
United States Patent [191 
McLanaghan 

[11] 3,805,253 
[451 Apr. 16, 1974 

[541 APPARATUS FOR VISUAL DISPLAY OF 
ALPHA-NUMERIC DATA IN COLOURS 

[75] Inventor: Roy McLanaghan, Aylesbury, 
England 

[73] Assignee: Redifon Limited, London, England 
[22] Filed: Aug. 11, 1972 

[21] Appl. No.: 279,793 

[30] Foreign Application Priority Data 
Sept. 16, 1971 Great Britain .................. .. 38357/71 

[52] US. Cl. ..................... .. 340/172.5, 340/324 AD 
[51] Int. Cl ........................ .. G06f 3/14, 606k 15/18 
[58] Field of Search ........ .. 340/l72.5, 225, 324 AD; 

178/785 

[56] References Cited 
' UNITED STATES PATENTS 

3,293,614 12/1966 Fenimore et al . . , . . . . . . . . .. 340/l72.5 

3,603,962 9/1971 Lechner .......... .. 340/l72.5 X 

3,624,634 11/1971 Clark .......... .. 340/324 AD 
3,387,084 6/1968 l-line et a1. . . . . . . . . . . .. 340/172.5 X 

2,740,831 4/1956 Varga .......... .. 340/324 AD X 
3,351,929 l1/l967 Wagner ...................... .. 340/324 AD 

22% 0-T0-A 
f COM/fl? TH? 

27 2' 
3~BITC0UN7£€ V 

CLOCK ! (757/175) 

5.22.. 

111 

I. 
COLOUR 
SELECT/0N 25 
EIG/VALS 

J sum/Wm .,7 
28 (55m r111 

v13/515” EMF/REGISTER 

3,406,387 10/1968 Werme ...................... .. 340/l72.5 X 
3,559,181 l/l97l Carlock et a1. ..... .. 340/172.5 
3,579,252 5/1971 Goodman . . . . . . . . . . . . . . .. 178/785 

3,652,999 3/1972 l-ljort et a1. . . . . . . . . . .. 340/l72.5 

3,668,686 6/1972 Strohmeyer ................ .. 340/324 AD 

Primary Examiner-Paul J. Henon 
Assistant Examiner-Melvin B. Chapnick 
Attorney, Agent, or Firm-Larson, Taylor & Hinds 

[5 7] ABSTRACT 
Apparatus for the visual display of alpha-numerical 
data in a plurality of colours using a multiple-colour 
cathode ray tube of the beam-penetration type. The 
apparatus is used particularly for the real-time display 
of up-dated data during a ground-based ?ight simula~ 
tor exercise. Data from the associated flight simulator 
digital-computer is selected by an address generator 
and stored in an auxiliary buffer memory store. Data 
comprises character data and control data. Character 
data de?nes speci?c characters by selective dot 
bright-up during dot-matrix scan. Control data deter 
mines position, line and colour of the associated char 
acter. Data selection may be automatic or manual. 
Data colour display reserves Red for abnormal data. 

4 Claims, 7 Drawing Figures 
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APPARATUS FOR VISUAL DISPLAY OF 
ALPHA-NUMERIC DATA IN COLOURS 

FIELD OF THE INVENTION 

This invention relates to apparatus for the visual dis 
play of alpha-numerical data, using a multiple-colour 
cathode ray tube. 

BACKGROUND OF THE INVENTION 

Data display systems are known which provide a dis 
play in alternative colours, some using cathode ray 
tubes of a type developed for colour television and 
other systems using beam penetration colour tubes. 
The present invention relates to systems using beam 
penetration colour tubes. 
Cathode ray tube alpha-numerical data display sys 

tems are known in which characters are formed by 
beam shaping, using suitable masks, by raster scanning, 
as in the creation of a television image, or by selective 
scanning to create each character individually, as by 

