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Feature Extraction for Bearing Prognostics based on Frequency Energy
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ABSTRACT

Railway is one of the public transportation systems along with shipping and aviation. With the
recent introduction of high speed train, its proportion is increasing rapidly, which results in the
higher risk of catastrophic failures. The wheel bearing to support the train is one of the important
components requiring higher reliability and safety in this aspect. Recently, many studies have been
made under the name of prognostics and health management (PHM), for the purpose of fault
diagnosis and failure prognosis of the bearing under operation. Among them, the most important
step is to extract a feature that represents the fault status properly and is useful for accurate
remaining life prediction. However, the conventional features have shown some limitations that
make them less useful since they fluctuate over time even after the signal de-noising or do not
show a distinct pattern of degradation which lack the monotonic trend over the cycles. In this
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study, a new method for feature extraction is proposed based on the observation of relative
frequency energy shifting over the cycles, which is then converted into the feature using the
information entropy. In order to demonstrate the method, traditional and new features are generated
and compared using the bearing data named FEMTO which was provided by the FEMTO-ST
institute for IEEE 2012 PHM Data Challenge competition.
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% (Frequency domain) &2 7% 4 9o, A7t 4
= RMS9} Kurtosis7}, 3= G ¥ ol A= Spectral kurtosis, envelope 28 39 AgFul4 Z
et al, 2008). HT7HA] EAASE o] &3l wloH ] 1S A3t TFd A7/ EAISA Siegel et
al.2011)2 Wol® 1 435S S thrs e A sl AF3F9.2 ™, Impact Technologies2] Bl
E B =(Test bed) & 53 FR3 vlo|E|2RE EALSE F23t9 LYFE LY-F2] wlojde 14E 4
=3} T}, Surtrison et al.(2012)9} Wang et al.(2012)> IEEE 2012 PHM data challenge competitionoll A | A]%
FEMTO #lo8 A3 dlo]E el ts] 4] Movinag Average spectralMAS) kurtosis$} envelope analysisE &3l H]|©]
F9] & 9 =3 Siew et al.(2015)-2 SpectraQusest 2 H-E A 3132 Bearing Prognostics Simulator& 53]l
13 wojd o) AA| Aty wojy uA LE} Hopo|A Utz o Z ALE-E 3 9l RMS, Kurtosis, Envelope
analysis 59 ThFgt A AE Alolo] AHABAE AASATE Randall et al.(2011)2 spectral kurtosis2}
envelope analySI sE Zgslo], Wolyg 1A 7.‘_],_ oA A9l 7'HES tutorial paperE UIFIATE EIF 1=
o2 3As= EjW o] w0 5E radar tower®] A4 main bearing7}A] H-&359ch 1 2
I & "L S 2% AEE Ueili=t o adolgts As dSSAT:
JASEL I o & H-ollA BAHo|x] Zg B E0] o338 EA)SI=tl, signal de-noising
S AX FA X fluctuation®] 3| SA3}H, AlZke] ApH A T2 (monotonicity) 7} AFEFA L, Aol ¢
aha Aof WSS Wol= Al EAGtA, Holg Y] AEd 1 52 VtEYE Qs HIU olE
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283517 98] An et al.(2016) E4 Fa GH9 {% Zkol wWol® @3yt gl wef 1 B4
(uncertainty)7} £ =& ol FEY L, o]& FH AEZI(information entropy) S ©| &3l G35t &
ANEE AL3H= A2 wold uAdZ e xﬂ/\l o}%lt}(An et al,, 2016). 3FA|RF o] WHLE FE|H <l
A7 B&58tal, AE AEZNE ALbes oA A4k Azte] o8 Ahthe HAZE AT B A7
A= An et al2016)°] AAIT WHE] BT on|E Fotstal, B Al&stA E4 Fo4E *d@‘&}oq
EANSE FE2T T v FFE PHE AXSIATE 28 A5 HF SR FEFH S 5= Aol
A8 B AFdA e 1 dFo A §F AsE FE3e Ao 27 s ‘%% , IEEE 2012 PHM data
challenge competitionol] A Z|A|E FEMTO H|o1® 24 dlo|EE o2 |2 ERAETET 37 o=
o] AHlnE FoEH I 5495 ASATh

