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Abstract

This paper is intended to provide the simulation of two applications using NE555 integrated circuit
(IC) which is based on Empirical Modelling (EM). The two applications are mainly depended on
the configuration of the circuit's  components,  so called 'Astable  Mode'  and 'Monostable Mode'.
These modes are generally used in a variety of timing circuit. The scenario of this implementation
can be simply taught as giving inputs to calculates outputs both in the form of number and graph.
This signifies that the time or frequency of the NE555 IC will be able to calculate if components'
values are known or vice versa. Thus, this implementation is aimed to educational purpose.

1   Introduction

The  NE555  is  an  integrated  circuit  (IC)  which  is
widely used to manipulate the timing or waveform
generation  circuits.  It  was introduced  by the elec-
tronics manufacturer, named Signetics, in 1971. Al-
though it exists since 1971, it still remains popular
because of its low price, stability and ease of use for
implementing a timing application. 

Although there  are  many light  software  or  online
gadgets to compute NE555's equation, most of them
are unhandy, difficult to analyse data, one-way cal-
culation or require enough user's knowledge. Appar-
ently,  NE555  and  its  configuration  are  good  ex-
ample  devices  that  demonstrate  observables,  de-
pendencies,  and agents.  This  will  be  explained in
'Em Concept' section. 

Hence, in this project, the main objective is to create
a user-friendly application for modelling the signal
output of NE555 for two configurations which are
astable  and monostable mode based on EM's  per-
spective. It  provides connection of the circuit com-
ponents in which how each component is wired to
others, dynamically graphing and text results. 

The structure of this paper is as follows: The prelim-
inary description of the NE555 will be introduced
providing  general  background  knowledge.
Secondly, the model and feature of the application
will be listed and explained. Thirdly, the principles
and concepts of EM will be justified consisting ob-
servables, dependencies, and agents. After that, the
advantages and disadvantages are discussed which
is followed by evaluation and conclusion.
 

2   Preliminary Description

2.1   Configuration Modes

As mentioned earlier, the output of NE555, usually
in waveform, can be obtained by constructing suit-
able components  in  a  correct  position of  a  circuit
and  selecting  the  desired  values  of  components.
Thus,  this  rises  two well-known configurations  in
which the NE555 can be operated either in a mono-
stable  (one-shot)  mode or  in  an  astable  (free-run-
ning) mode.

The behaviour of NE555's waveform, for all modes,
can be generally adjusted by changing the values of
associated resistor(s) or capacitor(s). The further de-
tails on astable and monostable mode are shown in
Appendix  1  which  contains  equations  and  circuit
connections.   

3   Model and Feature

3.1   Model

The structure of the application has two separately
different  interfaces  which  do  not  overlap  to  each
others, referred to Appendix 2. Hence, one interface
is to simulate the astable mode and another interface
is to simulate the monostable mode. Nevertheless, it
can  be  switched  back  and  forth  freely.  As  two
modes contains similar functions and structure, each
interface consists of the circuit diagram, input data,
and the simulated output results which are displayed
as texts and graph.  The detail  please  refer  to  Ap-
pendix 4

The purpose of circuit diagram is to demonstrate the
connection  between  components  and  their  values.
Please note that conponent values can be as either
input or output depending on the given data. They
will act like inputs only if the component values are
given from user  and they will  act  like the outputs
only  if  timing  is  given  i.e.  reverse  calculation.
Moreover,  the circuit  diagram provides brief com-
ponents'  information  when  mouse  cursor  hovers
them. 



The layout of input data is where inputs are given to
analyse. The inputs can be classified into two types.
The first type is where the values for each compon-
ent are known. This type is used when the timing of
NE555 is interested in particular values of compon-
ent. The second type is to calculate the components'
values where the timing is known. 

The simulation part is where the graph is plotted ac-
cording  to  the  output  results  after  inputs  are  cor-
rectly set. The graph is aimed to provide the better
look of results which gives the clear illustration of
waveform. These contents will be explained more in
'EM Concept' section.

3.2   Feature

The features of this application are as follows: 

• Each mode contains couple calculations i.e. giv-
ing  all  component  values  to  obtain  timing  or
setting timing to obtain component values.  

• All  inputs  are  firstly checked their  formats  to
ensure the calculation is correct  i.e. they must
be  number  format  only.  Otherwise,  '#invalid'
phase will display.

