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For a resistive sensor array based pressure mapping system, the critical issue is to eliminate the crosstalk caused by
row wise and column wise electric inter-connection among respective row elements and column elements. In this
study, based on the analysis on the influence mechanism of crosstalk, an improvement to the zero potential circuit
approach is presented. Then the interference of inter-resistance among rows or columns is discussed. After that,
the crosstalk errors of the circuits are evaluated and compared in experiment. . We revealed the relation between
the spatial resolution of array and crosstalk errors by experimental study. The results of analysis and the
experiment results agree with each other.

Manuscript received: January XX, 2011 / Accepted: January XX, 2011

1. Introduction
The high spatial resolution measurement of bare-foot plantar pressure
distribution is of great important to the biomedical and the evaluation
of body balance function and rehabilitation of lower-limb disabled
sufferers, because the pressure characterization (such as peak point
and center of pressure trajectory and so on) in different regions of the
foot may help to reveal the causes of dysfunction. For a resistive
sensor array based pressure mapping system, which is generally
composed of several thousands of resistive sensor for acquiring
sufficient spatial resolution, the critical issue is to eliminate the
crosstalk caused by row-wise and column-wise electric interconnection among respective row elements and column elements.
Several researches have been carried out on the way to eliminate
the crosstalk in recent years，of which the voltage feedback [1,2] and
zero potential [3,4] method are commonly used one. Tommaso
D’Alessio[5] and Hong Liu[6] made some comparison between the

two methods, but they only investigated the circuit by simulation and
little attention is made on the error caused by inter-row or intercolumn resistance. Usually, the evaluation about the crosstalk on
experiment basis is more instructive than simulation for us to select
appropriate pressure mapping system for pressure distribution
measurement.
This study analyzes the crosstalk on experiment basis and an
improvement to the zero potential circuit approach is made based on
ratio measurement technique for further decrement of the crosstalk,
and an experimental research was undertaken to reveals the relation
between the errors and the special resolution of resistive sensor
arrays.
In our pressure mapping system, the contact force sensor arrays
include two sets of parallel electrodes which are each formed on a
thin, flexible supporting sheet. The electrodes are separated by a
pressure sensitive resistive coating. Two such electrodes are placed
orthogonally to each other, thus building a matrix of sensors or
pressure pad. The resistance between electrode intersections changes
as pressure is applied on it.
The pressure distribution is obtained by scanning the sensor
array and measuring the resistance variation of each element. Since
the unselected elements are also electrically connected via parasitic
path as the row and column electrodes format is applied, the crosstalk
occurs. The crosstalk mechanism can be analyzed with Fig.2, where,
for simplicity, only a small portion of the array is presented (2 rows
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and 2 columns)
When the resistance 𝑅𝑖𝑗 is to be read, the current cross not only
𝑅𝑖𝑗 , but also the parasitic paths composed of the surrounding three
resistive 𝑅𝑖,𝑗 −1 , 𝑅𝑖+1,𝑗 −1 and 𝑅𝑖+1,𝑗 in series (Fig.2).So, the crosstalk
arises when attempting to read the voltage corresponding to one
assigned element.

we also have:
Ve = 𝑉𝐸 ×

𝑅∑ ∕∕𝑅𝑖𝑗
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(3)

𝑅𝑜𝑛 +𝑅∑ ∕∕𝑅𝑖𝑗

So, the output of the ADC can be expressed as
N=

Vout
Ve

∗ 2𝑛 =

𝑅𝑓
𝑅𝑖𝑗

∗ 2𝑛

(4)

Target resistance

Where 𝑛 stand for resolution of ADC, when supposed that 𝑅𝑓 ,
𝑅𝑜𝑛 and 𝑛 are constant, it can be seen that the result of the ADC is
only depend on 𝑅𝑖𝑗 ,while independent of 𝑅∑ ..
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2 An improvement to the zero potential circuit
By taking the practical exciting voltage as the reference voltage
of A/D converter, the influence of the on resistance of the multiplexer
can be restrained.Fig.2 shows the schematic diagram of the improved
zero potential circuit. The exciting voltage VE of the sensor array is
connected to the In-port of the mux1 and the voltage Ve of the outport of the mux1 is the practical exciting voltage of the under test
device (UTD).As the exciting voltage of the ith-row is the same as the
reference voltage of the ADC, then the readout of the ADC will
irrelevant to the equivalent shunt resistance. Thus, by taking the
advantage of ratio measurement technology, the crosstalk is offset.
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Fig.3 Equivalent circuits
To evaluate the effect of ratio measurement, we constructed a
resistive array including 16 rows and 16 columns with metal film
resistors. Four different resistance values (10kΩ, 20kΩ, 30kΩ, 40kΩ)
were adopted to form four sub arrays, each of which comprise 8×8
elements. In each sub array, one resistance was selected as the UTD
𝑅𝑖𝑗 , we select six different resistances as 𝑅𝑖𝑗 .
Fig.4 shows the relative errors when the reference voltage of
A/DC is a fixed value. Where the exciting voltage is set to be 1V, and
feedback resistance 𝑅𝑓 as 10kΩ .The errors is defined as:
errors % =