. FEMTO Hlo]3 A]g dlo]H

B Ao A A3 Hlo|El+= FEMTO bearing dataZ, PHM conference competition 2012 JA AlFF Ho]
Eo|t}. FEMTOS] A3 =7 % HXAE #l=9] A4 ARl <Fig. 1>3 <Table 1>014 HA S At} Wiy
T WA radial load7} 7Fei oM, ME H5E 737, 79 WY NHEEAS EEHH A ZH =AU
AZY F3l4(sampling frequency)= 25.6 kHzZ, 0.1% HFOZ 10x vtk SHEF UL F Al 71A] Hlo]H
ANEZF ME b8 43 23102 ZHHUCH, data challenges 913 AT 7]'—‘—‘:7:”«] Z1Z-0] 20g0]]
Tgdls Aoz Ao EJYTHNECTOUX et al., 2012; FEMTO Bearing Data Set). 2 &7 A= FEMTO H]
o8 tl°olH % condition 19 3| FE = Hlo|HE°] AME3ATE FEMTO Ho]® Tlo|HA B4+ Ho|& 9
5 tolHE AFsAAT, ZHzhe wojdof A Adte] FRol el e dFstA &skth <Fig. 2>&
A H T, Condition 12 A0 2 Ago] o]Fo|7l wojg o] E3} 78 (degradation pattern)©] A= TFETh=
AL AT S Q) wlolqy £ =3 A= 800 cycleFE ZAAI= 2800 cycleZtA] E3E7} A YERAT)
olggt o]F & ZZto wlojd] ME RUE Y-S Jdsfof st b F3t S Hole HolHAE 3
Ao g AT F dv EANSE FE3of 3tk v FiReAAE 2 AHSHI Yv 54 ASEY °k"c}
< vwsty, I W3k g vaE s
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(Table 1) Experimental condition

Radial force Rotating speed
Condition 1 4000 N 1800 rpm
Condition 2 4200 N 1650 rpm
Condition 3 5000 N 1500 rpm
Set #1 Set #2 Set#3
50 50 50
T 20 B 20 320
R ‘ - S0 et et S0
&-20 &-20 £-20
-50 -50 -50
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000 0 500 1000 1500 2000 2500
Cycle Cycle Cycle
Set#4 Set#5 Set#6
50 50 50
320 520 N B 20
3 0 3 0 - S 0 eeipeosndfeid
£-20 &-20 &-20
-50 -50 -50
0 500 1000 1500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Cycle Cycle Cycle
Set#7
50
520
i 4
£-20
-50
0 500 1000 1500 2000 2500
Cycle
(Fig. 2> Vibration signal of Condition 1 data set
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, N7 9ol ERQANEEE RMSOF Kurtosis 2 BAIAS £3E 8
DI F FAlA A ANE F Q) AR ERATELS Ag ko
A3 J7] Wzl 1 S A B ASE AL a4 21(3)2] exponential smoothingS ©]-8-3}od,
de-noising2 2133193 21, smoothing factorE 2|P]3l= o+ 0.9Z A A3} thWang, 2012).
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By &# A h(Siew et al,2015). <Fig. 3> AW EMH o5 A|ZHo 2 1T £ Qlom, vF o=
THANA NG EARLNNEES F 7 2ARE 34 4 ok AA, Az G99 EANTEL ko=
o T17+s}l7] wf&oll, smoothing filters AZX Fol=, AZH3 fluctuations HolAl =11, ol WP A o=
Aol B8-S F7HA, A 18 AR S dSeted FE st =4, Hﬂo‘]mogl T ZA ol =
Aok ERA T A5ty AAeks 97t AT <Fig. 3>9 Set #55 AW EH, RMS®} Kurtosis 57
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(Fig. 3> Time domain feature(RMS, Kurtosis)

2. Moving average spectral kurtosis

Spectral kurtosise= o] AlZol tis] A2 o2 Fub4 FHdA A4S kurtosis@kolth olE RE F3}
T AEE VIR A E e E A4t kurtosisoll ¥, WlolE 14 BHE B T JYoA F
g 25RF 7 kurtosisE A4 O 2 W AYEE A& F Atn %E'Vﬁ A THAntoni, 2006).
Surtrison et al.(2012)= FEMTO dataS ©]-8-3}%] spectral kurtosisE &<+ 1%
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A4kste], Alztel WA 718 2
A& =2 A3, 100712] data pointE window size
%3l de-noisingS 43 3} Th(Sutrisno et al., 2012). T=
F3A & 4 T
gol3HAl &t7] 9% HH O F, Sutrisno et al.(2012)0141 A A= AH
BAd Fue s AAsigieon 14
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500 Hz 99 Z 73 &, kurtosis®
Z(Frequency band)9] kurtosis #& 5%

