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Abstract

It is an effective method to measure the height using a
barometric altimeter, but there exists larger noise defect. In
this paper, the height measurement system is designed by
using the barometric pressure sensor, and the cause of noise is
analyzed. In order to suppress the noise, the method of
recursive least squares filtering is proposed to evaluate the
measured height. A recursive least squares filter model is
constructed and the recursive step is given, then the recursive
method is applied to the height evaluation. An experiment is
done to measure the floor height of a building, and the results
show that the recursive least squares filtering method can
make the evaluation data strictly track the original data
change, the height measurement noise is suppressed
effectively, and the height fluctuation reduces to 20% of the
original measurement value.

1 Introduction

It is of very important significance to measure the height,
which mainly used in the building height measurement,
mountain or hillside height measurement, three-dimensional
system navigation and other low range height measure
systems. The height measurement methods include
mechanical pressure altimeter, GPS height positioning™? and
barometric altimeter™, etc., in which the barometric altimeter
is widely popular because of its low cost, high precision,
small size and other excellent characteristics.

The method of measuring height using a barometer is based
on the scientific evidence of atmospheric pressure variation
with altitude, and the local test point altitude value or the
height value relative to ground can be obtained accurately.
However, due to the weather change, air flow conditions and
other environmental factors, the barometric altitude
measurement introduces some large measurement noise,
which sometimes even results in unstable measure result.
Therefore, some measure must be taken to suppress the noise.
Commonly used methods are the first-order lag integral
filtering®™ and polynomial filtering!®. Based on the
advantages of least squares method, in this article the

recursive least squares method is provided to estimate the
measurement height to ensure that the evaluation result is
optimal in the square sensel’.

2 Barometric altimeter
measuring principle

sensor and height

The core component of the barometric altitude measurement
system is the atmospheric pressure sensor, which senses the
atmospheric pressure change on the basis of the piezoresistive
effect, and then calculates the height by the relationship
between the pressure and the height. Pressure sensors include
APM's TP015P, MOTO's MPX4115A and BOSCH's
BMP085 and BMP180, etc., and TPO15P and MPX4115A
output analog signals, which must pass through signal
conditioning and other operations to achieve the digitalization
and the process is complex. BMP180 is the second generation
of BMPO085, which is of smaller noise and smaller size,
outputs the digital signal directly, so it is simple in circuit and
easy to usel®l.

The height measuring principle using the barometric sensor
BMP 180 is constructed as shown in figure 1. As the CPU,
the microprocessor controls and receives the sampled
temperature and barometric pressure data, which is sensed by
the BMP180 and processed into digital signal. Then the
microprocessor compensates the pressure by the measure
temperature and the preset calibration data, and calculates the
height according to the relationship of atmospheric pressure
and height. Finally, the concerned data is transmitted to LED
screen to display through 12C or SPI bus, or sent to PC
through UART serial port protocol for further processing.
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fig.1 Principle of height measuring using BMP180

Copyright © 2017, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

299



ATLANTIS
PRESS

The numerical relationship of the measure pressure and the
height is provided by the BMP180 datasheet, which is
represented by the following formula (1).

p 1/5.255
H = 44330x 1—(—]

0

1)

Which, Py is the pressure at sea level, e.g. 1013.25hPa at 15°C;
P is the measured pressure in hPa and H is the altitude height
in meter. Thus, a pressure change of AP=1hPa corresponds to
8.43m at sea level. The curse of barometric pressure and
altitude above sea level is shown as figure 2.
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fig.2 Curse of barometric pressure and altitude

According to the formula (1), the measure height relative to
sea level can be calculated. Furturemore, the height relative to
any ground plane can be obtained indirectly.

3 Recursive least squares filter

3.1 Characters of recursive least squares filter

Recursive least squares filtering method is on the basis of the
least squares principle, using recursive method to obtain the
optimal value, so that the sums of squares of the errors of the
estimated values relative to the actual ones are minimized.
The use of the recursive method avoids the problem of
complicated calculation, poor real-time performance and even
instability due to large amounts of data calculation.

Recursive least squares filtering estimation is a process of
recursive and update parameters. When the system is running,
each time the new observation data is acquired, based on the
previous estimation result, the newly estimated observation
data is used to revise the result of the previous estimation, so
as to recursively obtain the new parameter estimation value.
Unlike the minimum mean square estimation algorithm which
has a fixed forgetting factor, the forgetting factor of the
recursive least squares estimation is changed every time
according to the recursive result. In addition, for the time
variable barometric pressure, the height is also a time variable
parameter, and the changed forgetting factor makes the
recursive least squares estimation value still accurately track
the height changes.
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Therefore, the recursive least squares estimation method has a
faster convergence speed, better stationary and signal
adaptability.

