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Abstract 
In recent years wireless sensor network (WSN) is introduced in the fresh food tracking area as a 

promising solution to monitor the food transportation process. The widely applications of WSN 

are demanding a Universal Sensor Interface (USI) that is able to support large numbers of 

sensors, including gas sensors, force sensors, temperature sensors, water quality sensors, etc. In 

this thesis, the Universal Sensor Interface (USI) based on Programmable System on Chip (PSoC) 

from Cypress is presented and discussed. Multiple sensor interfaces are implemented in PSoC 

therefore a “sensor interface design library” is established. The dynamic reconfiguration, which 

is a key feature of USI, is also demonstrated. It allows USI to support multiple sensors in a time 

division fashion by in-circuit and run-time reconfiguration. Part of the sensor interfaces are 

tested and evaluated, proving both the hardware and software design. Finally the conclusion is 

made and future work is discussed as a guidance of the follow up work.  
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1. Introduction 

1.1 Background 
This thesis is a part of global food tracking service project in iPack Vinn Excellence Center. As we 

know quite a lot of fresh fruits and vegetables are damaged during transportation. It not only 

causes a great amount of money loss but also threats the safety of public. The causes of food 

damaging are usually physical injuries like temperature or humidity changes, mechanical 

damages by Collisions during transportation and so on. Therefore how to monitor the 

environment change during transportation process is an issue. 

Fortunately, in recent years wireless sensor network (WSN) is introduced as a solution to 

monitor the entire life cycle of transportation process. In WSN numbers of sensor nodes are 

placed in the vehicles to collect all kinds of environment conditions which are able to impact the 

food quality. The sensor nodes consists of various kinds of sensors to monitor the physical, 

chemical or environment conditions, such as temperature, humidity, gas concentration and 

accelerations.  

Traditional method to implement the sensor interface is designing different interfaces for 

different sensors. In such a design the hardware is fixed thus the flexibility is limited. What’s 

more, in order to support large numbers of sensors the interfaces can be quite complex and 

complicated. In this sense universal sensor interface (USI) is proposed. Through universal sensor 

interface (USI) the sensor node is able to support a large amount of sensors to collect and 

process signals.  

Universal Sensor 
Interface (USI)

Sensors

MCU
 

Figure 1-1 Universal sensor interface 

The thesis is structured as follows: in the first chapter the background is introduced, including 

the concept of USI. Chapter two describes the structure and development environment of 

programmable system-on-chip (PSoC). Chapter three is about the hardware and software 

realization: the sensor interface for different styles of sensors and an example project of 

universal sensor interface (USI) that supports multiple sensors. Then the experiment result is 

presented and discussed. A conclusion is made in the last chapter. 

1.2 Universal Sensor Interface (USI) 
The universal sensor interface (USI) is aim to provide a solution to convert various sensor signal 

to a standardized signal so that the complex conditioning circuit for different sensors is greatly 

simplified. The circuit may consist signal conditioning functions such as amplification, impedance 
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transformation, analog digital converting, references, calibrations, and stimulation circuits  

depending on the specific design requirement. 

There are many approaches to realize the universal sensor interface (USI). One of the solutions 

is to implement a circuit board with discrete components, like instrumentation amplifier, 

operational amplifier, analog filter, AD converter and MCU. Another solution is to develop an 

analog/digital mixed signal ASIC. However, both of these two approaches have some drawbacks. 

For the ASIC solution, it is obvious that the designing phase can be quite long and expensive 

development tools are involved, therefore it can hardly fulfill the requirement of a rapid time-

to-market design. What’s more, due to the limitation of ASIC, the so called universal sensor 

interface (USI) is not flexible to make any further modification or upgrade. As to the second 

solution, the system can be relatively large due to the use of discrete components. As a result 

the whole circuit is quite complex and complicated. 

In this thesis, a new solution for universal sensor interface (USI) is presented. Different with the 

previous two solutions, the new solution comprises a configurable module and a few peripheral 

circuits. The configurable module is the core of the whole interface, composed by a few 

operational amplifiers and digital blocks, which is able to be interconnected by the programmed 

firmware. In this way, each sensor is directly connected to the configurable module through 

some internal multiplexers. The MCU in the sensor node tells the module which sensor is now 

selected and the corresponding configuration is loaded to the module. In this sense, the output 

signal for each sensor is converted to a standardized signal to the MCU.  

Some candidate chips are selected for this solution, such as the Programmable System-on-Chip 

(PSoC) from Cypress and Field Programmable Analog Array (FPAA) from Anadigm. After a careful 

comparison of the above chips in terms of design flow, commercial ability, flexibility, 

functionality and power consumption, the Programmable System-on-Chip (PSoC) is finally 

selected as the configurable module. 
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2. PSoC Introduction 
The Programmable System-on-Chip (PSoC) from Cypress, which is a mixed signal array, is widely 

used in the wireless sensor network (WSN) area in recent years. There are 3 generations of PSoC 

(PSoC1, PSoC3 and PSoC5) available in market facing different applications. 

The PSoC device used in this project is CY8C29866 in PSoC1 family. This is a powerful Harvard-

architecture M8C processor with 16 digital blocks and 12 analog blocks, which can be internally 

routed to perform different functions. Also, the flexible on-chip memory allows the dynamic 

reconfiguration at run time, which is a great benefit to the simplification of interfacing circuit in 

sensor node. The other characteristics, such as programmable pin configurations, 

communication user module, provide much flexibility for user to design the project.  The 

following sections introduce CY8C29866 in details. 

2.1 Analog system 
In this section, the analog system of PSoC is introduced and discussed. Figure 2-1 shows the 

structure of PSoC analog part. The analog blocks are divided into 4 columns, each column has 

three blocks: one continuous time block (CT) and two switched capacitor blocks (SC). As to the 

pin out, there are up to 12 analog inputs and 4 analog outputs, which are sufficient for the 

requirement of USI design. 

 

Figure 2-1 PSoC analog system 

The CT block is built on a low noise operational amplifier, the multiplexers inside are controlled 

by the register control bits to determine the signal topology inside the block. The resistor matrix 

is in the feedback path to adjust some parameters in user module. 

The SC block is similar to the CT block. It is also built on a low noise operational amplifier with a 

group of multiplexers. However, the resistor matrix here is replaced by four capacitor arrays. 

Three of the capacitor arrays are input array and are labeled A Cap array, B Cap array and C Cap 

array. The fourth one is in the feedback array so that it is labeled as F Cap array. The block 

controls the movement of charge between each capacitor to approximate the behavior of 

resistor. Based on this technique the SC block is able to be configured as different modules, 

including as an integrator, comparator and so on.  
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2.2 Digital system 
In this section, the digital system of PSoC is discussed. Unlike the analog part, the digital part is 

quite simple and easy to understand. There are 16 digital blocks in total allocated in 4 rows. 

Every block is an 8 bit resource that can be used separately or combined with other blocks in the 

same row to form an 8, 16 or 32 bit user module. All of the blocks are able to be routed out to 

the GPIOs through the global output odd/even bus.  

 

Figure 2-2 PSoC digital system  

In this project the digital blocks are configured as RX, TX, PWM and ADC to achieve the function 

of USI together with analog blocks. 

