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Current: <10mA

voltage: 3V ~ 6V

Size: 15.24mm X 15.24mm X 2mm

Measuring dimensions: Acceleration: 3-dimensional angular velocity: 3-
dimensional

attitude angle: 3-dimensional

Range acceleration: +2g,-2g, angular velocity: +2507/s

Stability: Acceleration: 0.001g , angular speed: 0.02°/s

Attitude measurement Stability: 0.01°
Data output frequency: 100Hz(baud 115200) / 20Hz(baud 9600)

Data Interface: Serial(TTL level), 12C (directly connected MPU6050, no
gesture output )
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Resolution

24 Bit

Communication Intertace Ethernet

No of Channels

4/8/16 Channels in one box

Type of Measurement

Differential

synchornization

True Simultaneous

pampling Rate 2 kHz (2000sps) / Channel

Filtering Anti-Aliasing / Low Pass

Dynamic Range 140dB

Measurement Range +17.2mV to +12V,-172mV to-12 V
Channel Gain 1/8,1/4,1/2, 1,2, 4, 8, 16, 32, 64, 128
Power 12V DC , maximum 40W
Microprocessor ARM Cortex , embedded Linux Operating

System
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Modes Frequency(Hz) Period (Sec) Damping(%) State

First 0.415 2.41 - Torsional (Rz)

Second 0.589 1.697 - Local

Third 0.831 1.203 - Translational (X)

Fourth 1.045 0.957 - Translational (Y)

Fifth 1.095 0.913 - Translational (Y)

Sixth 1.121 0.892 - Translational (Y)

Seventh 1.453 0.688 - Torsional (Rz)
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Modes Frequency(Hz) Period (Sec) Damping(%)

First 0.839 1.192 -
Second 0.867 1.153 -
Third 1.078 0.927 -
Fourth 2.079 0.481 -
Fifth 2.188 0.457 -
Sixth 3.597 0.278 -
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Modes Frequency(Hz) Period (Sec) Damping(%) SN
First 0.921 1086 - SIS

Second 1.745 0.573 ] ] |
Third 2.487 0.402 5
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ARTeMIS Modal 6.0 Software

Acceleration [g] Acceleration Time Series for Channel: X Ct;(sor Values 5
e ime =- Roof
=t : : Acceleration = -
6E-4 ; Statistics =
3E-4 | : : Maximum = 7.328£-4 [g] 2
....................... Minimum = -8.569E-4 [g]
9 ‘ RMS = 31336-5 [g] =
-3E-4 | t Median = -2.169E-5 [g] 2
Mean = -2.173E-5 [g]
e Variance = 5.089E- [g] » Bq
-9E-4 3500 Skewness = 2447€-2
1400 2100 2800
0 w Time [s] Kurtosis = 7.615E1
18 N
Acceleration [g] Acceleration Time Series for Channel: X_1144 Cl;rsor Values
ime = -
244 | y Acceleration = - 16 Bd
1.6E-4 J J I l Statistics
8E5 | | {4 i Maximum = 1.967€-4 [g] B
........................... Minimum = -1.7856-4 [g] 1
0 ‘ RMS = 1.686E-5 [q]
BE-5 | . 1 [ Try ] : Median = 64437 [g] B
VEed l | i Mean = 6.581E-7 [g] 1
AR ! H Variance = 2.838€- [g] 5
-24E-4 3500 Skewness = -4.732E-3
1400 2100 2800
0 L Time [s] Kurtosis = 4979E00 10
Acceleration [g] Acceleration Time Series for Channel: X_3184 Ct:'sor Values 3 B
ime = -
i:: “ X ACfeIe.ration == ; &
|
AE4 | Maximum = 4.202E-4 [g]
e B 1 Minimum = -2.4208-4 [g] &
o= - RMS = 9.508E-5 [g] 4
: ; ! : Median = 7.878E-5 [g]
-15-4[ | t | g i Mean = 7.832E-5 [g] ) [
2E-4 It ! : : Variance = 2.907E-9 [g]
£ 3500 |  Skewness = -3306E-2
1400 2100 2800
0 (L Time [s] Kurtosis = 2.074£00 N
'
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Modes Method Frequency(Hz) Period(Sec) Damping(%)
\ FDD 0.487 2053
: First “EFDD 0457 7053 0055
E CFDD (.487 2053 0.373
= L FDD 1682 0500
. Second EFDD 1.682 0.504 0.02
CFDD 1.682 0.504
FDD 1.6 (.51
Third EFDD 1.969 0.51 0.028
CFDD 1969 (.51 0.078
Al A L 2w ma FDD 3160 0316
e —— | " 1w v Fourth EFDD 3.19 0.315 (.02
: CFDD 3.19 0.315 0.008

