SE N T R 3 i RUL AT B #h 78 DA HoAh el AR 3 =, PR 14T 0 — 4 b 2 . RUL
A G EZNA RS ABAT AR, AR A 5% AR CYRTE/ (FK
fH-f/MED O AR, FEH R SEPR TAE #8826 B I G B9 8 oK B/ IMELEUE 7] 83
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A R e N T e VA0
AT MEHEAT 0.1-1.0 A7, T8IFEDN 0.1; HEUIE UL I ILAH JUAME
BEATTRERL, HE R, AR UIMIE AN KT 100, AR 100 52 DIEIZRERLL 100 752
HTYIHI R, pHONRE TII (] R0, FEER L 200000 153 %07 SLERR EXT ARG RS BEA —
ST IIREIA , FUAE D RG FE X BRI ZRANE s i, 7 (8 7 Tk sk
R P B — A SR BN R B AL B S, R R R AT AR . T 3. 17 2l T
AbER T 0 A -

A0 Al A2 A3 A4 A5 A6 rul

0.2000 0.5000 0.6500 0.2000 0.5500 0.3000 0.7454 0.7706
0.2000 0.5000 0.6500 0.2000 0.5500 0.3046 0.7446 0.7646
0.2000 0.5000 0.6500 0.2000 0.5500 0.3091 0.7438 0.7586
0.2000 0.5000 0.6500 0.2000 0.5500 0.3136 0.7715 0.7526
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