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A REMUS BASED CRATE CONTROLLER FOR THE AUTONOMOUS PROCESSING 

OF MULTICHANNEL DATA STREAMS 

S. Cittolin CERN-DD, B. Löfstedt CERN-EP, Geneva, Switzerland 

ABSTRACT 

This paper describes a device designed to perform the autonomous acquisition of consider
able quantities of raw data, process them and present results in an easily digestible 
format for subsequent analysis. It has been primarily created for read-out of complex three 
dimensional drift chambers, but is of general interest. The unit is based on a dual 
processor system consisting of a Signetics 8X300 and a Motorola 68B00. The 8X300 section 
operates as a fast dedicated Data Processor and flow controller that reads the input modules, 
processes the data and constructs the output blocklets. The 68B00 supervises the activity 
of the 8X300 and is responsible for the holding and loading of appropriate routines. It 
also obtains samples of the final data for statistical purposes and executes periodic 
calibration and diagnostic functions. 

1. Introduction 

This unit, called the READ-OUT PROCESSOR, R0P type CERN-EP 296, was primarily developed 

to solve the data read-out and reduction problems created by the Central Detector of the 

UA1 experiment but it can be used in many other applications. 

Mechanically it is built as a 4 unit wide CAMAC module but uses the ESONE COMPEX 1^ 
2) 

protocol for the dataway use. Output data is presented in the CERN standard REMUS format. 
3) 

Also there is a serial link port (HDLC protocol) for mterprocessor and processor to 

computer communications. 
2. The System 

The UA1 Central Detector read-out system consists of more than a hundred crates, each 
4) . 5) containing five Charge and Time Digitizer modules , one Stop Time Interpolator module 

and one Read-Out Processor. The Charge and Time Digitizer modules sample, every 32 nS, the 

outputs from the detector wires, each module treating 12 wires. 

The range over which drift times are measured is ^4 US and 128 samples are taken from 

each wire. 

Each event creates, per crate, 7680 data words of 16 bits derived from 128 samples from 

each of 12 wires in 5 CTD modules plus some words from the Stop Time Interpolator. 

This gives a total of close to 8000 words per crate and event. 

It is obvious that a drastic reduction of data must be executed before the event is read 

out from the crates. This is done in two steps; first all redundant data ("zero words") 

are eliminated (zero-skipping) and the rest compacted into reasonably small blocklets, in 

a form that is easily digestible for further analysis. These blocklets consist of wire 

identification, time information, the total charge (^) and charge division values for a 

given detector wire. 
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An example of the reduction is given below: 

CTD 
Memories 

After 
Zero-skipping 

Processed 
Output 

= 8000 words 800 words - 300 words 

Reduction Factor 

1:1 1:10 1:30 

When the Read-Out-Processor builds the blocklets it must compensate for possible base

line shifts or off-sets in the analogue and digitizing circuitry, and linearize the part 

of the data that, in order to gain dynamic range, has been digitized with a non linear 

transfer function. 

In addition the processor collects samples of the data to produce statistics on the 

overall behaviour of the chamber and digitizing electronics. Periodically the processor 

tests and calibrates the complete read-out system. 

3. The Read-Out-Processor Hardware 

To achieve the results outlined in section 2 the tasks have been divided into two 

categories ; 

a) - Trigger Detection 

- CTD crate read-out 

Simple decisions and routing 

Data corrections 

Data reduction 

Data formatting 

b) - Supervising the procedure 

Complex decisions 

Statistics 

- Calibration and test 

The tasks under a) need to be executed rapidly so as not to slow down the read-out 

process but the group b) tasks can be done independently of the actual data taking. There

fore, one u-processor has been dedicated to each category of tasks, a Signetics 8X300 fast 

processor/controller - the Data Formatter - for those mentioned under a) and a Motorola 

6800 processor - the Control Processor - for those under b ) . 

3.1 The Data Formatter 

The Data Formatter is based on the Signetics 8x300 8 bit Schottky TTL processor. It has 

separate busses for data and instructions, thus allowing the next instruction to be fetched 

while executing the current one. 

To further increase the throughput, 8 bits are added to the instruction word to define 

bus-source and bus-destination addresses plus a few direct actions ("microprogramming"). 

The Data Formatter databus is 16 bits wide to allow direct moves of (16 bit) words between 

bus devices. The 8X300 can access either the lower or the upper half of the word (micro 

prog. bit). The following hardware is available to the 8X300: 
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- A 4 K/12 bit Look-up table 

- Two accumulating registers 

- A 1 K/16 bit REMUS Port FIFO 

- Various control and status registers 

This architecture together with the powerful bit handling/testing instructions of the 

8X300 allows a simple but very effective treatment of the data. 