2.3 PSoC Designer introduction 
PSoC designer is an integrated development environment that users can custom PSoC for 

specific application requirement. The user modules in PSoC are already pre-characterized so 

that users only need to drag and drop the module to proper blocks. In addition a C language 

Compiler is provided enable users to create C code in PSoC. Figure 2-3 is a screen shot of PSoC 

Designer. 

 

Figure 2-3 PSoC Designer 
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In PSoC Designer some global resources are required to set such as the power setting and Ref 

Mux setting. 

Power setting: the nominal operating voltage and system clock is selected, from which a group 

of internal clocks (V1, V2 and V3) are derived. The divider value for V1 and V2 is from 1 to 16, for 

V3 is 1 to 256, so variety of clock frequency is able to be selected for digital and analog blocks. 

Ref Mux: it selects rang and accuracy of analog reference. It selects the analog ground and peak 

to peak voltage limits the analog system. In this thesis work the Ref Mux is always set as (Vdd/2) 

+/- (Vdd/2). 

The development process of PSoC is different from the traditional microprocessors. The 

configurable resources inside enables a wide variety of user selected functions. A typical PSoC 

develop process is illustrated below: 

Select components

Configure 
components

Organize and 
connect

Generate, verify and 
debug

 

Figure 2-4 PSoC develop process 

PSoC Designer provides a library of pre-built user modules. Each user module establishes the 

basic register settings that implement the selected function. After that a signal chain is built by 

interconnecting user modules to each other and IO pins. When users are ready to test the 

hardware configuration of the project, perform the “Generate Application” step. Then PSoC 

Designer generates source code that automatically configures the device and provides the 

software for the system. 
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3. Hardware and Software Design 

3.1 Sensor introduction and interface design 
In this section the sensors selected for wireless sensor node and the corresponding interface is 

presented and discussed. 

3.1.1 Oxygen sensor 

The oxygen sensor we selected is a kind of electrochemical sensor. The sensor is used to 

measure the oxygen concentration in the air and produce the current accordingly. It is actually a 

battery so that no external power is needed for sensor operating. For the common 

electrochemical sensors, there are three electrodes: anode, cathode and electrolyte. 

 

Figure 3-1 Oxygen sensor 

While the oxygen sensor is placed in the air, the sensor gets contact with the air through the 

filter on top of the sensor; then the chemical reaction begins automatically inside the sensor. 

For the cathode, the reaction is as follows: 

                 

For the anode, the reaction is: 

                       

The output current is approximately linear respected to the oxygen concentration.  

Based on the theory above, the oxygen sensor 4OX (2) from City Technology Ltd is selected. It 

has a nominal range of 0-25% oxygen and can operate in air for around two years. The output 

current from sensor is very small around 100  . To measure the output a load resistor is 

recommended to convert the current into voltage. The resistor should be neither too large nor 

small or side effect may occur. According the datasheet a 510Ohm resistor is selected, which 

results a 50mV voltage drop across the terminal. Then the signal is sent to an amplifier and 

finally an ADC is used to digitize the signal. Figure 3-2 shows a typical oxygen sensor interface. 
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I1
100uA 

R1
510Ω

VSS

1.65V

VDD

3.3V

ADC

 

Figure 3-2 Oxygen sensor interface 

The devices from PSoC are all single supply operations. The sensor’s output maybe oscillates 

before it comes into stabilization, therefore enough range should be given for oscillation. In this 

case, Vdd/2 is connected to the cathode of the oxygen sensor.  

Since the initial output from the sensor doesn’t include the ground, so an instrumentation 

amplifier is needed. The instrumentation amplifier user module provides a standard two opamp 

instrumentation amplifier circuit topology and a three opamp topology.  For the two opamp 

INSAMP, it maps to two continuous time (CT) blocks. It converts the external differential signal 

to a single-ended output, while the voltage reference, gain, analog bus connections are set in 

the PSoC Designer. For the three opamp INSAMP, the two continuous time (CT) blocks forms the 

inverting and non-inverting input ports. An additional switched capacitor (SC) block is used to 

convert the differential output to a single-ended output. Obviously, the three opamp structure 

has a better performance in common mode rejection so that it is selected as the amplifier in 

oxygen sensor interface. 

The output voltage of the INSAMP is simply: 

                         

Where: 

2.5V is a virtual ground as the reference voltage of INSAMP.  

    is the voltage in non-inverting input of the INSAMP. 

    is the voltage in inverting input of the INSAMP. 

Gain is the user-programmable gain which is able to be selected up to 93. 

The maximum output from the sensor is approximately 100   and the gain is set as 36, so the 

maximum output is around 2V, which results a 25% overage capability. Using the typical 80   

output in the air, the output can be translated to percentage of oxygen as follows: 

                                              

Where          is the concentration of oxygen, e.g. in air               
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The next step in oxygen interface is analog-digital sampling to digitize the output voltage from 

INSAMP. PSoC provides various kinds of AD for users such as the incremental ADC, Delta-Sigma 

ADC and Successive Approximation ADC. To reduce the power consumption and achieve a high 

resolution, the ADC is required to have at least 10 bit resolution and 1000sps sample rate. In this 

case the Delta-Sigma ADC DS2256 is chosen which has a 14-bit resolution with 256 X 

oversampling and maximum sample rates of 7812 sps. The ADC is comprised of two digital 

blocks and two analog switched capacitor (SC) blocks. Two digital blocks are configured as a 16 

bit pulse width modulator (PWM) to provide clock and CPU interrupt. The analog blocks are 

configured as an integrator. The sample rate is decided by the formula below: 

           
                  

                
                    

Where: 

Data Clock Frequency is set in the PSoC Designer by user. 

Decimation Rate is the Oversampling rate, which are 256 for DS2256. 

According to the data sheet of ADC, the voltage resolution is able to be calculated: 

           
     

     
           

Translated to oxygen concentration, that is 0.004% per bit, which is enough for oxygen sensor 

interface. 

 

Figure 3-3 block allocation in PSoC 

Figure 3-3 is the analog part of the interface in PSoC Designer. The INSAMP is implemented in 

the first and second column, using block ACB00, ACB01 and ASD11. The differential signal is 

input to port0_0 and port0_1, the single-ended output is routed to ADC internally, which 

occupies two SC blocks in the first column. In addition, to reach the digitized value from ADC, an 

8-Bit Serial Transmitter (TX) is used to transmit the data to terminal in computer.  



14 
 

Software implementation 

The software part is quite simple and easy to understand. Users only need to use the APIs for 

different devices to control the function and timing sequence of the circuit. Once the ADC result 

is ready the TX sends the data to terminal as soon as possible. Figure 3-4 shows the flow of 

program. 

Start user code

Start INSAMP, 
ADC, TX

ADC data 
ready?

Data 
transmitting

Yes

No

 

Figure 3-4 program flow charts 

Resource utilization 

Resources Used Available 

Digital Blocks 3 16 blocks 

Analog Blocks 5 12 blocks 

RAM 42 2KB 

ROM 4479 32KB 

Table 3-1 resource utilization 

The summary resources utilization (see table above) shows that 42% of analog blocks are used 

as well as 18.75% of digital blocks. Also, a small amount of RAM and ROM is used. The low use 

of the resource benefits from the simple structure of the interface and flexible on-chip 

resources in PSoC.  