𝑉𝑠𝑖𝑛𝑔𝑙𝑒 −𝑉𝑜𝑢𝑡
𝑉𝑠𝑖𝑛𝑔𝑙𝑒

× 100%

(5)

where 𝑉𝑠𝑖𝑛𝑔𝑙𝑒 is the voltage which would be read when only 𝑅𝑖𝑗 is
connected, and 𝑉𝑜𝑢𝑡 is the output voltage when 𝑅𝑖𝑗 place in
resistance arrays.
15
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Fig. 1 Crosstalk analysis
Zero potential circuit restrains the crosstalk [3,4] by taking
scanned rows floating and connecting non-scanned rows to the
ground. But they neglected the influence of the on resistance of
multiplexers. There exists crosstalk when the on resistance of the
multiplexer cannot be neglected compared with the resistance of the
pressure sensing element.
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Fig.4 Relative error when the reference voltage of ADC is fixe
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Fig.2 Schematic diagram of the improved zero potential circuit
Under ideal conditions, the output voltage of the operational
amplifier can be written as:
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But the existence of on-resistance of the multiplex, then, the
output voltage can be written as:
Vout = 𝑉𝐸

𝑅∑ ∕∕𝑅𝑖𝑗
𝑅𝑜𝑛 +𝑅∑ ∕∕𝑅𝑖𝑗

×
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(2)

Where 𝑅∑ is the equivalent resistance of the parasitic paths. Fig.3
shows the equivalent circuit of improved method.
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Fig.5 Relative error when the reference voltage of ADC is varied with
𝑅∑
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Fig.5 shows the errors used the improved zero potential circuit.
Comparing Fig.5 with 4, we can find that the errors have notably
reduced.

3. The influence of inter-row and inter-column resistance
Because the pressure sensitive resistive coating is coated continuously,
there are inter-row resistance 𝑅𝑟𝑟 and inter-column resistance 𝑅𝑐𝑐
as shown in Fig.6. According to circuit shown in Fig.2, current
flowing through the inter-row resistance will not affect the
measurement, because one end of inter-row resistance is virtual
ground. But the inter-column resistance will affect the measurement.
Because that shunt path would affect the output of the circuit when
current through inter-column resistance 𝑅𝑐𝑐 .
Fig.7 shows the equivalent circuits of the resistive sensor array
when the inter-column resistance is taken into consideration.
Generally, the main affect are the adjacent column 𝑅𝑖𝑗 +1 while
𝑅𝑖𝑗 −1 , and other inter-column resistance can be neglected when
scanning 𝑅𝑖,𝑗 Then, the output voltage can be written as:

Vout = V(

𝑅𝑖𝑗 −1 +𝑅∑1 ∕∕𝑅𝑐𝑐

Where 𝑅∑1

×

𝑅𝑓
𝑅𝑐𝑐

+

𝑅∑2 ∕∕𝑅𝑐𝑐
𝑅𝑖𝑗 +1 +𝑅∑2 ∕∕𝑅𝑐𝑐

×

𝑅𝑓
𝑅𝑐𝑐

+

𝑅𝑓
𝑅𝑖𝑗

It can be found from Equations (7) that the errors will decrease
𝑅𝑖,𝑗
𝑅
by reduce the value of
. The value of 𝑅𝑖,𝑗 represents the ratio
𝑅𝑐𝑐
𝑐𝑐
between resistance of sensing element and inter-column Ohm
resistance of the coating material. Under ideal conditions, 𝑅𝑐𝑐 ≫
𝑅𝑖,𝑗 but in practice 𝑅𝑐𝑐 ≈ 101 ~103 𝑅𝑖,𝑗 .To decrease practical errors,
we can add a single-pole single-throw switch in all columns and
connect the non-scanning rows to ground.
The error caused inter-column resistance can be evaluated by
adding inter–column resistance in the discrete resistor arrays. In our
experiment 𝑅𝑖,𝑗 = 5kΩ, and the other resistors in i th-row resistance
is 100 kΩ , and other surround resistance is 1 MΩ, 𝑅𝑐𝑐
= 10kΩ~ 1000kΩ.Fig.9 shows the results, the dotted line indicates
measurement curve, and real line indicates the ideal curve. The ideal
curve can be written as:
errors % ≈
where K=