W ZE|(Moving average filter) S

=7t S 2437] 9% AEZE= Spearman’s correlation©] AMEEIIOH, A (HE

B AFolA = 71E ERANEe ] HluE

55 ~ 6.0 kHzo| obd, ZZ4o] wlojdvity 7} w2 FAAAE

=3
=78

F= <Table 2>014 AL 5 o} Gz FFo] 7 A Uehvdes Fapgdd F5& st “Hﬁi"]ﬁl#
E781aL, <Fig. 4> AA ALt A3E A EE, A g ERANEAUY kurtosis®] Aol o] AT
U= 2S¢ ATk Set #29] A-F, 500 cycleZ7HAl = AEHHOE F7 }3}E 7GR ARL, 1 o] Foll= Zha
B Hole Ae FUT F Utk

cov(rgv,rgy)

Spearman’s correlation = 4
U’H Or 9y
(Table 2) Charateristics of tested bearing
Frequency band Spearman’s correlation
Condition #1, Set #1 1000-1500 Hz 0.9554
Condition #1, Set #2 5500-6000 Hz 0.8005
Condition #1, Set #3 0-500 Hz 0.9637
Condition #1, Set #4 0-500 Hz 0.8784
Condition #1, Set #5 2500-3000 Hz 0.8274
Condition #1, Set #6 3000-3500 Hz 0.9078
Condition #1, Set #7 3000-3500 Hz 0.8863
Set#1 Set#2 Set#3
10 4 10
E 5 e éa.s {ﬁ%‘ﬁ'—t\‘w, - E 5 >
= T N PN ' = —
00 500 1000 1500 2000 2500 3000 3 200 400 600 800 1000 0 500 1000 1500 2000 2500
Cycle Cycle Cycle
Set#4 Set#5 Set#6
20 6 10
& . 5 ) RN
ks 10 T \ £ 4 o Lo £ S e e
00 500 1000 1500 2 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Cycle Cycle Cycle
Set#7
6
x
24 A
E S IR
2 500 1000 1500 2000 2500
Cycle
(Fig. 4> Moving average spectral kurtosis
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AWHA 0 2 4UAR TP o]F T YA ~HEY BAMoR AuE
o2 A AE e HojP e AZE 3 Fa5o A AEGS UERA =
2 19ANA aFaF Gooa] A o] yepdth shARE o] @Yel|A
= 249 HAAE B4 wlojEg e ugS A = Qi 239 A A E wWojd A2Ele] ufFue
Pl sBE= A7t dehdr] ARk, Aat woly g Fakar] 23} F3H<F(harmonic frequency)E
o] AZLE Fuof 9alA wMzE o Yehdth vpA Rt BAlo) G E = 4DA0 EFEE, TR WE F1)
T AeE% %3} T3 (harmonic frequency)E°] LAYSHAl =1L 101"4 wi-o] EA7E 714, wolE e
F AREL 277 2AEA "k A “Haystack”O] = wo]2 A Ho] ddTh(Note, 2012).
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(Fig. 5) Spectrum of normal bearing
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(Fig. 6> Bearing degradation process

2. Fois oA

A FRIg wjojg 1 DAl MEW, oy AL B FarRY quA JFE ML Tk

2HER Ao oyx ojFg aHFoz 7AEy] s, Wang2012)914 A" 2 (5HE o83t
normalized energy S Al4Fsl3ATE Normalized energyE ©1-8-35tH, ~2HER 9] YA g2 4 12 A
Hi, §4 Fa5 oA duyA £43 F7HE ERFH R 1 F Utk FEMTO H°lE ME F
Condition #1, Set #1° )¢t Fu}= A~HEZ TS 3913k A= <Fig. 7>3 Zth