- curves, strokes or dots. The present invention relates to 
display systems in which characters are formed by se 
lective scanning to form a con?guration of dots. 
The object of the present invention is to provide an 

improved system for alpha-numerical data display in 
colour. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides appara 
tus for the visual display of selected alpha-numerical 
data in a plurality of colours using a multiple-colour 
cathode ray tube, said data being progressively up 
dated in real time as the data changes, including means 
for effecting a ?rst selection from available data to de 
termine which of said data shall be displayed and 
means for effecting a second selection to determine 
which of the said selected data shall be displayed in 
which of the plurality of available colours, in accor 
dance with a predetermined colour classi?cation signi 
fying the status of data items displayed. 
Conveniently, all characters selected for display in 

one colour are displayed at one time and subsequently 
all characters selected for display in a second colour 
are displayed. 
Apparatus according to the invention will have many 

practical applications, but one use envisaged is in asso_ 
ciation with ground-based ?ight simulation apparatus 
to provide a continuous display of data to a Flight In 
structor during a simulated ?ight exercise. It will there 
fore be convenient to describe the present invention in 
relation to this particular use. 

In order that the invention may be readily carried 
into practice, one embodiment will now be described 
in detail, by way of example, with reference to the ac 
companying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. ilA is a block schematic diagram showing the 
memory unit and associated units of display apparatus 
according to the present invention for providing a dis 
play in colour of alpha-numeric data derived from a 
?ight simulator computer; 
.FIG. 1B is a pulse-time diagram relating to the ar 

rangement of FIG. 1A; 
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FIG. 2 is a block schematic diagram showing the ar 

rangement of apparatus for writing characters upon the 
display cathode ray tube screen of FIG. IA; 
FIG. 3 is a block schematic diagram showing thear 

rangement of apparatus for composing a frame of char 
acters upon the face of the cathode ray tube of FIG. 
1A; 
FIG. 4 is a schematic diagram of apparatus for con 

trolling the colour of the display by the cathode ray 
tube of FIG. 1A; 
FIG. 5 is a schematic diagram of apparatus con 

cerned with the composition of a frame of display data 
as shown in FIG. 3; an 
FIG. 6 is a diagram showing the flow of data within 

the system of FIG. 1A for displaying data and selecting 
the colour of display of speci?c data items. 

DETAILED DESCIRPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiment of the invention will now be partic 
ularly described is associated with a ground-based air 
craft ?ight simulator and operates to display a frame of 
alpha-numeric data to the ?ight instructor controlling 
a simulated ?ight exercise. The display serves to inform 
the ?ight instructor of the up-to-date state of simulated 
aircraft parameters according to theirelevant data up 
dated and stored in a ?ight simulator digital computer 
throughout the ?ight exercise. 
Thus, FIG. 1A shows the apparatus which links the 

memory 1 of the ?ight simulator computer with a dis 
play CR tube 2. 
There is a limit to the amount of information which 

can be displayed by the tube 2 at any one time. There 
is also a limit to the amount of information which can 
be assimilated by the ?ight instructor in the time avail 
able. Hence, a ?rst selection of available data is made 
to display different frames of data from time to time, so 
that the display may include parameters which are rele 
vant at any particular time. 

Further, colour is employed to indicate the status of 
speci?c items of data according to a predetermined 
colour classi?cation. Thus, in the present example, av 
Yellow display is used for unchanging information, 
such as titles and headings. Green is used to dsiplay pa 
rameters which are normal and Red is used to display 
parameters which are abnormal, so that data displayed 
in Red draws the ?ight instructor’s attention to simu~ 
lated conditions which are abnormal. Orange is used 
only to provide a line-marker cursor on the tube 
screen. 

The CR tube 2 is of the beam penetration type and 
is provided with a Red phosphor and a Green phosphor 
in two layers, so that the four colours: Red, Orange, 
Yellow and Green are provided, in sequence, as th tube 
?nal anode voltage is progressively increased stepwise. 