• Once inputs are correctly set, each of them can
be slightly adjusted via slider bar to investigate
the  dynamic  results.  Each  input  can  be  de-
creased or increased in the range of -100 to 100.

• Results  can  be  approximated  by  enabling  ap-
proximation's tick box. This will give clean and
better view of results.

• Brief information for each component (NE555,
resistor, and capacitor) will be displayed when
mouse cursor hovers it. This will provide the ef-
fect to the output of each component.

4   EM Concept

The EM concept is referred to the development of
construal for the behaviours of the NE555's wave-
form between two modes. The EM concept consists
of observables, dependencies, and agents which will
be explained.

4.1   Observables

There  are  many observables  used  to  illustrate  the
structure of this application. Within this application,
some of these are the circuit diagrams providing the
connection and information of the circuit, the graph
to plot and display output results as text including
their  colours.  The visualisation  of  circuit  diagram
contains  much  more  observables  that  demonstrate

the connection between each component in the real
world. The visualisation of graph is used to reveal
the behaviours  of  the  output  waveform of  NE555
more clearly and understandably. Moreover, the ob-
servables  that  represent  precise  results  in  number
format are displayed as text form. Therefore, these
observables behave according to other observables'
behaviours or to the given inputs which mean de-
pendencies.

4.2   Dependencies

The dependencies  are  relations  between those  ob-
servables that interact each other in one way or an-
other. The graph is apparently depended on the res-
ults  which  is  calculated  from  (depended  on)  the
given inputs  from the user.  This  signifies  that  the
length representing high time and low time is de-
pended on the value of results. Moreover, the graph
is plotted either in static mode or in dynamic mode.
This means that if the inputs are given in text boxes,
the graph is in static mode (fixed value). If the slider
bar is, however, used to control the individual input
value, the graph will be in dynamic mode (varying
over time). Such approaches give the new opportun-
ity to learn the context and knowledge how does the
waveform of NE555 look like or change in the real
world from this application.

Further more on displaying results, the results can
be  displayed  either  precise  values  (more  than  ten
decimals) or approximated values by ticking the ap-
proximation box (round up to two decimals).  This
signifies  that the results are not only depended on
the given input values but also depended on the ap-
proximation. 

Moreover, the information of components are mov-
ably displayed,  following mouse cursor,  whenever
mouse cursor hovers any of them. This implies that
their positions are depended on the mouse position
in x- and y-axis.

4.3   Agents

Some agents, which are created and used in this ap-
plication, are as follows: There is an agent used for
checking the typo. This agent will check the format
of inputs i.e. it  must be a number with one dot to
represent  decimal  only.  If  the typo is occurred  by
any means, the agent will restrain that given input,
and will display as “#invalid” on screen instead of
given value, and will stop the calculation and graph
as  well.  This  action  will  prevent  uncontrollable
problem during calculation by given wrong input. 

As the mouse's actions, such as movement, pressing,
etc.,  are  conditionally checked,  the trigger  actions
will  execute at  some stages  if  their  conditions are



met.  The  examples  are:  whenever  the  mouse  is
pressed in the area of menu (astable mode or mono-
stable mode), this action will trigger the user's selec-
tion which will change the interface. Moreover, the
brief explanation will pop-up if mouse cursor hovers
on components.  

5   Advantages and Disadvantage

5.1   Advantages

This application is intended to develop and run in
JS-Eden (master) rather than TKEden. The reasons
why JS-Eden is chosen are as follows: In term of
object's  visualisation,  TKEden required  more  than
one notation to create and illustrate an object (using
scout and donald) and has limitation of shape. How-
ever, JS-Eden provides more flexibility in drawing
an object  within one language,  for  example,  poly-
gon, arc,  point, etc. Therefore,  having this feature,
the  fancy  shape  can  be  easily  created  which  im-
proves visualisation. 

As the JS-Eden is based on JavaScript's implementa-
tion,  the  JavaScript's  embedded  methods  can  be
freely used to extend the potential of various func-
tions or agents  to response more dynamically.  For
example, it  is not easy to obtain the value of sine
function or rounding number in TKEden as they can
be done easily in JS-Eden.

Moreover, triggered action are common EDEN con-
struction and it is available in JS-Eden as well. By
combining triggered  action, the application can be
implemented to become even more complex inter-
active behaviours i.e. to created an agent. 

