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Abstract: Medan Aviation Polytechnic is one of the campuses under the ministry of transporta-

tion which has a major in telecommunication and air navigation engineering in Indonesia. Based 
on field surveys, an Analog to Digital Converter (ADC) practicum kit is needed to improve the 

ability of cadets. Based on this background, this study aims to design and simulate two ADC 

circuits, each of which is compiled by the integrated circuit (IC) ADC0804 and IC ADC0809 
respectively. Three statistical formulas, namely mean error (ME), standard deviation error 

(SDE), and root mean square error (RMSE) are used to measure the performance of the two 

ADC circuits. Both ADC circuits are simulated using a Proteus 8.11 Simulator with 255 analog 

input voltages. Based on the result of the study, it is known that the ADC circuit compiled by IC 
ADC0809 is more accurate than the ADC circuit compiled by IC ADC0804. This is evidenced 

by a smaller error value, which is based on the simulation results of the ME, SDE, and RMSE 

values were 0.4210, 0.3410, and 0.5110, respectively. And, based on the measurement results, it 
has ME, SDE, RMSE respectively, namely 0.8510, 0.8110, and 0.9310. 
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Abstrak: Politeknik Penerbangan Medan adalah salah satu kampus di bawah Kementerian 

Perhubungan yang memiliki jurusan teknik telekomunikasi dan navigasi udara di Indonesia. 
Berdasarkan survei di lapangan, kit praktikum konverter analog ke digital diperlukan untuk 

meningkatkan kemampuat taruna. Berdasarkan latar belakang tersebut, penelitian ini bertujuan 

merancang dan mensimulasi dua rangkaian ADC yang masing-masing disusun oleh IC 
ADC0804 dan IC ADC0809. Tiga formula statistik, yaitu mean error (ME), standard deviation 

error (SDE), and root mean square error (RMSE) digunakan untuk mengukur kinerja kedua 

rangkaian ADC tersebut. Kedua rangkaian ADC tersebut disimulasi menggunakan Simulator 

Proteus 8.11 dengan 255 tegangan masukan analog. Berdasarkan hasil penelitian diketahui 
bahwa rangkaian ADC yang disusun oleh IC ADC0809 lebih akurat dibandingkan dengan 

rangkaian ADC yang disusun oleh IC ADC0804. Hal tersebut dibuktikan dengan nilai kesalahan 

yang lebih kecil, yaitu berdasarkan hasil simulasi memiliki ME, SDE, RMSE masing-masing 
adalah 0,4210, 0,3410 dan 0,5110. Dan berdasarkan hasil pengukuran memiliki ME, SDE, dan 

RMSE masing-masing adalah 0,8510, 0,8110, dan 0,9310. 

 
Kata kunci: ADC; Simulator Proteus 8.11; IC ADC0804; IC ADC0809; ME; SDE; RMSE 
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INTRODUCTION 

 

 Analog-to-digital converters are 

generally applied to convert analog sig-

nals from the output of a sensor (trans-

ducer – analog signals) into digital sig-

nals [1]. Furthermore, the digital signal is 

sent to a microprocessor or microcontrol-

ler for further processing. Microproces-

sors and sensors are the essential compo-

nents that make up the internet of things 

(IoT) technology [2], [3]. IoT technology 

has great potential and capacity to make 

intelligent transportation systems (ITS) 

efficient, safe, intelligent, reliable, and 

sustainable [4]–[6]. This is because IoT 

technology can integrate vehicles with 

the internet network and other compo-

nents that are related to the environment. 

These components can be public infra-

structure, sensors, global navigation sys-

tems (GPS), pedestrians, and other vehi-

cles. Thus, analog to digital converters 

implemented in ITS technology can im-

prove traffic efficiency in the city center 

and the safety of road users [3], [7]. 

Based on this, the speed and accuracy of 

a converter to convert analog signals into 

digital signals can affect the performance 

of the ITS system [8]. In addition, the use 

of converters that suit your needs based 

on power usage, cost, and simple con-

verter size (low profile) also needs to be 

considered to increase efficiency in the 

ITS system. Medan Aviation Polytechnic 

is one of the campuses under the ministry 

of transportation which has a major in 

telecommunication and air navigation 

engineering in Indonesia. Based on field 

surveys, an Analog to Digital Converter 

(ADC) practicum kit is needed to im-

prove the ability of cadets. 