Ef :Af/ ZA} ®)
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<Fig. 7>& A EH, A7to] AUHEA, 1000 Hz FHY A& 453ty 2000 Hz F2 AyA< =
7ol wlajA FFasteE A Blte S ¢ 5 Aok Wold d3kE Yehle EANEENE o] F 7t
A A T AR EFE Attt 27F S wo® Adte] Aol JAIA I ¢ Fol], Seto® 1l
S g 7] wWZoll, 271 1 A& lvke FH e RgetA Xt 4 A 279 Z YA
£ 73 e Tk 99nt aH R AT - QOH, duA &4 AEE BEFo N Ago] LA
st7] HMell 14 d|Zo] Jhesttta Aeely] wjEelth 544l g

TE T
218 71¥ 2.2 Spearman’s correlationS AFE-3FHTE ©E A AES Ho|
Z j

A, 7+ 9 FBHAE THAE Y 10008 FEIe o, A O 2 Fa¢ JYofAy
Spearman’s correlation H3}= <Fig. 8>0ll4] <Q1& <+ Ut} <Fig. 8>& AW EH Algto] A5 5 3
T 9902 59| Spearman’s correlation®] FHIITI= AL FEAT 4 91, ©]= An et al2016)7F 54 3t
T YYo= dERY Tt JAFHE A AR @olgtes AS & & UthAn et al, 2016). 7]E HH
ANXE BE Fi¢ FHdlA teiA FE AEZS HsleE H25EEH FA cycdeZtA ALHES 348 &, 7}
A A A9 257NE Adtske S AT o] WHY UM 2 EAHCEE Akt ARt &
Atk BE T AERT WHEE A4St UA WsEgE ddo] glsty] wTel, A4t "*O] BolAl =
HhH | T3] ol x| 9} A|ZE ALo] 9] spearman’s correlationS F3] A oA 7} £Ao] B Fukg Ty S
A=A AL A woll WA EAEA dk
Set #1 15000
N I:
2 10000
3
0.15 c
. g
E’ 01 o g
g 0.05 500 uL_ 5000 -------------------------
i ’l““”"l!!l!!llluumnu|||||||||||||um|unm
8000 go00 10000 2500 Cyel 0 i - * - - '
Frequency[Hz] 12000 vele 0 500 1000 1500 2000 2500 3000

Cycle
(Fig. 7> Spectogram of Condition #1, Set #1 (Fig. 8) Frequency selection
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A o]BollA T AH AERIE= 2 (6)= ol &8 AMET 7|4 X BRE, n XA =52
FAE Y F, pla) 2 2 Y FEQ BAFES ondith AR JEZIE Alktete WS O3
2t AA FoZ ARE 03} 1 Abo]9] HO.E normalize AT I F, 07 14k0] S 255 HH o2 BFT
. HZFAH 22 256709 bino] THEAIZIT, p(z;) & iMA binoll &3t HolEe £5 WA HolEle] £2 1
ol Bk 4 (6)& AHEH nol AAA HH, JAEZI7} A5 Dok oA T AR JdEZI =
RO B YehlY] AT AREE ARRET o]& FAlset A Ao A8 <Fig. 9>} <Fig.

A 8o
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10>8 £3) 2 5 714 498 AZaE 5 Utk <Fig 9>& 2710 malA 15457 AW ARE @Y
2 Uehlln Yok ol Au, 5 A% A0 B4 W AXE AL ofvsa AnHozE AE
5 45 AT Fig 10 o9} wirfe] Ado A7) AG4E BB YA FEOE AT

fHU

S = o b
O AL grleta A#H o8 JQEEY HAE 7Ptk Boh AAZE AFFS An et al2016)00 4 Q1
T Slth
H(X)== Yip()1og p(,) ©
4 | Entropy Increase 425 Entropy Decrease
(1)) _______________________i 8 --------------------
= \/ il bins T [/} TATAT A bins
% B L LN 1L R % L LS
0 > 0 >
k K+ cycles k k+1 cycles
(Fig. 9) Entropy increase (Fig. 10> Entropy decrease

2) ofAX| dEZT| F&

UM AN BEA FairoA e Fakg dUAE o] §ate], AR JQEEIE AL SFEA F
10071¢] Fa AEES 137 &l F 100709 JAEZ Y] ﬁok% A Ha, HIFHOEE o]5e
median #FS EAANEEZ ALE3HT) Condition #19] data setoll oS
entropy= W& 25 279 /M £ ol =€t W o=
T ZAAA TAFCE AAEHJE 548 FTHIE SEEE