3.1.2 CO2 sensor 

The CO2 sensor we selected is a kind of infra-red sensor. As we know, a wide variety of materials 

absorb infra-red radiation due to the molecular vibration, for different materials the strength of 

absorption depends on the wavelength, therefore the absorption spectra for different material 

is totally different. The infra-red sensor is based on the fundamental theory described above. 

Figure 3-5 below shows the typical infra-red spectra for carbon monoxide, propane, n-hexane 

and carbon dioxide. 
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Figure 3-5 Absorption Spectra 

There are four parts composed in the CO2 sensor: an infra-red source, a detector, a sample cell 

and a band pass filter to select appropriate wavelength. The radiation passes through the 

sample cell and filter to reach the detector. The radiation not absorbed is then detected by the 

detector and the ratio to the incident indicates the concentration of target gas in sample cell. 

Meanwhile, a second detector is set to a specific wavelength which is not able to be attenuated 

by any wavelength so that a reference measurement is obtained. 

A further component that enhances the accuracy of the measurement is an internal 

temperature sensor. The components in infra-red sensor have dependency with temperature 

which should be compensated to provide an accurate measurement. Thus the temperature 

sensor should be placed very close to the detector to achieve the best performance. 

The description above is a typical infra-red sensor. In addition, some conditioning circuit is 

required to support a normal operating of the sensor. The detector provides very small analog 

signals which require amplification and filtering. To carry out the temperature compensation, 

the amplified signals are converted to digital signals. The compensate data is stored in the 

EEPROM of sensor therefore a microprocessor is involved to calculate the final result. 

Figure 3-6 is a bottom view of the sensor 

 

Figure 3-6 

An overall block schematic of a typical 2 channel infra-red gas sensor with conditioning circuit is 

shown in figure 3-7: 
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Figure 3-7 Schematic of an instrument utilizing the IRcel 

The lamp should be connected in series with a 10Ω ballast resistor and powered with a 2Hz 

square wave at 3.3V. The pyroelectric detectors measure the light transmitted through the gas 

on each channel and respond to the change in  thermal  IR  flux  incident  on  them,  it  is  for  

this  reason  that  the  sensor  lamp  is  pulsed  and  a  low frequency AC measurement scheme is 

used. Figure below is a typical conditioning circuit for CO2 sensor. 
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Figure 3-8 CO2 sensor interface 

As shown above, there are two channel output: GAS and REF channel. Since it is quite similar for 

the circuit in two channels, let’s take GAS channel as an example.  As we know from the data 

sheet, the output signal is a 2Hz AC signal around 30mV with a DC offset around 1V. Thus the 

GAS channel is to amplify and filter the output signal from the detectors in sensor. The circuit is 

divided into A, B, C, D, E five parts; the function for each part is discussed in details: 

For the Part A, a big resistor around 47k is applied to achieve a high input resistance load. 

Following Part A is a passive high pass RC filter (Part B), which is used to filter out the DC offset 

in sensor output and add a new DC offset of Vdd/2. The cut off frequency is 0.16Hz. Part C is a 

non-inverting operational amplifier which has a gain of 11.2dB for GAS channel and 14.4dB for 

REF channel. Part D and part E together compose a band pass filter to increase signal to noise 

ratio. Then the final signal in each channel is a 2Hz AC signal around 1V. The transfer function 

and frequency response for each stage is listed below. 
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Part B:    
 

    
        

Part C:       
  

  
 

Part D is a second order high pass filter, the cut off frequency    
 

  √        
        

Part E is a second order low pass filter, the cut off frequency    
 

  √         
        

After amplify and filter, the signal will be sent to an ADC. The coefficients in EEPROM is 

downloaded and calculated together with the output of ADC, and then an accurate 

concentration of target gas is able to be obtained. 

The circuit using discrete component is discussed above, so the goal of our task is to re-

implement the circuit in PSoC. However, there are some limitations in PSoC design. For example, 

it is almost impossible to implement a single resistor or capacitor in PSoC and it is difficult to 

implement a low pass filter with a very low cut off frequency(less than 10Hz). Therefore it is 

necessary to use some discrete components to build the circuit. Figure 3-9 below illustrates the 

modified circuit for CO2 sensor, the circuit in red dotted box is implemented in PSoC.  

47.5kΩ 100kΩ

10µF

VSS

2.5V

VSS

2.5V

VDD

5V

30mVpk 

2 Hz 

0° sensor

 signal

Low  pass f ilter

 

Figure 3-9 CO2 sensor interface in PSoC 

An AC voltage source is selected to represent the sensor signal. The load resistor and passive 

high pass filter is exactly the same as what we discussed above. However, we made a 

modification on part C, D and E to simplify the circuit. As we know, the signal is a 2Hz sine wave 

around 30mV with a DC offset of 2.5V. Instead of a non-inverting operational amplifier, an 

instrumentation amplifier is selected with a gain of 30 so that the signal to noise ratio is much 

better compared with previous solution.  

There are two kinds of filters provided by PSoC: continuous time (CT) filter and switched 

capacitor (SC) filter. For the CT filter, a PGA module is used with external resistors and capacitors. 

Figure 3-10 is a typical CT low pass filter.  
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Vin
VoutPGA

 

Figure 3-10 CT low pass filter 

The CT filter has a wide bandwidth and is able to avoid error due to low sampling rate. However, 

many discrete components are involved if the CT filter is implemented. 

 On contrast with CT filter, for SC filters the parameters are able to be set in PSoC Designer so 

that there is no need of external components. However there are some limitations for SC filters 

such as the clock frequency selection and the topology selection. One problem we face is that 

the minimum cut off frequency for low pass SC filter is 10Hz, which is a bit higher than we 

expected. In this sense, it is a tradeoff between CT and SC filters.  

To simplify the circuit, in the PSoC solution we use the SC filters and finally the output is also 

quite good for further process. PSoC Designer provides filter wizard for user to simplify the 

designing work. 

 

Figure 3-11 filter configuration wizard  

As can be seen from the figure above, a Butterworth low pass filter is selected. The corner 

frequency is set to 10Hz, which is the minimum value can be set. Due to the working mechanism 

of SC filter, the sampling frequency cannot be too high or the expected frequency response will 

be much worse than nominal response. Once the corner frequency and sample frequency is set, 
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the other parameters will be generated automatically. The column clock is 4800Hz so the system 

clock (24MHz) should be divided by 5000, which is beyond the divider factor in PSoC, therefore a 

PWM module, is used to provide clock signal for the corresponding column.  

In addition, the ADC module is not included in the PSoC because of the limited analog resource. 

It is possible to add ADC if the instrumentation amplifier is replaced by PGA module, however 

the sample rate will be very low because of a low column clock (4800Hz) is used for filters. 

Therefore, an external ADC is needed for further signal processing. 

