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loT FeaturePump

0 loT FeaturePump provides automated signal processing tasks, synchronized with ultra-precise
timing GPS clocks without the need for long-distance cables in the wide area of signal monitoring sites

Eliminates cable installation work
Automation of signal processing tasks

FeaturePumps

Real-time, always-on remote

Structural health monitoring, power grid monitoring
Underground structures and ground vibration monitoring

GPTP (GPS Precision Time Protocol) is a new technique that measures standard time
in sub-microsecond units (sampling accuracy of 1 MHz or higher) in accordance with
GPS standard time (patent applied)

Currently used equipment

When acquiring 40 sensor channel signals
with a measurement area radius of 500m

[ Use case of FeaturePump ]

: Prepare ten 4-channel FeaturePumps

: No need to purchase acquisition software:
Regular diagnosis is possible using the signal
processing results from the measuring
instrument itself.

: Abnormalities can be tracked and managed on

the management server

[ Use case of conventional DAQ system ]

: Prepare five 8-channel DAQ boards to the site.

: Prepare 40 sensor cables of 500 m

: Cables must be connected from the test site to the
equipment (for fences and road obstacles).

: Obtain acquisition software to acquire and store
data on site

: Engineers must perform signal processing using
signal processing software

: One-shot diagnosis on the time of measurement,

not to prevent accidents at any point in time



Applications of loT FeaturePump

0 Prevention of accidents in underground pipes (gas oil, water supply, heat transmission pipes)
0 Prevention of accidents in D.E grade facilities, buildings older than 30 years,
and facilities used by the public.

QO Prevention of collapse accidents on railways, roads and bridges
- Accident prevention system for major arterial road bridges

- Road tunnel collapse and attachment fall prevention system

QO Prevents collapse of steep ground cut surfaces, ground sinkholes, and landslide

accidents during the rainy season.

O Prevention of accidents at construction sites Building collapse accident

- Slab collapse during concrete pouring at construction site,
- Worker fall accidents and support form collapse,

- Collapse of elevated crane support
0 Safety evaluation of undersea tunnels, offshore structures and undersea pipelines

0 Safety evaluation of structures related to the aviation and space industry O OX A HHE STiAL
ShAAE : 79k

O Risk assessment of hydrogen and LNG gas, oil storage tanks and pipes Tilt/fiber optic sensors detect the accidents
almost at the time of occurrence

» Serious disasters are prevented by clustering the patterns of diagnostics feature data streamed
from field-installed FeaturePumps



FeaturePump Specification

0 FeaturePump has two basic configurations to reflect the requirements of sensor installation and signal monitoring:

- Four channel inputs of AE and vibration sensors are sampled with high speed and the data of each channel are
processed concurrently

- Tow channel inputs of parametric or operational sensors are sampled providing the current operational status

- Stream features of each channel are transmitted to the user server through various connections through RJ45
ethernet cable and WiFi of Raspberry CM (configuration 1), NB-loT and HaLow WiFi module for connectivity

over long distance, which are connected by the serial interface of FeaturePump UART and SPI (configuration 2)

Q0 External specifications and power inputs

[tem

Description

Size

~146 ¥ 96 x 33 mm

SSD memory

32.GB

DC input voltage

5 wvolt or 12 wvolt

Operaticnal temperature

from -35 C to 60° C

Power consumption 4 Watt

LEDs of power and operation status (included)

Digital input and output pins 4 ports

Interface mode of Raspberry CM 1 SPI. 1 UART and 4 GPIO
Battery (backup) (optional)

DC power supply 5.~.24 VDC

AC power supply

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa

PoE (opticnal)

Raspberry CM4 with PoE adaptor




FeaturePump Specification

Q Signal acquisition specifications of AE and vibration channel inputs

[tem Description
Number of channels 4
Frequency bandwidth 5 kHz - 1 MHz

Analog filter

2 Bandpass filters per channel

Digital filter 256 FIR filters
Sampling rate 20 MSPS
A/D converter resolution 16 bits

Sample number of hit waveform

1,000 ~ 10,000 samples per hit

(between channels and IoT devices)

IOT device synchronization accuracy

Up to 1/100.000.000 second (10ns)
(Channels are simultaneously sampled
with the period of 50ns. so there is no
time difference between the samples)