> Set#1 > Set#2 > Set#3
g g s
515 £15 515
5 5 5
3 1 > 1 > 1
o =
505 505 505
1= c c
w0 500 1000 1500 2000 2500 3000 w o 200 400 600 800 1000 w o 500 1000 1500 2000 2500
Cycle Cycle Cycle
> Set#4 > Set#5 > Set#6
o =3 =3
215 215 15
£ r/\ £ g
21 21 21 \
Sos 205 Sos
2" 2 2
w0 500 1000 1500 w o 500 1000 1500 2000 2500 w o 500 1000 1500 2000 2500
Cycle Cycle Cycle
= Set#7
g
515
5
|
o
505
c
w o 500 1000 1500 2000 2500
Cycle

(Fig. 11> Energy entropy
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An et al.2016)7} FEYE EF FaFRo IAF £ AERIE o] &3 5T FERAA 7H
HAilo] "k o]z 3 Hoh A&sHA 54 FaR FES A dud 274 14 A58 F A
Ho}. <Fig. 12>9} <Fig. 13>S AHEH Condition #1, Set #1° t3l|A EA Fu&E

o
3 ox) dEEs g Aole] 57 £ HMRE 5 U 712 AETE 500 oycle o Fo 5 F
42 $daAY oA AEZHE o 88 PHE 100 oycleR WA 27)0] 54 FA4E 4HT 5
St Ae & % ok
Original Energy entropy
12000 | [ ‘ ‘ ' ' ] 12000 ‘ ‘ ‘ '
Moo It
_10000f 1 __10000
N H 1 N
2 oo [ N £ s
2 ; 2 :
g 6000 2 6000 1
o o
o . i 1 o
2 aooot i £ 4000 illlIIIIIIIIIIIM[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2000 1 2000 |
%0 500 1000 1500 2000 2500 3000 %0 500 1000 1500 2000 2500 3000
Cycle Cycle
(Fig. 12) Original version (Fig. 13) Energy entropy
V. 71E SAAESS ] v 34
174 dZe] ARE SANER 4857 AslA A FaB 24 F b, TEYmonotonicity)°lTh
9z Aegs JehlE YRkl A F 2= Spearman’s correlation©] AREE I Utk M GubERl EHAE
%1 RMS, Kurtosis?} #lo1® 1178 zIckoll A go] AHEE 11 Sl 54415 < spectrar] kurtosis, 18] 1 & A+

ol A A|dt oA 7] AR dEZT O ©hx AL AFH o Z HIIek <Table 3> 2T B Ao
Al AR B AN B SN FAstAl A A F&EENT] W, dudAe TE UE
1‘4_-1:]-. EHE@"J /\]7\} B9 54 A5 RMS$} Kurtosist BF 2 ©2AQ 4AAA S Bevke A

dool ERAZE BFH MASK(Movmg average spectral kurtosis)©]+ ]7J'°3
«] E"“]i—i‘:} O U 9x 43S Btk 7744 HolE BT 08 oY & 4237t AFE Ko
I Ath webA gx A BHAA & H5E Hole ET"]’\]EE g Aok shARE, <F1g. 14>
AHHEHE # 4, Set # 62 A, EFAANST AFoA B A d(fluctuation)©] A E A1, Set #5+=, T LAl
o|2elA ok FASHA Aot Aol AHAF EATTE AS & F Atk B AFlA AN Fuk o
YA th3k dEZT = thEE dloEl7} 100 cycle ZA7FAIT 535lar, wloj@ e AA ¢=y7iAE &
Z 2R gE Bt