Characters are formed on the screen of tube 2 by 
scanning a 7 high by 5 wide dot matrix in each charac 
ter area of the screen and selectively brightening-up the 
beam at selected dot positions to form the character 
desired. 
A display frame comprises 32 lines each line having 

up to 64 characters or spaces. 
The characters are not usually formed one by one 

along each line in sequence. As will be more particu 
larly described, it is preferred first to form all charac 
ters required in Red, next the line required in Orange, 
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next all characters required in Yellow and ?nally all 
those required in Green, because of the time delay re 

' quired to change the ?nal anode potential to provide a 
changed colour. 
As will later be described in detail, operation of the 

display apparatus is in' two phases. The ?rst phase is a 
Memory Cycle, during which data is transferred from 
the ?ight computer memory. into the display buffer 
memory. The second phase is a Display Cycle,'during 
which the display on the CR tube screen is effected and 
repeated atgap_rate_ovfr40 times per second, to avoid 
flicker. 

Referring now to the drawings, the Memory Cycle 
will first be described with reference to FIG. 1A. The 
display system there shown comprises a 12-bit address 
register 3, a 32-bit data register 4 and a logic unit 5. 
The address register 3 has supplied to it from an ad 

dress generator 6 a sequence of addresses each of 
which specifies the location within the computer mem 
ory 1 from which it is desired to read a word of data. 
The logic unit 5 then generates a signal which causes 
the computer to present the addressed word at its out 
put, so that the speci?ed word is entered into the regis 
ter 4. ' 

In the register 4, each entered word is divided into 
four bytes each of eight bits. These are selected in se 
quence at 4’ and loaded, one byte at a time, into four 
successive locations in a buffer memory 7. The actual 
locations used are speci?ed by a buffer memory ad 
dress register 8, starting with address zero for the ?rst 
byte of the first word transferred to buffer memory 7. 

. When all four bytes of the ?rst word have been 
loaded into memory 7, the address register 3 is incre 
mented, so that the 32-bit word from the next location 
of memory 1 is transferred to the data register 4 and 
then loaded into the buffer memory 7, in the same way. 

This process is continued until all the data required 
to be displayed in a whole frame selected has been 
loaded into the buffer memory 7. > 
The selection of a frame of data, which may for ex 

ample consist of Engine Data or I-Iydrualics Data, is 
performed by the address generator unit 6. This may be 
effected manually by the ?ight instructor, as by the de 
pression of selector buttons or by the positioning of a 
selector switch, or it may be effected automatically by 
the computer ?ight program. 
When all the relevant data for the selected frame has 

been assembled in the memory 7, the fact is signalled 
by the computer by transfer of a word consisting of all 
“1”'s from memory 1 to memory 7. Upon receipt of 
this end-of-transmission code word, the system of FIG. 
1A changes to the Display Cycle phase of operation. 
- FIG. 1B is a timing diagram relating to the operation 
of the system of FIG. 1A showing, in the ?rst line, the 
initiating memory 1 address transmission and, subse 
quently, the timing of a memory cycle request, transfer ' 
of the first word into register 4, selection of the four 
bytes and loading into the buffer memory 7. I 
The total time taken to perform a Memory Cycle and 

to transfer all data for a selected frame depends on the 
frame size and the amount of data concerned. It is nor 
mally of the order of 3 to 4 milliseconds and never in 
excess of 12 milliseconds. ‘ 
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4 
A following Display Cycle relates to the CRT display 

control apparatus 9 of FIG. 1 and will be described with 
reference to FIGS. 2 to 5. ' ~ __ ' 

Referring ?rst to FIG. 2, the display CR tube 2 em 
ploys electromagnetic de?ection and has separate coil 
yokes, the ?rst comprising X-Write and Y-Write de 
?ection coils 10 and 11, respectively, and X-Position 
and Y-Position de?ection coils 12 and 13, respectively, 
the latter pair being shown in broken lines. 
The view of FIG. 2 also shows the cathode 14 and 

spot-brightness control grid 15 of tube 2. 
In the view of FIG. 3, the same elements as in FIG. 

