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COMMINICIONS

Martin Vestenicky - Peter Vestenicky *

LPG CONCENTRATION MEASUREMENT IN VEHICLES
TRANSPORTING DANGEROUS GOODS

This paper describes the design of intelligent sensor unit for LPG (Liquefied Petroleum Gas) concentration measurement in the air. The
sensor unit is a part of sensor network which has been designed for vehicles transporting dangerous goods. The described sensor unit uses
sensor element based on SnO, structure which is vapoured on the aluminum substrate. Main part of the paper is focused on hardware solu-
tion of the sensor unit, signal processing applied on signal from its sensor element, compensation of air temperature and relative humidity
influence on the sensor resistance and description of its application layer communication protocol.

1. Basic Conception of Inteligent Sensor Unit

The presented sensor unit is designed as an autonomous sub-
system which is able to inform the onboard unit (OBU) - about
concentration of LPG in ambient air. The sensor unit consists of
analog sensor elements whose output signals are processed by
microcomputer in real time (Fig. 1). The result values are trans-
ferred into master unit by using of CAN bus [1] and proprietary
communication protocol on the application layer.

For LPG concentration measurement the sensor Figaro TGS
813 [6] based on the SnO, structure vapoured on aluminum sub-
strate was selected. The LPG influences the resistance of sensor.
This influence can be modeled by formula (1), where 4, o are con-
stants for given type of LPG sensor, C is LPG concentration (in
ppm) and Ry, is sensor resistance at temperature 20 °C and rel-
ative humidity 65 %. Moreover, the value of sensor resistance
depends on air temperature and relative humidity. For compensa-
tion of their influences the sensor unit is equipped with temperature
sensor and relative humidity sensor. The compensation of LPG
concentration is being performed in real time by microcomputer
software which uses mathematical apparatus described in next text.

Ry =A-C° (D

2. Measurement of LPG Concetration

The LPG sensor element is connected into the microcomputer
in accordance with schematics in Fig. 2. The LPG in ambient air
influences its resistance so that measurement of LPG concentra-
tion is changed to measurement of sensor resistance. Therefore the
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sensor element is connected as a part of voltage divider with vari-
able ratio of division together with resistor R,,. Input of the divider
is connected to the supply voltage U... The voltage Uy, from
resistor R,, is connected to the input of A/D converter whose ref-
erence voltage is connected to U, too. Therefore the resistance
of sensor element can be calculated from formula (2). Voltage Ug,,
is measured by the A/D converter with resolution rb according to
formula (3) where RES ,p, is the result of A/D conversion. Com-
bining the formulae (2) and (3) the sensor resistance Ry can be
calculated from formula (4). Note that the formula (4) is inde-
pendent on supply voltage U This fact has positive influence on
precision of measurement.

Uce — Upy
Ri=R, ——F7F7-7— 2
s M Unn (2)
U
URM = RESADO'ﬁ (3)
(2" — 1) = RESu»
Ry =R, 4
s o RES,, (4

The value of LPG concentration (in ppm) can be calculated
according to formula (5) which comes out from (1). In the formula
(5) the Ry, is resistance of sensor element after compensation of
temperature and relative humidity influence. This compensation is
given by formula (14). The constant R, is resistance of sensor
element at C = 1800 ppm, 7,5 = 2 0°C and RH = 65 %. K and
o are specific constants for the given type of sensor.
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Fig. I Block diagram of LPG sensor unit
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Fig. 2 Schematic diagram of the LPG sensor

3. Measurement of Relative Humidity

For measurement of relative humidity a capacitive sensor
element Philips 2322 691 90001 was selected. Capacity Cj of this
sensor depends on the relative humidity. Inverse function of this
dependence is shown in Fig. 3 (points). This dependence can be
approximated by polynomial function of the second order which
is given by formula (6) - curve in Fig. 3.

Measurement of the relative humidity is converted to the mea-
surement of capacity. One of the simplest but sufficiently accurate
methods of capacity measurement is utilization of measured capa-
city as element which determines the frequency of oscillator. In
the described sensor unit the oscillator with well known CMOS
timer 555 was used. The signal of astable flip - flop circuit config-

COMMVINICIONS

ured according to Fig. 4 has duty cycle 1:1 and frequency is given
by formula (7) where ap = 1.4 is constant and R, is timing resis-
tance (Fig. 4). The frequency of oscillator is measured by two
timers / counters which are built into used microcomputer. The
first timer/counter works as counter and the second one works as
time base generator. Resultant formula (8) which goes out from
(6) and (7) determines the relative humidity. Values of constants
for the described sensor unit are summarized in Table 1.

