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Abstract
The system for automated measurements and data processing in laboratory experiments in nuclear physics is described. The system includes Robotron 20046 base radiometer or similar, interface module and IBM PC/AT or compatible. The radiometer provides HV supply for nuclear detectors and preliminary forming and selecting the detector pulses. The interface module is based on PIC16F874 single-chip micro controller and can work in several modes. It is maximally simplified, PC platform independent and easy adaptable to various types of gauges. The measurement system can use either standard software like MS Excel, Mathlab, TableCurve etc. or special developed software for data processing. The developed system is in a practical use in laboratory exercises in Nuclear physics and other disciplines. 
1. Introduction
The equipment used to provide laboratory experiments in educational laboratories in nuclear physics has the following characteristics:

· Relative simplicity of hardware with a possibility for using various types of de​tectors (Geiger-Mueller, scintillation, proportional etc.);
· Moderate rate of data acquisition;

· Performance of various tasks on the same hardware;

· Possibility for automation of data acquisition and data processing via personal computer and an appropriate interface module;

· Option for working in computer network and data exchange;

· Using standard software as well as specially developed one;
· Possibility for future development of the project and adaptation to other types of apparatus and to other tasks;

· Simplified usage.

These properties define the direction of this work. The main goals of the devel​opment are: a) Creation of a rather simplified but intelligent interface module for data acquisition and data transmission to PC; b) Adaptation of standard software (MS Excel, Table Curve etc.) for data processing as well as development of specialized software for more convenient planning of the experiments and solving of more spe​cific tasks.

2. General description of the hardware
The hardware contents: measuring probe (including detectors), connected to a standard radiometer Robotron 20046, interface module and personal computer IBM PC/AT or similar (fig 2-5). The application of standard radiometer of this type, often used in educational laboratories in nuclear physics, permits to solve the following tasks:

· Connecting, HV power supply and data collecting from various types of de​tec​tors;

· Ensuring of proper amplification, forming and amplitude selection of the de​tec​tors’ pulses;

· Manual setting of measurement time and generating of START/STOP signals;

The standard radiometer Robotron 20046 could be replaced by another type of radiometer, including self produced, if it has similar possibilities.

The interface module (IM) has to ensure the reception of formed pulses from the ra​diometer, preliminary pulses counting, as well as to provide electrical and logical compatibility with the ports of PC for the following data transmission to it. The requirements for sim​plicity and versatility forced us to use the serial (COM) or keyboard ports of PC.
The personal computer (PC) has to provide receiving the data from IM and data processing according to the conditions of the performed experimental task. The use of specially developed software allows selecting beforehand the desired task and planning and controlling the experiment’s performance. If the network equipment is available the data exchange and collecting in special server will be possible for subsequent usage.
3. Description of the interface module
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The interface module is constructed on the base of microcontroller PIC16F874 of the company Microchip [1]. To conform the signals levels for communication be​tween the IM and PC via RS-232 we used integrated circuit ICL232. For data transfer via keyboard inter​face, diode logic circuit is used.
The interface module is a very simple device with minimum external components (fig.1). The availability of built-in FLASH memory allows easy and multiple repro​gramming of the microcontroller by the option In-Circuit Serial Programming (ICSP) via two pins by programmer unit, that defines the device’s versatility. 

The main functions performed by IM are:

· Data receiving from the measuring probe through the radiometer for the time adjusted manually or by PC software;
· Saving the data in 16-, 32-bits or more extended format;
· Data transfer to PC after finishing the current measurement upon a control sig​nal from the radiometer or via a command from the PC and a readiness for the next measurement;
· Possibility for working in several modifications, ensuring various measure​ment modes and transmissions, considered below.
Module’s operation. After conforming the detector pulses by the radiometer to standard TTL levels the formed signals pass to the device output. Besides this, the control signals START and STOP of measurement are brought out to other outputs of the radiometer. They are used in the cases of asynchronous transfer to PC and the keyboard emulation mode. The entering pulses are counted by the internal 16-bit counter-timer (timer1) and saved in the internal memory of microcontroller. If an overflow has occurred, an interrupt signal is generated and passed to the micro​proces​sor. By the interrupt handling the length of the counter can be increased to 32-bits ore more. The interface module may operate in the following modes:
1. Program control of the measurements. In this mode the PC software sets the time and the number of measurements and controls the measurement’s process in IM by signal RTS in RS-232 (fig.2). After finishing the measurement time the current portion of data can be read by the PC via COM port. The advantages of this mode are the missing interrupt han​dling in PC and simplified communication interface.
2. Asynchronous mode. In this mode the time of measurement is set manu​ally by the control panel of the radiometer 20046. The signals START and STOP gen​erated by the radiometer pass to the interface module (fig.3). After finishing the meas​urement time and entering a new signal START the internal counter is initialized and a new measurement begins. At the same time IM generates an asynchronous inter​rupt re​quest and sends it to PC, which causes a reading of information from IM. This mode ensures a rather high speed of transmission but requires in​terrupt handling in PC.
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3. Bi-directional mode (handshaking mode – fig.4). This mode requires a transfer proto​col to be set beforehand. The time set by PC is measured in IM. An advantage of this mode is the possibility to set short time intervals of the measurement (below 100 (s). The long time intervals require increasing the size of transferred portion of data and organizing more precisely the measurement of the time intervals. To solve this prob​lem we could use the input for external quartz resonator in the microcontroller.
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4. Keyboard emulation (fig.5). In this mode the interface module is connected di​rectly to the keyboard input (fig.8). The keyboard of the PC is connected through the interface module via special input in the module. The measurement time is ad​justed by the radiometer. The data transfer to PC occurs when the STOP signal comes from the radiometer. Interface module sends the data in keyboard format (sequence of keyboard codes). At the same time a new measurement could be initialized.
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Communication in various modes. In modes 1, 2 and 3 the communication is carried out according to the standard RS-232 and the data are sent as a sequence of ASCII codes (fig.6).  
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The beginning of every package is identified by tabulation code (09), followed by 6 bytes corresponding to the contents of the counter and 1 byte - CR code (0D).