el tigns cvojLu i
S P e | P o P [y P
A [6)-:5 }{‘5’ ¥y ool Silwd andllae 3,90 )y s




=

L

i 39 095 laslu yloj ojge 3O v ol

e S

il sla 2, b g S plasle JB 8 b a4l ol Conks 5l gl e g a5 3 Y0 Jpio
Sl glas p3 slolx
Modes Method  Frequency(Hz) Period(See) Damping(%)

SSI/UPC 0.509 1.965 8.531
First SSI/CVA 0.58 1.724 3.501
) SSI/PC (.88 1.136 4.761
SSI/UPCX 2.201 0.454 2.749
SSI/UPC 0.799 1.252 10.66
Second fb’l /CVA 1 .Si’."tl {]..34;1 T.:Zml:',l:&
=Thr o SSI/PC 1.625 0.615 2433
P SSI/UPCX 2.201 0.454 2.749
L = = SSI/UPC 1536 0.545 5080
iR o Third _SSVCVA 2.07 0.43 3.078
iR 108 SSI/PC 2107 0475 3%
SSI/UPCX 2,201 0454 2710
! SSI/UPC 2.121 0471 3.501
A — SST/OVA 300 031 1677
— Fourth 7750 3134 0310 0,602
ssl/UPCX 2.201 0.454 2.749
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Measurements Ex

2 w |- | X~

Acceleration [g] Acceleration Time Series for Channel: X Cursor Values
1.4E-4 Time = 24.26
7E-5 Acceleration = -1.6E-4 g
Statistics
o Maximum = 7.595€-5 [g]
7E-5 Minimum = -2.420€-4 [g]
RMS = 8.062E-5 [g]
-1.4E-4 Median = -7.642E-5 [g]
-2.1E-4 Mean = -7.651E-5 [G]
-2.8E-4 i variance = 6.464E- [g)°
R o 300 600 900 1200 Skewness = -3.793E-2
Xime:{s] Kurtosis = 3.931€00
Acceleration [g] Acceleration Time Series for Channel: X_1144 Cursor Values

Time = 2423 s
Acceleration = 1.05E-5 g
Statistics
Maximum = 4.223€-4 [g]
Minimum = -3.795E-4 [g]

RMS = 65E-5 [g] /
Median = 1.074E-5 [g] & |
Mean = 9.732E-6 [g]
Rt i Variance = 7.259€- [g]*
o 300 600, 900 1200 Skewness = -1.650E00
Time [s] Kurtosis = 1.783E1 =
Acceleration [g] Acceleration Time Series for Channel: X_3184 Cursor Values o
0.0012 Time = 24.045 s €
Acceleration = -5.64E-4 g T
6E-4 Statistics
o Maximum = 1.187E-3 [g]
g Minimum = -1.240€E-3 [g]
-6E-4 udid, S - - s RMS = 8.324E-5 [g]

Median = -2.345€-5 [g]

-0.0012 Mean = -2.354E-5 [g]
OGO i variance = 6.374E-9 [g]°
o 300 600 900 1200 Skewness = -1.917E-2
Time [s] Kurtosis = 1.537E1

