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The Universal Serial Bus has become a dominant interface for the connection of stan-
dard peripheral devices to a PC computer. This paper analyzes the possibilities of USB
bus applications in the field of measurement and environmental monitoring. As a re-
sult, a gamma radiation monitor consisting of an USB-based universal peripheral de-
vice and a gamma probe with a GM counter, has been designed. For the interfacing
monitor with the powerful and easy to use LabVIEW software package, an instrument
driver as a set of virtual instruments has been developed. The proposed monitor is a
flexible instrument which can be used for laboratory measurements, as an environ-
mental radiation monitor or for training purposes. Connected to the laptop computer,
the monitor becomes a portable instrument suitable for field measurements. Basic
measurements and functionality properties of the radiation monitor are presented

here.
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INTRODUCTION

Computer measurement systems traditionally
consisted of standalone devices, connected to the
computer via the serial RS-232 or IEEE-488 bus.
With the advance of PC-based measurement tech-
nology, the measurement devices were connected to
the PCvia an ISA or PCI common bus [1]. An exam-
ple of such a solution of a gamma radiation monitor
has been described in ref. [2]. Direct connection with
the PC via ISA or PCI plug-in cards caused compati-
bility problems and the connecting procedure itself
had to be done by experts. This paper analyzes the
possibilities of applying a modern Universal Serial
Bus (USB) for connecting measurement and moni-
toring equipment to the computer.
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The USB bus was initially designed to connect
peripheral devices such as a keyboard or a scanner to
a PC. In the last few years, the USB has been widely
adopted. All new PCs and laptops are equipped
with USB ports and most modern operating sys-
tems support it. The USB has, de facto, become a
low-cost PC interface standard for consumer appli-
cations. Only very recently has it, also, become a
popular interface for measurement and control ap-
plications. A more detailed description of USB
characteristics and communication protocols of the
USB bus are shown in ref. [3].

Numerous limitations related to the connec-
tion of peripheral devices to personal computers
were eliminated by using the USB interface. Such as
the limitations of PC functions due to the limited
number of free slots on the mother-board or a lim-
ited number of standard communication interfaces,
for example. Up to 127 peripheral devices can be
connected to a PC by using USB hubs. Easy con-
nection of peripheral units is in accordance with the
Plug and Play concept, due to the hot-plug capabil-
ity which allows adding new peripheral devices, or
their removal, without powering down the com-
puter. The device is plugged into a PC and then rec-
ognized by it. After the first installation of appropri-
ate software, the device will always be recognized by
the host PC. The power supply of devices with a rel-
atively low consumption is possible via the USB bus
itself. The standard USB 2.0 enables a data transfer



74

Nuclear Technology & Radiation Protection —2/2006

rate of 480 Mby/s, which is more than 4 -10° times
higher than the fastest transfer rate achieved by the
serial RS-232 interface.

We have designed and implemented a practi-
cal solution for a USB-based radiation monitor, as
described in this paper. The monitor is made of a
universal peripheral device and a gamma probe. The
gamma probe is connected to the universal periph-
eral device which is, in turn, connected to the com-
puter by the USB bus. The peripheral device and the
gamma probe are described in the following chap-
ters, along with the essential functionality and mea-
suring characteristics. In addition to connecting the
gamma probe, the universal peripheral device may
also be used for connecting different sensors with a
PC. It has inputs for analogue and digital signals
and pulses. This enables the connection of sensors
for physical, chemical, and biological environmen-
tal measurements.

The authors have, primarily, concentrated on
developing and providing relevant software. The
software driver was developed in the form of a set of
virtual instruments (VI) as an interface with the
LabVIEW software package. The processing of sig-
nals or data acquired by these devices, as well as
graphical user interface, is performed by LabVIEW
software. The combination of the USB data acquisi-
tion hardware with the capabilities of LabVIEW
software, represents a very powerful measuring in-
strument for laboratory experiments and fixed
monitoring systems. This enables the user to create
a specific application for his measuring or monitor-
ing systems in a graphical environment, quickly and
efficiently.

Since it is PC-based, the monitor is a bench
type instrument, highly suitable for use as an ele-
ment of a computer network for environmental or
area monitoring. Connected to the laptop com-
puter, the monitor becomes a portable instrument
suitable for field measurements. If a high sensitivity
detector is applied, this PC-based unit can be used
to monitor people and vehicles in transit.

UNIVERSAL PERIPHERAL DEVICE

The peripheral unit connected to the PC by
the USB interface is designed as an universal in-
put-output peripheral device. Various measurement
sensors can be connected to it. This enabled us to
enhance the possibilities of measuring a higher
number of environmental parameters on a specific
location and achieve simple improvements of the
measuring functions of the system. The block dia-
gram and the appearance of the USB peripheral de-
vice are shown in fig. 1.

