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ABSTRACT

Oil continues to play a significant role in providing worldwide
energy. Impermeable zones (i.e., underground areas that allow
only few hydrocarbons-collecting fluids, to pass through) can
cause significant challenges during the drilling and oil produc-
tion periods. The problem of mapping an impermeable area
has been investigated mainly using seismic sensors deployed
on the Earth surface. The existing solutions continue to be
imprecise. In this paper we propose a solution that employs
nanodevices enabled with wireless THz communication ca-
pabilities. The nanodevices are deployed underground and
collected as part of oil exploration and recovery. Wireless
connectivity among nanodevices is used for mapping under-
ground flow propagation paths, and implicitly, impermeable
areas. Since the deployment underground of nanodevices is
costly, in this paper we aim to reduce the number of inser-
tion and collection/production wells. Through simulations, we
show that our proposed solution achieves good accuracy in
mapping impermeable zones, with a reduced cost.
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1 INTRODUCTION

Energy requirements are expected to increase 1.5 times in
the next two decades [16]. Underground Reservoirs (UR), e.g.,
oil & gas, geothermal, form the majority of energy resources
available and are anticipated to remain so to meet the grow-
ing energy needs. There is a need to improve the efficiency
and cost of extracting energy resources from UR. Among all
techniques, reservoir characterization (e.g., chemical/physical
properties characterization, spatial geometry characterization)
plays an important role in determining the reservoir explo-
ration schemes, which further determine the resources extrac-
tion efficiency and ultimate recovery. Traditional reservoir
characterization techniques provide information about spatial
distribution and rock and fluid properties which can be used
to build three-dimensional (3D) geologic and dynamic fluid
flow models [21]. More recently, 4D seismic technologies have
been proposed to track underground fluid movement with
sufficient density contrast [22]. These solutions are costly and
inaccurate.

Impermeable area detection and characterization is a key
part of reservoir characterization. The research in this field
dates back to 1987 by Britto and Sageev [5]. They found that
the presence of an impermeable region causes the pressure re-
sponse to deviate from the homogeneous line source response,
and the particular deviation indicates that the reservoir is
heterogeneous. By transient pressure analysis, Nestor and
Heber [17] introduced a new method to detect linear imperme-
able barriers. The pressure change was analyzed to estimate
the distance between the well and the barrier by using the type
curve matching technique. More recently, Sendergaard and
Auken [24] proposed the idea to map a large scale groundwater
through integrated application of geophysics, drillings, logs
and geochemistry. They aimed to get a well described picture
of the aquifer with respect to localization, distribution, exten-
sion, interconnection, etc. To detect an impermeable area, well
testing is the only technique that can be used, which generates
imprecise picture of the underground impermeable region ge-
ometry. Also, neither transient analysis nor integrated data
analysis provide real time underground information before
actual production.
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THz-based nanocommunication network and relevant tech-
nology has made much progresses. In [6], Nishtha proposes a
THz-based network architecture. This architecture focuses on
nanoscale communication amongst collection of nano-devices
inside human skin. These nano-devices then communicate
with macroscale devices including mobile phones and laptops
through THz channel. In this way, the information is retrieved
for real-time monitoring of human health. In this paper we also
leverage relevant advances in nanotechnology and present an
exploration technique to map the impermeable regions of URs
as a first step towards optimizing the number of locations of
exploration wells. We envision a system that can map, analyze,
and optimize the operation of UR exploration. In this paper,
nanodevices are employed to detect and map impermeable
areas. They are injected into the reservoir via injection wells.
After injection, the nanodevices flow through porous media (a
nanodevice flows along certain - called streamline path all the
way to the production wells under the influence of pressure
difference), and are finally collected at production wells. Dur-
ing this process, nanodevices communicate wirelessly (THz)
among themselves. The nanodevices connectivity data is gath-
ered and used to provide comprehensive information about
the reservoirs.

The diameter of nanodevices’ flow path in UR is in
nanoscale. This requires their geometric size to also be in
nanoscale. In such a case, a THz on scheme becomes an obvi-
ous choice for our work. In this paper, we make the following
contributions:

e We propose, for the first time, the idea of underground
oil exploration through nanodevices equipped with
wireless communication capabilities

o We formulate the problem of optimal impermeable area

mapping, as a minimization on the number of inser-

tion/production oil wells.