SEANING PLIV AT BLP20.29

| 1002
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Modes  Method Frequency(Hz) Period(Sec) Damping(7)
FDD (0.877 1.14
First EFDD (L8783 1.139 (.231
CFDD (.878 1.139 0.278
FDD 0.923 1.083
Second "EFDD 0,075 108 0.360
CFDD (.926 1.08 1.181
FDD 2ART 0.402
| Third "EFDD 7106 04 0.507
e | CFDD 2443 0.401 0.257
i LR TR FDD 4.146 0.241
— — Fourth "EFDD INE 0001 0,005
CFDD 4.165 0.24 0.048

assl signi laojle R
Yy /Sy — sassly s s [ 909 5o M 5l s } =
MR [6)-54-70-0 }{ ey sl $ibwd “*’", 5590 I eow s a0




D

S i b
0{{:}7»?/)

Dmensicn

L Ak
W AR TR

i
ORI - um——— i
= =

i

1

L

e P PR S ——

i
3
§
! 3
P

M L All channels of Test Setup: Test Setup 1

S Y X =

R N N R
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ARTEMIS J31, ;1 st

Modes

Method Frequency(Hz) Period(Sec) Damping ()

First

SSI/UPC

0.895

L117

1.793

SSI/CVA

0.895

LII7

1138

SSI/PC 2.201 0.454 2.749
SSI/URC 1.009 0.941 8.978
Second  SSI/CVA 2.156 0.464 2,501
SsI/PC 2,542 0.393 1.9
SSL/UPC 2.19 (.456 3.537
Third  SSI/CVA 2.529 (.395 1.696
S8l/PC 3.142 0.318 2.162
SSI/UPC 2.562 (.39 2125
Fourth SSI/CVA 5.026 0.199 949

SSI/PC

5.051

0.198

1.943
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ARTEMIS J133l o 5 b [ilSi e g agpond Ciltea gl 20y b oddl oy oo 3 L 30873 ARTEMIS J o b lish slab i ol Gilsns gla 2 bl ey ol 5 1s 353
Modes Method Frequency(Hz) Period(Sec) Damping(%) Modes Method Frequency(Hz) Period(Sec) Damping(%)
FDD 0.877 114 - SSI/UPC 0.895 L117 1.793
First ~ EFDD 0.878 1.139 0.231 First ~ SSUCVA 0.895 1117 1.138
CFDD 0.878 1.139 0.278 SSUPC 2201 0.454 2.749
FDD 0.923 1.083 - SSIUPC 1.009 0.991 8978 1 1| 0
Second EFDD 0.926 1.08 0.369 Second SSICVA 2.156 0.464 2501 E} lE %
CFDD 0.926 1.08 1181 SSIPC 2542 0.393 1.934 2 @ i H J
FDD 2487 0.402 - SSIUPC 2.19 0.456 3.537 =)
Third ~ EFDD 2.496 04 0.592 Third ~ SSUCVA 2529 0.395 1.696
CFDD 2.493 0401 0.257 SsupC 3142 0.318 2.162
FDD 4.146 0.241 . SSI/UPC 2.562 0.39 2125 B
Fourth EFDD 4.146 0.241 0.095 Fourth ~ SSICVA 5.026 0.199 249
CFDD 4.165 024 0.048 SSI/PC 5.051 0.198 1.943
| -
FE/SY - slaasy ) dgod 5o jlw L Al )
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21 v |

Acceleration [g] Acceleration Time Series for Channel: X Cursor Values
1.86-4 Time = 586.97 s
Acceleration = -3.06E-6 g

+ Z

1.2E-4
Statistics
6E-5 Maximum 1.376E-4 [g]
o
-6E-5 4
-1.2E-4 8.414€-8 (9]
-1.8E-4 Variance = 4.421E- [g)°
o 200 400 600 Skewness = 2.138E-2 i
Time [s) Kurtosis = 3.944E00 \
S | S |
Acceleration [g] Acceleration Time Series for Channel: X_1144 Cursor Values !
9E-5 im. 26.97 5 |
Acceleration = -4.44E-6 g 1y 1 L i
Statistics [
Maximum = 8.524E-5 [(g]
Minimum = -9.597E-5 [g] (bbb 51080 QY
RMS = 1.422E-5 [g] %
Median = -1.372E-6 [g]

Mean = -1.359E-6 [g]
Variance = 2.00SE- [gF*
Skewness 1.569E-2
Kurtosis = 3.697£00