In bi-directional mode (3) the next sequence is maintained: 
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The PC sends a command word containing time identifier (time ID), measurement time and start ID (fig. 7);

· After finishing the measurement in the set time interval the IM sends ac​knowledgement for completed work (ready ID);

· The PC sends a command for data reading (read ID);

· The IM sends data ID and the collected data to PC.

The codes identifying the measurement time and the appropriate operations (Start, Ready, Read, Data) are selected at random.
In keyboard emulation mode the interface module sends keyboard codes corre​sponding to the collected information in the microcontroller. The transfer begins on receiving external STOP signal from the radiometer. At the same time a new meas​urement could be initialized. Codes for tabulation and carriage return are sent too for text formatting. 

The advantage of this mode is its full independence from PC platform as well as the possibility to enter the data directly into standard software application (for exam​ple, MS Excel) for following data processing. There is an option to write informa​tion in text file and data processing subsequently. Disadvantage of the mode is low speed of data transfer [2] wherefore the minimal time interval for a measurement is limited to 1 sec but not below. Another problem is that the interface module shares joint cable with the keyboard. This is the reason why the work in keyboard emulation mode must be initialized by special switch (IM-ON) and when the switch is on the keyboard must not be in use.
The working mode of the IM is defined beforehand by the manner of connection and the appropriate program recorded in the FLASH memory of the microcontroller.
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Technical data of the IM:

· Supply voltage 5V. 
· Consumed current ( 10mA.

· Communication – via RS-232 (1200, 8, n, 1) or by keyboard emulation.  

· Inputs/outputs: 1 input for en​tering pulses, 2 control inputs, 2 pins for program​ming (ISP), 1 output TxData, 1 input RxData, 2 outputs Clock and Data for key​board emula​tion mode (fig. 8).

· Input rate of counting – it is defined by the maximal rate of the radiometer and of the built-in asynchronous timer-counter in the microcontroller and is about 20MHz. This rate is not affected by the time of data transfer, but only the minimal time of measurement is limited.
The interface module is constructed in a self-contained box and is supplied by an ex​ternal adapter or directly from the keyboard coupling in keyboard emulation mode. 
5. Software
The control software is recorded previously in the FLASH memory of the mi​cro​controller and controls the working mode of the interface module. The full package of programs for various modes is written in Assembler for these types of microcontrol​lers and occupies in memory less than 1KB.
For data processing and results representation, the software, installed in PC is used. In keyboard emulation mode no special software is necessary and we can use the standard one. It is sufficient to open standard application (Word, Excel, Word​Pad, Table Curve etc.) and to start the interface module by which automated entering of data into the PC begins. There is an option of writing the data into text file for subse​quent data processing. The opportunities for data processing and representation of the results are defined by the accomplishment of the appropriate software. Espe​cially convenient are the program systems MS Excel and Table Curve which combine the possibilities for calculation and graphical representation.
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For data receiving and processing via RS-232 two program systems are developed. The program system LABEX is written on Turbo Pascal using the package of standard units Turbo Professional and works under MS DOS while the program sys​tem LABEXWIN is intended for MS Windows 9x+ and is written on Borland Delphi 5.0. Both program systems include the options to plan and perform the fol​lowing exercises in nuclear physics [4, 5]:

· Measurement of halftime period of decay of short living radioactive isotopes;
· Measurement of beta/gamma rays energy by means of absorption method; 

· Investigation of working characteristics of G-M counters;

· Study of statistical character of the radioactive decay (Poisson’s and Gauss’ laws);

· Measurement of cross section of interaction of fast neutrons with  lead, iron and other metals nuclei and evaluation of nu​clei sizes;

· Defining of absolute activity of beta-ray sources etc. 

The program systems include mathematical methods (LSM etc.) for data proc​essing as well as wide possibilities for graphical representation of results. They allow easy adaptation to performance of new types of tasks.  

The general flow diagram of the program systems is shown on fig.9. When choosing the task, initial pa​rameters, concerning the experimental conditions (type of source, kind of absorber etc.) are set. When the con​trol of measurements is from the PC, measurement pa​rameters (time and number of measurements) are set as well. After finishing the measurements data processing and result representation in graphi​cal or text format are completed.
6. Conclusions
The present-day microcontrollers give opportuni​ties for the creation of new types of nuclear electronics’ devices. To this aim it is enough the developers to be acquainted with the architecture of microcontrollers and with the method of its programming. 

The above described interface module is sufficiently versatile and can be used in various automated radiation measurement devices and systems and the application software may be adapted to them. This development is a useful step toward automation of educational experiments in atomic and nuclear physics.

The research is part of a phase in the process of developing ‘A new method for simultaneous time-energy spectral analysis for application in optical and nuclear technologies’, funded by the National Science Fund, project Ph-1206/02.
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