2 are indicated by the same reference numerals. In FIG. 
3, the “Position” de?ection coils l2 and 13 are shown 
in full lines and the “Write” de?ection coils l0 and 11 
are shown in broken lines. 
The “Position” de?ection system is relatively slow 

and serves to position a particular character within the 
frame of the display. The “Write” de?ection system is 
relatively fast and serves to scan the tube beam over the 
dot matrix of an individual character. 

Referring to FIG. 2, there-is shown a 5 X 7 dot matrix 
. 16 over which the tube beam is scanned by coils l0 and 
1 1. Bright-uppotentials applied to the grid 15 from the 
letter “A,” in the example illustrated. 

All four de?ection coils 10 to 14 are fed from an as- ' 

sociated register, each by way of a digital-to-analogue 
converter, a gain-setting ampli?er and a de?ection cur 
rent ampli?er, so that, by each coil, the tube beam is 
positioned on the tube face according to the weight of 
the binary number held in the associated register. 
Thus, X-Write coil 10 is controlled from a 3-bit, 5 

state, counter 17, by way of a digital-to-analogue con 
verter l8, gain-setting ampli?er 19 and horizontal de 
?ection current ampli?er 20. Similarly, Y-Write coil 11 
is controlled from a 3-bit, 7-state, counter 21, by way 
of a digital-to-analogue converter 22, gain-setting am 
pli?er 23 and vertical de?ection current ampli?er 24. . 

The counter 21 is controlled by a clock pulse from 
terminal 27. The dot matrix 16 is scanned, in this exam 
ple, in columns, so that each column sweep is indicated 
by a pulse from counter 21 to counter 17 by way of line 
29. I ' 

A character is formed on the screen of tube 2 by de 
?ecting the tube beam to each of the seven dot posi 
tions in each of the ?ve columns in sequence. A posi 
tive voltage pulse to grid 15 is applied at each dot posi 
tion requiring a written dot in the particular character. 

A 35-bit register 25 holds a pattern of“ l”s and “0”s, 
which de?ne a character. The end bit in the register de 
?nes whether a dot is tobe bright or not, in the dot ma 
trix position selected by the de?ection counters at the 
time, according to whether the end bit is “l” or “0,” 
respectively. 
Two 35-bit shift registers are in fact used, so that one 

may be used to display a character while the other is 
being loaded with data for the next character. Eac 
register is thus used for alternate characters. ‘ 
As already stated, the ?nal anode voltage of tube 2 

is changed for the purpose of display colour selection. 
The tube de?ection sensitivity is changed in conse 
quence. A colour selection signal at terminal 28 con 
trols the gain of ampli?ers 19 and 23, so that the beam 
de?ection is identical for all the display colours, and so 
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that similar characters in different colours are the same 
size. 

In FIG. 3, a display frame 30 is shown on the screen 
of tube 2 consisting of 32 lines each of 64 character (or 
space) positions for 5 X 7 dot characters such as char 
acter 16 of FIG. 2. In the ?gure, X- Position coil 12 is 
controlled from a 6-bit, X-Position, counter 31, by way 
of a digital-to-analogue converter 32, gain-setting am 
pli?er 33 and horizontal de?ection current ampli?er 
34. Similarly, Y-Position coil 13 is controlled from a 
5-bit, Y-Position, counter 35, by way of a digital-to 
analogue converter 36, gain-setting ampli?er 37 and 
vertical position de?ection current ampli?er 38. The 
gain-setting ampli?ers 33 and 37 are similarly con 
trolled by the colour selection signals at terminal 23. 