Time [s]

Acceleration [g] Acceleration Time Series for Channel: X_3184 Cursor Values
1.2E-4 Time = 586.97 s
Acceleration = 6.96-6 g
Statistics
Maximum = 9.461E-5 [g]
074E-5 [g]
1.311€-5 (g]
2.525€-6 [q)
2.549E-6 [g]
Variance = 1.653E- [g)®
Skewness 016€-2
Kurtosis = 4.005£00

Time [s]

600 |
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ARTEMIS 1531 0 5 4 iS5 055 4 5205 cikiies o 25 b ool oty ol 5 iS5 VY0 J s
Modes Method Frequency(Hz) Period(Sec) Damping(%)
T - T FDD 0.877 1.14 -

L1 First  EFDD 0.878 1.139 0.231

] CFDD 0.878 1.139 0.278

‘ | FDD 0.923 1.083 -

11 " Second “EFDD 0.926 .08 0.369
T CFDD 0.926 1.08 1181
R FDD 2.487 0.402 -

M | Third EFDD 2.496 0.4 0.592
T | CFDD 2.493 0.401 0.257
| FDD 4,146 0.241 -
| : Fourth EFDD 4.146 0.241 0.095
i CFDD 4165 0.24 0.048
51— ~—— =
0 s SoSme plassle oo 0y Job il 45 5o sl sy 2ol VY0 Jsus
sl digod o jlw
YEIEY | oS sleasly 5l oe 7 S 339! s doddio
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ARTeMIS )il , 5L 3l
Modes Method Frequency(Hz) Period(Sec) Damping(')
SSI/UPC 1.514 0.661 3.656
First  SSI/CVA 1.402 0.713 4.654
sul/PU 1.351 0.645 3.245
SSI/UPC 2887 0.346 2.995
Second SSI/CVA 2.012 0.313 1.072
ssl/PC 2,880 0.347 1654
SSI/UPC 3.256 0.307 6.423
Third SSI/CVA 3.145 0.318 0.402
aul/PU 3.21% 0.311 6.1
SSL/UPC 8.428 0.119 7.383
Fourth SSI/CVA 9.83 0.102 6.1
SSI/PC 9.083 0.11 0.562
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SIGNAL 1

SOURCE1
: ; Unmixing process Extracted signals (Y)
\, Ml eyt Bt sy
SIGNAL? ' Frtmiure - : .\ Firstextracted |
e - W | signal (x;) | i ICA i o signal (y,) E
# ICA L B e > |
*W*‘ ~ Wk | ,V/\,_j\/L P Unmixing: | /\/\ ,
SGNAL3 : L matix i
S0URCE3 " “MM”’ i oo B {W\,\ :
wiw- " SIGNAL :/‘/\’\/J\f\'\ S e 5| E_,: :
SIGNAL4 ' Second mixture ! | ' Second extracted |
" L osignal(x,) ) o signal(y)
SURGGS  messedesesdteee.. bttt FRE. St HO |
BLIND ” Measured
VOICES () Micng 4 response (x)

The schematic drawing of the Cocktail party problem,
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Source Mixture L m—
s(?) x(1)=As(?) s(t)
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+s» Convolution 1D
+s» Convolution 2D
+* RNN-GRU

Recurrent Neural Network- Gated
Recurrent Unit

*FCGRU
“* Fully Connected

1 # this nn model is convld bas
2 class CONVIDNetwork(nn.Modul
def init__ (self):
a4 super().__init__()
# Define the kernel size and stride for the convolutional
6 self.kernel_size = 1
7 self.stride = 1

# Define the padding to keep the output dimensions the same as the input dimensions
10 self.padding = (self.kernel_size - 1) // 2

11 self.num_filters = [3002, 3002, 3002]

12 # # First Layer

1 # input_dim, num_filters[®], kernel_size, stride, padding

14 self.convl = nn.Conv1ld(3002, self.num_filters[0], self.kernel_size, self.stride, self.padding)

15 # Second layer

16 self.conv2 = nn.Convid(self.num_filters[0], self.num_filters[1], self.kernel_size, self.stride, self.padding)
17 # Third layer