The pulses from the gamma probe are trans-
mitted to the input for pulse counting (CNT, fig.
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Figure 1. Block diagram (a) and appearance (b) of the
USB-based, universal IO device

1a). The power supply of +5 V for the gamma
probe is achieved through the universal peripheral
device. In addition to the counting input, the
USB-based universal peripheral device also enables
connecting 6 analog input signals and 11 digital in-
put-output signals. This device was made by using a
microcontroller ATmega8 [4] and a USB bus con-
troller, FT232BM [5]. The communication be-
tween the FT232BM and ATmega8 was accom-
plished by means of an asynchronous serial
interface. The microcontroller used included an in-
tegrated analog-to-digital converter and a serial in-
terface which enabled the implementation of sim-
pler hardware for the peripheral device.
Asshowninfig. 1, separate controller is respon-
sible for communication via USB bus, in this case
FT232BT. The AT'mega8 microcontroller is used for
acquisition of signals from the sensor or measuring
devices, as well as for data processing. These two con-
trollers communicate by a serial connection. The
mentioned approach in the implementation of
USB-based peripheral devices provides maximum
utilization of controller resources needed for mea-
surement-control functions. According to the USB
protocol, the USB bus controller is, in fact, the one
factor in charge of the communication between a pe-
ripheral device and a PC. The application of the USB
bus controller makes the development of application
software of a personal computer much easier, largely
due to the fact that the USB controller is frequently
supplied with an adequate driver by the manufac-

turer.
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Application software communicates with the
USB peripherals by calling the relevant driver func-
tions. These functions initialize the peripheral de-
vice and transfer blocks of data via the USB bus. All
driver functions are placed in the respective DLL
(Dynamic Link Library).

The acquisition of analog signals is done by
using a 10-bit AD converter and a six-channel
multiplexer. These signals are taken to inputs
Aly-Als. The sampling rate of the measurement is
defined by the software, periodical setting of the
conversion start and the reading of results. The
maximum sampling rate per channel is 5 -103 sam-
ples per second. This sampling rate is sufficient for
application to most measuring and control sys-
tems.

The digital input-output lines DIO,-DIO
are connected to ports B and D of the micro con-
troller. Each digital line of the acquisition module
can be either an input or an output line. The selec-
tion of data direction is performed on the level of
software application.

A 16-bit timer of the microcontroller is used
for the implementation of the counter, enabling
processing signals to have a frequency not higher
than 500 kHz. The signals for counting are fed to
the input CN'T. This input is used for connecting to
the radiation detection probe. The description of
the probe design is given in the following chapter.

GAMMA PROBE DESIGN

If a gamma radiation sensor is added to the
USB-based universal peripheral device described in
the previous chapter, than this device connected to
the PC can be used as a very flexible tool for environ-
mental radiation monitoring. Connecting a higher
number of computers equipped with such radiation
monitors into a computer network, would result in
an economically feasible network for environmental
radiation monitoring.

The gamma probe consists of a GM counter
and a high voltage power supply. A block diagram
and the appearance of the radiation probe are
shown in fig. 2. The probe was designed by using
the ZP1200 Philips GM tube. This very popular,
relatively cheep and reliable detector, does suffer
from some shortcomings: relatively low sensitivity
of3.5571- uGy ! h (13Cs) and an energy dependent
response. The first shortcoming has been elimi-
nated by applying a suitable measurement algo-
rithm, resulting in background measurements with
a statistical error as low as 1%. The sensitivity of the
GM tube within the energy band of 60 keV-2 MeV,
varies from +500% to —25%, in respect to 137Cs
(662 keV). By introducing a compensating shield,
this dependence has been reduced to =25%.
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Figure 2. Circuit block diagram (a) and the appear-
ance (b) of the GM probe

The probe is powered by +5 V obtained from
the PC through the USB bus. This voltage is con-
verted to +500 V voltage required by the GM tube
by a dc-dc converter within the probe. The high
voltage is obtained by a suitable combination of a
boost converter and a voltage multiplier. Special at-
tention was devoted to the devices with limited
power consumption powered by the USB bus. We
have implemented a high voltage power supply
which consumes only 0.2 mA when the detector is
in the background.