o —
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(Table 3) Spearman’s correlation of features
Spearman’s correlation RMS Kurtosis MASK Energy entropy
Condition #1, Set #1 0.8638 0.9111 0.9554 -0.9762
Condition #1, Set #2 -0.0226 0.1334 0.8005 -0.9289
Condition #1, Set #3 0.8306 0.7754 0.9637 -0.9586
Condition #1, Set #4 0.1343 0.8049 0.8784 -0.9666
Condition #1, Set #5 -0.7826 0.5531 0.8274 -0.8906
Condition #1, Set #6 -0.6340 0.7553 0.9078 -0.9302
Condition #1, Set #7 0.4910 0.8902 0.8863 -0.9328
12 : ‘ ‘ ; : 2 :
— Set #1
— Set#2
10+ ] . Set#3 ||
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(Fig. 14> Moving average spectral kurtosis (Fig. 15> Energy entropy
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A ol Fag Eofolth. ®uh F&stal,
© 2ol @ Eofof Ak & Aol M
Footd doe &3 dded FEsH
° % %3]1 573 Faaol| A 9 _7;3}_,_ OﬂL‘]X]E‘ o] g3t EXJ 125 A5 FEsen, 7€ d750 ¢
Fdd 54 T v S5E FHSIT. B3 wlojd PHM ZokillM Aoz AHEHI Y 54
2z ete] JEe vt om, olE $8 AEZE Spearman’s correlations E=U3HATE 1 AF} oA AE
7} 71E BERASE HlEA o L b AEE Ko, £ 7t F¢ §AE ] YA ¢
HA FU A AEZNE 1 A5E A% SHNER AHGSH, B JgshA e FHE =
7] 3]'?(]”]' 2 o“]:rL l 1% ]01%91 e «]”]EL YAl thet Aol & AASHA
F& AstaL, o ol &sto] tYdt o]

138 QIR TSYUZ| =27 MH163, M22(20174 49)



Hold &E g 52 9l Fu oA I8 NS FF

ACKNOWLEDGEMENTS

e

AT FTEATH AEVedTAEY AR AEAE A% 21HE 2 AE

(I6RTRP-B104370-03-000000) Al ¥ o2 433} FUTh

rlr
e[}

()

7N

REFERENCES

An D., Kim N. H. and Choi J.(2016), “Bearing Prognostics Method Based on Entropy Decrease at
Specific Frequency,” In 18th AIAA Non-Deterministic Approaches Conference, p.1678.

Antoni J.(2006), “The spectral kurtosis: a useful tool for characterising non-stationary signals,”
Mechanical Systems and Signal Processing, vol. 20, no. 2, pp.282-307.

FEMTO Bearing Data Set, NASA Ames Prognostics Data Repository, http://ti.arc.nasa.gov/project/
prognostic-data-repository, NASA Ames Research Center, Moffett Field, CA.

NECTOUX, Patrick et al.(2012), PRONOSTIA: An experimental platform for bearings accelerated
degradation tests, In: IEEE International Conference on Prognostics and Health Management,
PHM'12. IEEE Catalog Number: CPF12PHM-CDR, p.1-8.

Note S. F. A.(2012), Rolling Element Bearings, REB, Sales Technology, Inc, League City TX.

Randall R. B. and Antoni J.(2011), “Rolling element bearing diagnostics—a tutorial,” Mechanical
systems and signal processing, vol. 25, no. 2, pp.485-520.

Siegel D., Lee J. and Canh L.(2011), “Methodology and framework for predicting rolling element
helicopter bearing failure,” Prognostics and Health Management (PHM), 2011 IEEE Conference
on. IEEE.

Siew W. S., Smith W. A., Peng Z. and Randall R. B.(2015), “Fault Severity Trending in Rolling
Element Bearings,” Acoustics 2015 Hunter Valley.

Sutrisno E., Oh H., Vasan A. S. S. and Pecht M.(2012), “Estimation of remaining useful life of ball
bearings using data driven methodologies,” In Prognostics and Health Management (PHM), 2012
IEEE Conference on, IEEE, pp.1-7.

Wang T.(2012), “Bearing life prediction based on vibration signals: A case study and lessons
learned”. In Prognostics and Health Management (PHM), 2012 IEEE Conference on, IEEE,
pp.1-7.

Yan W, Qiu H. and Iyer N.(2008), “Feature extraction for bearing prognostics and health
management,” (phm)-a survey (preprint) (No. AFRL-RX-WP-TP-2008-4309). AIR FORCE
RESEARCH LAB WRIGHT-PATTERSON AFB OH MATERIALS AND MANUFACTURING
DIRECTORATE.

Vol.16 No.2 (2017. 4) The Journal of The Korea Institute of Intelligent Transport Systems 139