Our simulations results show that an accurate map-

ping of impermeable areas is possible even with simple

communication capabilities.

We propose ideas for future research that employ more

sophisticated cyber-physical components for sensing

and communication techniques aimed at improved per-
formance.

This paper is structured as follows: Section 2 reviews back-
ground material and state of the art solutions for reservoir
characterization. Section 3 gives the system model and formu-
lates the research problem. Our proposed solution is presented
in Section 4 and the corresponding performance evaluation re-
sults in Section 5, respectively. Finally, we conclude this work
in Section 6 and provide directions for future research.

2 STATE OF THE ART AND
BACKGROUND

In the area of underground reservoir geometry characteriza-
tion, hydraulic fractures characterization and monitoring are
gaining worldwide attention. Current technology in hydraulic
fracturing includes the method to characterize the fracture ge-
ometry (e.g., direction, length, aperture, height, plane angles,
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and propagation history). In Quirein et al. [20], the funda-
mentals and workflow of microseismic fracture monitoring
techniques are introduced. Two wells, one for hydraulic frac-
turing treatment and one for monitoring, are employed to
monitor the fracture. The geophones installed on the moni-
toring well will process the moveout and the differences in
time between P— and S— waves to compute the distance from
a monitoring well to the origin of a microseismic event.

Guo [10] proposed a new self-contained micro wireless
sensor network framework based on the Magnetic Induction
(MI) techniques. He proposed the coiled antenna. The micro
coiled antenna is used to realize the wireless communication
by generating a magnetic field. The MI technique is also used
to power the micro sensor nodes. He validated this frame-
work through theoretical deductions and simulation software.
However, the high cost of realizing Guo’s framework set back
further implementations. Also, the realization of this frame
still does not provide sufficient in-situ underground data.

In petroleum engineering, once the reservoir simulation is
performed, the streamline simulation is a useful technique to
identify the reservoir sections where the most complex flow
paths occur for a particular well architecture [8, 26, 27].In 1988,
Pollock [19] proposed a method to compute the streamline
trajectory and time of flight (ToF) for cells in regular rectan-
gular shape. Cordes and Kinzelbach [7] generalized Pollock’s
method to deal with more complex geometrics. Simplified ver-
sions were further extended by Jimenez et al. [12] and Datta-
Gupta and King [8]. In the simplified version, the pseudo ToF
in corner-point cells is introduced, which is given by Zuo et
al. [27].

Recently, advances in nanotechnology have triggered a
promising set of solutions to explore URs. Nanotechnology
has enabled the creation of nanoparticles and “smart fluids”
that can vary the surface properties of oil, such as viscosity,
wettability, etc. [11, 13-15]. In oil&gas exploration, “smart
fluids” can separate oil and water (downhole separation) and
for geothermal exploration, they can enhance thermal con-
ductivity [1]. As the technology matures, nanoparticles are
expected to become increasingly sophisticated with commu-
nication and computation capabilities. This paper builds also
on work by Suresh [25], Gong [9] and Ortiz-Lopez [18]. They
developed integrated distributed monitoring systems to ad-
dress the event detection and localization problems in water
distribution systems and in drug delivery system for targeted
drug delivery.

Despite the aforementioned advances in petroleum engi-
neering, nanomaterials and cyber-physical systems, the prob-
lem of accurate mapping of an undeground impermeable area
remains an open problem, due primarily to the lack of “in-situ”
information (e.g., sensors deployed underground).

3 PRELIMINARIES AND PROBLEM
FORMULATION

Before we formulate the problem of impermeable region map-

ping for oil reservoirs, we present the behavior of a nanodevice

in the system through a mobility model and a communication
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Figure 1: Impermeable Region (IR) mapping in oil ex-
ploration using one pair of wells, I!) and P("), Nanode-
(O

vices inserted at I) follow streamline paths SL;

SR;l) until they are collected at P,

model. Nanodevices, capable of wireless communication us-
ing a THz radio [3], are injected into the reservoir through
injection wells. Each nanodevice is a receiver and transmitter
and flows along a streamline. Nanodevices transmit beacons
periodically and record the received signal strength indicator
(RSSI) values from other nanodevices. When nanodevices are
retrieved from production wells, the RSSI data stored in each
receiver is used for interpreting the underground impermeable
area geometry.