Special attention has been paid to the evalua-
tion of the performance of the detector in question
when overloaded. The detector has been exposed to
gamma dose rates significantly exceeding its mea-
suring range. It has been observed that, for dose
rates in excess of 100 mGyh™!, the detector pre-
served pulse operating mode and a constant count
rate of approximately 2-10* s7!. The detector re-
mained in the pulse operating mode even at the
highest dose rate of 30 Gyh™!, made available for
these experiments. Although dose rates higher than
100 mGyh™! should prove impossible to be mea-
sured by this detector, it is important that it retained
the pulse operating mode and that a complete fail-
ure of the probe did not occur.

The processed signals are transferred from the
probe to the counting input CNT of the mi-
cro-controller; located in the universal IO device.
The task of the microcontroller is to count the arriv-
ing pulses during a certain time interval and to trans-
ter this data to the application software through the
USB interface upon the demand of the PC.
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SOFTWARE

Software has a predominant role in com-
puter-based measuring systems. For this reason,
special attention should be paid to the development
of adequate software. We have chosen the
LabVIEW for the application of , which allows for
an interactive system design by means of a graphi-
cal, block-structured, non-procedural language.

LabVIEW is a powerful software package
that can be used to design user interfaces for the in-
teractive control of systems in a graphical environ-
ment, by taking advantage of its many program-
ming tools and by creating virtual instruments that
mirror traditional electronic ones. This software
package has world wide acceptance and presence
nowadays. It can be found in most research labora-
tories and in numerous research and development
facilities in private businesses. It provides a quick
and easy access to instrumentation control and a
very large database of drivers for DAQ cards, vari-
ous computer interfaces (GPIB, serial efc.) and in-
strument drivers.

Each LabVIEW program consists of a Front
Panel interface consisting of controls and data fields
and a Block Diagram, where the real programming
tlow takes place. Although it is a graphical program-
ming language, its versatility enables an easy incor-
poration of modules written in other languages (C,
Basic efc.) into it [6].

In applying this concept, the crucial step is to
implement a software driver for a specific hardware
peripheral device. The instrumentation driver rep-
resents a software interface between radiation mon-
itor hardware and a high level application program
installed on the PC [7]. It consists of a set of
LabVIEW virtual instruments. Having the instru-
mentation driver at his disposal, the user is exempt
from low level programming which demands de-
tailed knowledge of hardware device functioning
and the protocol for communicating with the USB
device. The users can, thus, devote themselves to
the development of application software and the
implementation of measuring-control functions.
We have developed an adequate instrumentation
driver for connecting the radiation monitor hard-
ware with the LabVIEW software.

The procedure for the implementation of the
instrumentation driver for an USB-based peripheral
device starts with the creation of virtual instruments
that serve for the calling of the DLL functions for
communication with the controller of the USB bus.
The manufacturer of the USB bus controller offered
a relevant Windows dynamic link library, d2xx.dll,
which was applied in this work, as an interface be-
tween the driver and the application software [8].
Some of the basic functions included in the dynamic
link library d2xx.dll are shown in tab. 1.

Table 1. Basic functions of the d2xx.dll library

Function Description

Information about the devices on

FT List Devices the bus

Establishment of connection to

FI_Open the device

FT Reset Device | Reset of the device

FT Write Transfer of data to the device
FT Read Reading of data from the device
FT Close Interruption of the connection

with the device

The access to the dynamic link library is
achieved by the built-in function Call Library Func-
tion Node as shown in the LabVIEW block diagram.
The connection of the desired driver function is real-
ized by adjusting the name and the dynamic link li-
brary path, as well as the name and parameters of the
function. An example of connecting the driver func-
tion for sending a series of bytes to the output port of
the peripheral device is shown in fig. 3.

FT status I
_FT write
ult

Bytes written

Figure 3. Function Call of the FT_ Write from the
dynamic link library

The USB instrumentation driver of the pe-
ripheral device includes a set of virtual instruments,
each performing a specific task. Figure 4 presents a
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Figure 4. Functions of the instrumentation driver for
pulse counting
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series of virtual instruments which are responsible
for the control of the microcontroller counter.
These VI configure, start counting, read the results,
stop counting and stop the connection with the pe-
ripheral device. Similar sets of programming mod-
ules are completed for analog input lines and digital
input-output lines. Virtual instruments [Initialize
and Close, intended for installing and interrupting
the connection with the USB device, are common
for all the functions of the device.

By connecting particular modules of the in-
strumentation driver, the user completes his specific
application program. Figure 5 shows a simple ex-
ample of the application program for pulse count-
ing within a preset time-interval which calculates
the mean counting rate, performs the conversion of
the counting rate into radiation dose rate and shows
the result on the digital display and analog panel
meter (fig. 5b).