18 self.conv3d = nn.Convid(self.num_filters[1], self.num filters[2], self.kernel_size, self.stride, self.padding)

orward(self
X = x.unsqu

x):

(1) # Add a channel dimension
self.convi(x)
torch.tanh(x)
self.conv2(x)
torch. tanh(x)
self.conv3(x)
torch. tanh(x)
# x = x.squeeze() # Remove the added channel dimension

f
#
x
x
x
x
x
x

return x

1 # neural network with conv2d layer
2 class CONV2DNetwork(nn.Module):
3 def __init_ (self):

4 super().__init_ ()

3 # First Layer

6 self.convl = nn.Conv2d(in_channels=1, out_channels=sensor_channels,
7 kernel_size=(1, sensor_channels))

8 # Second layer

9 self.conv2 = nn.Conv2d(in_channels=sensor_channels, out_channels=sensor_channels,
10 kernel_size=(1, 1))

11 # Third layer

12 self.conv3 = nn.Conv2d(in_channels=sensor_channels, out_channels=sensor_channels,
13 kernel_size=(1, 1))

i4

15 def forward(self, x):

16 x = x.squeeze(l) # Add a channel dimension

17 x = self.convl(x)

18 x = torch.tanh(x)

19 x = self.conv2(x)

20 x = torch.tanh(x)

21 x = self.conv3(x)

22 x = torch.tanh(x)

23 x = x.unsqueeze() # Remove the added channel dimension

24 return x
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Records of 24 22 20 th Floor from YAAS
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Training Loss per Epoch

mse_list=[] 00073

for i in range(1e@):
data=input_data[:,1i,:] 0.0072

output=model.forward(data)

Loss

0.0071

layer4_out=output.detach().numpy()

mse_list.append( torch.mean (torch.abs(data-layer4_out) ) )
0.0070 -

torch.mean(torch.FloatTensor(mse_list))

executed in 175ms, finished 09:31:41 2023-04-08

0.0069 -
tensor(0.0065) 2 a 6 8 10 12 14
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Output of 3rd Layer from Hospital in Longitudinal Direction
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Training Loss per Epoch
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0.00775 1

»» 0.00750 -|

0.00725 4
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0.00675 +

0.00650 A
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absError = modelPredictions - yData

SE = numpy.square(absError)

MSE = numpy.mean (SE)

RMSE = numpy.sqrt(MSE)

Rsquared = 1.8 - (numpy.var(absError) / numpy.var(yData))

, fittedParameters)

, RMSE)

quared: ', Rsquared)

51.09692005 1.56776887)
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Output of 3rd Layer from Hospital in Translational Direction
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Choose Peaks From Decay Signal

0.0125
— f=2.5Hz

import pandas
import numpy, scipy, matpletlib
t matplotlib.pyplot plt
scipy.optimize import curve_fit

1
2

0.0100
6 xData-peaks
7 y(v3))-flatten()
& yData=d.real[peaks]
B 3

0.0075

14 def func(x, a, €): # from zunzun.com equation search
rn a / (b+numpy.power(x, <))

0.0050

the scipy defaults
numpy .array([@.1, ©.001, 1])

[ R
#
o
o
H
I
"
o
"
o
H
H

[
i
o

0.0025
# curve fit the test data
fittedParameters, pcov = curve_fit(func, xData, yData, initialParameters)

UhBE

modelPredictions = func(xData, *fittedParamesters)

&R

00000
absError = modelPredictions - yData

SE = numpy.square(absError) # squared
MSE - numpy.mean(SE) # mean squared e
RMSE = numpy.sqrt(MSE) # Root Mean Squared Error, RMSE

Rsquared = 1.0 - (numpy.var(absError) / numpy.var(yData))

Lol

-0.0025

print('Parameters:', fittedParameters)

nt('RMSE: ", RMSE)

1
1
1
1

BN B S

pr
print('R-squared Rsquared)

-0.0050
print()

ters: [-52.74251207 566.1329918  3.05267352]
.08005292313629809564
ared: 0.8526712244091209

RMSE
-sq
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