3.2 Construction of recursive least squares filter

A set of M-order linear filters is constructed, as shown in
Figure 3. The expected response y(n) is estimated using linear
combinations, which is

M
g(n) =2 w (n)x (n)=w" (n)x(n) @
k=1
Where, w(n) is the weighting coefficient vector.
The estimation error e(n) is
e(n)=y(n)-y(n)=y(n)-w"(n)x(n) @
The sum of squares of error e (n) is
1 2
E=3 [e(n)] ®
n=0

For a linear time-invariant system, the coefficient vector
remains constant throughout the whole measurement process.

fig.3 M-order linear filter

Least Squares adaptive filtering estimation is a filter based on
the least squares criterion, which minimizes the square error
of the coefficients at each moment of filter operation. The
cost function[9-10] is

E(n)=2 4" [e(i) =24 |y (i)-w (i)x(j)

j=0 i=0
()
Where, A is the forgetting factor, a positive constant of not
more than 1, which ensures that the filter can retain the most
recent data and forget the past data, so that the algorithm is
suitable for non-stationary environment. When A is 1, the
optimal criterion for minimizing E(n) make the least squares
adaptive filter degenerate into the ordinary least squares
method.
The autocorrelation matrix R(n) of the input variable x (j) is

R(n):j“;m“)xw,-)

By solving the cost function (5), the adaptive gain g(n) can be
obtained.

2

(6)

~ 2P(n-1)x(n)
8= LT ()P (n-1)x(n)

Where, P(n) is the inverse of the autocorrelation matrix R(n)
and can be expressed as

()
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P(n)=2"P(n-1)-2"g(n)x" (n)P" (n-1) (8)
The weighting coefficient is
w(n)=w(n-1)+g(n)e(n) 9)
The above formulas(3), (6)-(9) constitute the recursive
process of the recursive least squares evaluation filter. Under

the rules, with the advancement of the data, the estimation
value is constantly updated.

3.3 Recursive least squares method applied in barometric
height evaluation

In views of the advantages of recursive least squares filtering,
the recursive filtering method is used to the actual height
evaluation.

For this purpose, x(n) is regarded as a set of standard
reference values, and the height measured by the barometric
altimeter is taken as the observation value y(n), then w(x) is
the evaluated height value. Under the newly weight
coefficients expressed by the forgetting factor, the different
gain coefficient can be obtained, so that the evaluation value
w(Xx) updates to the new value. By constantly recursive
computation, the recursive least-squares filtering makes the
evaluation result w(x) accurately track the change of y(x) and
the noise is greatly suppressed when the square of the error is
minimized.

4 Experiment and analyzing

In order to verify the effectiveness of the recursive least
squares filtering method, a six floors of buildings in
Zhengzhou City is chosen as the research object, and the self-
made barometric altimeter is used to measure the height of
different floors in ascending order from low to high in sunny
days. Through the continuous measurement, the original
height value of each floor in 1 ~ 6 floors is obtained. The
altitude measurement is taken as the observation value,
recursive least squares filtering method is used for loop
iteration to evaluate the height, and the height evaluation

value is obtained. Through the serial port and UART protocol,

the height measurement and evaluation values are transmitted
to the PC. The graphics are drawn that the evaluation data
changes with the original data, as shown in figure 4, where
the sampling frequency of 5 points per second.

It can be seen from figure 4 that, after recursive least squares
filtering, the evaluation value can strictly track the change of
the measured height value, and the fluctuation of the
evaluated height value is obviously reduced and the shape is
not changed, which show that the recursive least-squares
filtering can suppress the noise without distortion.

To measure the height of some a place for about one hour,
and the original measurement data and the evaluation data can
be obtained. The contrast curve of the original data and
evaluation data is shown in figure 5, and the height changes
from 2.5m to 0.5m after filtering, which show that the
estimated height fluctuation amplitude reduces to 20% of the
original measurement value.
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fig.5 Contrast curve of the original and evaluation data
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It is worth noting that the height of the measurements is
related to the atmospheric pressure at sea level. When the
measured pot is far away from sea level, for the unknown sea
level pressure the measured atmospheric pressure and the
height may change at different weather. For example, in the
case of cloudy days, the height is measured using the
barometric altimeter in the same way. As the local weather
changes causes the atmospheric pressure changes, but the sea-
level pressure changes are unknown, if the height is still be
calculated in accordance with the formula (1), the deviation is
relatively large. However, if calculating the height relative to
a local ground plane, the relative height value is still accurate.

5 Conclusions

In this paper, the methods commonly used to measure the
height are analyzed, and the advantages of using atmospheric
pressure measurement height is analyzed. According to the
relationship between atmospheric pressure and altitude, a
barometric pressure measurement system is designed. Aiming
at the measurement noise caused by weather change and air
flow velocity in the measuring environment, a recursive least-
squares filtering method is proposed to evaluate the height.
The recursive least squares filtering model is constructed, and
the recursive computation steps are given and the recursive
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method is applied to the height evaluation. The height of each
floor of a building is measured, the results show that the
recursive least squares filtering method can make the
evaluation value strictly track the height change, suppress the
measurement noise without distortion, and the height
fluctuation reduces to 20% of the original measurement value.
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