The position of each character on the screen is de 
?ned by insertion of Vertical Tab. and Horizontal Tab. 
control functions into the frame data before the code 
for the character itself. 
A Vertical Tab. instruction consists of the VT code 

followed by a 5-bit binary number de?ning the line on 
which the character is to be written. This number is 
loaded into the Y-position counter 35 to control ampli 
?er 37 to de?ect the beam of the required line of char 
acter positions. 
A Horizontal Tab. instruction consits of the HT code 

followed by a 6-bit binary number de?ning the charac 
ter position in which the character is to be written. This 
charcter position, together with the selected line, de 
?nes a single one of the 32 X 64 available character po 
sitions. This number is loaded into the X-position 
counter 31 to control ampli?er 34 to de?ect the tube 
beam to that character position. 
After each character has been written, the X-position 

counter 3ll is incremented to the next character posi 
tion, whether or not a character is to be written. The 
feeding of a “Space” control function similarly incre 
ments the X-position counter 31. 
The execution of a “Carriage Return/Line Feed” 

control function clears the X-position counter 31 to 
zero, corresponding to a left-hand character position, 
and increments the Y-counter 35 to the next line be 
low. 
Colour selection in the display of the CR tube 2 will 

now be described with reference ‘to FIG. 4 and consists 
in varying the ?nal anode voltage of the tube, at termi 
nal 40 thereof, in accordance with the colour control 
signal fed to terminal 28. The signal at terminal 28 sets 
the state of a 2-bit, four-state register 4i, which state 
is decoded by a decoder 42 to provide a colour enable 
signal on a selected one of four lines. The colour enable 
signal controls a voltage ladder network 43, according 
to the line on which it is applied, to provide an output 
voltage at a selected one of four levels. The output volt 
age is fed to a voltage ampli?er 44 and the ampli?er 
output is used to control correspondingly a high-speed, 
high-gain, valve voltage ampli?er 46 supplied from an 
EHT voltage generator 45. The output of ampli?er 46 
provides the ?nal anode voltage of tube 2 at terminal 
40. 
The form and manner of operation of the ladder net 

work 43, ampli?er 44 and ampli?er 46 are more fully 
described in the sepci?cation of British Pat. application 
No. 39,373/70. 
As described, the colour selection signals at terminal 

28 are used to set the gains of ampli?ers 19,23,33 and 
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6 
37 in the two de?ection systems of FIGS. 2 and 3. The 
same signals are also used to control the amplitude and 
duration of the “Bright-UP” pulses from ampli?er 26 
of FIG. 2, to compensate for the different sensitivities 
and persistence of the two tube phosphors. However, 
it is considered unnecessary to describe this function in 
any greater detail. 
The sequence of Display Cycle operations will now 

be described in greater detail with reference to FIG. 5. 
In FIG. 5 there is shown the buffer memory 7 and its 
address register 3 already described with reference to 
FIG. llA. 
During a frame display cycle, each 8-bit word of 

frame composition data is read in sequence from the 
buffer memory 7 and loaded into a memory data regis 
ter 50. The contents of register 50 are decoded by a 
decoder 51 to identify the control function codes which 
are selectively supplied to the control function signal 
output lines 52. 
Any data code which is not a control function code 

is treated as a display character code. 
Every control function code causes a frame composi 

tion function to be executed, as described with refer 
ence to FIG. 3. 
Every character code causes the corresponding char 

acter to be written, at the speci?ed character position, 
as described with reference to FlG. 2. 
At the beginning of each frame display cycle, the 

buffer memory address register 8 is set to zero and the 
?rst word of data is read from memory 7. In general, 
this is a colour selection code and provides a corre 
sponding signal at terminal 28, not shown in FIG. 5. 
The address register 3 is then incremented to the next 
address and the word from this next location is read 
from memory 7. This second word is normally a hori 
zontal or vertical tab. function and is decoded by de 
coder 51 to provide a signal on the corresponding line 
52. 
When all the control functions have been executed, 

a character code is read from memory 7 into the data 
register 50. 

Five 8-bit words of data are used to provide the dot 
matrix scan/bright-up information for each character. 
The top 1,024 words in the buffer memory 7 comprise 
dot matrix bright-up data for 128 different characters. 

When a particular display character code has been 
loaded into data register 50, that code is used to ad 
dress the locations in the memory 7 where the corre 
sponding bright-up data is stored. 
The two most signi?cant bits of an address are “ll”s. 