Figure 3-12 is the analog resource allocation in PSoC: 

 

Figure 3-12 block allocation in PSoC 

In figure 3-12, there are only two blocks unused. The left two columns are for GAS channel and 

the right two columns are for REF channel. For the GAS channel, the INSAMP occupies block 

ACB00, ACB01, and ASD11. The input Port0_1 is connected to the signal while Port0_6 is to 

AGND (2.5V). The single ended output is routed to the input of low pass filter, which uses ASC10 

and ASD20. Finally the filtered signal is sent to analog bus and output through Port0_3. For the 

REF channel, the allocation is exactly the same. 

Software implementation 

The software part is quite simple. The instrumentation and filter will work forever once start. 
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Signal amplify 
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Figure 3-13 

 

Resource utilization 

Resources Used Available 

Digital Blocks 1 16 blocks 

Analog Blocks 10 12 blocks 

RAM 2 2KB 

ROM 1201 32KB 

Table 3-2 resource utilization 

The summary resources utilization (see table above) shows that 83% of analog blocks are used 

as well as 6.25% of digital blocks. Also, a small amount of RAM and ROM is used. The high use of 

the resource is due to the complicated structure of the sensor interface. 

3.1.3 Temperature sensor (AD592) 

The AD592 is a two terminal integrated circuit temperature transducer which provides current 

output proportional to absolute temperature. The temperature sensor acts as a temperature 

dependent current source of 1    . The supply voltage ranges from +4V to +30V, providing 

much flexibility for users. Figure 3-14 is a bottom view of the sensor. 

 

Figure 3-14 sensor bottom view 
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For AD592 there are three pins: one positive, one negative, the pin between them is not 

connected to the internal circuit. The nominal output for the sensor at 25℃ (298.2K) is exactly 

298.2   , which indicates the output is 1    . 

 

Figure 3-15 

AD592 is able to be used in many areas; the following section illustrates some typical 

applications. 

Basic voltage output (single temperature trim) 

Since AD592 is a current output sensor, it is necessary to convert the current to voltage signals 

which is more convenient for further process. A simple solution is to connect a 1K load resistor 

to the output of AD592 so that the output is converted from       to     . Figure 3-16 

shows the circuit. 

AD592

298uA 

VCC

5V

R1
950Ω

R2

100Ω

Key=A
50%

Vout=1mV/K

 

Figure 3-16 basic voltage output 

Note that the load resistors is replaced by R1 950Ω and a potentiometer of 100Ω, the reason is 

for single temperature trim. As we know, there is an output error for every sensor; it is of great 

importance to start calibration before come to use. With the potentiometer it is required to 

adjust the value of R2 so that the output can be as close as possible to the highest accuracy, 



22 
 

which is       in this case. Figure 3-17 is from the datasheet of AD592 that shows the effect of 

scale factor on accuracy. 

 

Figure 3-17 Effect of Scale Factor Trim on Accuracy 

Average and minimum temperature 

Connecting several AD592 in parallel increases the current through load resistor so that an 

average temperature is obtained in this design, which reduces the output error compared with a 

single sensor design. If several AD592 are connected in series, then the output current is limited 

to the smallest one, which indicates the lowest temperature. Both of the design mentioned 

above is depicted in figure 3-18. 

VCC

5V

AD592_2

298uA 

AD592_1

298uA 

AD592_3

298uA 

R3
333Ω Vavg=1mV/K

VCC

5V

AD592_5

298uA 

AD592_4

298uA 

AD592_6

298uA 

R4
1kΩ Vmin=1mV/K

 

Figure 3-18 Average and Minimum Temperature Connections 

Back to USI, it is sufficient for us to use the single temperature trim solution. The sensor 

interface is the same as the figure 3-16. PSoC provides multiple of amplifiers for users, such as 

instrumentation amplifier (INSAMP), programmable gain amplifier (PGA), inverting operational 

amplifier (AMPINV), etc. For this case, a PGA is enough to reach the requirement. The output is: 

            

Where: 

V is the output of PGA; 

     is the voltage drop on load resistor; 
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Gain is set to 8 in PGA;  

AD592 provides a wide operating temperature range from -25℃ to +105℃, so the maximum 

output is less than      , results a voltage drop less than 400mV on load resistor. Therefore a 

gain of 8 is selected for PGA. Then the output becomes: 

                    

Where: 

T is the absolute temperature. 

The next step of sensor interface is analog-digital sampling to digitize the output and sending 

the data to MCU in PSoC. Similar as the oxygen sensor interface discussed above, the 

requirement for AD is also at least 1000sps sample rate and 10 bit resolution. In this sense, the 

same ADC DS2256 is selected which is capable in this design. 

According the datasheet, the resolution can be acquired: 

            
   

   
       

Translated to temperature, that is 0.04℃ per bit, which definitely fulfill the requirement of 

design. 

Figure 3-19 is the allocation of analog resources in PSoC. 

 

Figure 3-19 block allocation in PSoC 

PGA is implemented in the first column, connecting to Port0_1, using block ACB01. Signal output 

from PGA is internally routed to ADC DS2256 in block ASC10 and ASD20. In addition, a TX is 

implemented to transmit ADC result to a laptop terminal. 

The software is quite simple and is very similar as the project of oxygen sensor. 

Resource utilization 

Resources Used Available 
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Digital Blocks 3 16 blocks 

Analog Blocks 3 12 blocks 

RAM 40 2KB 

ROM 3533 32KB 

Table 3-3 resource utilization 

The summary resources utilization (see table above) shows that 25% of analog blocks are used 

as well as 18.75% of digital blocks. Also, a small amount of RAM and ROM is used. The low use 

of the resource is due to the simple structure of the sensor interface. 

3.1.4 Combustible sensor 

The pellistor gas sensors use catalytic combustion to detect combustible gas or vapors in air 

below low explosive limit (LEL). These sensors measure the concentration of combustible gas 

with 0% to 100% LEL range. The combustible sensors can measure variety of combustible gas or 

vapors so that it is possible to place sensors in gas mixture environment. The sensors producers 

use %LEL rather than %methane or %butane because %LEL is more useful and clear to indicate 

the concentration of combustible gas of environment.  

The sensor contains a detector and a compensator. The detector is made of platinum wire coil 

embedded in a bead of catalytic materials, while the compensator is a similar structure without 

catalytic materials. The compensator is used for compensating environmental factors such as 

pressure, humidity and temperature. Both detector and compensator are operated in a 

Wheatstone bridge which has an output only if there is a resistance difference between 

detector and compensator. There is no need for external trimming resistors because both 

detector and compensator are closely matched by voltage and current requirement during 

manufacturing process. The power supply of the sensor is a DC voltage around 4V depending on 

specific style of the sensor. The current flows through detector and compensator to heat the 

catalytic materials to a temperature as high as 500-550 ℃. Combustible gases are oxidized only 

to the detector part, which results an increase of the resistance, producing a signal proportional 

to the concentration of target gas.  

Based on the theory above and research on the market, two kinds of combustible sensors are 

selected: 4P-50C CiTipeL and MICROpeL 75C from City technology. Table 3-4 is a comparison 

between the sensors. 

