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The extracted beam lines diagnostics systems situated in 2 control rooms were previously based on the intelligent crate controllers ACC-83 (Intel 8080) /1/ and the host computers SM-4 (similar to PDP 11/40). This systems upgrade was made using IBM PC/AT‘s linked to the IHEP’s ETHERNET, and intelligent crate controllers ACC-19 (Intel 8080) /2/. The developed software is described. The updated beam diagnostics systems provide the significant improvement of the control reliability and of the “operator-system” interface. The software package written for the ACC-83 controllers was upgraded and adapted for the ACC-19 controllers according to the diagnostics systems hardware change. The upper level  software was designed and implemented for the ‘front-end’  PC/AT’s.








1. THE UPGRADED DIAGNOSTICS SYSTEMS HARDWARE





The block-scheme of the upgraded diagnostics systems hardware is presented on figure 1. Six beam diagnostics systems of 8,21,23 beam lines complex and three systems of 22 beam line are situated in four “Vector”-SUMMA crates (analogous to CAMAC). The systems hardware may be divided by two levels:   the lower level  situated inside the beam channels and the upper level situated in two beam lines control rooms /3/. Various beam detectors and preliminary electronics belong to  the lower level, registering and processing electronics and crate controllers ACC-19 with the embedded  Intel 8080 microprocessors belong to the upper level. The “Vector”-SUMMA crates contain the upper level system hardware. The information gathered and previously processed by three controllers ACC-19 in 8,21,23 beam lines control room and by one controller in 22 beam line control room is transferred by means of serial terminal lines (19200 bauds) to two PC’s that are situated in two various control rooms. Every PC has built-in programmable 4-channel serial interface board /4/. It enables to connect up to 4 external processors to PC for the data exchange between this PC and the connected processors. Diagnostics systems allow to measure the following parameters of the extracted proton beams:





Relative proton beam losses distribution along the beam lines in the dynamic range � EMBED Equation.2  ��� (beginning from � EMBED Equation.2  ��� ppp) in regimes of fast ejection (FE, stretching duration is 30 ns - 5 mcs), slow ejection (SE, up to 1 sec) and joint in accelerator cycle FE and SE.


FE intensity in range from � EMBED Equation.2  ��� to � EMBED Equation.2  ���  ppp.


Profiles and beam position in regimes of FE, SE and diffraction ejection.


SE intensity in range from � EMBED Equation.2  ��� to � EMBED Equation.2  ���  ppp.


Relative efficiency of the beam interaction with the 21 beam line target in range � EMBED Equation.2  ���.


Relative intensity distribution of separate  bunches  during FE.





More detailed system hardware description  was given in article /3/.


Both control rooms PC’s are linked to IHEP’s Ethernet and operate as front-end computers. Ones  are able to transfer to the network file server the uniform format data about the current beam information that was gathered and previously processed by the controllers. Interested consumers can read this information from the server and also information from other accelerator systems may be read from the server to front-end PC’s and displayed for the beam line control room operators. 





2. THE DIAGNOSTICS SYSTEMS SOFTWARE





The diagnostic systems software includes:





Microcomputer cross-tools (MCT) necessary for executive modules creation, that are part of PC’s system software and involve cross-assembler, linker, pre-loader.


Upgraded applied software package (ASP) for diagnostics systems controllers ACC-19.


Test programs package for checking detectors, lower and upper level electronics and crate controllers ACC-19.


Universal upper level program for control rooms PC’s.
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Fig. 1.   The  block - scheme  of the upgraded  diagnostics  systems  hardware.











PC’s system software (MS DOS 6.2, standard editors, utilities etc.) and MCT were used for upgrading the ASP designed for ACC-83 and modified for ACC-19 crate controllers. The controller microcomputer EPROM involves system monitor, BASIC  adapted for in-crate working, executive modules loader and link to host computer program. Test software was designed and implemented using ASSEMBLER and BASIC languages.


Controller’s microcomputers of all beam diagnostics systems operate in real-time regimes with beam ejection period 8 sec., control regimes of systems operations, collect and process considerable amount of information, display this information on the local system TV monitors as histograms, tables etc., exchange the data between control room PC’s using uniform format in accordance with designed protocol, transfer the previously processed information to external experimental installations by means of receiver-transmitter blocks RT-24 /5/. The controller’s ASP was designed and implemented using ASSEMBLER language because of the very hard requirements are laid on the rate of information processing. The applied software was designed for realization of quite complex regimes of controller’s working so software operates using multiprogramming regime at process level. There was designed the mechanism distributing the microcomputer processor time between active processes at a given moment /3/. The programmable block-timer DIT is used  for this purpose. This one installs the LAM request signal at the end of time intervals whose length is fixed by program. Each process has its own memory stack for keeping local variables, process continuation addresses, etc. The processor time is distributed by dispatcher between active processes by means of actuating the next active process in the queue at receiving LAM signal from DIT timer. At the process completion before expiration of the time that was distributed to given process the time rest is transferred by dispatcher to the next active process. Some processes are active constantly, the other processes are actuated by dispatcher when the certain event rises and are set to passive state at the completion.


