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Ahract 

T~IF control comprlter for t.lle Ims Alamos Meson Plrysics Facility (LAMPF) 
has he11 recently upgraded from au SEL-840 to a VAX 1 l/780 runni;lg the VMS 
operating syst,em. As part. of t.his upgrade, a. C~AMAGbased knob rontroller was 
developed for the new cont.rol system. The knobs allow the facility oprators to have 
slew cont.rol over software selectal~lr accelerator devices. An alplla.nun~eric display 
associated wit,h each knot) monitors the progress of the selected device. This paper 
describes the svst.cni recluirenm1t.s for the new LAMPF knob controller, and the 

resuhing hardware and software desigll. 

The central control roon1 a.t LAMPF is ttte 11111, from 
wllicll Il~r~~~sands of an&g and digital comma~~rl ancl rlata 
cllanncls arr selm-ted under software cant ml for t lie p~q~ose 
of controlling and motlit,oring the accelerator. The colll.rol sys- 
trnl lllrougli which tliis is accotlll)lished is lmsecl 011 a VAX 
1 l/780 rulming t,lle VMS operating system. One of the 11~1na1l- 
orirnt,ed interfaces to this control systc,nl is a C!AMAC’-hased 
knob colltroller, which is tltr topic of t.his paper. 

AtI operator console tuay Inave six slew knobs that can be 
assigned to any of approxiniately one thlsand analog stel). 
leer tiiotor-cllallurls. TI 1e cllanllel itlent.ifier alIt the present 
allalog vallir of the cliant~rl I>eiug curt roll~l arr displayed 011 
au eighty-cliaracter vacllutn fluorescent display associated witll 
each knob. The knob software ruables LAMS for a knol) wllen 
a. channel is assigned to it. As the knob is bring t,llrned, colltlts 
are acrrlmr~lated in a pulse-count register aud a CAhlAC LAhI 
is generated every two hrundrrd milliseconds. Whe11 a LAM is 
generated, tile software reads the rol~troller-st,atlls register tn 
cI~+erlllinP wllicll knot, is hing turned. The control con~p~tter 
t II~II respollds to the LAh4 by rrading t,lle pulse-colult register, 
rallling the counts to t,lie appropriate stepper-motor cllanllrl, 
alit1 set tiug the pulse couut register back to zero. Tile tom- 
t ml con1p~Iter also reads the analog data channel associated 
with the stepper motor aud n1itput.s tllis inforniatioil to the 
klkrh coni roller RAM at C:AhIAC’ slmtl. AH “~nrl~c,f-hlescagt” 
cowmatltl will cause tlke RAM contents to t)e irallsferretl t[, tllc 
tlisplay at 10 n~icrosecontls per ctlarac-1 cr. Once t Ilr tlispla>. 11~s 
IKYYI rll>dat&. anotlim LtlM is ;lssrrtrd to inforln tllc cc>:ltI,i,l 
mrlipl~ter t llal t 11~ nirssage t ranski is coml)lrtr. 

\Tllcn tllr operator no If~nger nwtls a k110l~ assi,enml tr) il 
givrn clmnnel 11r can pus11 a “cimr assiqlulicut” t,rlttmi v:lricll 
will generate a tllirtl LAM. The software tllt*ll places thr kl~~l, 
anal display in a “nnt assignrtl” mode. 

The knob software calI distinglGsl1 between the three types 
of LAbI-knol, slew, display updat,e complrte, and clear asSign- 
tuent by reading the knobstatus register. 