 4P-50C CiTipeL MICROpeL 75C 

Range 0-100%LEL/0-5% methane 0-100%LEL/0-5% methane 

Operating Voltage 4.25V DC 3.3V DC 

Output Sensitivity 37 7mV/%methane 31 5mV/%methane 

    Response Time <20 seconds ( methane) <5 seconds ( methane) 

Table 3-4 resource utilization 

The sensor is corresponding to the limb of a Wheatstone bridge. The other limbs of the bridge 

are simply two resistors. The bridge is balanced if the sensor is placed in the fresh air. Figure 3-

20 is a typical sensor interface using discrete components. 
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VCC

5V

R1

20Ω

Key=A
50%

R2
16Ω

R3
27Ω

R4
27Ω

R5

1kΩ

Key=A

50%

U1

VCC

5V

ADC

sensor  

Figure 3-20 sensor interfaces 

The part in red dot box represents the internal structure of the sensor. It is clear to see that R1 

represents the detector and R2 stands for compensator. Two terminals from the bridge are 

connected to an instrumentation amplifier, and then an ADC is used to sample the signal. The 

signal sent to the positive port of INSAMP is divided by the detector and compensator of the 

sensor, which is half Vdd while no combustible gas is detected. The signal to negative port, 

which is a signal from other two fixed value resistors, should also be half Vdd. To achieve a high 

accuracy, an additional potentiometer is added to fine tune the value so that the output from 

bridge could be perfect zero when no combustible gas present. 

From the table above we can find the maximum sensor output                    . 

Since the offset from INSAMP output is usually half Vdd, so a Gain cannot be larger than
     

    
 

     , thus a gain of 10 is recommend. Similar as previous sensor interfaces, the final output is 

also sent to an ADC for further processing. 

Obviously, it is quite simple to realize such a structure in PSoC except the Wheatstone bridge. 

Therefore two external resistors and a potentiometer are used to form the limb of the bridge. 

Figure 3-21 demonstrates the resource allocation of PSoC. 

 

Figure 3-21 block allocation in PSoC 
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The INSAMP is implemented in the first and second column, using block ACB00, ACB01 and 

ASD11. The output is internally routed to the input of ADC, which is the same as the previous 

designs. Also a TX is used to send the result to a laptop terminal. 

Resource utilization 

Resources Used Available 

Digital Blocks 3 16 blocks 

Analog Blocks 5 12 blocks 

RAM 37 2KB 

ROM 4295 32KB 

Table 3-5 resource utilization 

The summary of resources utilization (see table above) shows that 42% of analog blocks are 

used as well as 18.75% of digital blocks. Also, a small amount of RAM and ROM is used. The low 

use of the resource is due to the simple structure of the sensor interface. 

3.1.5 Alcohol sensor 

In order to monitor the concentration of alcohol vapor we selected an alcohol sensor from Dart 

Sensors LTD. Similar as the oxygen sensor we discussed, the alcohol sensor is also a kind of 

current sensor. The working electrode liberates electrons to the counter electrode through the 

external conditioning circuit. It delivers a current with a linear relationship to alcohol 

concentration in air. The sensor’s output need amplification and temperature compensation 

depending on the accuracy of requirement. 

From the data sheet we know that a trans-impedance amplifier is recommended in the interface. 

It is the fastest model recommended from data sheet. The feedback resistor determines gain of 

the trans-impedance amplifier: with a value of 1000 , a sensor output of 5   results a voltage 

of 5mV. Due to the internal structure of the sensor, the output terminal should be short-

circuited during storage or an offset will developed. To avoid the offset when the circuit is 

switched off, a low value resistor can be placed across the terminal. An alternative method is to 

power the circuit on permanently. 

Figure below is a typical circuit: 

VCC

5V

AGND

Sensor

5uA 
R1
620Ω

R2 10kΩ

output

 

Figure 3-22 
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Trans-impedance amplifiers are usually created using an OPAMP with the positive input tied to 

ground and negative input connected to the input current, and a feedback resistor between 

output and negative input. However, the trans-impedance amplifier cannot be designed 

completely in PSoC. Figure 3-23 is the architecture of a CT block in PSoC. 

 

Figure 3-23 CT block structure 

As we can see the negative input of the OPAMP cannot be simultaneously connected to both 

port input and feedback resistor path. However, if the positive input of OPAMP is connected to 

AGND, negative input connected to port input, and an external resistor is placed between the 

output pin and input pin, then trans-impedance amplifier would be implemented. 

In this sense, a trans-impedance amplifier is implemented with an external resistor as described 

above. An AMPINV module has been placed on a CT block and it is modified in firmware. The 

output equation is: 

                           

The gain of the TIA is based on the value of the feedback resistor placed, and that the output is 

inverted and referenced to AGND. 

 

Figure 3-24 block allocation in PSoC 
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Figure above illustrates the resource allocation in PSoC. Similar as previous projects the 

interface of alcohol sensor is quite simple. A configured AMPINV module is placed in block 

ACB00 and the output is internal routed to an ADC. 

3.1.6 Pressure sensor (FSR 400) 

The USI circuit also supports the pressure sensor or force sensor. FSR 400 is widely used in the 

area such as game controllers, medical devices controls and so on. The actuation force is as low 

as 0.1N while the sensitivity range is up to 10N. Due to its small size it is very easy and simple to 

be integrated in electronic systems. 

 

Figure 3-25 FSR 400 

Figure 3-25 is a picture of FSR 400. The black round panel is the sensing part of the sensor which 

performs as a variable resistor controlled by external pressure; it exhibits a decrease with the 

increase of external pressure on the round surface. 

 

Figure 3-26 

Figure 3-26 is above is the resistance change with the applied force. In this sense, a simple force-

to –voltage circuit is implemented, the FSR 400 is connected to a measuring resistor in a voltage 

divider configuration.  
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VCC

5V

RM

FSR400

50% VCC
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Figure 3-27 the sensor interface 

The measuring resistor determines the maximum force sensitivity range and limits the current 

through sensor. In addition an OPAMP is added to achieve a better drive capability for next 

stage. 

 

Figure 3-28  

A group of force-voltage curve is illustrated in figure 3-28. As we can see different measuring 

resistor result totally different output characteristics. The larger the resistor, the higher output 

and faster rise time. So it should be selected carefully depending on different applications. 

Obviously it is very simple to implement such a sensor interface in PSoC. In our project three FSR 

400 sensors are used so that an electronic scale is built.  

 

Figure 3-29 block allocation in PSoC 
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The sensor interface is similar as the circuit discussed previously. The only difference is that the 

OPAMP is replaced by a PGA which realizes the same function. The ADC is connected after the 

PGA to digitize the signal. Although there are three sensors used there is only one PGA 

implemented in PSoC. The three sensors are connected to an internal multiplexer in PSoC and 

the MCU in PSoC tells the multiplexer which sensor should be connected to PGA in a time 

division fashion. The final result is the sum of output from three sensors, which is accumulated 

and calculated by software. The advantage of such design is the great reduce of resources 

requirement in PSoC. In addition a TX is implemented to transmit result to a laptop terminal.  

