
RECONFIGURABLE EMBEDDED INTERFACE SYSTEM FOR HIGH 
ENERGY ACCELERATORS 

Mohd Ariff Bin Mohtar, Shintaro Mori, Takuya Saito, Noriichi Kanaya, Kazuro Furukawa* 
Graduate School of Science and Engineering, University of Ibaraki, 

Hitachi, Ibaraki, 316-8511, Japan 
*High Energy Accelerator Research Organization (KEK) 

1-1, Oho, Tsukuba, Ibaraki, 305-0801, Japan

Abstract 
A reconfigurable embedded interface system has been 

developed using micro-controllers for high energy 
accelerators. The system has up to 28 digital I/Os and 8-
channel AD converters (10 bits), interrupt functions 
allowing control systems to access any accelerator 
components over the network. The components involve 
beam-position monitors, current monitors for bending 
magnets, ion pumps, vacuum valves, insertion devices, 
RF components, ion-gauges, and beam-lines. The 
interface is programmed to carry out specific tasks in 
accordance with requirements for experiments and 
research purpose. The interface employs PIC micro-
controllers,and it can be connected to the network. The 
interface is easily reconfigured using its bootloader by 
uploading a new program from the remote distributed 
control system through the network. The test of the 
system has been successfully carried out for a monitoring 
system for AC power consumption at the control room of 
B-Factory, KEK. The design and implementation of the 
reconfigurable interface embedded system for high 
energy accelerators are described in this paper. It can, 
thus, reduce cost of reconfiguring procedures that would 
have otherwise caused costly implementation. 

INTRODUCTION 
 

High energy accelerators comprise a large number of 
components and sensors such as digital and analogue 
I/Os. The components involve a number of actuators, 
beam-position monitors, current monitors for bending 
magnets, ion pumps, vacuum valves, insertion devices, 
RF components, ion-gauges, and beam-lines. These 
components are controlled by a control system, 
composed of client/server computers connected to the 
network[1]. 

An intelligent embedded interface is necessary to 
interconnect between the server and accelerator 
components. Each server has at least two network 
interface controllers(NIC). One is connected to clients 
and other servers for the entire network, and another to 
its "private" network below the server. With this 
configuration, the server is capable of accessing to any 
components of the accelerator through the private 
network. Furthermore, the interface has to be 
reconfigurable so that it can be upgraded its control 
software in accordance with requirements of physics 
experiments. This is also true when the accelerator 
components has to be improved to achieve better 

performance of the accelerator. In this paper, a 
reconfigurable embedded interface system for high 
energy accelerators described. implementation. 

CONFIGURATION 
The hardware configuration of the interface system 

is kept as simple as possible to reduce cost. It has 
been designed and implemented using embedded 
micro-controller, PIC 16F87* series and additional 
circuitry such as analogue buffers, level-shifters and 
digital interfaces. A commercially available network 
interface, X-Port, is employed to interconnect 
between the network and the serial ports of the micro-
controller[2]. 

The software of the interface is composed of two 
pieces of program including the bootloader and the 
control program for interfacing/controlling the 
accelerator components. The bootloader program 
resides at the bottom of the EPROM area[3]. The 
bootloader allows for the interface system to 
overwrite the control program by loading an upgraded 
program from a host computer through the network. 
Here we focus on the reconfiguration of the interface. 

The procedures for boot-loading are done as 
follows:The control program is written in assembler, 
C or any higher level language, and it is in general 
compiled in the Intel Hex TEXT format. The Intel 
Hex format is a simple format containing text lines 
starting from preamble character ':' followed by data 
length, address, data identifier (or record type), data, 
and checksum. Uploading program, or 'Uploder' 
which can transfer the program in the Intel format 
from the host to the interface system has been 
developed in Java. Using the Uploder, the control 
program in the embedded interface system can be 
upgraded by uploading a revised program from a host 
computer, or the server of the control system, 
connected to the network. A client can also be a host 
to upgrade it using the Uploader. 

Upon reset, the embedded interface system waits 
for a simple command from the Uploader running at a 
host computer until timeout occurs typically three 
seconds. The command is just one of following 
characters :'R'un,'B'oot as well as a reply-character 
'S'uccess, 'F'ail, '.' (send-new-line) for the host. The 
REIS passes control to the existing program when the 
timeout occurs and there is no command sent from the 
host. 
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