The Data Formatter works in "Real time" and acts as the I/O-processor of the ROP module. 

3.2 The Control Processor 

The heart of the Control Processor is a Motorola 68B00 u-processor with 8 Kbyte of RAM 

and up to 24 Kbyte of EPROM. It also has 4 DMA-channels, an ADLC (Advanced Data Link 

Controller) and the necessary parallel input/output ports to communicate with the Data 

Formatter, the front panel controls and indicators. There is also a bus extender connector 

(see section 4 ) . 

The main task of the Control Processor during data acquisition is to supervise the 

entire process by instructing the Data Formatter on how to handle the data. This is done 

by loading the appropriate program(s) into the Data Formatter program memory and the 

Look-up table with the corresponding constants. 

During data taking, the Data Formatter sends samples of the data through a DMA-channel 

to the Control Processor which checks that the system behaves normally. 

Another important task for the Control Processor is to test and calibrate the system. 

Here the Data Formatter becomes the I/O processor of the Control Processor, which together 

with the detector calibration electronics ensures that settings of gains and levels are 

correct. The communication between the Control Processor, calibration electronics and 

host computer is exercised by means of the serial link. 

The Control Processor is not in the main line of the data acquisition process and does 

not introduce any deadtime into the read-out. 

4. The development and maintenance system 

The control processor also plays an important role in the software development phase and 

maintenance of the ROP unit. One of the main reasons for the choice of the 6800 uprocessor 

was the availability at CERN of standard systems based on the 6800 Motorola Exorcizer bus 

such as CAVIAR and the associated BAMBI firmware.. 

A front panel connector allows the extension of the Control Processor bus with addition

al 32 K RAM and CAVIAR cards, transforming any ROP module into a microcomputer system 

equipped with terminal, floppy disk, remote computer link and running under the control of 

the high level language BAMBI^. In such a configuration all the control processor 

dedicated software becomes available to the user as a set of BAMBI callable routines. So 

dedicated hardware test programs can be interactively implemented and executed in order to 

debug all the module functions, while a BAMBI written 8X300 cross-assembler allows the 

compilation, the loading and updating of the Data Formatter software. 
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A Motorola Exorcizer II was adopted as the first development unit with a modified CAVIAR 

MPU and an RS-232 link with the HP RTEIV central computer used to edit, compile and down

load the 6800 software. 

Similar systems were also standardized to test the CTD modules and to supply the tools 

for the mass-production and maintenance of the UA1 central detector read-out electronics. 

5. The ROP software 

The ROP software is a 6800 assembler written package resident in 12 K EPROM firmware. 

Functionally it can be divided into three parts, the background supervisor monitor, the 

foreground input output handler and the Data Formatter library. 

5.1 The supervisor monitor 

The supervisor monitor is activated at power up or after reset and runs at background 

level. It is responsible for all the ROP test and initialisation functions, the Data 

Formatter control, the CTD crate calibration and online monitoring. 

5.1.1 Internal autotest 

When switching on power or by applying two consecutive reset pulses a 20-sec seiftest 

program checks all the ROP internal functions such as the Control Processor RAM memory and 

DMA channels, the Data Formatter input/output ports and the look-up table. If an error 

occurs a more profound diagnostic procedure isolates the fault, in some cases down to the 

integrated circuit level. When the error is fatal to the functioning of the ROP the unit is 

kept offline, with regard to data acquisition, and the faulty test is repeated continuously, 

presenting, on the two digits front panel display, the test number and the error code. At 

the start of each test loop, a front panel output (READY)pulse is generated to synchronize 

external instruments with the test execution. When the fault cannot be found by this 

method the development system can be added to the ROP and the diagnostics continued with 

BAMBI programs. 

5.1.2 CTD crate initialization and calibration 

In order to achieve the maximum of accuracy in charge division measurement two gain and 

four off-set settings in each signal processing channels of the CTD module have been made 

adjustable over a small range. This is done by the use of 6 bit digital-to-analogue 

converters (DAC). 