3.1 System Model

We consider a 2D physical area to be explored for oil as shown
in Figure 1. The exploration is performed by drilling wells.
Wells can be either for “injection” {I¥)|1 < k < n} or for
“production” {PROI1 <k<m}In injection wells, water, and
nanodevices are inserted. These flow through the oil reser-
voir. Oil, water and nanodevices are collected from production
wells.

3.1.1  Mobility Model. For a well pair, there are multiple
streamlines between the injection and the production wells.
We choose a single streamline for analysis. We deploy nanode-
vices at a fixed rate, assume there are always N (k) nanodevices
along the chosen streamline, defined as {n(k) (k), e (Nk()k)}
It is important to note here that every operation durmg the
impermeable region mapping procedure consists of exactly
one injection and one production well. If other wells will be
available, they will remain closed temporarily for the sake of
independent operation assumption. Note that the superscript
does not refer to the exponentiation operation, and is enclosed
in brackets to show the difference.

Nanodevices deployed at I (k) traverse streamlines along
two distinct sides of an impermeable region IR from the in-
jection well, as shown in Figure 1. Let S.C(k) = {SL(ik), i € N}
be the set of streamlines on the “left” side (pick arbitrary side
as the left, the other as the right) of the impermeable region
and SR = {SREk), i € N} be the set of streamlines on the
right side. All streamlines start from injection I (k) and merge
at production p).
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3.1.2  Communication Model. In [4], Akyildiz discussed two
propagation models for nanocommunication networks: molec-
ular communication and nano-electromagnetic communica-
tion. In this paper, we assume nanodevices are capable of
nano-electromagnetic communication. They have THz-based
radios capable of transmitting a signal and detecting the RSSI
sent from other nanodevices. For the particular oil reservoir
application in this paper, the RSSI is dependent on the distance
and propagation medium between two nanodevices.

In [2, 3], channel modeling for electromagnetic (EM) wave
propagation was implemented in fractures of oil reservoirs.
By introducing the propagation medium including crude oil,
water, carbon dioxide, soil, the propagation is numerically cal-
culated. In this paper, we adopted the propagation model in-
troduced in [2, 3] except that carbon dioxide is not considered
since we are working with conventional reservoir exploration
with only water injection for enhancing oil recovery.

For a pair of nanodevices ng.k) and ng.k), let ng.k) be the trans-
mitter and nﬁk) be the receiver without loss of generality. Let

d(n(ik) jk)) be the Euclidean distance between n( ) and nﬁk)
at some time t. We define the attenuation of the nanodev1ce
transmission using the following pathloss model [3]:

PL(n(k), (k)) — PLspread +PLwater +PLozl +PLsozl

abs
(k) (k)
4 - f - d(n; N )

= 20logy,
c

+Kwater (f) - d(nl, 1) - 1010g, (¢)

+ kot (f) - d(n, n?) - 1010g; (e)
() (k)

+20log () + 8.69ad(n; ", n;’)

where PLgpeqd. PLW“ter PLO! PLSOII are the spread path

abs’
loss, water absorptlon path loss, oil absorptlon path loss and

soil absorption path loss, respectively. PL(ngk), nﬁk)) is the path
loss in decibels during the beacon propagation from n(ik) to

ngk) at time ¢. f is the operating frequency and ky,qser and
ko;1 are the absorption coefficients. @ and f are dependent
on the dielectric properties of soil, ¢ is the light velocity in
vacuum.

As nanodevices move through the streamlines, they record
RSSI for all nanodevices in their range of communication. CR is
defined as the maximum distance between a nanodevice trans-
mitter n; and nanodevice receiver n; such that the receiver can
decode the data transmitted by the sender at transmit power
Ps. The ability of a nanodevice to decode data is determined

by a received power threshold P;p,esp. If d(n(l.k), ng.k)) < CR,
k k
then Pr(nE. ),nﬁ )) > Pihresh-
As nanodevices split into streamlines S.C(k) and SR(k),
the nanodevices traversing through each set are within CR

of each other, but nanodevices in S.C(k) are not within CR
of nanodevices in SR®) and vice-versa. Note here that we
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Figure 2: Impermeable Region (solid shaded) geom-
etry characterization through two pairs of insertion
and production wells. As shown, using more insertion-
production well pairs allows for more accurate map-

ping.

can set P;p,qsp to a suitable value for this condition to hold,
assuming a large enough impermeable region.