Although some features  of  implementation can be
written in TKEden, the syntaxes might be complex
and eventually lead to bugs. 

Moreover, it is easier to create an application in Js-
Eden language than to use other traditional language
in term of code's structure and style. By using “is”
or triggered actions, there is no need to create func-
tions to recall and to update values any time during
run time.

5.2   Disadvantages

This application requires the bigger size of Canvas
HTML5 to display the whole program which can be
done by either reassigning value of Canvas or manu-
ally adjusting its  size by mouse.  Thus, the former
method is used in this case i.e. the code itself con-
tains the new size of Canvas. However, the size of
the Canvas is not changed according to the values
after the first code's execution. Although the size of
Canvas is bigger after the second code's execution,

the display area is still  the same. This means that
some areas  are cropped.  This is an annoying situ-
ation as a user must manually drag at its corner to
adjust its size every time after code's execution. This
might  be  a  problem inside  JavaScript's  interpreta-
tion. The assumption is that the code is too long and
needs  some  times  to  execute  which  contribute  to
wrong  behaviour  of  Canvas  during  modifying  its
size. 

There is no debugging tool available in JS-Eden that
allows programmer to investigate the behaviour of a
program from line to line code. Therefore,  debug-
ging  process  might  be  difficult.  The  easiest  way,
however,  is  to check the program's  behaviour fre-
quently  while  developing  a  program.  It  is  recom-
mended to use “Symbol List” or “Symbol Lookup
Table” to check the individual observable as well.  

6   Evaluation

In order to determine the efficiency of this applica-
tion, the evaluation is applied. This can be done by
evaluating the output data whether the output data is
satisfied from the theoretical  conception or  not.  If
not, how much the error is produced. 

The application is evaluated by comparing the res-
ults obtained by itself and freeware NE555 gener-
ator  called  “555 timer  component  selection”  from
DOCTRONICS website[1]. The detail  please refer
to Appendix 5.

After evaluation, this application is concluded to be
accurate enough to provide good results.

7   Conclusion

The visualisation of this application gives excellent 
learning tool by taking the advantages of observ-
ables, dependencies ans agents. As this NE555's 
simulator has rich observables, dependencies and 
agents, it is a good example to investigate. By com-
paring a traditional simulation, this application has 
unique quality.  Learners, for example, can observe 
the effect of component's characteristic to the output
waveform. Moreover, this application or basic idea 
can be further applied to itself or to other similar 
area. 
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Appendix 1

Monostable Mode

The output of monostable mode is to act like one pulse signal generator. The output is produced only when the NE555 is
received a signal at the trigger pin (pin 2) and its length is depended on the RC network which is composed of a resistor (R)
and a capacitor (C). Therefore, the output signal can be shortened and lengthened to the need of application by changing the
value of these two components. The time for NE555 to generate the output signal is given by

t=RCln(3 )≈1.1RC

t is the time taken for NE555 to rise the output in second which is the multiplication of R, C, and natural logarithm of three.
This term, however, can be replaced by approximated value to be more convenient. The circuit of monostable mode is
shown in diagram 1. 

Astable Mode

For the astable mode, the output is considered as continuous rectangular waveform pulse signal whose its frequency and
duty cycle are mainly depended on two external resistors (R) and one capacitor (C). As one duty cycle contains high and
low output signal which determine its frequency, the equations can be given by.

THigh= ln(2)(R1+R2)C≈0.7(R1+R2)C T Low= ln(2)(R2)C≈0.7(R2)C

T Total=ln (2)(R1+2R2)C≈0.7 (R1+2R 2)C f= 1
ln (2)(R1+2R2)C

≈
1.45

(R1+2R2)C
Duty Cycle=

(R1+R2)

(R1+2R2)
∗100

It can be seen from above equations that the output signal can be freely adjusted by varying the component values. The
circuit of astable mode is shown in diagram 2.

On  the  other  hands,  the  desired  frequency or  timing  output  signal,  for  both  modes,  can  be  determined  by means  of
rearranging the equations to get R and C.