The flow chart is shown below: 

Start user code

Start PGA, ADC, 
TX

MUX to FSR_1 & 
ADC sampleing

Result = V1

MUX to FSR_2 & 
ADC sampleing

Result = Result + V2

MUX to FSR_3 & 
ADC sampleing

Result = Result + V3

Data transmitting

 

Figure 3-40 

Resource utilization 

Resources Used Available 

Digital Blocks 3 16 blocks 

Analog Blocks 3 12 blocks 

RAM 49 2KB 

ROM 4432 32KB 

Table 3-6 resource utilization 

The summary resources utilization (see table above) shows that 18.75% of analog blocks are 

used as well as 18.75% of digital blocks. The multiplexer used doesn’t occupy any block due to 

the structure in PSoC. Also, a small amount of RAM and ROM is used.  
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3.1.7 Toxic gas sensor (CO/SO2) 

Toxic gas sensors are usually electrochemical fuel cells, they are designed to detect and measure 

concentration of toxic gases such as CO, SO2, NO, etc. Typical toxic gas sensors are two 

electrodes and three electrodes sensor. 

For the two electrode sensor, the sensing electrode and counter electrode is separated by a thin 

layer of electrolyte.  Once the gas diffusing into the sensor, a current is generated through the 

external circuit. Since the gas rate entering the sensor is limited by an aperture, the current is 

proportional to the concentration of target gas outside. 

The reaction in electrodes can be either oxidation or reduction reaction depending on the 

specific toxic gas. For the carbon monoxide, the reactions that take place are: 

                            

         
 

 
               

                     
 

 
       

There are some drawbacks for the two electrode sensor; one of the most important factors is its 

polarization on counter electrode. The polarization limits the measure range of sensor thus the 

sensor is not able to operate at maximum efficiency. The problem can be solved by adding a 

reference electrode at a stable potential. In such a design, the sensing electrode is also at a fixed 

potential relative to reference potential. The counter electrode is still affected by polarization, 

however it does not limit the measure rang any more. 

The toxic sensor we selected is 4CF+ from City Technology Ltd. It is a kind of three electrode 

sensor as described above. 

 

Figure 3-41. CO sensor 

Figure 3-41 below shows the sensor, table 3-7 is a summary of its specifications. 

Measurement Range 0-500 ppm 

Maximum Overload 2000ppmm 
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Sensitivity 0.07 0.015       

Response Time 20 seconds at 20℃ 

Recommended load resistor 5Ω 

Table 3-7 

The interface for three electrode sensor is a little more complicated than other sensor interfaces. 

Figure 3-42 is a typical sensor interface from Luis Orozco. 

AGND

VCC

5V

U1

U2

Q1
J177

R1

11kΩ

R2

11Ω

C1
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C2
0.02µF

R3

33Ω
CE

RE

WE

R4

1MΩ

R5

12.5kΩ

C3

0.02µF

C4
10µF

R6

100kΩ
VOUT

 

Figure 3-42. Sensor interface 

The target gas diffuses through the filter and interacts with the working electrode (WE), which is 

the sensing electrode mentioned above. The potentiostat circuit provides sufficient current to 

counter electrode (CE) in order to maintain a constant voltage between reference electrode (RE) 

and WE. There is no current flows through RE so the current flowing into WE is exactly equal to 

the current flowing out CE. The current flowing into WE can be either positive or negative, which 

is depending on whether oxidation or reduction takes place in WE. For carbon monoxide the 

current flows from WE to CE.  

Since the toxic gas sensor can be treated as a current source, a trans-impedance amplifier is 

used. Amplifier U2 acts as a trans-impedance amplifier together with           in this interface. 

Current flows through   result a voltage drop in   , which is proportional to the concentration 

of target gas. The output of the trans-impedance amplifier is  

               

Where: 

    is the current into WE. 

The maximum sensitivity is 0.085       and its maximum output range is 2000ppm, therefore 

the maximum output current is 170   and the maximum output voltage is 2.04V, which allows 

for around 20% overage capability. 

The output can be translated to ppm of carbon monoxide as follows: 
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The low pass filter comprised by            has a cut of frequency of 0.16Hz, which is able to 

filter out low frequency noises in environment. As to the p-channel JFET Q1, it is used to 

maintain a same potential between WE and CE when the circuit is off. The purpose of the design 

is to improve the sensor’s turn on settling time when the circuit is powered on again. 

The sensor interface implemented by discrete component is already verified. However, there 

exist some problems when the interface implemented in PSoC. One of the problems is the 

instability of the trans-impedance amplifier (TIA). As we discussed in the section of alcohol 

sensor, there is no TIA module provided by PSoC, thus the TIA is configured based on a CT block.  

However, oscillates is observed when the configured CT block is connected to the sensor. The 

reason for the oscillation is usually the high capacitance in the negative input of the OPAMP. In 

this situation the compensation for this capacitance is required. A typical method is to increase 

the feedback resistor and place a capacitor in the feedback path. Although the compensation is 

made there is no significant reduce of the oscillation, therefore the implementation of three 

electrode sensor interface is still under development. 

3.2 Dynamic reconfiguration 

3.2.1 Introduction 

The dynamic reconfiguration is a very important property of PSoC. As we can see, every device 

has limited resource. However, the technique of dynamic reconfiguration allows the 

programming of different configurations during design which is mutually exclusive in running 

time, and then dynamically changes them while PSoC is running. Through such technique PSoC 

can achieve a more than 100% usage of resources. For example, it is very useful while sensor 

nodes require to be updated or adjust functions, the firmware upgrading can be controlled by 

the RF link user module provided by PSoC.  

The PSoC Designer development tools from Cypress provide a convenient method for user to 

implement dynamic reconfiguration in firmware. The resources two configurations share are the 

digital and analog blocks discussed above. The figure 3-43 below shows the reuses of an analog 

block in a time division fashion, which is reconfigured to realize a variety of functions. The digital 

block is reconfigured at the same way. 

PGA

Blank 
block

ADC

DAC

Filter

 

Figure 3-43 



34 
 

The original configuration is treated a bit special compared with any later added configurations. 

The original configuration is defined as “Base configuration” while others are defined as 

“overlays”. Once the system is booted, the base configuration is loaded and it is running all the 

time. Based on the base configuration the overlays can be loaded on top of the base. The user 

should ensure that there are not any conflict blocks between base and overlays. What’s more, 

any overlay without conflict with each other is allowed to loaded and running at the same time. 

The figure 3-44 below illustrates the flow chart of a typical dynamic reconfiguration in PSoC. 

Start boot code

Load Base 
configuration

End Boot code

Begin User Code

Load First Overlay & Start 
user module

Execute First Overlay 
Code

Stop User Module & 
Unload First Overlay

Load Second Overlay & 
Start user module

Execute Second Overlay 
Code

Stop User Module & 
Unload Second Overlay

 

Figure 3-44 

3.2.2 Demo project 

Based on the research above, an example project is implemented as a demonstration. In this 

example project PSoC is able to provide interface for multiple sensors in a time division fashion. 

The User tells PSoC which sensor should be connected so that the corresponding configuration 

is loaded automatically. The result is transmitted to a terminal in laptop. 

An oxygen sensor, an AD592 temperature sensor, a combustible sensor and a potentiometer is 

connected to PSoC. 

3.2.2.1 Base configuration 

Base configuration is special in PSoC since it is always running in background. In this sense, the 

public resources used by any other overlays are recommended to implement in base 
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configuration. Therefore an 8-Bit Serial Receiver (RX) and an 8-Bit Serial Transmitter (TX) is 

implemented in two digital blocks. 