In this paper, we make the following simplifying assump-
tions:

o All streamlines are independent so we choose one
streamline as a representative. All nanodevices dis-
cussed here are on the chosen streamline.

e The CR of nanodevices is an adjustable parameter. So

we assume CR is large enough s.t two sequential nan-

odevices are always within CR.

During each test period, exactly one pair of I (k) and

Pk) are active. All other injection and production wells,
if available, are assumed to be inactive. Each test is
assumed to be independent of the others.
e The nanodevices have the size (nano-scale) and form
factor to traverse a streamline freely.
The coarse location of the underground impermeable
area is within the loops formed by the two sets of
streamlines.

3.2 Impermeable Area Geometry
Characterization Problem

The main object of this work is to characterize the geometry of
the unknown impermeable region, including the location and
the shape. The only input data we can use for the detection
are the streamlines between each pair of injection well and
production well. A simple fact is that the impermeable region
is always inside an arbitrary loop formed by one streamline
from SL and one streamline from SR like Figure 2. Then the
intersection of arbitrary many of such loops still contains the
impermeable region. This fact indicates that if we compute
the intersection of more and more such loops formed by two
streamlines, the intersected area of the loops can be closer and
closer to the impermeable region.

An ideal solution to this problem should be: for each pair
of injection and production wells, we pick out the streamline
loop that wraps the impermeable region the “tightest” and
collect all such loops and use the intersection as the prediction
of the impermeable region. However, there are two difficulties
of this ideal solution. One is that increasing the number of
pairs of the injection and production wells or the density of
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nanodevices will significantly increase the cost (approx. $500
per meter of well depth). The other one is that the shape of
the streamline is hard to compute. What we can exactly know
is only the length of each single streamline.

Based on these two difficulties, we try to approximate the
ideal solution with fewer pairs of wells for our impermeable
detection scheme. Since the shape of streamline is hard to get,
for each well pair (I (k), P(k)), in each streamline set S L(k) and
SR(k), we chose the shortest streamline. When end points are
fixed, the shorter length usually leads to a less twisted stream-
line shape. We simply use the circular arc which starts and
ends at {I(), P(X)} with the length of the shortest streamline to
estimate the real streamline. We denote the region surrounded
by the two circular arcs as Si. Then for the pairs of wells
{I(k),P(k)};;g, we obtain a series of 2D regions {Si }Zg We
define the intersection of first k regions as:

k
s =5 @)
i=1

Notice
P I J

Like a positive decreasing series must have a lower limit, the
shape series of Sgk) has a lower limit.
+00
Spest = lim 553 = () s 3)
k—o0 k=1
The Sp; is the best estimation of the ground truth we can get
in this method, though in most cases Sp,,; can’t be the same
as ground truth because Sy, is always convex in our method,
while the ground truth is not. And equation (3) indicates this
intersection method can always converge.
The problem in this paper can be formulated as we want to
find the smallest k s.t. the current intersection is close enough
to the best result we can get:

. k
min (k| 1S%) — Spest] < €}

Since Sy is impossible to compute, we weaken the problem
= (k) _ k-
min {k | IS0 =50 < e} (4)
k IS

Since all estimated regions Sy are independent of k, the
optimization problem is how we to choose the location of the
well pairs so that Sgk) can converge to Sp,; faster. Figure 3
shows an example of our intersection method. Given a square
shape impermeable region ABCD, we uniformly deploy 16
wells along a circle containing the impermeable region. We use
antipodal wells as a pair of injection and production {I’, P’ }?:1.
Then we use the method above to compute a spindle region
S formed by two arcs according to {I¥, P¥}. Then we have
8 regions containing the impermeable. Figure 4 shows the
plot of the area of Sgk) for k from 1 to 8. We can see that the
intersection area reduces quickly in size initially, then the size
reduction slows down. This leads to answering the problem:
how we can choose the location of the i-th pair of wells so

that Sgk) converges faster. Since all streamline testing for each
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Figure 3: Theoretical analysis for mapping a square im-
permeable area (shaded rectangle ABCD), using 8 pairs
of wells IV 1®) and PV ___p(®),
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Figure 4: Intersection area decreases as the number of
well pairs increases, for the scenario shown in Figure 3.

pair of injection and production are independent, so we can
use the result of Sgk) to decide the next {IF*1, pk+1},

4 PROPOSED SOLUTION

Equation 4 depicts a minimization problem. We want to min-
imize the total number of mapping operation K to satisfy
(k) _ o(k-1)
|Sﬁ Sm |
IS
Algorithm 1 to solve this minimization problem. As we get

S%) after adding first well pair, we repeatedly use ComputeDi-

ameter, FindNextWellPair and AddOneMorePair sequentially

< € where € is given and K > 1. We proposed

until the stopping criterion is reached. Given (S%C)), Compute-

Diameter returns the two end points of the diameter for (S%C)).

