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(] RISK ASSESSMENT OF LEVEE BREACH

= Ehis V\;]ork is part of a larger effort to develop a data-driven fragility framework for risk assessment of levee
reac

= This presentation will focus on preliminary experiment on the development and validation of UAV-deployable
smart sensing spikes for soil conductivity levels in levees.

= -Pl;hcljs m10rk is being done in close collaboration with experts in data-driven risk assessment, geo-technical, and
ydrology.
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U LEVEE

= A dry levee works by absorbing and slowing down the water until river level drops.

= Levees are made mostly of
= compacted dirt,
= not concrete or metal,
= are permeable.

= Water will seep through or under a levee given enough time.

through-seepage

- ’ levee instability
existing residences

seep on levee slope S levelat fl

ood tag -

sand boil
water seepige
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(1 CONDUCTIVITY-BASED MONITORING

= A network of sensors, as well as the possibility of using a wireless communication system to send data
directly to the user.

wireless network of sensor nodes

moisture mapping of levee

water flow
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 Kriging

Kriging is a spatial interpolation method with a few key types or models.

Simple kriging assumes the model : Z(x) = u + €(x)
= where Zis the kriging predicted value at x
= where u is a known constant
= where € is error (small scale variation) at x
= simple and not really used in practice

Ordinary kriging assumes the model: Z(x) = u + €(x)
= where pis an unknown constant
= assumption of a constant mean is unreasonable for this case

Universal kriging assumes the model: Z(x) = p(x) + e(x)
= where u(x)is a deterministic function.
= also called kriging with external drift or regression kriging
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(1 CONTRIBUTIONS

= The expandment of experimental data using kriging.
* The categorization of soil saturation using a network of smart sensing spikes.

(1 HARDWARE DEVELOPMENT

=  Developing the sensing spikes.
= Experimental setup.
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(d Sensor package solar cells

fletching
U Initial work:
= The first open-source stand-alone geophone-based sensor
package developed and a published paper on this. ["]

» The designs for the smart penetrometer are available through a
public repository released under the creative commons _
Attribution-ShareAlike 4.0 International (CC BY-SA 4.0) 3D printed
licenses.2 frames

[1] Puja Chowdhury, Joud N. Satme, Malichi Flemming, Austin R. J. Downey, Mohamed Elkholy, Jasim Imran, and

Mohammad S. Khan. Stand-alone geophone monitoring system for earthen levees. In Zhongging Su, Maria Pina

Limongelli, and Branko Glisic, editors, Sensors and Smart Structures Technologies for Civil, Mechanical, and Aerospace

Systems 2023. SPIE, apr 2023. d0i:10.1117/12.2658552 sensing spike —————

0
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SD card module

(J Sensor package(Electronics)

LiPo battery
a1

microcontroller

= Lithium polymer batteries are for their high-power density
and desirable recharging properties.

= An Arduino nano microcontroller is utilized as the core
processor of the package for its desirable footprint.

= An environmental sensing module is utilized to measure air
pressure, humidity, and ambient temperature.

= A sensitive geophone to detect ground velocity during the
deployment period.

A Micro SD card module is to save data on device.

ot

: data Storage
: micro SD card
' H
+ il environmental sensor [

'

'

i
H ABS impact

H resistant tube
'

H
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(1 SENSING NODE

QO Initial work starts with the development of UAV deployable sensor
package
W The spike is designed to have two conducting surfaces
= an outer tube
= aninner rod
= separated by an insulating ABS plastic tube.

solar cells L
lekehing 5V ————— analog [microcontroller
electric circuit )
I arduino mega

:,'Ja‘.:
3D printed frames H

;4— sensing spike

|

@ I

(a) The UAV deployable sensor package, and (b) a 2D view of the
UAV sensor deployable process via the drone

ABS impack
- resistant tube
i

E¢— brass rod
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(] ELECTRONICS

= A potential difference of 5V was provided by a DC power
supply to the spikes.

= The spikes of the moisture-sensing network are set in
parallel concerning power and ground (shown as F and G
respectively).

= Each spike (R1-R5), modeled as a variable and voltage
divider using a constant 3.9 kQ resistor. +5V

= Potential points A-E are then measured using an analog to . : D _ ;
digital converter onboard a microcontrolleras V = SpIEeE Pl Splkes gpke g

[vy, vy, V5] RI % Rz%’ R3%’ R4%’ Rs%’
3 |
2

>

* The voltage drop measured and point A for instance will be 3
% A%

directly proportional to the moisture level measured by the Vl@
spike (R1).

3.9kQ

3.9kQ
W
@

3.9kQ
W
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(] FLOW CHART

Five sensor spikes are inserted in the sand-filled
box during the experiment.