The knob-controller hardware consists of a. (‘AMAC’ tlat- 
away t,llftr luocllllp and a knobrolltroller chassis which are 
intrrconllectrd with two sixty-foot ral)lrs. All of thr logic fol 
each knot) alltl display is indcpendcnt of all ut.lrer ktmbs so 
i 1la.t each knob can perform separate-, siiuliltanror1s, co~il.rul 
frunctions. Each knot, has a scale factor for roars?, metlirtm, 
or fine control of a clmnnel as well as a sin&-step funbctim 
switch. The progralnlnable logic for each knol> a.ntl display 
consists of a sixteen-bit np/dowll counter, a diagnostic regis- 
ter, a 2% x 8 1tAM for the display, a knot) stat 11s register, 
and the LAM logic. C’mtrollrr rcgistrrs il~cllltlr a kluh-select, 
rcgistcr. a contrcrllcr-ID register, antI a colitrollcr-status regis- 
ter. All C’AhlAC! fnttcl.icms occur wit lliu the olle-luicrusccolltl 
clat;Lway cycle 1 he. 
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The knol, is coupled to a q”adra.tllre, optica.l-iucteluent al 
shaft encoder whose rotation direction is drcotled ill a PAL. 
The counts are accltmllated in a Ifi-tjii rlp/tlowll colulter will] 
overflow rletect.ion. Whilr tlte knot, is hillg tlu.nrtl a slew LAhl 
is generated every 200 milliseconds. AI] 1,131) that, is located 
above the knob serves as feedback to lhr operator illat the 
computer is responding to t lie slew L.4M bring gelleratrcl. 

The display is all X0-cllaracter, two-lisle, all’ll~t-lntlllc,~ic 
vacuum fluorescent readout will1 a character set of’ 2%. ‘l’lle 
display has a RAM placed al it,‘s front rilcl for Ilolding the 
nlessaqe from C;AMIZC:. After the tout rol c‘cmlplltcr has scllt 
tlte message to the RAM then all ‘Lr~~tl-of-~~~~‘~~~~g~” coll1ula]lrl 
causes the RAM coutmts to be dr1111J)c(l to th &splay at 10 
Inicroseronds per cllaraclt~r. LTIL~II i tltx irallsfcr to 1 II<. tlisl)lay is 
conrplete t~hen a LAM is geueraled to iudicatr that the display 
updat,e has conq>leted. 

Figure 1 is a block diagram that sllows I he tlat a fow foI 
one of t.hr knobs and displays. ‘I’l~r 1;111>t) select rqisf 11r or Karol) 
nlask register selects wllicll kIloI) and disJ,lay will IK con1let.t tad 
to the control co1iip~tc~r al any givtm time. ih tlisphy iililizes 
CIAMAC: write lilies WIG-\2!9 for tlrc- ndtlrcss c~f thcz dihl)li~~ 
with write lines W8-WI as the AS<‘11 data to t,tx writtrn illtr, 
t.lle display. 

SOF’I‘~~AR K 

The knot, software consists of t\vvo l~rogr‘itllls: :I “~CIIOII 
rlriver” allcl a “kuoh symt~iont .” TI~P k II0 1 , 1,\t 1 Irl,l( C” I I ,’ 1 1 II t llr 
basic fuurtions of wriiing to thr kllrh cli.<play lm~tl. r.c,:rrlitll: 
tile l1t1lse count register. and Ilalldllllg I,,lRls fr1~1 1111, i,llijt) 
controller. The knob s>mll)iclut is t Ilr Jjrog:r’alll tllat c~)ll~~~‘ .ti :i 
k It no I 0 an accelerator device. 

The knot) tlrivpr is a standard VMS device tlrivcr wit 11 a 
few modifical ions so 1 hat it may rotsxist w-it Ii 1 Ilr l,Ah4 1’1: (‘A- 
hlAC driver. vlF crate cdr0ik~~~ 11srt1 ill t II<, l.A.\ll’F (~(~llt~~c,l 