The next seven hits form part of the 8-bit character 
code referred to. The three least signi?cant bits are 
provided by a 3-bit dot matrix address counter 53. 
These last three bits are initially zero and are incre 
mented for each successive word of bright-up data. 
The function of buffer memory address source selec 

tion is performed by a selection unit 54- of which the 
counter 53 forms a part. 
When the address of memory 7 has thus been se 

lected, the ?rst word of character bright-up data at that 
location is read from the buffer memory 7 on eight par 
allel lines and loaded into the ?rst eight stages of one 
or other of two 35-bit shift registers 55 and 56. Eight 
shift pulses are then applied to'shift the data into the 
second eight stages of the register used. 
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The dot matrix address counter 53 is then incre 
mented and the next word of character bright-up data 
is then read from the buffer memory 7. This data is lo 
cated into the ?rst eight stages of the same shift register 
55 or 56. A further eight shift pulses moves both words 
forward in the shift register leaving the ?rst eight stages 
free. , 

The third and fourth words are entered into the regis 
ter in the same way and all four words shifted by eight 
places. The fifth word is then entered into the free ?rst 
eight stages. I _ , 

The register now holds the entire dot matrix data for 
a selected single character and a ?ip-?op is set as a re 
sult. 
Address selection of buffer memory 7 now reverts 

from unit 54 to the buffer memory address reigster 8. 
This is incremented and the next word of frame compo 
sition data is read from the buffermemory 7 and loaded 
into the data register 50, in similar manner as before. 
The corresponding control functions are similarly exe 
cuted and the next character data is loaded into the 
other one of the two registers 55 and 56. 
This address selection, data load, control function ex 

ecution and character formation process is repeated 
until an End-of-Text, ETX, control function is received 
by register 50 and decoded by decoder 51. 

This ETX control function indicates the end'of a sin 
gle display iteration and the buffer memory address 
register 8 is reset to zero ready for the next display in 
teration, which may or may not be identical with the 
last, depending upon whether or not new frame data is 
to be transferred from the ?ight computer. 
An external line is used to indicate the condition. The 

I state of this line is examined after each ETX control 
function. If new datais to be transferred from the'?ight 
computer, the system of FIG. 1 is set to perform a 
Memory-Cycle. If no new data is to be transferred, the 
system may commence a further display interation. 
The process of colour selection, according to data 

status, and the provision of the required colour change 
control signal at terminal 28 will now be described in 
greater detail with reference to FIG. 6. 
FIG. 6 is a diagram showing the flow of data within 

the overall system including the ?ight simulator com 
puter, the display unit and the other sources of data. In 
FIG. 6, the heavy-lined rectangles denote program 
blocks, represented physically by computer software, 
and-the light-lined rectangles denote the form of data 
in the locations indicated. 
Thus, in FIG. 6, the main source of display data and 

control data is the computer memory store 60. An in 
structor 61 is able to enter or control data or control 
the selection of data displayed, by means of manual 
controls provided in a control panel. The relevant pro 
gram block is shown at 62. 
A trainee crew member, exempli?ed by the trainee 

pilot 63 will by manual control of the aircraft controls 
provide, or modify, data in the computer store 60. The 
relevant program block is shown at 64. 
The display unit of the system, which has been partic 

ularly described with reference to FIG. 1A and FIG. 5 
is shown in FIG. 6 at reference 65. The data input chan 
nel to the display unit 65, referenced 66 in FIG. 6, is 
similarly referenced in FIG. 5 and FIG. 1A, in order to 
make these ?gures compatible, insofar as this is possi 
ble with the hardware diagrams of FIG. 1A and FIG. 5 
and the data flow diagram of FIG. 6. 
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8 
Following, say, a_ data display selection byv the in 

structor 61 by means of his control panel, the control 
panel program is correspondinglycontrolled by supply 
“frame number select” data 67. This data controls a' 
frame selector program 68 so that, when the frame se 
lector'program 68 recognises the request for a change 
of display frame, it requests a transfer of the relevant 
frame data from the backing store 60. 
The data selected from sotre 60 comprises “display 

data” 69, that is ?xed andalternative frame text, 
springs, and “control data” 70. . 
The control data 70 includes details of ?ight simula 

tor controls and parameters to be measured and the cri 
teria for selection of display frame changes and display 
colours within the chosen frame. 
A frame control panel 71 further has data inputs of 