A table of 360 bytes, containing the DAC values for a complete crate (60 wires x 6 DAC), 

is reserved in the Control Processor RAM, this table can be updated via the serial link 

from the host computer (a NORD 100) or it can be directly evaluated by the Control Processor 

calibration program using special external triggers, injecting a known charge into the 

digitizing electronics. In this phase the Data Formatter operates in transparent mode 

sending all the CTD data to the Control Processor, while the whole calibration sequence is 

monitored by the NORD computer. Once the calibration parameters are known this phase can 

be skipped and the ROP initialisation procedure simply loads the default table of constants 

into the CTD DACs. 
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5.1.3 Online monitoring 

This program becomes active at the end of the initialization sequence when the Data 

Formatter is running in data acquisition mode. During the readout the Data Formatter sends 

data samples to the Control Processor buffer via the DMA channel. The histograms of the 

total number of words and track hits created at each event in a CTD crate are filled and 

for each wire the first and second order moments relative to the distribution of the base 

line, the number of hits and the number of words are calculated and stored in the Control 

Processor RAM memory. A 32 bit arithmetic package is then used to evaluate the average and 

RMS of these variables, allowing for the online evaluation of the chamber efficiency and 

the detection of noisy wires. All the monitoring operations are carried out in parallel 

with the Data Formatter read-out and during the interevent period without interferring or 

slowing down the data acquisition. 

5.2 The Control Processor foreground monitor 

All the Control Processor commands and data communication with the NORD 100 host computer 

are issued either from the serial link via the maskable interrupt (IRQ) or the REMUS V-Bus 

function via the non maskable interrupt (NMI). 

5.2.1 The serial link handler 

The MC 6854 ADLC interface adopted in the ROP serial link hardware allows the handling 

of a multi processor system (up to 254 units) with a loop configuration consisting of a 

primary station (a CAMAC module driven by the host computer or a SUPER CAVIAR), and all 

the ROPs as secondary stations connected in series. The primary station can send on the 

loop frames consisting of any number of bits within the standard HDLC protocol. Each 

frame contains at least 6 bytes, an address byte, a command byte and 4 bytes of command 

parameters. Each ROP is initialized as a secondary station with its address equal to the 

crate controller number (from 1 to 254), if the ROP unit is off line or the crate power 

is down a relay ensures the continuity of the loop. 

The serial link handler allows the primary station to read or write a variable length 

data block at a given address in the Control Processor RAM memory or send specific commands 

such as execute an internal test, load Data Formatter look-up table, load DAC table into 

CTD, start a calibration run or select the data acquisition mode. The histograms and 

statistics results accumulated during the online monitoring can be read and displayed by 

the host computer using the serial link access. 

5.2.2 The REMUS function handler 

In spite of the fact that the ROP handles a REMUS port, the write function F16 was not 

implemented because of the 1 K FIFO at the output port. However, the CAMAC functions Z, 

F26, F9, F25, F28, F30 are detected by the Control Processor and data can be written into 

the ROP using sequences of F28, F30 functions. 

V-Bus CAMAC functions: 

Z Clear output FIFO, initialize ROP and reload the Data Formatter data 

acquisition program. 
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F26, F9 Start/End of event data read-out. These functions synchronize the 

external data acquisition read-out and the Control Processor online 

monitor. According to the running Data Formatter program an associated 

6800 routine is called. 

F25, F28, F30 Command functions 

A sequence of these functions allows the use of the REMUS V-Bus as an 

alternative to the serial link. During the execution of these functions 

the data acquisition must be suspended. F25 initializes the sequence 

of a new command or closes the preceding command sequence. After an 

F25, 16 bit words can be sent to the ROP as series of bits, F28 = 0 , 

F30 = 1, separated by a delay of about 150 US. Any other function (not 

an F28 or F30) terminates the transmission. In this way, as with the 

serial link, commands consisting of the ROP crate number, the command 

code and the command parameters can be issued over the REMUS V-Bus. 

Then if the command execution requires an output, the data is sent 

through the REMUS port, so for example the "DAC table" or the statistics 

results can be injected into the read-out system as an event block. 

5.3 The Data Formatter library 

The Data Formatter library is stored as data in the Control Processor firmware, but 

additional programs can be loaded via the serial link or via the REMUS V-Bus. 

The following programs are available in the resident firmware: 

- Data Formatter internal tests. 

- Data Formatter look up table read and write. 

- CTD DAC loader. 

CTD crate direct access. 

REMUS data pattern generator. Data block of any size can be generated to test 

the data read-out system. 

CTD crate data acquisition programs. 

The last set of routines merits a special consideration. All the resident data acquisi

tion programs consist of two parts. In the first part, common to all the data acquisition 

modes, the Data Formatter initializes the Time Stop Interpolator module and waits for a 

trigger input. At the occurrence of a trigger an header data word is output to the REMUS 

port containing the time offset, the trigger pattern and the data format flag. 

In the second part the CTD data are read and reduced before being sent to the REMUS port. 

At present 3 modes of data reduction are foreseen and implemented. 