_. . 
system 1s a klnetlc Systems KS.3912 Wllic.11 nlaps mcll slot ill 
the C’AMRC! crate iltto 16 words (oue for cacll <‘AhlA<’ ~111,. 
address) on the IJliitms I/O page. ‘l‘lw h%!JI’L ,.a,~ RISC, 1~ 
stra.pped so that t.lie LAh4 from enrl~ ~notl~le will i~1trr~.~~t~t 
through its owil uiiiqtle interrupt vc>ctor. Tlrc resrhlt is t llat tllc 
knob driver sees the knot, contmllcr Inndrlle as jrmt a~~~.~tIle~ 
Unihs device with 16 control/stat1Is registtm antI a sillglr ill- 
terrupt. vector. 111 addition, tllc L.4MI’F C’AM,\C’ drivrr $ irws 
the entire CAMAC’ crate as a single &vice (wit11 :%&I rqis- 
tcrs). This arrangelntmt allows 11s to l~avc twcl patlrs of BCCCSS 

to t Ile klmtj controller nlodule either t hro~lgll t 11r k~~c,l, driver 
or though the CIAMAC’ driver. hlost. aJq,licat ioll progr’a.~~ls ac- 
cess the knobs tllroltgh the kuul, driver sillcc* this is tile fastest 
way to get a kuotj to perform a desired f’unctioll. 0111. (iiagllos- 
tic soft,ware, however, IISCS 1 Ire CAMAC: d .’ 1 Ivt‘r to issue specific 
K’NA coumancls to the kuol, cant rollrr ~notl&. 

M;llen a knot) cotltrollu ~notl~~lr is colwrctr(l to tlrt, knc,t, 
driver, the knob tlrivrr roulpares t Ilr ccmt rollr~.‘s start illg rrg- 
ister address with tile regis1.u spaces of all know11 C’AhlAC’ 
rrat cs in t.lie systtm in order to itlent ify wllicll crate tilt, ,~011- 
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trolkr moclulr lxlollgs tn. This is d011c for t.wo rraso~ls; I) 
to properly syncllronize ron~ma~~tls tu the knob rout rollt*r wit II 
othtar C:AMAC! activity, and 2) to properly disnliss LAM inter- 
rupt. 

l’llr knol) syml)iont 1jrogra1r is responsil~le for kert)iug 
track of which knob is assigned t,o which accelmator device, 
for motiitnring the cllrrnlt vallle of the assigned devices, and 
for displaying these values 011 ille knot, display panels. Wlml 
all nperatur or a progranl wishes t.o assigu a kunl) to a11 at- 
cclcrator device, a. reqllest, is sent to the knot, symhiont. The 
knc)l) symhiont then allocat,es a. free knob, displays i.lle ~tanle 
of the accelerator device on the knot, display pmel, and txgins 
Inoliitoriilg the valrte of the device. When the knot> is tumrd, 
I he knot) sj711l)iont rcarls thr I)t~lsr rouiit register and sc~rds tile 
accn~n~~latetl pulses tu the appropriate accelerator device. 111 
order to provid? good knob response tinle wit11 minimal system 
ovrrl~eati, the kuol, synhiont updates tile display paIlets ai ho 
tlifferrnt rates. While a knot) is being turned, the kIloI, sync- 
t)iolit will lllxlate tile display at a rate of 5 times per set onrl. 
The tlpdnte rate will drop to oxlce per seco~~d after the .inob 
has bee11 idIt> for two seco~itls. 

KNOB STATUS REGISTER FORMAT 

Datawaa -____ 
16 - Error 
14 - Overflow in Pulse C!ount Register 
12. 
11 
x- 
c- 
G- 
4. 
3- 
2- 
l- 

RAM Ullsy - sending c1a.t.a. to tlisI,lay from RAhl 
Transmit Busy - LVritiug data to RAM frml CIAhl AC 
coarse 
Medium 
Fine 
I,AM 3 - Display IJptlat,e Chmplete 
LAM 2 - CIear Assignment 
LAM 1 - Slew 
LAM Enalh 

