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Abstract – This paper describes the development of low-cost 
data acquisition module which should be implemented in the 
existing process control systems. The main goal of such 
implementation is to improve the A/D conversion resolution of 
the realized and applied control systems. The new data 
acquisition module is based on PIC18F4550 microcontroller. 
Some specific hardware and software details of the realized 
module are specially emphasised. 
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I. INTRODUCTION 

Department of Industrial Informatics, at the Mining and 
Metallurgy Institute Bor, has been designing real-time 
systems for monitoring and control of industrial processes 
since 1990. Three generations of Microprocessor Measuring 
Station (MMS) have been developed. MMS was used as a 
programmable logic controller (PLC) in the control systems 
mainly applied in the metallurgy. It is based on Motorola 
MC68HC11 microcontroller with integrated 8-bit A/D 
converter, 64 analog inputs, 64+64 digital state signals (input 
+output), RS232 communication port, 48 kB RAM and16 kB 
EPROM [1]. 

In order to improve the characteristics of A/D conversion, a 
new data acquisition module is developed. It is based on 
PIC18F4550 microcontroller with 10 bit A/D converter (13 
analog input channels), integrated USB module, 32 kB of 
flash (program) memory, 2 kB RAM and 256 bytes of 
EEPROM memory [2].  

Block diagram of PIC18xx microcontroller family 

architecture is shown in Fig. 1. Layout of the realized data 
acquisition module is shown in Fig. 2.  

 

Fig. 1. PIC18xx Architecture Block Diagram [3]  
 
During the realization of this project, some firmware and 

hardware tools for the development of PIC18F4550 
microcontroller based systems were used: 

  
- PICkit 2 In-Circuit Debugger/Programmer [4] 
- PICBASIC PRO™ Compiler 3.0 [5] 
- MPASM Microchip assembler [6] 
 
For testing purposes, a special application for the PC 

workstation was developed by using Borland Delphi and 
mcHID.dll library [7].  

In the paper, a brief overview of PIC18F4550 
microcontroller A/D conversion process is presented. After 
that, an example of A/D conversion programming is explained 
in details.   

 

 
 

Fig. 2. Layout of the realized data acquisition module based on 
PIC18F4550 microcontroller 
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II.  A/D CONVERSION PROCESS IN REALIZED 

MODULE  

The A/D converter module integrated in PIC18F4550 has 
13 inputs and allows conversion of an analog input signal to 
corresponding 10-bit digital number as shown in Fig. 3.  

 

 

Fig. 3. A/D Block diagram [2] 
 
The A/D conversion (ADC) module has five registers (2 

data registers and 3 control registers) [2]: 
 
- A/D Result High Register (ADRESH) 
- A/D Result Low Register (ADRESL) 
- A/D Control Register 0 (ADCON0) 
- A/D Control Register 1 (ADCON1) 
- A/D Control Register 2 (ADCON2) 
 
ADRESH and ADRESL registers serve as data registers for 

storing the A/D conversion results. ADCON0 control register 
configures ADC operations (start of A/D conversion and input 
channel selecting). ADCON1 register configures voltage 
reference and whether the input pins are analog or digital. 
ADCON2 register configures A/D acquisition time, ADC 
clock and A/D result format (justification).  
 

In the realized data acquisition module, reference voltage 
for A/D conversion is set to device’s positive and negative 
supply voltage (VDD = 5 V and VSS = 0 V). The output of the 
sample and hold is the input into the converter, which 
generates the result via successive approximation. When the 
A/D conversion is complete, the result is loaded into the 
ADRESH:ADRESL register pair, the GO/DONE bit 
(ADCON0 register) is cleared and A/D Interrupt Flag bit, 
ADIF, is set. 

 
After the configuration of A/D module, and elapsing of the 

acquisition time, the A/D conversion of the selected channel 
can be started. The next steps should be followed to perform 
an A/D conversion:  

 

- Configure the A/D module, 
- Configure A/D interrupt, 
- Wait the required acquisition time, 
- Start conversion (ADCON0 register), 
- Wait for A/D conversion to complete, by waiting for 

the A/D interrupt, 
- Read A/D result registers (ADRESH:ADRESL), 

 
 When the analog input channel is selected, it must be 

sampled for at least the minimum acquisition time before 
starting a conversion. Calculation of the minimum required 
acquisition time TACQ is done with following equation:  

 

 TACQ = TAMP + TC + TCOFF  (1) 

 
Where TAMP is amplifier settling time, TC is holding capacitor 
charging time and  TCOFF is temperature coefficient. Refering 
to datasheet specification of the microcontroller, calculation 
(1) is based on folowing system preferences: CHOLD = 25 pF, 
Rs = 2.5 kΩ, Conversion Error ≤ 1/2 LSb, VDD = 5V → RSS = 
2 kΩ, Temperature = 85˚C (system max.), and is given by: 
 

 TACQ = 0.2 µs + 1.05 µs + 1.2 µs = 2.45 µs (2) 

 
The A/D conversion time per bit is defined as TAD and per 

10-bit conversion 11 TAD is required. The acquisition time 
parameter is the amount of TAD cycles to delay before the 
actual A/D conversion starts. The source of the A/D 
conversion clock is software selectable by bits 
ADCS2:ADCS0 in the ADCON2, in terms of the 
microcontroller clock (TOSC).  TAD have to be selected as short 
as possible, but greater than TADmin (0.8 µs for PIC18F4550 
[2]).  