The program implemented in the form of a
block diagram shown in fig. 5a plays, in fact, the

role of a simple radiation monitor. The front panel
of the monitor is shown in fig. 5b. The measured
value of the exposure dose rate is presented in ana-
log and digital form and, also, recorded as a time
chart. The new measured quantity is displayed every
second. The display can be operated in two modes,
providing measurement within a preset time inter-
val or until a predetermined statistical error limit is
reached. If the measured dose rate exceeds the pre-
determined threshold, the alarm will signal it.

CONCLUSION

The USB bus is increasingly gaining favor as
an alternative interface for data acquisition and
measurement. Computer peripherals such as a
printer, scanner, and digital cameras already use
USB as a quick and easy technique for connection to
a PC. The USB connection simplifies the installa-
tion of peripherals by eliminating the necessity to
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open the PC to install a plug-in board. For measure-
ment applications, the USB data acquisition mod-
ules offer a number of significant advantages.

In this paper, we proposed a USB-based radia-
tion monitor. The monitor consists of an universal
peripheral device and a gamma ray probe. A GM
counter is used as a gamma radiation sensor. The
monitor can be used for measuring dose rates in the
range from natural background to 10 mGyh™!. The
GM counter transfer function can be linearized by
introducing a correction for the counter dead time,
so that the measuring rate of the detector can be ex-
tended to about 100 mGyh™!. By applying a suitable
measurement algorithm, it is possible to measure
the natural background with a statistical error in or-
der of magnitude of 5%. In addition to the gamma
ray detector, other sensors for environmental moni-
toring could be connected to the — USB-based uni-
versal peripheral device. In such a way, a cost-effec-
tive solution for physical, chemical, and biological
measurements is achieved. Being computer based,
the radiation monitor architecture provides a seam-
less integration into the Web. The LabVIEW soft-
ware package can be used for this purpose as well. In
fact, Web monitoring with the LabVIEW Web
Server was implemented after LabVIEW 6.0 was
released. Now version 7.1 has been released and it
has even better remote access features. Starting with
the 6.0 version, any application can be published as
a web file rather easily, using a built-in Web Server.
It emphasizes the advantages of the Web for envi-
ronmental monitoring. If equipped with a high sen-
sitive detector, this computer-based unit can be used
for monitoring people and vehicles in transit.

The users of the USB radiation monitor
would need a PC with Pentium-class processor and
either USB-1.0 or USB-2.0 interface, Windows 98
Second Edition or more recent versions of the Win-
dows operating system.
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Byjo APHIAPEBHWh, Henax JEBTU'h, Pagusoje HYPUh

MOHUTOP 3PAYEILA HA BA3U USB MATUCTPAIIE

Yuusep3ainna cepujcka Maructpana (USB) nmocrana je noMuHanTaH nHTEpQE]C 32 IOBE3UBAHE
cTaHapfHux nepudepHux ypebaja ca IepcOHaJHUM padyyHapoM. Y OBOM pajy aHaju3upaHe Cy
moryhHocty npumene USB Marucrpane y o61acTu Mepema 1 MOHUTOPUHra OKONHMHE. Pe3ynrar oBux
aHanM3a je je[[HO pelllelke MOHUTOpa rama 3pauema Koju ce cacroju of USB Oa3supane yHuBep3aiHe
nepudepHe jefUHUIEC U COHfle raMa 3pauerma ca GM 6pojaueM. [Toce6Ha maxmba MOKJIOWHEHA je Pa3Bojy
copTBepa MoOHMTOpa. Pa3BujeH je CKynl HHCTpyMEHTAUMOHUX [pajsepa y (OpMU BUPTYEIHUX
WHCTpyMeHaTa 3a nmose3uBame ca LabVIEW nporpamcknm nakerom. [IpemoskeHn MOHITOP IPEICTaBIba
¢hnexcubunaH UHCTPYMEHT KOjU Ce MOKE KOPUCTUTH 3a 1abOpaTOPUjCKU Paj, KAa0 MOHHUTOpP 3pauema
OKOJIMHE UMK y 00pa3oBHe cBpxe. IloBe3aH ca nan-Ton pauyHapoM, MOHUTOP IIPeJCTaB/ba IPEHOCHU UH-
CTPYMEHT IOrojaH 3a Mepewma Ha TepeHy. Y pajly Ccy JaTe OCHOBHE MEpHE M (PYHKIMOHAJIHE
KapaKTEPUCTHKE MOHUTOpPA 3payeba.

Kwyune peuu: monuitiop 3padersa, USB mazuciipana, zama 3paverse, GM 6pojau, LabVIEW