 This study aims to design and 

simulate two ADC circuits, each of 

which is compiled by the integrated cir-

cuit (IC) ADC0804 and IC ADC0809 

respectively. This study also aims to de-

termine the performance of the two ADC 

circuits. The performance includes a 

comparison of the degree of accuracy of 

the two converter circuits in converting 

analog signals to digital signals. Thus, it 

can be known which IC ADC is better at 

analog-to-digital conversion. Although it 

is already available in the market for em-

bedded ADC systems in microcontrollers 

or microprocessors to make the system 

more compact, this study still analyzes 

the performance of ADC ICs that are not 

embedded in microcontrollers or micro-

processors. This is due to the limitation 

of the number of analog pins contained in 

the microcontroller or processor. So addi-

tional circuits are needed to overcome the 

need for excess analog pins in a particu-

lar project [9], [10]. 

 IC ADC0804 and IC ADC0809 

are complementary metal–oxide–

semiconductor (CMOS) technologies that 

apply the successive approximation 

method to convert analog signals into 

digital signals. The two ICs have been 

widely applied to various control systems 

because they have several advantages 

such as high speed, accuracy, and flexi-

bility, as well as low power consumption 

[11]. To find out the performance of the 

two ADC circuits, two methods were 

used, namely, the simulation method us-

ing the Proteus 8.11 Simulator and the 

measurement method using the ADC cir-

cuits designed. Furthermore, the three 

results of the method are analyzed three 

using statistical formulas, namely the 

mean error (ME) and the standard devia-

tion error (SDE), and the root mean 

square error (RMSE) [12]. 

 There are several studies that 
have been done regarding analog to 
digital converter circuits. Yidong has 
applied the ADC0804 IC to the direct 
current (DC) source control system. 
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Based on the results of the study, the 
ADC0804 IC has high accuracy in con-
verting analog signals into digital sig-
nals [13]. Sacko has researched the 
ADC0804 IC-based converter circuit 
with the result that the ADC0804 IC is 
sensitive to comparator shifts and lin-
earity from the ADC thus affecting the 
performance of the IC. However, the 
study did not include data on the 
ADC0804 IC performance test sample 
[14]. Hongwu Jiang has developed a 
conventional ADC design for compute-
in-memory (CIM) applications. The 
ADC design has a resolution of 6 bits 
while in this study it applies the ADC 
design with a resolution of 8 bits [15], 
[16]. Huiling has also researched the 
performance of the ADC0809 IC ap-
plied in voltage measurement systems. 
The results of the study stated that the 
ADC0809 IC has several advantages, 
namely being able to convert voltage 
accurately, a wide measurement range, 
and low power consumption. However, 
huiling research has not compared 
with the performance of the ADC0804 
IC. Where both ICs are ADCs with a 
resolution of 8 bits[17]. 
 

 

METHOD 

 

There are three methods carried 

out in this study to measure the perfor-

mance of two ADC circuits. The three 

methods are the simulation method, 

measurement method, and calculation 

method. The ISIS Proteus 8.11 Simulator 

has been used in this study to simulate 

both ADC circuits. The simulator is 

widely applied in previous studies be-

cause it has high accuracy in simulating 

electronic circuits [18]–[20]. The simula-

tion stage begins with designing the ADC 

circuits compiled by IC ADC0804 and IC 

ADC0809 respectively. The results of the 

design of both ADC circuits are shown in 

Image 1 and Image 2, respectively. 