 
Since developed module has main crystal of 20 MHz, TOSC 

is 0.05 µs. This means that lowest selectable value of TAD is 
16 TOSC = 0.8µs, and the ADCS2:ADCS0 bits should be set to 
101 B (binary). It is possible to either keep track of TACQ 
delay in the program code or to simply set the A/D acquisition 
time select bits to an even multiple of TAD. 

 
Based on the previous calculations, the minimum A/D 

processing time per channel in our case is given by: 
 

TACQ + 11 TAD = 11.25 µs  (3) 
 

 

 

 

 

Fig. 4. A/D conversion processing time 

Acqusition time A/D conversion time 
 

Total A/D processing time for 
one selected channel 
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III.  THE A/D CONVERSION MODULE  

PROGRAMMING EXAMPLE  

PIC assembler program is written using the PICBASIC 
PRO™ Compiler 3.0 and MPASM universal assembler.  

 

 

Fig. 5. Data acquisition flowchart (one channel) 
 
Generally speaking two basic principles are used: polling 

and interrupt mechanism. Polling mechanism is used for 
sampling, and the handling of different tasks execution is 
achieved using an interrupt mechanism. Data acquisition 
flowchart is shown in Fig. 5. Assembler program for ADC 
includes all steps as described in the previous section that is 
required for the ADC operation. It was downloaded into the 

microcontroller using the PICkit2 In-Circuit 
Debugger/Programmer.  

Assembler code sequence, which is used to configure and 
enable A/D module, comparator, data direction and interrupt 
registers is shown in Fig. 6. Also, code sequence for the 
selection of input channel, A/D conversion loop and storing 
the ADC results is shown in Fig. 7.   

Timer predefined for ADC has to be reset to automatically 
repeat the A/D acquisition period with the minimal software 
overhead. The ADC module has the ability to generate an 
interrupt upon completion of an A/D conversion. 

 

 

Fig. 6. ADC module configuration sequence 
 

 

Fig. 7. A/D input channel selection and conversion   

IV.  TESTING THE FUNCTIONALITY OF THE DATA 

ACQUISITION MODULE  

Once the program code has been built and checked from the 
syntax point of view, it needs to be tested. In order to test the 
code, appropriate software for supporting the data acquisition 
module operation from the PC workstation is developed. It is 
developed using Borland Delphi programming environment 
(application window is shown in Fig. 8.). API (Application 
Program Interface) calls are transferred to USB port and to 
connected module with built-in system mcHID.dll library that 
is dynamically linked with the application. Since the used A/D 
converter has 10 bit resolution each analog input can be 
represented as a number ranged from 0 to 1023.  

 

Start 

Configure A/D module, 
comparator and interrupt 

registers 

Enable A/D conversion 

Select channel 

Store result into data 
registers 

A/D Conversion 
completed? 

(Timer interrupt) 

 

End 

Clear interrupt flag 

A/D conversion 
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Fig. 8. Test application screenshot 
 

Testing has revealed that for the input signal in the range of 
0-3.75 V A/D conversion error of the new acquisition module, 
measured under laboratory conditions, is not greater than 1 
LSB (0.0036 V). A/D conversion error of the old ADC 
module [8], for the same input range, is also 1 LSB (0.0146 
V). The old ADC module has the 8-bit A/D converter so the 
accuracy of the new ADC module is actually four times 
higher. 

V. CONCLUSION 

From the need for a more precise A/D conversion, a new 
data acquisition module was realized. The appropriate 
programs for testing the operation of data acquisition module 
were downloaded into the microcontroller and installed on a 
personal computer. By testing the module in laboratory it was 
obtained that the A/D conversion accuracy is improved (four 
times better accuracy in comparation with the old ADC 
module). 

Also, the data acquisition module works reliable, has USB 
interface, it is low-cost and enables further development. In 
the coming period it is necessary to develop adequate software 
on the PC workstation which will suit industrial requirements,  
or simply allow the monitoring of specific industrial 
processes. Minor corrections in the PIC program are also 
planned to allow some additional functionalities. 
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