“action line number select” 72, corresponding to the 
display selection by the instructor 61. - 
The frame control program 71 further has data inputs 

from the main ?ight-simulator program 73 and from 
the cockpit controls program 64, both of which are‘ 
modi?ed according to the actions of the pilot 63. 
Thus, the frame control program 71 examines the 

simulator controls and parameters and‘ determines the 
display colour required according to display data sta 
tus, as described. The frame control program further 
determines, from the input data at any instant, the posi 
tion in the sequence of events during a simultated ?ight 
and any change of display frame necessary. Further, it 
may directly set simulator parameters according to ac 
tion line number data 72, under control of the instruc- ' 
tor 61. 
A display control program 74 receives data inputs of 

display data 69 from the backing store 60 and “text and 
colour pointer” data 75 and “monitor line number” 
data 76, both from the frame control program 71. The 
display control program selects the necessary text 
strings and their required display colour and combines 
these to form the display data supplied by channel 66 
to the display 65. 
The operation will be further clari?ed by considering 

actual cases. 

Consider the case when the instructor 61 selects on . 
his control panel, one of the malfunctions displayed on 
the current frame. Referring to FIG. 6, the package of 
software “action line number” 72 triggers a program 
71 which determines the parameter which 'is to be in 
serted into -the simulator program 73. The simulated 
malfunction will thence appear on the appropriate 
crew member’s control panel. At the same time, the 
software concerned with the “text/color pointers” 75 
changes the appropriate lines of text on the display 65 
to indicate to the instructor 61 that this particular mal- ‘ 
function has been selected. The display control 74 
thence selects the appropriate colour and outputs a fur 
ther string of characters, both control anddisplay, to 
the buffer memory 7. 
The crew member will now normally take some ac-' 

tion as a result of the malfunction which has been intro 
duced. Again referring to FIG. 6, we see than any 
change in the cockpit controls 64 is sensed both by the 
simulator program 73 and the frame control program ' 
71 and will have an effect on the current frame being 
displayed. That part of the frame control program 71 
which is monitoring the control positions changes the 
colour of a text string via the'display control 74, to indi 
cate to the instructor what action the crew member has 
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taken to deal with the malfunction. The frame control 
program 71 may also measure the speed of response of 
the crew member and generate the appropriate text 
string on the display unit for the instructor’s attention. 
In this case, the colour of the display information can 
be varied according to whether or not the performance 
of the crew is within predetermined tolerance limits. 
As a speci?c example, take the case of the instructor 

6] selecting an “engine ?re” malfucntion upon take 
off. In this case, on the “take-of ” data frame which is 
displayed concurrently with the take-off manoeuvre 
being performed by pilot 63, the instructor will be able 
to select “engine ?re” via his control panel. In the man 
ner described above, his action will cause the apprpri 
ate indications to the pilot and ?rst officer and the 
frame control program 71 will measure the response 
time for them to operate the ?re bottles. 

In a case where the engine is required to be shut 
down, it can also measure the deviation of the aircraft 
from the predetermined take-off course for the dura 
tion of the emergency. The information required by the 
instructor 61 for this training exercise is presented to 
the instructor on the CRT display screen, in the correct 
sequence and in the colours appropriate to its nature, 
as‘ described earlier herein. 
The description with reference to FIG. 6 has been 

somewhat simpli?ed for clarity. It will be understood 
that many modi?cations and elaborations of the opera 
tion described are practicable by the speci?c choice of 
software or built-in programs. 
Thus, more than one type of data frame may be dis 

played by a single CRT at the same time. Multiple dis 
plays may be provided, for example for the instructor 
and for different members of the trainee crew, and the 
display of different data may be appropriate to the dif 
ferent displays. Such multiplication of displays merely 
requires corresponding multiplication of the program 
elements 71, 74 and 65 shown in FIG. 6. 

