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Abstract—An integrated pressure-sensor system was 
developed using the sensor-conditioning processes, 
which resulted in the optimum sensitivity of the 
pressure-sensor through the signal amplification, 
noise reduction, and level shift. Due to the specified 
characteristics among the components, such as 
operation range, the sensor output was generally 
limited compared to the full scale of the reading when 
coupled with other parts. Devices fabricated exhibited 
comparable characteristics with higher pressure 
sensitivity to that of the pressure sensor without 
sensor-conditioning process. In this work, the sensor 
resolution was at least enhanced at least by 25% using 
the sensor-conditioning processes.    
 
Index Terms—Pressure-sensor, sensor-conditioning, 
sensor-resolution, pressure-sensor system  

I. INTRODUCTION 

Pressure-sensors have widely many applications as 
sensing elements [1-7]. For example, in the cryogenic 
gas industry, management of gas-inventory and 
monitoring the gas-pressure are very important in order 
to decrease the damage caused by interruption of the gas 
supply, and to increase the productivity through the 
continuous gas supply. Hence, in this work, we proposed 
to build the system for supplying the cryogenic gases 
without interruption, against which the dual sensor was 
proposed for the simultaneous measurement of pressure 

and pressure-difference in the gas tank. Using the dual 
sensor makes it possible to estimate the pressure in the 
tank as well as the residual quantity. Also, it provides the 
users with the information through the wireless 
communications in real time. This proposed system can 
reduce the enormous losses by avoiding the interruption 
of the gas supply, and therefore, enhance the quality of 
service of the gas supply.  

However, unfortunately, the output signal of the 
pressure sensor is limited to a certain voltage and/or 
current level because the output exhibits the specific 
operating range depending upon electrical devices. For 
the desired levels of full scale, we need conditioning the 
output signal of the pressure sensor, in which the output 
serves as an input for the next stage. First, we use the 
level shifter to convert one voltage level into another 
voltage level. Then, the sensor output needs a moderate 
amplification for full scale reading. 

In practice, most digital circuits such as 
microcontroller circuits are designed as direct current 
(DC) circuits. In this work, bypass capacitors were used 
to dampen the AC components because the variations in 
the voltages may make the circuit operate incorrectly. 
Also, when a particular electrical system receive a 
voltage way higher than the specified voltage sufficient 
for their operation, the whole system and any electrical 
devices connected to the system get damaged. For the 
protection of the electrical systems, a surge arrester was 
used in this work to limit the voltage supplied to an 
electric device by either blocking or shorting to ground 
any unwanted voltages above a safe threshold. 
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II. SYSTEM DESIGN & ANALYSIS 

We designed and developed an integrated pressure-
sensor system for reliable measurement of pressure while 
ensuring no transmission-interruption of its information. 
Particularly, we used sensor-conditioning technique for 
the signal adaptation during the processes. We analyzed 
the sensor-output characteristics for each stage as below. 

 
1. Sensor-Conditioning  

 
In Fig. 1, the whole integrated pressure system was 

presented. However, in this paper, we mainly described 
and focused our discussions on sensor-conditioning part 
in which current/voltage conversion, filtering out AC 
signal, buffering, level-shifting, and amplification have 
been done for the desired conditions of the following step 
(see Fig. 2).  

 
A. I/V Conversion of Sensor Output   
The pressure-sensor provides its output as a current 

value, that is, 4 mA (minimum pressure) to 20 mA 
(maximum pressure) with 24 V power supply. Then, the 
current-level output was converted to the voltage-level 
for being processed in digital circuits from the micro-
processor at the following stage (‘main controller’ stage 
in Fig. 1). Through 250 Ω, the pressure-sensor output 
becomes:  

 
 Vin = IR = (4~20 mA)´ 250 Ω = 1~5 V  

 
If we considering that the resistance values may be in 

error by up to 5% either way, we can pick 240 Ω instead 
of 250 Ω. Then, Vin = IR = (4~20 mA) ´ 240 Ω = 

