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Abstract— Cathode Ray Oscilloscope is most versatile and 

widely used instrument in the sciences, medicine, 

engineering, and telecommunications industry. The Cathode 

Ray oscilloscope is used for variety of purpose such as 

detecting wave form, frequency, and time period. A signal 

generator is a device which produces simple repetitive 

waveforms and such devices contain an electronic oscillator, 

a circuit that is capable of creating a repetitive waveform. 

The most common waveforms are sine wave, saw tooth, step 

pulse, square, and triangular waveform. The goal of this 

project is to design a signal generator and a digital 

oscilloscope with 20 kHz bandwidth. The signal generator 

and digital oscilloscope that is used in laboratory cost ten to 

twelve thousands. The motivation of this project is to 

produce an affordable, easy to make a signal generator and 

an oscilloscope for students or other engineers who cannot 

afford to buy a manufacturer’s oscilloscope. The project 

consists of two parts: Signal generator and Digital 

Oscilloscope. A single ARM7 controller is used in the 

project which acts like master brain of the system. At a time 

a single functionality works and is based on mode selected 

by the user.  
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Generator 

I. INTRODUCTION 

Measurement defined as the process of determining the 

amount or capacity by comparison with accepted standards 

of the systems units being used. The major parts of electrical 

experimentation are signal generation and measurement. 

CRO used for signal measurement and function generator 

used for signal generation. There are different types of 

function generators and CROs available in the market. 

CROs used in any field where a parameter can be converted 

into a proportional voltage for observation example 

meteorology biology and medicine. They are Dual beam 

CRO, Dual trace CRO, Analog & Digital Storage 

Oscilloscopes, VLF Sampling Oscilloscope, and Digital 

readout oscilloscope. Depending upon the application we 

use various CROs. Function generators produce different 

waveforms of adjustable frequency. The common output 

waveforms are sine square, triangular and saw tooth waves. 

The frequency may be from a fraction of Hertz to several 

hundred kHz. The main drawback with the signal generators 

and CRO is cost, compatibility and portability. The main 

purpose is reduce the hardware cost to minimum and 

portability. ARM7 based LPC2148 flash version, is a high-

performance FLASH micro controller provide highest 

design flexibility. It has 512 Kbytes of FLASH program 

memory, 2Kbytes of data memory and 368 bytes of RAM. 

Performance FLASH micro controller provides highest 

design flexibility. It has 512 Kbytes of FLASH program 

memory, 2Kbytes of data memory and 368 bytes of RAM 

[8]. 

II. BACK GROUND MATH 

This paper relies on oscillation principle and sampling a 

waveform and then reconstructing it. The wave form 

generated must be repetitive and hence undammed 

oscillation is needed. The Shannon sampling theorem, which 

states that samples must be taken at a rate greater than twice 

the maximum frequency of the original signal (or at the 

Nyquist rate)[1], is used so that no aliasing occurs. Aliasing 

occurs when a signal gets under sampled; a waveform of 

lower frequency will get reconstructed instead of the correct 

higher frequency signal. Since the project aimed at 

designing a digital oscilloscope with 20 kHz bandwidth, the 

sampling rate is always set higher than 40 kHz (the 

oscilloscope functions correctly at a maximum frequency of 

20 kHz). The analog signal is converted into digital signal 

by using analog to Digital converter. The conversion 

involves quantization, small error will encounter. An ADC 

performs the conversions periodically.  

An ADC may also provide an isolated 

measurement such as an electronic device that converts an 

input analog voltage or current to a digital number, which is 

proportional to input voltage or current [5]. The digital 

output uses different coding techniques. It is a two's 

complement binary number that is proportional to the input, 

but there are other possibilities. Applications of ADC are 

music recorder and Digital Signal processing. ADC 

implementing methods are flash ADC, Successive 

approximation ADC, Ramp compare ADC, Wilkinson 

ADC, Integrating ADC, Data encoded ADC, A pipeline 

ADC, Sigma delta ADC etc. The successive approximation 

ADC is more popular. Sampling can be done for varying in 

space, time, or any other dimensions. Functions that vary 

with time, i.e. continuous time can be sampled using 

sampling. Thus, the sampled function is s(nT), for integer 

values of n. The sampling frequency is defined as the no. of 

samples per sec. i.e. fs = 1/T. 