FindNextWellPair takes the diameter and computes its perpen-
dicular bisector line, which intersects with circle in Figure 3 at
2 points representing the injection and production well points
for next mapping operation. Algorithm 1 comes from the idea
that injection and production along perpendicular bisector
orientation can maximize the likelihood to chunk greater area
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Algorithm 1: Find Optimal Number of Mappings

Input :I;(xy,ys) - coordinates of initial injection well;
Pi(xp, yp) - coordinates of initial production
well;

€ - stopping criterion;
Output: Total Number of Mapping K

1 58) = AddOneMorePair(I, Py) ;

2 k=2
s REPEAT [Eyy, Ej,] = ComputeDiameter(S%c)) ;
4 [Ix 41, Pryq] = FindNextWellPair (Eq, Exs) ;

5 S(rlfz) = AddOneMorePair (Ir.; 1, Pry1) ;

s k=k+2;
(k+2) _ o(k)
; UNTIL(S“S(TS;n < e)
al
ﬂwoy ¥o)
C(tc, xc. yc)
Xs, ¥5)
units:
A(tA'X}l time - day
distance - fept

Figure 5: Real streamline (red solid curve) and its
approximated counterpart (blue dashed straight line).
Black dots represent nanodevices moving along stream-
lines.

from current (S%c)). In another word, we are maximizing the

“chunkable” area from previous (SF’;)) in each iteration. In this
way, the number of mapping operations can be minimized. We
want to point out that, in AddOneMorePair, I and Py are used
interchangeably to perform 2 consecutive mapping operation.

5 SIMULATIONS AND PERFORMANCE
EVALUATION

In this paper, streamlines are numerically generated in two
phases. In the first phase, the Eclipse reservoir simulator [23]
produces the pressure and velocity distributions. In the sec-
ond phase, the pressure and velocity distributions are used for
obtaining the streamlines, based on work by Pollock and oth-
ers [8, 19, 27]. The parameters we use in Eclipse are presented
in Table 1. As shown, we consider a 2D, 1000ft X 1000ft area,
as in Figure 3. Importantly, the resolution of the simulator is
limited (in our scenario we set it to 1ft), which is inadequate
for our nanoscale communication scenario. The limitation
in the resolution of the simulator is due to the fact that the
physics it is based on applies only to macro-environments, not
nano-environments.
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Table 1: Eclipse Reservoir Simulation Model Parameters

Dimensions (ft) | Grid Size(ft) | Porosity (%) | Permeability (mD) | Injection (bbls/day) | Production (bbls/day)

1000x1000x1 1x1x1 20 1000 1000
3.00 .
All Well-Pairs
280 \ Algorithm | —=+—
( 2.60
~ 240 \
N
2201
cl 8
2.00 -
\.
1.80 .
< < ) < 1.60 N
—-— >\\
S~—" N— S~— 1.40 4 6 8 10 12 14 16
Number of Mapping Operations
(a)
Figure 6: Mappings of a square impermeable area by 10 : ‘ AlL }V‘el!—}l?airf ‘
\ gorithm | —+ —

an increasing number of well-pairs, as decided by Algo-
rithm 1. As shown, the area enclosed by arcs becomes
smaller from (a) to (f).