AE sensor connector type

SMB Jack Female

0 Signal acquisition specifications of general operational channel inputs

[tem Description
Number of channels 2
Frequency bandwidth 0 - 1EHz

Sampling rate

A/D converter resolution

Input signal range

fffffffffff

Voltage amplification ratio

Connector type

Terminal bloclk




Real Time Features of FeaturePump Streaming

oo o0 Q0 0 Q0 o0 o0 o0 o0 o0 o0 o0 Q0 o

Hit Count (Ne) : Number of hits accumulated during a given time span of acquisition
Hit arrival time : Event arrival time
Duration (t_D) : Time over which the waveform exceeds the trigger threshold when a hit occurs.
Peak Amplitude (A) : Maximum amplitude of waveform in duration time
RMS (V_rms) : Sum of absolute values in duration time, divided by duration time
Rising time (t_R) : Time from the instant of exceeding the threshold to the instant of reaching at amplitude peak

n
Slope (s) : Maximum amplitude divided by Rising time Epyy = Z |H(s(£))|At x 100 x 1E6
Ring down Count (N) : Number of crossing the threshold k=0

n
MARSE (Measured Area of Rectified Signal Envelope) [uV.s]
g P S, = Z s(t)|At X 100 x 1E12

Strength [pV.s] k=0

n
Energy : Sum of sample squares in duration time E _ 2At/R % 1E18

aps = ) |S(®)|?At/R x
Spectrum amplitude k=0
Magitude[FFT(S(n real[FFT(S(n))]?2 ~ imag[FFT(S(n))]?

RMS of power spectrum G(k) = 9 I[V ( ( ))] = \/ [ (S())] N gl ()]
Spectrum peak (GO, G1) : First and second maximum values of spectrum amplitude
Frequency (FO, F1) : Frequency locations of the first and second maximum values of the spectrum amplitude

Maximum amplitude of signal waveform ¢ - \/ ;{lzo[real[FFT(S)]ZHmag[FFT(S)]Z]k
rms
N
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Q loT SHM Feature Pumpt= T HEZA|ZICE EF HIO|EQ XY A|ZtAQ(Time Stamp)2 HAIZF HEE (E5=H)
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LTE, WiFi, Ethernet
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m (2)
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SAH2 %

O loT SHM Feature Pump= SU{2| =2 GX|A2| Hetglo] £4I34s ZEst s sSLE/

CERETE At B g

AREOM AEMS EEIAIHE (TA_stamp)

FealurePl‘lmp , DxHLé-lo'"A'I AE.A_I§ EE!‘AIEI (TD_Stamp)

(2) 160 p sec xto| [MMZtA 80cm]  p W E ZHH|= TD_stamp > TA_stamp =

(1 p sec: BHBLR Ol 1X) = . - o .
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Ll £|x HAME H0|E A7 H|S Feature Pump

O MAMYEYT X|EL IoT SHM Feature Pump= XH42| 2IX|E XI& EHX|st0] MM 21X HE

O XY O[HMIE Time Stamping2 2 Z} X{@EHE &40 AH HEQ} 347 SEHH HIO|EE

TIoT Operation

Transinet Features

Transinet Features

Continuous Features

Version: AE SHM
Device ID:
Connection Type:
A-CH On/Off: ON
B-CH On/Off: ON
C-CH On/Off: ON
D-CH On/Off: ON
THRESHOLD: 6000
Hit Definition Time[us]:
Hit Lock Time[us]: 5600
Local Y@[m]: | 53408.6
Local X@[m]: | 5689.3
A-Senosr X[m]: 5341.62
B-Senosr X[m]: 5341.85
C-Senosr X[m]: 5342.16
D-Senosr X[m]: 5343.65
A-Senosr Y[m]:
B-Senosr Y[m]: 5689.64
C-Senosr Y[m]:

5691.687
D-Senosr Y[m]: 5692.74

P Local Yo: HZ7| I =9 224
$2] [0.000 : 9.999] x 1800m

P Local Xo: AI57| Ao 224
H2l [0.000:9.999] x 1855m

P Sensor Xs, Ys = Xo, Yo + Xi, Yi
Xi, Yi: Zt MMt A Z 7|2 72|
(MM AX|A] 10T SHM 7| 7|0 )

P TZETS Y (RHXHS=2h

Serial

FeatureType: Transient
AcgPeriod: 50@ms
Channel: CHA

UTC_Seconds: | 5210

Stamp_InitialAmp[us]:

212883.0

Initial Amplitude: 21928
Initial Duration[us]: 499.3
Initial RisingTime[us]: 335.5
Initial RingCount: 3651
Initial InitCount: 197
Initial AbsEnergy: 7121098
Initial Energy: 4609074
Initial Strength: 55796775
Initial RMS: 439
Stamp_MaxAmp[us]:
Maximum Amplitude: 22128
Duration Of Max[us]: 482.0
RisingTime Of Max[us]: 294.
RingCount Of Max: 3219
InitCount Of Max: 111
AbsEnergy Of Max: 3680940
Energy Of Max: 18603720
Strength Of Max: 60084180
RMS Of Max: 1087
Median Amplitude:
Median RMS: 916
Mean ParametricValue: 274
Hit Rate: 8

213569.0

15360

M EUH SHHES 4237

G B4 : 17H)

FeatureType: Transient
AcgPeriod: 500ms
Channel: CHD

UTC_Seconds:

Stamp InitialAmp[us]:

212811.0

Initial Amplitude: 19974
Initial Duration[us]: 288.6
Initial RisingTime[us]: 48.7
Initial RingCount: 2543
Initial InitCount: 198
Initial AbsEnergy: 3031007
Initial Energy: 4166801
Initial Strength: 33676734
Initial RMS: 1346
Stamp_MaxAmp[us]:
Maximum Amplitude:
Duration Of Max[us]:
RisingTime Of Max[us]:
RingCount Of Max: 2543
InitCount Of Max: 198
AbsEnergy Of Max: 3031087
Energy Of Max: 4166801
Strength Of Max: 33676734
RMS Of Max: 1346
Median Amplitude:
Median RMS: 781
Mean ParametricValue: 262
Hit Rate: 5

AL ALY EHHL Y : 117

( Ha: 6 7H)

212811.0
19974
288.6
48.7

14848

FeatureType: Continuous
AcgPeriod: 1000ms
Channel: CHD
SpectralPeak 1st: 129216
Freg SpecPeak 1st: 47
SpectralPeak 2nd: 158272
Freq SpecPeak 2nd: 100
SpectralCrestValue: 783900
Freg_SpecCrestValue: 100
MaxAmplitude Average: 37087
RMS_Average: 2021
MagnitudeSum Average:
Energy Average: 20512
Strength Average: 15637

E3 oux: Ep(f)

P Device 1245, 12462| A, D O|HIE
UTC 2 A|ZE: 5210 < 01A|268250%)
(8+=_HOUR = UTC_HOUR +9)

p 74 2 A pevice 1245-A2} 1246-
D2| 10T SHM 7|7| 7} O|HIE ‘A A|Zt
Xt0| [u sec]: A Time_AD
TA_stampF - TD_stampF = 72 usec
TA_stampM -TD_stampM = 698 usec

2812

>+

P O|HIE LMAIHO 2 EH 2] (Xe)
A XL XM BR, c:AE IR E)

Xe —Xs_A = A Time_AD * C [5,000,000 mm/s],
measured by PLB Test + 0.5 * (Xs_D - Xs_A)




| Channel

| Threshold

| Triggered Value
|Hit Rate

|Median Duration
|Median RisingTime
|Median RingCount
|Medain Amplitude
|Median Energy
Envelope
MagnitudeSum

|Median
|Medain
|Max Duration

|Max R
|Max RingCoumnt

|Max Amplitude

| Stamp_MaxAmp[us ]

| Time_MaxAmp

|Max Energy

|Max Envelope

|Max MagnitudeSum
|Mean ParametricValue|
|Hit GapTime

ngTime

processes signals after saving the
measurement data, which takes at least
3 hours and is not a stream method.