Diagram 2: Circuit for Astable Mode

Diagram 1: Circuit for Monostable Mode



Appendix 2 - Interfaces

After submitting the whole codes into JS-Eden, the first interface will be displayed. The first interface is used to overcome
the problem occurred during first time codes' submission as it does not display neither astable mode nor monostable mode
unless user clicks either of them. Therefore, the first interface gives indication. If the astable mode is clicked, the interface is
changed to interface of astable mode. If the monostable mode is clicked, the interface is changed to interface of monostable
mode. Please note that it can be changed freely at any time back and forth..

Interface 1: Indication is given

Interface 2: Astable Mode Interface 3: Monotable Mode



Appendix 3 - Sample Calculation 

To calculate the results, the sufficient inputs must be given: given component values of R1, R2, and C1 to calculate the high
time, low time, and duty cycle or given frequency, duty cycle, and C1 to calculate R1, R2. 

suppose we want to find the frequency and we have R1 = 288 Ω  ,  R2 = 567  Ω   and   C1 = 10
-6  

μF, therefore

THigh= ln(2)(288+567)10
−6

≈0.000593

T Low= ln(2)(567)10
−6

≈0.000393

T Total=ln (2)(288+2(576))10
−6

≈0.0009981

DutyCycle=
(288+567)

(288+(2∗567))
∗100≈60.126



Appendix 4 – Modeling Structure 

Circuit Diagram

The first structure of this application is circuit diagram. The diagrams show the circuit of Astable mode and Monostable
mode. For astable mode, it can be seen that there are three components needed which are R1, R2, and C1. Please not that the
value of C is fixed and connected to ground. Apart from C, these components can be varied in which the waveform of the
NE555 is changed or affected every time any one of them is changed. Please note that the VSS is the representation as
voltage source that supplies voltage to the circuit which range between 3 to 15 Volts in the real world. It is nothing to do
with this application but it is only for demonstration. The Output (pin 3) is the presentation as the output of the NE555, its
behavior is shown in graph. This output pin is usually driven approximately 1.7 volts below VSS.

For monostable mode, it can be seen that there are only two components needed – R1 and C1 – and the connections between
each component are quiet similar to the connection of astable mode. Addition to VSS and Output (pin3), the Trigger (pin2)
is inversed signal meaning that if the signal of this Trigger pin is low, it will become high or vice versa. This mode provides
the one-shot waveform. On the other words, the NE555 will produce waveform only when the Trigger pin is low. It will
stop when the capacitor is charged to about 2/3 of the supply voltage. Please note that time taken for capacitor to charge is
depended on R1. 

Beside of connection's illustration, there is a feature to give brief information about components and this feature is called
whenever the mouse cursor hovers them.

Astable Mode Monostable Mode



Input data

There are two types of input data for both modes – the first type is where all component values are known, the second type
is where the timing is known. The diagram below shows the first type of both mode. It can be seen that each unit has metric
prefix – k = 1000, m = 1000000, μ = 0.000001 (10 -6), n = 0.000000001 (10 -9), p = 0.000000000001 (10 -12)

The diagram below shoes the second type. 

Graph

The graph of astable mode shows the waveform of NE555 in time domain. The y-axis represents voltage between high and
low i.e. high voltage has current and low voltage has no current. The x-axis represents time in which its interval can be
automatically changed depending on the results. Please look at its unit carefully  - even the graph looks the same but the
time's unit is different. This means that the waveform is different.

Type 1: Astable Mode Type 1: Monostable Mode

Type 2: Astable Mode Type 2: Monostable Mode

Graph: Astable Mode



There are two graphs of monostable mode providing the output waveform and capacitor charging voltage. The concept is
pretty much the same. The y-axis represents voltage between high and low i.e. high voltage has current and low voltage has
no current. The x-axis represents time in which its interval can be automatically changed depending on the results. The
output waveform shows the waveform of NE555 in time domain and the  capacitor charging voltage shows the voltage is
being charge to capacitor.

Results

The results of both modes can be made very accuracy or approximation by clicking the box of approximation. 

Graph: Monostable Mode

Results: Astable Mode

Results: Monostable Mode



Appendix 5 - Freeware Evaluation 

The diagram below shows the comparison between freeware named “555 timer component selection” and application to
evaluate the results. It is examined on astable mode having  R1 = 1 kΩ , R1 = 100 kΩ and  C1 = 10

-6  
μF and on monostable

mode having  R1 = 1200 Ω and  C1 = 10
-6  

μF. It can bee seen that the value of duty cycle and pulse (which is frequency)
from both generators are similarly equal. 