The software of every diagnostics system realizes corresponding processes of this system but it is possible to mark the row of functionally similar ones:


Data and commands exchange with PC. 


This process is active constantly. The one uses standard format packages with calculating the check sum of package bytes during the transmitting/receiving. The package consists of header and body. The header involves the package length in bytes, the control room number, the diagnostics system identifier (losses, profiles, halo, bunches etc.), type - command or data and data validity flag (whether the data were received by system during beam ejection current cycle or data were received from past cycles). In the data case the package body with required data is added to header. In the command case  the process after receiving the package from PC analyses the command and executes corresponding action, for example actuates another process, returns to PC current status information of system or system local parameters or forms and sends to PC the package of data gathered by system during current beam ejection cycle. Also the packages including the commands changing the current system parameters (strobing duration of C-60 counters groups, the system offsets reading delays, the system test regimes on/off switching ,  amplifications and transformation coefficients meanings, numbers and types of profiles that are reflected on the local system TV monitors, orientation of profilometers etc.) are received from PC. Process may also be set in terminal regime by means of shorten command from PC, then PC becomes the terminal of given system. Process by default is in terminal regime at the system start-up, this enables to change current system parameters using any terminal, connected to the system. In this case the system  parameters are reflected to operator as ASCII symbol menu. It may be necessary in the case of PC breakage.


Lower and upper level electronics control.


This highest priority process is actuated after FE or SE start synchropulses appearance. It transforms analogue signals to digital form and writes information to microcomputer memory.


The system hardware offsets reading during time between beam ejections. 


Process is actuated each times after expiration of assigned delay that starts at completing the lower and upper level electronics control process if corresponding offsets reading regime  was installed in this system.


The information processing and its reflection to the local system TV monitors. 


Process is actuated each times after completing the lower and upper level electronics control process if regime of data reflection to TV monitors  was installed in the system.


Transferring the processed information to the external experimental  installations by means of receiver-transmitter blocks RT-24. 


Process is actuated each times after completing the lower and upper level electronics control process if the data transfer to experimental  installations regime was installed in system.


Transfer the standard format packages of processed information to PC automatically in each beam ejection cycle.


Process is set to ‘ready to be executed’ state by process of the data and commands exchange with PC at the receiving from PC corresponding command. The one is actuated every time after completing the lower and upper level electronics control process and also is set to passive state by process of the data and commands exchange with PC at receiving any byte from PC and after that is completed at once.


Processing and printing information by means of printer. 


Process is actuated by the operator command.


ASP is also utilized in mode testing detectors, upper and lower level electronics working as on the real beam so without one. The integrated package BORLAND C++ 3.1 was used for designing and implementing universal control rooms PC’s program. This program is being executed in both control room PC’s. The mode of corresponding control room is chosen at the program start-up from the main menu. The program implements automatic and hand-controlled loading, start and testing the willingness of executable programs in ‘intellectual’ controllers ACC-19 that are connected to PC in given control room, produces real-time data acquisition from connected controllers, transfers to the controllers the control information in every accelerator cycle using uniform format packages in accordance with the designed data exchange protocol, processes and reflects in graphical mode the data received from any connected controller as histograms, tables etc., supports the operator dialogue by means of hierarchical and pop-up menus, emulates PC as terminal of any connected controller, sends diagnostics messages about system bugs and faults to operator and also realizes uniform format data exchange with external consumers using Ethernet and network file server and reflects the external data received from file server to PC terminal.


Receiving the commands and information packages from every controller connected to PC is realized in corresponding PC buffer memory assigned for every controller by interrupt handler using serial interface board interrupts. Then information may be sent to file server, may be accumulated in PC files for following processing etc. Actuating the processes of automatic data transferring to PC from connected controllers in every beam ejection cycle allows to solve the synchronization problem of PC and connected controllers because in this case PC receives real-time information in every current cycle of beam ejection.





The upgraded software and hardware of distributed diagnostics system allowed to increase its reliability and flexibility by means of industrial production installation, upgrade of existing ASP and development of universal software. This provided the significant improvement of the operator interface, bugs and faults diagnostics and increased the number of information consumers.
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