To cope with the limitations in the simulator’s resolution,
we present here our approach. In Figure 5, the solid red curve
denotes a “real streamline” intersecting 3 simulation grids se-
quentially at 4 points: A, B,C, D. A “real streamline’, however,
can not be exactly obtained. The only information that can be
obtained from the simulator are the four points A, B, C, D. To
account for nanodevices movement and to obtain d(n;, n;) we
first approximate each streamline segment within a grid with a
straight line segment (i.e., blue line of dashes) directly connect-
ing two points on the grid faces. Second, we evenly divide each
straight line segment into smaller segments. It can be seen
that the dashed blue line segment BC is divided into several
smaller segments by the evenly placed black dots. Those dots
can be regarded as the evenly injected nanodevices flowing
along the red curvy streamline path. Through even division of
the dashed blue straight line segment BC, the space and time
are discretized into smaller scale to accommodate nanodevices
communication. If the sampling resolution is high enough, the
straight line segment can be discretized at nanoscale. Then
it is reasonable to assume we can obtain the RSSI between
nanodevices n; and n; flowing on this segment, and, implicitly,
the actual distance between 2 sequential nanodevices n; and
nj (by employing the pathloss model presented in Equation 1).
Ultimately, the total length of the streamline can be obtained
by adding all smaller trace lengths between sequential nan-
odevices.

5.1 Performance Evaluation

In this section we present the evaluation of our proposed Al-
gorithm 1. First, we present qualitative results, showing the
contribution of additional well-pairs (as decided by Algorithm
1) to the accuracy of the impermeable area mapping. Second,

4 10 12 14 16

6 8
Number of Mapping Operations

(b)

—+ /.//
-
0.65 P
R

0.60 - &
E()ASS /
£ /
50.50

/
0.45
0.40
All Well-Pairs
Algorithm | —+ —

4 10 12 14 16

6 8
Number of Mapping Operations

©

Figure 7: Performance evaluation of Algorithm 1 and
comparison with the “All Well-Pair Scheme” for the
three proposed metrics: a) a(k); b) f(k); and c) y(k).

we present quantitative results for the accuracy of our Al-
gorithm 1, when compared with the optimal solution that
considers all well-pairs (and, thus, called “All Well-Pairs”).

For our simulations, we consider a scenario as shown in
Figure 3. In a 2D area, 1000ft X 100ft, an impermeable square
ares (300ft x 300ft) is present.

The qualitative results of our simulation are depicted in
Figure 6(a-f). In Figure 6(a) a single well-pair is used and in
each subsequent figure (b-f) a new well-pair is used for refining
the mapping of underground impermeable area. As shown, our
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Algorithm 1 decision of which well-pair to include contributes
to a more and more accurate mapping of the impermeable
square area (from (b) through (f)).

For the quantitative evaluation of our algorithm, we de-
fine S% as the enclosed intersection area of arcs after adding
k well pairs and we employ the following 3 metrics: a)

s S9N Sequare
alk) = 51— b) (k) = MT;;and o) y(k) =
(S!(%c)) mssquare
s

The « (k) metric indicates the area mapping precision, i.e.,
how precise the arcs enclosed area, approximates the under-
ground impermeable square area. It is more precise if « (k) is
closer to 1. From Figure 7(a), we see clearly that as the number
of well pairs increases, a(k) is getting closer to 1. Also Algo-
rithm 1 performs better than the All Well-Pairs scheme as it
decreases more quickly than the All Well-Pairs scheme.

The f (k) metric indicates the location correctness, i.e., how
precise the arcs enclosed area location approximate the under-
ground impermeable square area location. It is more precise
if f (k) is closer to 1. From Figure 7(b), it is clear that as the
number of well pairs increases, (k) for both scheme decrease.
However, performance of Algorithm 1 is still better.

The y (k) metric indiates the efficiency of adding more well
pairs. It is the ratio of the useful area over enclosed area. Al-
gorithm 1 has better performance as shown in Figure 7(c).

6 CONCLUSIONS AND FUTURE WORK

In this paper, we investigate the problem of mapping under-
ground impermeable areas using streamline approximations.
We use arcs with the same lengths to approximate the shortest
streamlines and compute the intersection of all arc pairs as our
prediction of the impermeable region. Increasing the number
of well pairs can increase the accuracy of the region mapping.
We propose a perpendicular searching method to find the best
well location for the next iteration so that the total number of
wells employed is minimized.

The main limitation of our work is the solution space of our
method. Since we are using the intersection of several arcs to
characterize the shape and location of an impermeable region,
our results can only be convex shapes. If the impermeable
region is a concave shape, our solution will only obtain the
convex hull of the unknown region. In this paper we are only
using the distance between two adjacent nanodevices. If we
employ the distance among non sequential nanodevices, we
have the chance to reconstruct the shape of the streamline,
which will make our mapping more accurate.
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