= Water is added to the corner of the container, and

£ ¢

S e

0 moisture spreads throughout the sand. dry sand moisture propagating
o . through sand
= Collect the data from sensor SplkeS. Collect data from smart sensing nodes |

= Moisture mapping of the entire area by using
kriging model.

moisture mapping classify soil condition

= Classifying soil condition by applying k-mean
clustering.
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(1 SENSOR PACKAGE LEVEE FAILURE TEST

experimental
setup

< 2
» B
aF
o
F:" FRSS G W =
-

top view

=
M=
2
=l
(]
@
]
=
o
k=l
=
E
=

- ——— === - -gra

no water flow

limited water
flow

| high water flow

The American Society of Mechanical Engineers e

ASME®



(1 SENSOR PACKAGE LEVEE TEST
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(] MOISTURE TEST WITH SENSING NODES

= A container of 10.8 x 12.4 inches is used.

TABLE 1. Five-spike moisture test position coordinates.

u Sa n d iS the N f| I IEd tO d h e|ght Of 1 . 5 inCheS. " notation of fixed resistor | %-coordinate | y-coordinate | z-coordinate
spikes . \
. with respect to the spike (inch) iinch) (inch)
| Vi 25 93 169
2 Va ®.3 9.3 165
3 V3 54 64 1659
4 Vg 25 25 164
5 Vs H.3 25 164

ASME 2023 SMZ
The ASME 2023 Conference on Smart
Adaptive Structures and Intelligent Sy

Arduino Mega

\)

The American Society of Mechanical Engineers o

ASME®



] Data interpolation

Ordinary kriging is used to interpolate the data for all the spatial points.

The spikes' locations are S = [sq, Sy, *** Sc]

The coordinates of the spikes are [X, Y] = [(x1, V1), (X2, ¥2), ..., (x5, ¥5)]

The voltage measurements are V = [v, vy, *** Us]

The desired prediction from kriging model is v, = u + £(sy)

where,

vy is continuous accurately map at all possible s;, = (x, Vi)

u=the true mean of the entire dataset, the desired estimation is performed by ordinary kriging
£(-) = the error caused by small scale variation at s.

= The estimation v, = X", 4;v;

= The loss function Lyrging = E(vy — Xioq A4ivi) —2m(EiL, 4, — 1)
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 Clustering

» This work classifies moisture levels in earthen levees into three clusters

= dry

< £2 = partially saturated
> E=x = saturated
N < o . . .

8-5 = K-means clustering algorithm is used.

Q

“3 § £ »= The squared Euclidean distance is used with Voltage (v) being the sole feature considered as like

- O 2 2
o %E ”Sp_sqllz = (vp — vy)
N g g = The iterative approach is followed to minimize the within-cluster sum of squared error (SSE) or cluster inertia.
W <: Rk 2
E w & Lssg = Z w(i,j)”Vi 3 Cj||2

S 9 _ =
n <3 -
< 90 where,

<

Cj is the centroid for cIusterj

w(;j) = 1if the sample v; is in cluster J or 0 otherwise.

\)

m = 3 for three clusters.
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(1 SENSOR PACKAGE LEVEE FAILURE TEST

= Experimental results from sensor package.

= A significant change of conductivity around 0.4 uS/cm is noticed at approximately 140 s which is due to the

increased level of water flow.
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(d MOISTURE TEST OF A NETWORK OF SENSING SPIKES

= During kriging, only a single timestamp of measurements is considered for moisture mapping of the whole
experimental area.
= Spike 4 voltage measurement is shown to be higher compared to the other four spikes
; = Spikes 1 and 2 show the lowest voltage reading.
= The area surrounding spike 4 is considered to have the highest level of moisture
= The bottom left corner has the largest voltage meaning more moisture compared to the top right corner of the

mapping which is around 1.5 V.
1.5
1.0
&)
&
| 0.5 %
0.0
0 5 10

position (in)

—_
o

oo

(@)}

TABLE 2. Five spikes voltages for a single time stamp.

spikes spike 1 | spike 2 | spike 3 | spikes 4 | spike 5
voltage (V) | 0.014 | 0.014 | 0.024 1.549 0.078

Ny

position (in)
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(1 MOISTURE TEST OF A NETWORK OF SENSING SPIKES

= The highest voltage of the centroid is 1.372 V at the threshold between 1.0 to 1.635 V.

= This centroid value is close to the spike 4 value 1.549 V values and considered this cluster as a saturated one.

= The centroid value of 0.629 V is considered partially saturated as this threshold 0.324 to 1.000 V is close to spike
5, 3 values.

= The lowest value of the centroid is 0.019 V and ranges between -0.168 to 0.324 V and categorized as dry is close
to spike 1, 2.

TABLE 3. Threshold and centroid values for k-mean clustering.

minimum v | maximum v | centroid v .
= categories
< V) (V) (V)
S
2;2) -0.168 0.324 0.019 dry
Q
= 0.324 1.000 0.629 partially saturated
1.000 1.635 1.372 saturated
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d Conclusion

= A preliminary experiment on the development and validation of UAV-deployable smart sensing spikes
for soil conductivity levels in levees

= A measurement method for estimating soil saturation levels.
= Demonstrated the sensing platform in lab-scale testing.

= To identify possible levee failure concerns and maintenance needs, this work evaluates soil
conditions utilizing a network of smart sensing sensor spikes.

Open-Source Hardware Designs

ithub.com/ARTS-Laborator
Penetrometers-with-Edge-Computing-and-
Intelligent-Embedded-Systems
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