The global resources such as system clock, frequency divider and Ref Mux are also set in base 

configuration. The overlays added later will follow the parameter set in base configuration 

unless additional modification is made. 

 

Figure 3-45. Base configuration 

Figure above is the resource allocation in base configuration. RX is allocated in DCB22, and the 

input is routed to Port2_1. TX is in DCB23 and the output is routed to Port1_3. The baud rate for 

both TX and RX is 38400. 

3.2.2.2 Overlay—oxygen sensor 

The first sensor connected to PSoC is the oxygen sensor. The interface in this project is exactly 

the same as we discussed in the previous section. 
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Figure 3-46. Overlay-oxygen sensor 

The resources are allocated in the first two columns. Port0_0 and Port0_1 are selected for 

INSAMP’s input.  

3.2.2.3 Overlay—AD592 

As the second overlay, the interface of AD592 is implemented.  

 

Figure 3-46. Overlay-AD593 

The user modules occupy the third column. A PGA and ADC form the interface. Port0_7 is set as 

the input of PGA. 

3.2.2.4 Overlay—combustible sensor 

The third sensor connected to PSoC is the combustible sensor. In this overlay an INSAMP and an 

ADC is used in the third and fourth column. 

 

Figure 3-47. Overlay-combustible sensor 

Compared with the overlay for AD592 we can see the third column is reconfigured. Therefore 

these two overlays should not be loaded simultaneously. Also the input port should be changed 

in multiplexer setting. In this configuration, Port0_5 and Port0_6 are used for INSAMP. 

3.2.2.5 Overlay—potentiometer 
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The last overlay in this project is a potentiometer. Similar as the interface of AD592, it is also 

composed of a PGA and an ADC. What’s more, it is also implemented in the third column. 

Therefore the third column in PSoC is reused by three loadable configurations with different 

user modules. 

 

Figure 3-48. Overlay-potentiometer 

3.2.2.6 Summary 

The project is implemented as a USI for four sensors with a base configuration and four loadable 

configurations (overlays). Due to the limitation of PSoC analog resources some user modules are 

reused and dynamically reconfigured. User controls the selection of working sensors by sending 

command to PSoC through serial port. Table 3-8 is the command for sensor selection: 

Command Working sensor 

1 Oxygen sensor 

2 AD592 

3 Combustible sensor 

4 potentiometer 

Table 3-8 command instruction 

The flow chart of the program is shown below: 
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Begin reloadable 
configuration

Switch begin

Case 1
Oxygen 
sensor 

configuration
break

Case 2
AD592 

configuration
break

Case 3
Combustible 

sensor 
configuration

break

Case 4
Potentiomet

er 
configuraion

break

default
Print error 

information
break

RX cmd receive

Start boot code

Load Base 
configuration

End Boot code

Y

Y

Y

Y

N

N

N

N

TX data transmit

 

Figure 3-49 

Figure 3-50 is a screen shot from HyperTerminal 

 

Figure 3-50 

Resource utilization 

Resources Used Available 

Digital Blocks 10 16 blocks 

Analog Blocks 15 12 blocks 
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RAM 61 2KB 

ROM 8200 32KB 

Table 3-9 resource utilization 

The summary resources utilization (see table above) shows that 125% of analog blocks are used 

as well as 62.5% of digital blocks. The more than 100% usage of analog blocks benefits from the 

dynamic reconfiguration property in PSoC.  As to the digital blocks, two blocks are for TX and RX, 

the rest eight blocks are all reused in each overlay. In addition, a small amount of RAM and ROM 

is used.  
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4. Experiment result 
In this section the experiment result for each sensor interface is presented and discussed, 

including the result from USI circuit and analysis of the result. Some devices are prepared to 

build the test environment. 

4.1 Gas detector 
The output from USI is digital signals ranging from ground to Vdd. To convert the signal to the 

corresponding gas concentration, we selected the commercial gas detector G450 to provide 

standard gas concentration as a reference. 

 

Figure 4-1 G450 gas detector 

The G450 is a handled detector for personal protection from gas hazards. It measures in 

diffusion mode and produces visual and audio alarm when the specific gas is detected. The 

integrated sensors are able to detect various kinds of gases, such as oxygen, combustible gas, 

Hydrogen sulfide and carbon monoxide. Table 4-1 illustrates the sensor type and the detect 

range: 

Sensor ID Gas Detection range Resolution 

MK 429-0 Hydrogen sulfide 0…100 ppm 0.2 ppm 

MK 380-0 
Carbon monoxide 
Hydrogen sulfide 

0…500 ppm 
0…100 ppm 

1 ppm 
0.5 ppm 

MK 369-0 Carbon monoxide 0…500 ppm 1 ppm 

MK 376-0 Oxygen 0…25 Vol% 0.1 Vol% 

MK 221-0 Methane 0…100%LEL 0.5%LEL 

MK 221-0 Propane 0…100%LEL 0.5%LEL 

Table 4-1 

From the detector we get the actual gas concentration and from USI we get the digitized output. 

Therefore a graph is able to be obtained which should be linear to gas concentration. The 

following sections show the result of each sensor interface. 

4.2 Oxygen sensor interface  
The procedure of testing the oxygen sensor in USI is shown below: 
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1. Program the configuration to PSoC. 

2. Connect the sensor to PSoC and make all external circuit (load resistor) ready. 

3. Place the G450 detector and oxygen sensor in the safe box. 

4. Place a packet of oxygen absorber in the safe box and close the cover. 

5. Wait around half an hour. The oxygen concentration inside the box will reach a 

minimum value. 

6. Take reading from multi-meter/ ADC and G450 detector at the same time. This is the 

lowest oxygen concentration available in safe box. 

7. Remove the cover for a few seconds (2~5s). The oxygen concentration will increase as 

some fresh air flowing into the box. 

8. Take reading from multi-meter/ADC and G450 detector at the same time. 

9. Repeat step 7 and 8 several times until the oxygen concentration inside box is equal to 

that of outside. 

10. Draw the concentration- voltage curve. 

Figure below is the measurement related devices: 

 

Figure 4-2. Oxygen sensor interface test 

Table is the result from USI and G450 detector 

G450 (Vol %) USI (V) 

20.9 3.93 

20.3 3.89 

19.9 3.87 

19.5 3.83 

19 3.8 

18.5 3.75 

18 3.71 

17.5 3.68 

17 3.64 

16.5 3.6 

16 3.56 

15.5 3.53 

15 3.5 
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14.5 3.48 

14 3.46 

13.5 3.43 

13 3.4 

12.5 3.38 

12 3.35 

11.5 3.32 

11.1 3.295 

Table 4-2 

Translated to concentration-voltage curve: 

 

Figure 4-3 

From the figure 4-3 we can find the USI output is almost linear to oxygen concentration. Due to 

the limitation of experiment devices, the lowest concentration we can obtain is 11%, therefore 

only a part of the sensor rang is verified. The equation indicates there is a 2.5V offset in the 

output, which is the AGND of PSoC. It also shows the output should be 2.5V if no oxygen is 

detected. The output ranges from 2.5V to near 4V, which is sufficient for ADC to sample the 

signal. 