Interpolation algorithm is used to reconstruct the 

continuous function [1]. When the time interval between 

adjacent samples is a constant (T), the sequence of delta 

functions are known as Dirac comb. Sampled signals are not 

reconstructed and stored. Nyquist frequency of the sampler, 

s(t) frequency components must higher than fs/2 Hz. 

Without an anti-aliasing filter i.e. low pass filter, frequencies 

higher than the Nyquist frequency i.e. fs>=2fm will 

influence the samples in a way that is misinterpreted by the 

interpolation process. The guard band between the samples 

must be appropriate otherwise over sampling and under 

sampling done. There are different noises like jitter noise, 

quantization noise, thermal sensor noise, analog circuit 

noise, etc. Theoretically the LPC2148 ADC can sample at 

(1/19.72μS) 50.7 KHz [3]. After completion of conversion, 
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TAD delay must complete before acquisition. During this 

time, the holding capacitor is not connected to the selected 

A/D input channel. For correct A/D conversions, the A/D 

conversion clock (TAD) time must be min. of 1.6μs. The 

real-time mode communications were first tested using the 

LPC2148 simulator program, where sine waves, square 

waves and random waves at variable frequencies and 

amplitudes were successfully sent to the scope program 

which correctly displayed the waveforms. Once the program 

was working on the simulator it was tested using a LPC2148 

sampling waveforms, the program successfully display the 

waveforms correctly. 

III. BLOCK DIAGRAM 

The projects implements both signal generator and digital 

oscilloscope in the same board. First mode of operation 

must be selected. The figure 3.1 explains the block diagram. 

 
Fig.1: shows Block Diagram of implementation 

If mode of operation is signal generator, then 

proper command to microcontroller must be given. The 

wave form to be generated, the frequency, and amplitude of 

the wave are inputted to the controller through the key pad 

[7]. Depending upon the user input control algorithm in the 

controller runs and generates wave form. The generated 

wave form can be seen on a conventional Cathode Ray 

Oscilloscope. The Digital to Analog Converter is used to 

convert digital output from the controller to analog to 

display on the Cathode Ray Oscilloscope.  

If the mode of operation is oscilloscope mode, the 

output from the standard signal generator is fed to Analog to 

Digital Converter. The output of analog to digital convertor 

is fed to controller. The controller process the data, 

identifies the wave form, and finally it displays amplitude, 

frequency and time period of the wave form. Figure 3.2 

shows flowchart for generating wave form and calculating 

wave parameters. The software developed using Embedded 

C in keil IDE platform. The controller algorithm written in 

the controller displays the welcome message. The user then 

needs to select the mode. If the mode of operation is one, 

then the controller generates ask user to enter the wave 

parameters: Frequency and amplitude. The control algorithm 

written then generates   the desired wave form. If the mode 

of operation is two, then controller calculates wave 

parameters such as frequency, time period and amplitude of 

the wave [9]. 

 
Fig. 2: Shows flowchart 

IV. IMPLEMENTATION 

This section describes how voltage and frequency are 

determined. To determine voltage and frequency, the input 

wave is sampled first and then further processed. 