/𝑅i+1,𝑗 −1 …//𝑅n,𝑗 −1 .
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Fig.8 The influence of inter-resistance on errors
From Fig.8, we can conclude that the measurement value agree
with the theoretical value, and if the relative error is expected to be
less than 1%, The inter-column Ohm resistance of the coating
material should be 100 times greater than resistance of sensing
element.
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To achieve fine pressure mapping high spatial resolution is
expected. But higher spatial resolution results in poor measurement
accuracy. The spatial resolution of a resistance arrays is equivalent to
the numbers of array elements in unit area. So, three to sixteen scale
resistance arrays are designed to study the impact of spatial resolution
of arrays. The resistance in the array was selected as 10kΩ.
According to analysis (referring to Fig.3), the relation between
errors and array scale could be solved as follow:
𝑁
𝑅∑ =
𝑅
(9)
2
(𝑁−1)

errors % =
RΣ2

=

Fig.7 Equivalent circuits of inter-column interference
Suppose that 𝑅𝑖𝑗 −1 = 𝑅𝑖𝑗 −1 = 𝑅0 , and 𝑅∑1 = 𝑅∑2 = 𝑅∑0 ,
The errors can be written as:
errors % =

2 × 𝑅𝑖,𝑗 × 𝑅∑0
× 100%
𝑅0 × (𝑅∑0 + 𝑅𝑐𝑐 ) + 𝑅∑0 × 𝑅𝑐𝑐
(7)

𝑅𝑜𝑛
× 100%
𝑅𝑜𝑛 +𝑅∑∕∕𝑅𝑖𝑗
𝑅𝑜𝑛

𝑅𝑜𝑛+

10𝑁
2
(𝑁−1) +𝑁

(10)

× 100%

where N indicate the scale of resistance arrays. When 𝑅𝑜𝑛 is
constant, there are approximately linearly proportional between
errors and N.
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Fig.9 The influence of spatial resolution of a resistor array
Fig.9 shows the result of a measurement，while 𝑅𝑜𝑛 = 100𝛺 .From
the curve, we can find that the values for the errors are assumed to be
approximately linearly proportional to the scale of resistance arrays,
these agree with Equation (10).
The spatial resolution of arrays can be written as:
ρ = P × 𝑁2
(11)
where, ρ indicate the spatial resolution, and P is a constant.
It can be found from Equations (11) that, the values of the errors
and the spatial resolution of arrays perform the power function
relationship.
We constructed an applicable pressure mapping system with the
off-the-shelf pressure pad as shown in Fig.10. Fig.10(a) show the
measurement system of planta pressure distribution and (b) show the
nephogram of pressure distribution.
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Fig.11 The influence of spatial resolution of a practical pressure
mapping system
Fig.11 shows that the errors will increase as the expansion of the
spatial resolution from ρ to 6ρ. Although, the spatial resolution will
be improved if increase the density of contact sensors arrays, there
also increase crosstalk. So, it is important to consider harmonic
spatial resolution and precision when select pressure distribution
measurement system.

5. Conclusions
In this study, an effective approach to reduce the influence of the
crosstalk has been designed, and experiment results have
demonstrated the feasibility. The relation between the spatial
resolution of array and crosstalk related measurement error has been
investigated. The results of analysis and the experiment results agree
with each other. The influence of inter-rows or inter-columns
resistance is also discussed, and it is concluded that the interresistance between two adjacent rows or columns should be 100 times
greater than that of the sensing element if the relative error is limited
to 1%. Based on above analysis and design, a practical pressure
mapping system is constructed, and it demonstrates satisfactory
measurement conformability.

ACKNOWLEDGEMENT

(a)

The research was supported by National Science and Technology
Support Project “Balance Function Evaluation and Rehabilitation
Training System and Its Clinical applications for Lower Limb
Disabled” (2009BAI71B06).

REFERENCES

(b)
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By the variety of the spatial resolution of array, the relative
error is measured respectively.
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