1) No data reduction mode 

All the data, 128 words/wire, are transferred to the REMUS port, they contain the 

current division and the dE/dx samples, the time tag and the CTD time interpolator 

value. This mode is used during the calibration or for system debugging. 7683 

words are generated per crate. 
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2) 0-Skipping mode 

With this mode the Data Formatter looks for a time tag (start of pulse) then it 

transfers to the REMUS port the computed drift time and the wire number, followed 

by words in which are packed the current division, the dE/dx and the CTD module 

number. This output data block is terminated when the dE/dx signal goes below a 

given threshold. A not 0 bit 15 flags the start of a hit data block. 

3) Data packing mode 

With this data reduction mode the Data Formatter proceeds as with the 0-skipping in 

finding the start of a pulse and creates the first data word in the same way, then 

the dE/dx samples, corrected for eventual base line shifts, are converted into a 

linear value and added; the same happens for the current division measurements 

weighted with the corresponding dE/dx values. The accumulation process continues 

until an end of pulse is found by threshold crossing or a given number of samples 

(usually 8) have been added. The two words containing the total charge collected 

in the wire and the total charge collected on one side of the wire are sent to the 

REMUS port together with the module number and the number of processed samples 

(pulse length). 

6. Conclusion 

The data acquisition of very large high energy physics experiments such as UA1 are 

complex and require parallel readout and online data reduction facilities together with 

distributed intelligence to monitor and assure reliable performances. 

In a frame where CAMAC is used the ROP matches all those requirements and, in addition, 

it emphasises the need, for any future system, of an alternative and autonomous bus, the 

diagnostic and control bus, implemented here with the Serial Link. It also shows that in 

order to maintain, debug and program such units, it is very helpful to convert the unit, by 

external additions, into an independent and interactive micro system. 
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8X300 DATA 
W$ REMUS DflQ 

FORMATTER 

38B00 CONTROL SERIAL 

PROCESSOR LINK 

6800 BUS ^ EXTENSION 

F i g . 1 



A 1 - A 4 M. R 1 - R 2 4 N 1 - N 2 2 W 1 - W 2 A 

DATA INTERFACE 

( A 1 - A 4 ) ( R 1 7 - R 2 4 ) ( R 9 - R 1 6 ) ( R I - R 8 ) 

ADDR. INTERFACE 

( W 1 7 - W 2 4 ) 
E X E C U T E 

( W 9 - W 1 6 ) 

I N C R . 

( W 1 - W 8 ) 

FLAG 
F IELD T I M E Z LOOK-UP E N D - . — COMP. F (h) MODULE GROUP/ 

W I R E SAMPLE 

© (y) 
8x300 BUS AUGMENTED TO 16 BIT DATA 

I 
V - B U S 
PORT. CONTROL 

= 8 X 3 0 0 
A D D R . 
D E F . 

DATA 

DATA 
FORMATTER 
R O P T Y P E 2 9 6 

DF 
STATUS 

® © o w 
ce . u 
£ i - Û: 
z m 3 
O LU O 
U Q Irt 

I I 
1 
1 2 

^ P + M O V / S W A P 

PROGR. MEMORY 

DOWN LOAD 

T 

6800 BUS 8 BIT DATA 

T O / F R O M C O N T R O L P R O C E S S O R ( 6 8 0 0 ) 

F i g . 2 

CERN - EP 
296-15A3 
1961.04. 29 Borcard 
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8X300 

i ñ P i n DMflC 

BUS 
EXT 

i a I í_ i ni F i g . 3 

BUS EXTENSION 

F i g . 4 

CflUIflR MPU 
FLOPPY DISK 
COMPUTER LINK 
32K RAM 
28K BflMBI 
(EXBUG) 

ROP c J g v g I opmen t S y s t e m 
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RAW DATA FORMAT WITH 0-SKIPPING 

1 drift 1 ; i me F 4 F U J I T G 

0 Z( I ) FADCC1 ) #mo d 
0 Z( 2 ) FADCC Z ) #mod 

0 Z( n ) FADCC n ) #mo d 
1 next hit 
0 

PACKED DATA FORMAT 

1) Short pulse (less than 2 5 6 n s ) 
Fixed format of 3 16Bit w o r d s 

1 drift t i me F # ü j i r e 
0 Q-totaI #mod 
0 Q-left Dt 

2 ) Long pulse (more than 2 5 6 n s ) 

1 drift ti me F # ü í i r e 
0 Q-tota1 #mo d 
0 Q-left 000 

zzzzzzz: z"~zz~zz——::—r : ; r — : — : zzzzzzzz : r : : : : : : : : : T " : : : : : : : : ; 

: : : : : : : — : - - : : : : : t : ~ — — -

0 Q-tota1 ! #mo d 
0 Q-left |Dt 

Fig . 5 