RH =a, Ci+a. C+ ag (6)
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Fig. 3 Dependence of relative humidity on the sensor capacity and its
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Fig. 4 Convertor of capacity to frequency
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4. Measurement of Temperature

The temperature is being measured by linear temperature sensor
LM335 (product of National Semiconductor Corp.) whose output
voltage depends on absolute temperature linearly. This dependence
is described by formula (9) where a;g,; and a;, are constants for
the given type of sensor. The temperature sensor can be calibrated
by proper selection of these constants [5]. Measured temperature
can be calculated from formula (10). Taking A/D process into

are taken from [6]. This dependency is approximated by function
of two variables R and Tz, according to formula (13) whereby
constants for given sensor unit a,, a,, a,, ¢,, ¢; and ¢, are listed in
Table 1. The result of approximation is depicted as curves in Fig.
5. The compensation function (14) is derived from the formula
(13). Then the compensated value Ry, from (14) enables to cal-
culate the LPG concentration from formula (5) if the temperature
of air T}z, and the relative humidity R;; are known.

.. R
account (11) the resultant formula for temperature calculation is n S (aq . ln( RH + 1) 4 Cz)' T2 +
(12). 520 (13)
+(a - (RH + 1) + @) Typas + - In(RH + 1) + ,
Urs = ars1* Typas + argo (€]
Values of constants for LPG sensor unit Tab. 1.
Typas = Uns — o (10) al-] K[-] Arsi [vee arso [V]
s 0.5413 57.82 0.01 273
U, ap[-] b [-] ag [F72 ag [F7!
UTS _ RESADI . i cc (1 l) F 2 [ 32 Cl [ ]13
2" —1 1.4 10 -3.77-10 1.21908-10
RESu Uee — (2" — 1) gy acy |- a,['C77] 6 ['C77 a,[’C7']
Toeas = (12) _ _
MEAS (2,;, _ 1),%1 882.9328 4.382:10-5 5.359-10-5 0.003517
¢ [°C7'] ap [-] ¢ [-] R, [O]
—0.007298 —0.1052 1.7970 1149
5. Compensation of Temperature and Humidity R, 0] R Q] Uee V]
Influence on the LPG Sensor
4700 8200 5
Since the temperature and relative humidity influence the LPG
sensor resistance it must be compensated. The real temperature
Rs
Ry = (14)

(@ (RH + 1)+ &) Theas + (@ (RH + 1) + ¢) Tyeas + - In(RH + 1) + g,

dependency of relative resistance (Rg/R,) of the LPG sensor with
relative humidity as parameter is shown in Fig. 5 as points which
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Fig. 5 Dependency of LPG sensor relative resistance on temperature
and relative humidity

Fig. 6 Manufactured LPG sensor unit

6. Communication Protocol on the Application Layer

A simple communication protocol was designed for commu-
nication between sensor unit and the OBU. Standardized application
protocols working on the CAN bus (CANOpen, DeviceNet) were
not used for their complexity. The protocol is based on command
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Structure of the PDU Tab. 2.
ID DO Dl D2 D3 D4 D5 D6 D7
CMD_ID/
SENS_ID ANS ID MES_NBR | SENS_NBR_L | SENS_NBR_H | VAL_I L VAL_I_H VAL 0_L VAL_0_H

- answer principle. Protocol data units are transferred by using
standard data frames with 8 octet data field in accordance to CAN
2.0A specification [4]. The PDU structure is given in Tab. 2. The
CAN message identifier (11 bits) is used to address group of sensor
units which measure the same quantity (00OOH - OBU, 010H -
inclination sensors, 020H - pressure sensors, 030H - gas sensors,
040H - temperature sensors). The sensor unit uses CAN filter to
select only the messages relevant for its group. The whole sensor
network is addressed by message with identifier 000H. Individual
sensors can be addressed on the application layer by the 16 bits
sensor unit number SENS_NBR.

The command, answer or alarm is identified by the CMD_ID/
ANS_ID field (Table 3). Command parameters or measured values
are transferred in the fields VAL1_L - VALO_H. If longer message

must be fragmented the field MES_NBR gives number of fragments
(4 bits) and fragment order (4 bits). Fig. 7 shows an example of
communication.

7. Conclusion

The described intelligent sensor unit (Fig. 6) was manufac-
tured as a part of system for monitoring dangerous load transport
[1, 2] which was solved within the international project Connect,
subdomain 4.9 “Dangerous goods monitoring and information
system” [3]. The method of LPG concentration measurement in-
cluding compensation of temperature and relative humidity influ-
ences was implemented into firmware of the sensor unit.
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Fig. 7 Snapshot of CAN protocol analyzer
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Definition of commands, answers and alarms

Tab. 3.

CMD_ID/ ANS_ID TYPE Description
00H CMD Get sensor unique identifier
01H ANS Number of sensor unit
02H CMD Set number of sensor unit
04H CMD Get sensor unit status
05H ANS Sensor unit status
06H CMD Get actual sensor data
07H ANS Actual sensor data
08H CMD Set sensor limit value
0AH CMD Get sensor limit value
0BH ANS Sensor limit value
ODH ALM Upper limit exceeded
OFH ALM Lower limit exceeded
1TH ALM Sensor error
12H CMD Sensor reset
13H ANS OK
ISH ANS Error
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