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Abstract - A data acquisition consists of a sensor connected to an ADC (Analog to Digital Converter) and then the data is 
transmitted for storage or display. The sensor connected may be a temperature sensor, accelerometer, photo diodes and so 
on. Almost every system is a Data Acquisition System. The common element is an ADC. The limitation introduced by on 
chip ADC is sampling speed, which is overcome using PSoC. It is a powerful and versatile platform developed by Cypress 
Semiconductors that helps in speedy development of range of products. With inbuilt ADC and UART, a lot of unnecessary 
hardware can be eliminated thus reducing the cost and size of the circuit. 
 

Index terms - Psoc, Data Acquisition System, ADC, Plotting ADC Data, Serial Plotter. 

 

I. INTRODUCTION 

 

Data acquisition is a system that only acquires data 

from a sensor. This data is then stored and printed for 

the user to observe. One of the major areas of 

applications of DAQ is getting metrics from places 
otherwise hazardous for humans, such as in a nuclear 

power plant. For such critical applications, more 

often than not a group of signal have to be extracted 

and monitored. Reliability of the hardware being used 

is important too, it must not lose its accuracy or 

precision over a period of time. At the same time, a 

smaller module is preferable. 

 

The sensors connected at the input of the ADC may 

be linear or nonlinear. In a way, almost every system 

built is similar to what is shown in Figure 1. The 

sensor attached may be linear or nonlinear, this has to 
be taken care of by the signal conditioning circuit. 

The user may not always want the data to be plotted, 

instead some task has to be performed. In case of a 

microphone, the input is converted from sound to 

electrical signal using a transducer. This signal is then 

sent to the loudspeaker. If we had to use a 

synthesizer, the signal will have to be stored and 

modified before being used. In this case, it has to be 

digitized and ADC comes into the picture. This is a 

linear device. For a nonlinear sensor like 

thermocouple, signal conditioning is must for 
eliminating the nonlinearities. For few circumstances, 

the output of the sensor is only in a few millivolts. 

This would require an instrumentation amplifier as 

signal conditioning. Secondly, the ADC must be able 

to track the changes and have a high resolution to 

reflect those changes in the output.  

 

All these requirements are taken care of by PSoC. It 

provides a maximum sampling rate of 384000 

Samples per second at a resolution of 16 bits, has an 

inbuilt UART, CAN, I2C and USB. The core used is 

either ARM or 8051. For this project, PSoC3 is used. 

II. IMPLEMENTATION 

 

 
Figure 1: Block Diagram of the System 

 

Once the input is given, the first thing to do is signal 

conditioning. Signal conditioning helps in three areas. 

 

1. Amplification 

2. Linearity 

3. Noise 

 

1. Amplification 

Some sensors work on low amplitude. ADC has a 

fixed error of one LSB bit. That means there will 

always be an error of up to 3 mV for a resolution of 8 
bits and voltage range of zero to 2 volts. For 1 V 

signal or 2 V signal 3 mV really don't matter. In case 

the signal amplitude is only. 2 volts the SNR is poor. 

So the signal needs to be amplified. Another reason 

for amplification of signal is that the ADC might not 

be sensitive extremely small voltage changes. And 

ADC with high sensitivity would be expensive. To 

reduce the overall cost of the circuitry and improve 

the SNR amplification is required. 

 

2. Linearity 
After linearity noise is a major source of inaccuracy. 

It is predominant represent in every device and 

cannot be eliminated completely. Noise can only be 

reduced. Besides the noise introduced by ADC the 

second source is a ageing of the device. This 

introduces non-linearity. While nonlinear circuit is 
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already compensated and working in piece wise 

linear regions, the uncompensated linear devices give 
radically different output. 

Transducers attached to ADC may be linear or 

nonlinear. In case of linear devices in the only 

obstacle a designer may face is to have the sensor 

working within the permissible limits of ADC. In 

case of nonlinear devices there are two possible 

solutions  

 

1. The nonlinearity has to be compensated operate 

2. The device in piece wise linear regions 

 

A) PGA 
Programming gain amplifier is one of the many 

analog on chip modules available. With variable gain 

settings, unity gain bandwidth of 10 MHz and the 

ability to change the gain on the fly, this module does 

help solve a lot of problems. There are nine settings 

for the gain available they are tabulated below. For 

high speed operations high power mode is used. This 

is the amplifier operates as a Class C amplifier in 

high power mode. The gain can be changed in main.c 

as many times as required. This amplifier takes care 

of the amplification part of signal conditioning. This 
solves the problem of sensitivity and increases the 

SNR. 