 

 
Image 1. ADC Circuit Compiled by IC 

ADC0804 on ISIS Proteus Simulator 

 

 
Image 2. ADC Circuit Compiled by IC 

ADC0809 on ISIS Proteus Simulator 

 

 The second stage is to determine 

the analog input in the form of direct cur-

rent (DC) voltage. In this study, 255 ana-

log input voltages were used. The voltage 

range is from 0.0 V – 5.0 V with an in-

crease of 19,6 mV per stage. The range 

was chosen because it corresponds to the 

performance capacity of both of the IC 

ADC used. Meanwhile, an increase of 

19,6 mV was chosen because it used an 

8-bit resolution [11]. In addition, 19,6 

mV has exceeded the limit of the mini-

mum analog input voltage value that can 

be converted into a digital signal worth 1 

least significant bit (LSB) [21], [22]. 
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Based on Image 1, the analog in-

put voltage is given via Pin 6 (Vin+), and 

the RV2 potentiometer is used to vary the 

magnitude of the given analog input volt-

age. Whereas in Image 2, the analog in-

put voltage is given via Pin 20 (IN0) with 

the RV1 potentiometer acting as an ana-

log input voltage regulator. 

The last stage of the simulation 

method is to collect data from the con-

version of analog signals to digital sig-

nals. Next, convert those digital signals 

into decimal numbers for easy analysis. 

The binary number of the conversion re-

sult is represented by the LED indicator. 

Both simulated ADC circuits have 

been fabricated as shown in Image 3 and 

Image 4. Image 3 and Image 4 are ADC 

Circuit Compiled by IC ADC0804 and 

IC ADC0809 respectively.  

 

 
Image 3. ADC Circuit Compiled by IC 

ADC0804 Base on Manufactured 

 

A function generator is used as an exter-

nal source to support both ADC circuits. 

Based on Image 3, an analog input volt-

age is given via Pin 6 and adjusted using 

Variable Resistor 2 (VR2). Furthermore, 

based on Image 4, Pin 26 is used as a pin 

to receive analog input voltage. The volt-

age is regulated by VR1. 

 

 
Image 4. ADC Circuit Compiled by IC 

ADC0809 Base on Manufactured 

 

Similarly to the simulation meth-

od, the analog input voltage is measured 

using a digital multimeter and the digital 

output voltage is indicated by the LED 

indicator as a representation of binary 

numbers. Furthermore, the binary num-

bers are converted to decimal numbers to 

make them easier to analyze. 

There are three types of research 

data in this study, namely research data 

based on calculations, simulations, and 

measurements. The data from the calcula-

tion of the conversion of analog signals 

into digital signals are used as a bench-

mark to determine the performance of the 

two converter circuits. To obtain the cal-

culation result data, the calculation meth-

od that has been carried out in the study 

[11] is used.  

The analysis stage is carried out 

by comparing the calculation result 

against the simulation result and the cal-

culation result against the measurement 

result. Furthermore, three statistical for-

mulas were used to analyze the two com-

parisons of research data. The three sta-

tistical formulas are mean error (ME), 

standard deviation error (SDE), and root 

mean square error (RMSE) which are 

shown in Formula (1), Formula (2), and 

Formula (3) respectively [11], [23]. 
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     √
 

 
 ∑ |         | 

 
     (3) 

 

n is the number of data. Dc.i is the 

calculation result. Dm.i  is the measure-

ment or simulation result. 

 

 

RESULT AND DISCUSSION 

 

There are three research results 

data, namely calculation results data, 

simulation results data, and measurement 

results data. Image 1 is one of the simula-

tion results of the converter circuit-based 

IC ADC0804 with an analog input volt-

age of 4.50 V. Based on Image 5, D0 is 

the least significant bit (LSB) while D7 is 

the most significant bit (MSB). So that it 

can be known that the output of digital 

signals in the form of binary numbers 

represented through led indicators is 

111001102. Next, the binary numbers are 

converted into decimal numbers for easi-

er analysis. Thus, the conversion of an 

analog input voltage of 4.50 V to 23010 

was obtained. Image 2 is the simulation 

result of the converter circuit-based IC 

ADC0809 for an analog input voltage of 

4.50 V. Based on Image 2, D7 is MSB 

and D0 is LSB. Thus, based on the figure 

obtained the conversion of 4.50 V is 

111001012 or if converted to a decimal 

number is 22910. Using the same method, 

255 simulation data can be obtained for 

both ADC circuits. The analog input 

voltage starts from 0 mV – 5000 mV in 

increments of 19.6 mV. 