4.3 Combustible sensor interface 
There are two kinds of combustible sensors: 4P-50C and MICROpeL 75C. So the experiments are 

carried on twice for each sensor. The procedure of testing the oxygen sensor in USI is shown 

below: 

1. Program the configuration to PSoC. 

2. Connect the sensor 4P-50C to PSoC and make all external circuit (Whetstone Bridge) 

ready. 

3. Place the G450 detector and combustible sensor in the safe box. 

4. Insert combustible gas into safe box for a few seconds (10~20s) from a cigarette lighter. 

5. Wait for the output stable. The combustible gas concentration inside the box will reach 

a maximum value. 
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6. Take reading from multi-meter/ ADC and G450 detector at the same time. This is the 

highest combustible gas concentration available in safe box. 

7. Remove the cover for a few seconds (2~5s). The combustible gas concentration will 

decrease as some fresh air flowing into the box. 

8. Take reading from multi-meter/ADC and G450 detector at the same time. 

9. Repeat step 7 and 8 several times until the combustible concentration inside box is zero. 

10. Draw the concentration- voltage curve. 

11. Replace 4P-50C to MICROpeL 75C and test again. 

Figure below is the device used for testing 

 

Figure 4-4. Combustible sensor interface test 

The result from USI and G450 detector: 

Sensor 4P-50C 

G450 (%LEL) USI (V)/4P-50C 

42.5 3.125 

35 3.09 

30.5 3.023 

24 2.952 

18.5 2.867 

13.5 2.802 

9.5 2.745 

7 2.721 

3 2.695 

0 2.61 

Table 4-3 

Translated to %LEL-voltage curve: 
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Figure 4-5 

Sensor MICROpeL 75C 

G450 (%LEL) USI (V)/MICROpeL 75C 

50 3.122 

31.5 2.902 

26 2.844 

19 2.761 

16 2.676 

9.5 2.61 

5 2.561 

0 2.522 

Table 4-4 

Translated to %LEL-voltage: 

 

Figure 4-5 
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The USI output is linear to the low explosive level (LEL). From the output equation we can find 

the offset is around 2.5V, which fulfill the requirement of design as discussed in previous section.  

4.4 Carbon monoxide sensor interface 
As discussed in previous chapter, the interface for carbon monoxide sensor is not fully 

implemented in PSoC due to the oscillation of output.  Therefore an interface with discrete 

component is implemented. 

Carbon monoxide is a kind of toxic gas, so how to produce the gas and keep safety during testing 

is a problem. Since the sensor can detect very little concentration of gas, a flexible way to 

generate CO is selected. Below is the procedure of testing CO sensor interface. 

1. Build the sensor interface with discrete components. 

2. Place the G450 detector and CO sensor in the safe box. 

3. Put a burning candle into the safe box and close the cover. 

4. Wait for a few seconds. The oxygen is consumed in burning process and there should be 

some CO generated due to lack of oxygen in burning. 

5. Take reading from multi-meter/ ADC and G450 detector at the same time. This is the 

highest CO gas concentration available in safe box. 

6. Remove the cover for a few seconds (2~5s). The combustible gas concentration will 

decrease as some fresh air flowing into the box. 

7. Take reading from multi-meter/ADC and G450 detector at the same time. 

8. Repeat step 7 and 8 several times until the combustible concentration inside box is zero. 

9. Draw the concentration- voltage curve. 

Below is the result from G450 and sensor interface: 

G450 (ppm) Sensor (V) 

113 2.643 

85 2.627 

75 2.621 

58 2.611 

45 2.6 

29 2.592 

13 2.582 

0 2.573 

Table 4-5 

Translated to ppm-voltage: 
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Figure 4-6 

The sensor output is almost liner to the concentration of carbon monoxide, so the sensor 

interface is verified. The next step for the three electrode sensor is to solve the problem of 

output oscillation and implement the interface in PSoC. 

4.5 Alcohol sensor 
G450 is not able to measure the concentration of alcohol vapor, therefore we don’t have proper 

device to provide the value as reference. In this situation we only have a qualitative 

measurement of the alcohol concentration.  

The procedure is listed as follows: 

1.  Program the configuration to PSoC. 

2. Connect alcohol sensor to PSoC and make all external circuit (gain resistors of TIA) ready. 

3. Connect TIA’s output to an oscilloscope. 

4. Place a bottle of alcohol close to alcohol sensor. 

5. Wait for the output stable. The alcohol concentration near the sensor is the maximum 

concentration we can produce. 

6. Observe the wave form in oscilloscope at the same time.  

Following the instruction above we can see the response time of alcohol sensor is very short, 

which shows the great sensitivity of sensor. It also proves the sensor interface works perfect 

well. Figure 4-7 is a picture from scope. 
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Figure 4-7 

4.6 Carbon dioxide sensor interface 
Due to the same reason as alcohol sensor we are not able to obtain the actual value of carbon 

dioxide concentration; therefore a qualitative measurement is made.  

Figure below is the final output of GAS channel: 

 

Figure 4-8 

The final output has a quite good signal to noise ratio which fulfills the requirement for further 

process. 
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5. Conclusion and future work 

5.1 Conclusion 
In iPack WSN platform the discrete components based USI is already designed, which is able to 

support multiple categories of high quality industry sensors such as gas sensors, temperature 

sensors, force sensors, etc.  As the following up of the existing work, the following tasks are 

finished in this thesis work: 

1. The different approaches of USI design (PSoC, FPAA, ASIC) are compared, including the 

flexibility, commercial availability, power consumption, functionality, and etc. According 

to the result of literature review the proper devices and development kits are purchased. 

2. The existing discrete components USI solution is re-designed and re-implemented based 

on the PSoC CY8CKIT-001 platform, including schematic and firmware code. 

3. An example USI project is made to demonstrate PSoC’s ability of supporting multiple 

sensors in a time division fashion by in-circuit and run-time reconfiguration. 

4. A “sensor interface design library” (code, schematic, instruction, etc.) is established, 

which is able to support multiple kinds of sensors such as gas sensors, temperature 

sensors and force sensors. 

The aim of the thesis work is to evaluate existing USI solutions, and develop a superior solution 

for target applications of the iPack WSN. In the thesis work multiple sensor interfaces are 

designed and implemented in PSoC, therefore the primary goal of the thesis work is realized. 

5.2 Future work 
Although most of the tasks are finished in this thesis work there are still many possibilities to 

improve the work. 

One of the issues is the three electrode sensor interface. As mentioned in chapter 3 the sensor 

interface is not fully implemented in PSoC due to the instability of TIA. In this sense how to 

optimize the interface is a challenge task. There are many approaches to solve the problem; one 

is to improve the stability of TIA by making a proper compensation of TIA’s input capacitance.  

An alternative method is to implement the interface by using PSoC 5 rather than PSoC 1, which 

is of higher performance. 

Due to the limitation of gas detector, only qualitative measurements are made for some sensor 

interface like alcohol sensor, pressure sensor and carbon dioxide sensor. So testing the rest 

sensor interface is the main point in future work. 

In the thesis work an Electrocardiography (ECG) sensor interface is implemented with discrete 

components. The ECG interface works perfect well and shows a great performance during test. 

Therefore how to implement the ECG interface in PSoC is an interesting project worthy of study. 
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