COI\;TROLLER STA’I’US REC:ISTl<R FORMAT 

T?_at_a_w. jj ji 
16 - Errnr 
12 - RAM Busv 
11 - Transnlit busy 
4 - Ihoh 3 LAM Set. 
3 - Kmb 2 LAM Set, 
2 - Knob 1 LAhl Set 
1 - C!ontroller LAM l3nal)le 

CAHAC W LINES 

SWITCH LOGIC 

’ 
CLEAR CONT. SS CONT. SS 

ASSIGN. DOWN DOWN UP UP 

CLEAR 
ASSIGN 
LAM 1 

LAM LOGIC 

-L 
CAHAC R LINES 

P&co;IJ;~ t-.--- PULSE COUNT t- 
1 REGISTER (PSR) 

Fig. 1 Block Diagmm of C’AhlAC: Base E;nol~ Controller. 
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CAMAC KNOB CONTROLLER COMMANDS 

FIINCTION 

Read Knoll Mask Register. 
Write Knol, Mask Register. 
Read Pttlse Cottut. Regist.er of selected knol,. 
Write Pulse Count, Register of selected kttoh. 
LAM 1 will be generated if enal>led. 
Read Status Register of selected knol). 
Read one cllaract,er from select.ecl kttol, display 
RAh4 a.ttd ittcretuent RAM address-( MAR-BI’lJ 16-9, Data-Bits R-l). 
Write one clmract.rr to selected knob display RAM. 
Bits 16-9 are address a.nd bits 8-l are da!.a. Transntit 1311s~ 
(C’SR bit. 11) will be set. 
Read Irnit lXngnost.ir Register of selected knob. 
Wril.e ITnil. Diagnostic Register of selected knob. 
Read C!ontroller St.a.tns Register. 
Read (controller Module ID Register. 
Initialize C!otttroller - Clears cont,roller LAM enable 
and t,lte Ktlol, Mask Register. 
Initialize selected ktlol) - Clears selected Knot, 
Pulse Count Regist.er and OverHow, clears LAhls 1,2,3 of 
selected knob; clears selected knol, MAR, ‘Pranstuit. Busy 
RAM Busy, selected LAM etml,le, and enables serial input 
t.o tile selected Pulse Count Register. 
Clears selected knob display MAR, Transtnit Busy 
and RAM Busy. 
C’lear selected knob T,AM 1 (slew LAM) 
(‘Iear selected knob LAM 2 (clear assignment LAM) 
Clear select.ed kttol, LAM :3 (display ttpdate complete LAM) 
Clear Pulse Count Register of selected knob and 
clear Overflow. 
Disable controller IJAM. 
Euable controller LAM. 
Disable selected knob LAhl. 
Enable selected kuol, LAhl. 
Disable serial input to selected Pt~lse Couut Register. 
Euable serial inpttt to selrct.ed Pulse Count Register. 
End of message. Data will be transferred from t.lte 
RAM t.o the display and RAM 1311s~ (C’SH Bit. 12) will l)e set 
Transmit Busy (CSR Bit I I) aucl t.lte MAR are cleared. RAhl 
Busy will be cleared after tlte data is trattsfvrred to tltr 
display. 
Pulse 1.he LAh4 1 Acktmwlerlgr LED of tltr selecirtl 
kttol, 

L 7’11~ C’AMAC’ knob (‘otti rc,!l~r 11~ ,>tx~v~, 1,) It<, ill, cffi, ~<VII 
IIIC’RIIS For atljuciittf; rc~tttolc L-<.tpoittl (levi0.5 ai 1,.2’~II’I’. ‘I tit, 
<‘,4hlA<’ htait~l;tt.~l i2-a~ iltili~t~d for 111~, ~l,.i;cii #:I’ I Ii<, <71111 li~ll<‘t. 
fc,r tvse ijt itttrrfacitla lc, 111~ t.c~~l~j)l~it~r~ li11, c~BIL'~.I>I al~l)lit a; ilbllb 
and niaitttrtlattcr l~ttrposes. 

Knob Controller Front Panel 

546 

PAC 1987