A. Voltage Determination 

The heart of the computer-based data acquisition is usually 

the analog to digital converter (ADC) [2]. Basically this 

device is a voltmeter. Its input is voltage and its output is a 

digital number (a collection of 0's and 1's) proportional to 

the input voltage. The controller is usually programmed to 

convert this outputted digital number into a number that is 

represents the measured voltage. The LPC 2148 consists of 

two ten bit successive approximation ADC [8]. Consider, 

for example, ADC designed to measure between 0 and 10 

volts and convert this measurement into an 8-bit digital 

number. Then a 0 volt input is associated with the digital 

output of 0 (in binary 0000 0000) and a 9.999 volt input is 

associated with the digital output of 255(in binary 

11111111). In general the digital output of the ADC is 

related to the input voltage by the equation [4]: 

 
If the input voltage is 4.78231415 volts then the 

ADC would produce the number 122 as its output. The 

computer program would then take this number and relate it 

with a voltage using the equation [4]: 

 
For this example this final conversion yields 4.78. Note that 

because the input was converted to an 8-bitinteger in the 

middle of the process, a great deal of potential precision has 

been lost. For the 8-bit device with a range of 0-10 volt, the 

smallest change in the output reflects a difference of 0.039 

volts (10 Volts/256) on the input. Thus the error caused by 

the processing of a signal through this ADC would be ±0.02 

volts As was shown in the above example, an 8-bit ADC 

cannot tell the difference between two close voltages, 

because its resolution is 0.039 = 10/28, There are ADC’s 

with higher resolutions such as 12-bit and 16-bit devices. 

These would have resolutions of 0.0024 = 10/212, and 

0.00015 = 10/216 respectively. But this higher resolution 

comes at a cost, in either dollars or speed and usually both. 
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An alternate method of increasing the resolution would be to 

reduce the input range, but this may limit the utility of the 

ADC. Most ADC’s use a circuit called a comparator. This 

circuit has two inputs and one output. The inputs are analog 

signals and the output is a single bit digital signal, a “yes” = 

1 or “no” = 0. If the voltage applied to the signal input is 

greater than the voltage applied to the reference than the 

output is 1.  

B. Frequency Determination 

This section describes the implementation of a single pin 

measurement of frequencies up to 500 kHz using the Timer 

2 counter input pin. The code written implements a 

frequency acquisition system that can be combined with a 

voltage measurement via the ADC to track both the 

frequency and voltage of the input signal. The measurement 

is displayed on a LCD screen. Since frequency is the 

number of cycles of a given waveform recorded over 1 

second, both the number of cycles and the time taken for 

that number of cycles have to be measured. By measuring 

the number of cycles over 1 second, the frequency of the 

waveform is determined. In order to measure the number of 

cycles, a record of the number of times a 1-to-0 transition 

occurs on the waveform should be maintained. This is done 

using the Timer 2 counter input pin, which increments the 

Timer 2 registers on a 1-to-0 transition. There are two ways 

to measure a second. The first involves setting up Timer 0 

with reload values such that it overflows when 10 ms has 

elapsed. By counting 100 of these overflows, a 1 second 

interval can be measured [4]. 

The second method is to use the time interval 

counter, which can be set up to interrupt the core after 1 

second has elapsed [4]. The advantage here is that the core 

is interrupted less frequently than a segmented count using 

Timer 0, and thus is free to carry out tasks between these 

interruptions. Since the Timer 2 registers can hold only a 16-

bit result, the maximum measurable frequency is 65535 Hz. 

In order to extend this frequency, a record is kept of the 

number of times Timer 2 overflows during the 1 second 

interval. This is then factored into the calculation of the 

actual frequency during this interval. If a 100 kHz square 

wave is input to P1.0 and the INT0 button is pressed, the 

software will calibrate the frequency measurement to 

compensate for errors that interrupt latency introduces at the 

higher frequencies; however, the error is only significant 

above 10 kHz, so the calibration routine ignores the gain 

error below this frequency. 

V. CONCLUSION 

From the above details study that it can be conclude that 

hardware may be designed to get desired output. This hand 

held signal generator and CRO is more compact. The 

implementation of this project produce an affordable, easy 

to make a signal generator and an oscilloscope for students 

or other engineers who cannot afford to buy a 

manufacturer’s oscilloscope. The program successfully 

displayed the sine waveforms correctly at various 

frequencies and amplitudes for test results. 
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