0.96~4.8 V. In fact, we can choose any value, for 
example, such as 125 Ω. Then, Vin = IR = (4~20 mA) 
´ 125 Ω = 0.5~2.5 V. However, we picked 250 Ω for 
matching the peak of the following stage (0~5V). Also, 
we used bypass capacitors to remove any AC noise that 
may be present on a DC signal, and therefore produce a 
much cleaner DC signal, as shown in Fig. 2. Finally, the 

output voltage through an OP-Amp is 1TP inV V I R= = × =  

(4 ~ 20 mA) 250 1 ~ 5 V× W =     
 
B. Unity-gain Buffer 
Although the voltage gain is unity, for keeping stable 

signals, we used a unity-gain buffer, ensuring that the 
measurement of a voltage does not disturb the circuit 
producing the voltage to be measured. Because an OP-
Amp has very high input impedance, the circuit would 
not be affected even with a high impedance load. It is 

 

Fig. 1. A schematic block diagram for the integrated pressure-
sensor system. 

 
 

 

 

Fig. 2. Sensor-conditioning circuit (I/V conversion, noise 
reduction, unity-gain buffering, level-shifting, and 
amplification). 
 



188 SUNG-HEE HONG et al : IMPLEMENTATION OF AN INTEGRATED PRESSURE-SENSOR SYSTEM ADAPTED TO … 

 

obvious that the voltage stays the same even after passing 
through the unity-gain buffer.  

 
C. Level-shifting  
Level-shifting circuit was carefully used for the signals 

to go to the desired voltage domain. In this process, we 
lowered the minimum Vin, 1 V, down to 0 V. The 
calculation of V1 starts from 
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And, the voltage at TP2 is given by 
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Substitution of Eq. (2) into Eq. (3) yields 
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Then, using R1 = R2 = 10 KΩ yields 
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where the unit of X1 is KΩ. It is obvious that Eq. (4) is a 
decreasing function with respect to X1. Note that this 
function is not absolute linear. As explained above, we 
performed the level-shifting process for the purpose of 
adjusting the minimum Vin to be 0 V for which we can 
solve X1 as follows: 
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Then, for X1 = 20/7 KΩ, the corresponding results of 

2TPV , by level-shifting of the maximum Vin, 5 V, can be 

calculated as below: 
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In summary, through the level-shifting circuit, the 

buffered signals (1~5 V) have shifted to the range of 
0~40/11 V. 

 
D. Amplification 
For the higher resolution of output reading, 

amplification circuits were employed by using several 
operational amplifiers (OP-Amps), resistors, and 
capacitors. Amplification factor was adjusted for the full 
scale of reading in one direction. In our case, the signals 
amplification was aimed at the operating voltage (0~5 V) 
for analog-digital (AD) converting of the next step. In 
Fig. 2, variable resistor, X2 (0~50 KΩ), control over the 
voltage of TP3 as follows:  

              

3 2

3

2

2

4

2

4

(1 ) 

Amplification factor (1 )

TP TP

TP

TP

XV V
R

V X
V R

= +

= = +
    (6) 

 
In our case, the amplification factor should be 

5/(40/11) = 1.375 for which we designed X2 = 3.75 KΩ 
for R4 = 10 KΩ. In Table 1, we summarized and 
analyzed the characteristics of the sensor-conditioning 
circuits for I/V conversion resistances, R = 125 Ω and R 
= 250 Ω, respectively for comparison. 