 

B) ADC 

The ADC has variable resolution, gain and sampling 

rate. For ADC the unity gain bandwidth is one 

megahertz. Just like the PGA the buffer gain for ADC 

can be set on the fly. The resolution can be varied in 

between 8 to 20 bits. Once you set the resolution and 

burn the program it cannot be changed. The clock 

applied can be internal or external. For both the cases 

the clock is on chip. Internally ADC has a clock. 
Externally O'clock may be generated using RTC, 

UDB or a fixed function for the explanation on this 

refer Technical Reference Manual [2]. 

 

C) Core 

Depending on the PSoC family used different CPU is 

available as core. This is shown in table 2. 

Furthermore, every PSoC family has different 

modules. For example PSoC4 does not have a PGA 

block and PSoC 3 does not have SAR ADC. Each 

core has a different clocking speed and different 
number of pipeline stages. Despite different cores and 

models the method for programming does not change 

which is great. The clocks field can be varied as per 

requirement. This is beneficial when a number of 

computation have to be performed. By increasing the 

clocking speed we ensure that the sample point from 

ADC are not missed. 

 

D) UART 

This is similar to UART module present on any chip. 

A MAX232 IC is required, as PSoC and UART 

operate on different logic levels. Preferably, the 

transmission rate of the UART should be higher. The 

baud rate may be selected between 1200 and 921000 
bauds per second. 

 

E) Terminal 

The Terminal is where the acquisition system 

transmits all of the acquired data. It may be located 

locally or remotely. For both the cases the data can be 

sent over wirelessly or through a wired channel. For a 

remote terminal the data can be transmitted through 

LAN and told in the cloud for later and multiple 

access. The results are stored tabulated and displayed. 

The values obtained are plotted graphically against 

time. Graphical representation aids understanding. 
The values are stored for later reference. They will 

also be required in case the action based on output is 

causal. Additional The Terminal may also act as a 

control center. 

 

F) Flow Chart: Program on PSoC side 

 
Figure 2: Flowchart for program in PSoC 

 

Signal conditioning is an externally added circuit and 

not within the scope of programming. The module 
used have to be initialized. ADC_Start() API 

performs two operations. 

 

1. Initialize ADC this includes assigning port 

pins and sending necessary signals. 

2. Enabling ADC 

 

Now the module is ready to start conversion.  

UART_Start() API too initializes and enables UART 

module. Now we are ready to transmit and receive 

data. Since a few commands may have to be 
transmitted to the DAQ, an interrupt can be used. By 

doing so a number of configuration can be changed 
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when the device is in operation. After the 

initialization path is done the ADC starts conversion. 
Every sample is transmitted when EOC goes high. 

The input channel has to be selected before you 

convert the signal. For differentiating one sensor from 

the other at different SOF and EOF can be used. The 

entire programming is done using API. For example 

once the programmer acquires the result he need not 

worry about setting the EOC  low again, the API will 

take care of that. The program is looped for 

continuous execution 

 

RESULTS 

 
The experimental setup is shown in Figure 3. An on 

board potentiometer connected to the ADC is used to 

plot apply voltage to PSoC. The applied voltage is 

digitized and transmitted via UART. A third party 

software “Serial Plotter”[5]. 

 

 
Figure 1: Experimental setup 

 

Figure 1: Varying voltage seen on plotter 

The sample obtained were plotted and the results are 

shown in Figure 4. This shows that the ADC can 
track voltage reliably and with minimum loss during 

transmission to the PC. To see how accurate the 

amplitude being tracked is, additionally a DC supply 

was connected, the input voltage and detected voltage 

are shown in Table 1. 
 

Table 1: Applied and obtained peak voltage 

Input Voltage (Volts) Detected Voltage (Volts) 

0.25 0.26 

1 1.02 

1.75 1.80 

2 1.98 

 

 

CONCLUSION 

 
The primary objective was to interface the ADC in 

PSoC via UART and plot the data, which has been 

achieved with satisfactory results. This establishes 

that the PSoC can be used as an interfacing card to 

acquire signals and send it to computer, which may 

be used as an oscilloscope [6]. The software “Serial 

Plotter” can plot the ADC values and the voltage 

values too can be calculated but the frequency of the 

signal cannot be detected. A new application has to 

be developed for the same. 
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