The analog to digital conversion 

data based on calculation results is need-

ed as a benchmark to determine the per-

formance of converter circuits both based 

on simulation results and measurements. 

Formula 4 is used to calculate the con-

version of one of the analog input voltag-

es 4.50 V to a digital signal. 

 

         
     

 
  (4) 

 

          
       

       
  

 
                      

 

Dc.i is the result of analog to digi-

tal conversion in decimal units. Vin.i is 

analog input voltage (mV). For the above 

example, an analog input voltage is 4500 

mV. Q is the quantization value obtained 

based on the full-scale analog input volt-

age and the number of bits of the ADC 

IC used. In this study, the full-scale ana-

log input voltage used was 5.0 V and the 

resolution used was 8 bits. So the quanti-

zation value obtained is 19.6 mV. Based 

on the calculation results, 4.50 V was 

converted to 23010 [11]. Rounding of 

values has been performed on each deci-

mal number data to make it easier to 

convert to binary numbers and led indica-

tor representation.  

Both manufactured ADC circuits 

are tested by providing analog input volt-

ages. Based on one of the test results on 

the ADC circuit compiled by IC 

ADC0804, the 4.50V analog input volt-

age was converted to 111001112 (23110). 

Meanwhile, in the ADC circuit compiled 

by IC ADC0809, the 4.50V analog input 

voltage is converted into 111001102 

(23010). Testing each of the two fabricat-

ed ADC circuits has been carried out in 

255 experiments with an increase in the 

analog input voltage of 19.6 mV. Using 

Equation 1, Equation 2, and Equation 3, a 

comparison of the error results of each 

experiment for each ADC circuit is ob-

tained as shown in Table 1. 
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Table 1. Comparison of ME, SDE, and RMSE of Each Experiment 

No. Results 
Simulations Measurements 

IC ADC0804 IC ADC0809 IC ADC0804 IC ADC0809 

1. ME  0.6310 0.4210 0.9410 0.8510 

2. SDE  0.5510 0.3410 0.9110 0.8110 

3. RMSE  0.6510 0.5110 0.9610 0.9310 

      

The data in Table 1 was obtained 

using the help of MatLab Software 

2015b. Based on the table, it is known 

that the simulation results of the ADC 

circuit compiled by IC ADC0804 have 

ME, SDE, and RMSE respectively, 

namely 0.6310, 0.5510, and 0.6510. While 

the results of the ADC circuit simulation 

compiled by the IC ADC0809 have a 

smaller error than the IC ADC0804 for 

each ME, SDE, and RMSE, namely 

0.4210, 03410, and 0.5110. 

Based on Table 1, it is also known 

that the test results of the ADC series 

compiled by IC ADC0804 have ME, 

SDE, and RMSE respectively, namely 

0.9410, 0.9110, and 0.9610. These error 

values are greater when compared to the 

measurement results of the ADC circuit 

compiled by IC ADC0809. The meas-

urement results of the ADC circuit com-

piled by IC ADC0809 have ME, SDE, 

and RMSE respectively, namely 0.8510, 

0.8110, and 0.9310. 

Based on Table 1, it can be seen 

that the ME, SDE, and RMSE of the 

ADC circuit compiled by IC ADC0809 

are smaller than the ADC circuit com-

piled by IC ADC0804. This happens for 

simulation results and measurement re-

sults. Thus, it can be known that the 

ADC circuit compiled by IC ADC0809 is 

more accurate than the ADC circuit com-

piled by IC ADC0809. 

 

 

 

 

CONCLUSION 

 

The converter circuit based on IC 

ADC0809 is more accurate for convert-

ing analog to digital than the converter 

circuit based on IC ADC0804. Based on 

the simulation results, the converter cir-

cuit based on IC ADC0809 has ME, 

SDE, and RMSE smaller than the con-

verter circuit based on IC ADC0804. 

Based on the measurement results, the 

converter circuit based on IC ADC0809 

also has a mean error and standard devia-

tion error smaller than the converter cir-

cuit based on IC ADC0804. 
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