In one form of actual ?ight-simulator display, four 
different types of data frame may be displayed at one 
time. These display frame types correspond to the fol 
lowing: 

a. Program control frames which link together indi 
vidual training task frames into comprehensive training 
exercises; 

b. Training task frames themselves, which operate in 
the nature of the malfunction example given above; 

0. Ancillary frames that contain lists of malfunction, 
read out parameters, etc; and 

d. Performance comparison frames, which are used 
to summarise comparison of a crew’s performance for 
particular emergency and normal aircraft manoeuvres 
against a predetermined set of parameters. 
Further, hardware and software facilities, not shown 

in the figures, are provided so that selected display 
data, instead of being supplied to a display memory unit 
7, is supplied to an equivalent print-out memory unit. 
From this store, the data is printed out by a known form 
of line-printer, so that speci?c data may be available as 
hard copy for instructor and trainee crew, at the com 
pletion of an exercise. 
What we claim is: 
l. Apparatus for visual display of alpha-numerial 
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data in a plurality of colours'using a multiple-colour 
cathode ray tube of the beam-penetration type in which 
successive characters of alpha-numerical data dis 
played are formed by controlling a ?rst tube beam de 
?ection system for positioning a rectangular dot matrix 
laterally and vertically in lines within the tube display 
frame, by controlling a second tube beam de?ection 
system for scanning the tube beam over an individual 
dot matrix and by supplying to the tube bright-up 
pulses for writing the required dots in each dot matrix, 
said data being progressively up-dated in real time as 
the data changes, said apparatus comprising meansfor 
effecting a first selection from available data to deter 
mine which of said available data shall be selected for 
display and means for effecting a second selection to 
determine which of the said data selected for display 
shall be displayed in which of the plurality of available 
colours, in accordance with a predetermined colour 
classi?cation signifying the status of data items dis 
played, the said means for effecting the second selec 
tion of data so as to determine the colour of display 
thereof, selectively controlling the ?nal anode potential 
of the tube for the display of data in different colours, 
said apparatus further comprising means for providing 
that all characters selected for display in one colour are 
displayed at one time and that subsequently all charac 
ters selected for display in a second colour are dis 
played. 

2. Apparatus as claimed in claim 1, including a digi 
tal-computer having data processing means and a mem 
ory in which computer data is processed, up-dated and 
stored in the said memory as said available data, a sub 
sequent buffer memory data‘ register, and a control 
function signal decode unit having a plurality of output 
lines means for supplying the data selected for display 
to the buffer memory data register such that each word 
of data is loaded in sequence, identified as display char 
acter code or control function code, and, when identi~ 
tied as the latter, decoded to selectively provide a con 
trol signal on one of the plurality of output lines of the 
control function signal decode unit so as to control the 
location and colour of display of the associated display 
character. 

3. Apparatus as claimed in claim 2, in which the 
means for effecting the selection of data for display in 
cludes an address generator unit which supplies ad 
dresses to an address register which specify locations 
within the computer memory of data selected for dis 
play, said address generator unit being capable of gen 
erating addresses for the selection of data for display 
both automatically under control of a computer pro 
gram and manually under control of an operator. 

4. Apparatus as claimed in claim 3, in which the ver 
tical de?ection circuit and the horizontal de?ection cir 
cuit of both the said ?rst and the said second tube beam 
de?ection system each include a gain-setting ampli?er 
the gain of which is controlled, together with the ?nal 
anode potential of the tube, so that substantially uni 
form data character size is maintained despite the 
change of de?ection sensitivity resulting from change 
of final anode potential. 

* * * a * 