L E A ol H S H =2 <>|" ALLEQ9 I(}I } il I oo
Q loT SHM Feature Pump< SHO0|E AE2|Y WAooz o FMZ 2ot AZEQ 07} HaX| 3
A B © D E F G H | J K L M N Q P Q R 5 T u v W X Y
1 idx Date_Time “eatureType Channel Thresheld iggered Vali Hit Rate lian Duraan Risingian RingCdain Amplitledian Enerdian Envelcin Magnituclax Duratiox RisingTix RingCo ax Amplitucnp_MaxAmpime_MaxAm Max Energylax Envelop Magnitude ParametricHit GapTime
2 0 20231110:194121 Transient CHA 6000 6327 43 4 2 1 1454 151 1177 276 5 3 1 11573 833106  1:36:57 689173 216658 642240 193 11
3 1 20231110:194121 Transient CHA 6000 6122 39 4 2 1 644 704 1202 795 5 3 1 11741 1632059  1:36:58 707769 217762 644096 192 13
4| --- - - - - - - - - - - - - - - - - - - - - - - - -
5 300 20231110:194417 Transient CHA 6000 6155 42 4 2 1 1338 1385 323 455 5 3 1 11658 1381678 1:37:42 681557 225736 637568 192 11
] 301 20231110:194418 Transient CHA 6000 6155 45 4 2 1 700 518 1238 369 5 3 1 11458 1962221 1:37:42 688583 208286 633088 191 11
7 4m56s
A B C D E F G H | J K L ] M (o]
1 idx Date_Time FeatureType Channel =ctralPeak_1st _SpecPeak_1st ctralPeak_2nd SpecPeak_2nd tralCrestvalue pecCrestValue litude_sAverage RMS_Average eSum_Average nergy_Average ength_~Average
2 o 20231110:193536 Continuous CHA 87456 70 129936 105 59107 105 11578 710 693 1251 1560
3 1 20231110:193537 Continuous CHA 86160 40 121648 105 56684 105 11690 699 631 1240 1533
4 N N N R N S N N R N S - - S R N
5 300 20231110:194208 Continuous CHA 77376 40 129840 105 62806 105 11596 709 638 1240 1561
6 301 20231110:194208 Continuous CHA 84208 40 130816 105 61573 105 11712 702 634 1230 1530
7 11mil2s
The existing SHM system reads hundreds —_— e =

Stream Rate
| single channel )

Features related to transient signal

Features related to continuous signal |

Feature vector per
second

0.45

FeatureType | Continuous |
AcqPeriod| 1606ms |
Channel | CHY
SpectralPeak 1st|
Freg SpecPeak 1st|
09164
105]|
Spectrall
Freq Spe

restValue|
MaxAmplitude Average|
RMS
deSum
Energy .
Strength

struct

SH

ural Health Monitoring

SECUREA!

C)

1 0. L0

\A N S

Version: AE SHM
Device ID: 1245
Connection Type:
A-CH On/Off: ON
B-CH On/Off: ON
C-CH On/Off: ON
D-CH On/Off: ON
THRESHOLD: 6000
Hit Definition Time[us]:
Hit Lock Time[us]: 500

500



FanMotor_AE_Signal_Trigger.mp4
PPT_발표/iotSHM_FeaturePump_RealTime_Diagnostics_FanMotor.mp4
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AMAE AeE A7 F=HEE
X 2| AE_features T2 174
[Z712X9Q1 MAE| B3 PythonZ E A¥)
Pattern AE_features =213

ZIZHQl jHER

3 Python3Z E A 3l]

Classified Continuous Features

<l et

EXIHA AEZ2IES I.Q.'c':' o]l Ih _HE
= H E 3 H= 0O hra | = k=3 - - o
O AHEXF E20HE S3tE 2/ A ASXs(ML) 78S X850 YMAF, ditEH 2
| A | B | C D | E | F | G | H | j| | K L | M |
1 idx Time LowPeak OfLowPeak MidPeak OfMidPeak ectralCrest reqOfCrest Signallevel RMS IMagnitude Energy  Strength
2 1] 70536 87456 70 129936 105 59107 105 883 54 53 1251 1560
3 1 70337 86100 40 121648 105 560684 105 8932 23 32 1240 1533
4 - - - R - R - R - R - - -
5 270 70927 81024 40 125696 105 57364 105 895 54 53 1231 1528
6 271 70928 77376 40 129840 105 62806 105 885 54 52 1240 1561
A | E | C | D | E | F G | H | | |
1 idx imeOfArrival  Amplitude RiseTime Duration Energy ABS_ENERGY Counts HitRate
2 N 0 5817.166621 BB2.95 1.2 2 689173 216638 1 43
3 N 1 5818.326412 B895.77 1.2 2 FOTTE9 217762 1 39
4_ P PR - R R P PR - R
5 N 287 5861.197703 BE2.49 1.2 2 683116 213685 1 47
ﬁ-_ 288 5862.276336 BE89.43 1.2 2 681557 225736 1 42
20log(MaxEnergy)
=) ~ ~ ~ ~
B3 ~ o IS o @ Classified Continuous Features
x x x x x X
= = = = = =
2 2 % 2 = ° DOIX}IES} AFEfEICH 8l o K| B XS
of * . . .
o Real-Time Anomaly Detection & Clustering
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loT SHM Feature Pump?| £%
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