Also, in Fig. 3(a) and (b), we compared the range of 
the output voltage for VTP1 by I/V conversion), VTP2 by 

Table 1. Summary & Analysis in the characteristics of the 
sensor-conditioning circuits 

I/V conversion Resistance R = 125 Ω R = 250 Ω 
Output voltage 0.5~2.5 V 1~5 V 

X1 for level-shifting 20/17 KΩ 20/7 KΩ 
Output voltage (Level-shifting) 0~40/21 V 0~40/11 V 

X2 for amplification 65/4 KΩ 3.75 KΩ 
Amplification 2.625 1.375 

Overall amplification through sensor-
conditioning stage 

2.500 
(150%) 

1.250 
(25%) 
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level-shifting), and VTP3 by amplification. It is observed 
that the sensor resolution was enhanced by 25~150% 
through the sensor-conditioning processes.  

 
2. Main Controller 

 
The conditioned electrical signals by level-shifting and 

amplification was delivered to the main controller part 
where, mainly, the microprocessor A microprocessor chip, 
composed of a set of electronic circuits, incorporates 
many functions on a single or a few integrated circuits 
(ICs). In the microprocessor circuits, noise-reduction 
process is required for the prevention of malfunction, 
parametric shift, and system failure due to voltage spike. 
As shown in Fig. 4, we used 5.6 V surge arresters (surge 
protection devices) that protect electrical systems from 
damages caused by overvoltage. Hence, in case of 5.6 or 
more voltage surge inflow, the high voltage current is 
sent directly to the insulation or to the ground to avoid 
damaging the system.  

A surge arrester can protect other electrical equipment 
connected to the power source, and it ensures that the 
high voltage does not get into the electrical system. 

Typically, a surge arrester has both a ground terminal and 
a high-voltage terminal.  

Also, we can see the real noise reduction circuits on 
PCB with surge arresters and bypass capacitors in Fig. 5.  

In the main controller part, we have a main controller 
power supply where we used the common Switched-
Mode Power Supply (SMPS) because of its high 
efficiency and high energy density. It should be noted 
that 5 V was needed for the micro-processor and its logic, 
+12 V/-12 V for OP-AMPs operation, and 24 V for the 
pressure-sensor, respectively. Each power supply was 
designed for its own purpose without affecting the other 
parts. The circuit for the power supply in the main 
controller is shown in Fig. 6 as below. 

 
3. Device Information Management 

 
In this work, we used RS-232 telecommunication 

transmission, which is commonly used as an electronic 
data communications between the main controller and 
PCs. Through RS-232 wired communication, we can 
manage or ask for information about the outputs of the 
pressure-sensors. Our system for device information 
management was designed by using C programming 
language. 

 

 

(a) R = 250 Ω 
 

 

(b) R = 125 Ω 

Fig. 3. Comparison of the output voltage for VTP1, VTP2, and 
VTP3 for I/V conversion resistance (a) R = 250 Ω, (b) R = 125 Ω. 
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Fig. 4. Surge arresters (5.6 V) for noise reduction. 
 
 

 

Fig. 5. Noise reduction circuits on PCB using 5.6 V surge 
arresters and bypass capacitors (see red boxes). 
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4. CDMA MODEM 
 
The data and information from the micro-processor 

were transmitted through 2G CDMA MODEM which 
sends and receives data through radio waves, and are 
activated by the network with subscription to a CDMA 
service provider. The data and information can be sent to 
the server PC, client PCs, and individual smart-phones 
through the internet network. The circuit for CDMA 
MODEM is shown in Fig. 7. 

Finally, the whole integrated pressure system 
including sensor-conditioning circuit, main controller, 
the circuit for device information management, and 
CDMA MODEM was presented in Fig. 8.  

III. CONCLUSIONS 

In this work, we designed and developed an integrated 
pressure-sensor system using sensor-conditioning 
technique for the signal I/V conversion, stability, level-
shifting, and amplification. It was observed that the 
resolution of sensor output approximately exhibited an 
increase at least 25% through sensor-conditioning. It may 
be concluded that sensor-conditioning can adjust its 
output characteristics to any operation range of the 
following stage. In addition, it should be noted that we 
carefully used the bypass capacitors and surge arresters 
for noise-reduction and system safety. 
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