




Why a Head Up Display? 

In recent years advances in 
landing aids have greatly 
enhanced the regularity of aircraft 
operation s. Landings are safely 
and routinely ca rried out in 
conditi ons whi c h in the 50s and 
ea rl y 60s would have res ulted in 
annoying and expensive 
diversion s or cance llati ons of 
scheduled servi ce. Th ese 
advances have tended to 
co ncentrate even more attention 
on th e problem of approach and 
landing in adverse weath er. 
Neverth eless the fac t rem ains that 
the vCjs t majority of landings 
(around 80%) are carried out in 
visual meteorologi ca l 
conditi ons. Of the remainder the 
majority on ce more are carried out 
in conditio ns requiring a fin al 
fli g ht seg ment in whic h the pilot is 
in visual contact w ith th e ground . 
The number of fli g hts termin ating 
in CAT III conditi ons (ce iling 
below 100 ft and/or v is ibility less 
th an '/4 mil e) is somethin g o f the 
order o f one in thirty and even 
among th ese fli g hts some visual 
reference is usually poss ible. 

Sin ce external visual reference 
plays a part in almost all landin gs 
it fo ll ows th at a sys tem whi ch 
integra tes th e outs id e visual cues 
with intern ally generated aircraft 
pe rform ance data can be of 
co nsiderabl e ass istan ce to the 
pil ot during the c riti ca l period 
when he is makin g the transition 
from instrum ent fli ght to visual 
touchdown. Such integra ti on is 
exac tl y the tas k for which th e 
head-up di spl ay (HUD) is most 
suited. 

A sys tem using a head-up displ ay 
in conjuncti on with an I LS 
co upled auto-pilot can have very 
rea l advantag es in a lmost any 
weather conditi ons. 
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• More prec ise approaches can 
be flown to non-ILS equipped 
air-fields. Thi s is particularly 
important where co nditions of 
terrain or neighbouring buildings 
can create opti cal ill us ions. 

• Th e difficulty of pilot takeover 
after an autopilot di sconnect 
with a fail-passive auto land 
system can be con siderably 
eased . The H U 0 presentation 
provides a monitor of the 
approach and ass istance fo r 
either continuing to land or 
initiatin g go-around action . 

• With a dedicated ILS channel , 
the HUD can provide a 
compl etel y independent 
monitor of a fail-operati onal 
auto land system. 

• HUD provides unambiguous 
warning of deviation from the 
required flight path . 

• HUD provides instantaneou s 
warning of wind shear. 

• HUD assists take-offs and go­
around s by providing a displ ay 
of flight parameters in a form 
that is instantly available to 
the pilot. 

• HUD can improve overall 
landing performance by 
reducing tou ch-down 
dispersion and sink rate in 
manual landings. 

• HUD can ass ist in fu el 
conservati on by providing a 
guide to energy management 
in take-offs and landings . 

Why Didn't I Think of That? 

Fi nd ing a locat ion in the 
crowded civil airpla ne cockp it fo r 
any new instrumen t can be a b it 
of a problem. For a head-up 
display system wh ich must 
provide the pilot with a good field 
of view without obstructing his 
visual access to other instruments 
or in any way inhibiting cockpit 
mobi lity, it is a major engineeri ng 
exercise. 

Marconi Avionics have been 
invo lved in the problem of 
designing a sa ti sfac tory HUD 
system for c ivil aircraft s ince their 
pioneeri ng efforts w ith the Blind 
Landing Experimental Unit o f the 
Royal Aircraft Establishment in the 
mid 1960s. Thi s work resu lted in a 
series o f trials in var iou s c ivil 
transport airc raft in 1967-69. 

DISPLAY AREA AT SECTION AA 

These tri a ls aroused considerab le 
in teres t but a lso demonstrated the 
d iffi cult ies invo lved in fi ttin g a 
HUD to the c ivil cockpit. If it were 
situated c losely enough to the 
pilot 's eyes to give an adeq uate 
field o f view, it interfered w ith his 
view o f other con trols , and if it 
were moved fo rward out o f the 
way, it provided a very rest ri cted 
field of view. It became apparent 
from these trials that some form of 
retractable system would be 
req uired to match tile c iv il 
cockpit 

Various solut ions to the problem 
were invest igated, all of which 
suffered from some shortcom ings . 
Conventional H U 0 solutions 
tended to be mass ive and 
cumbersome and to requi re 

_----'1'--_ OVERHEAD CLEARANCE LINE 

PANEL INSTRU MENT 
--- UPPER SURFACE 

Cockp it Cons traints - or - Back To The Drawing Board 

comp li ca ted stowage 
mechan isms whose cont inuing 
accuracy could not be 
guaranteed. Limi ted field of view 
systems proved operationally 
unsatisfactory. One promising 
sys tem which was tried was a 
system similar to a pair of 
retractab le binoculars which 
employed tw in CRTs. Thi s 
pl·ovided a fail -operati ona l 
solut ion bu t requ ired the most 
rigorous manufacturing and 
installat ion toleran ces if visual 
perception problems were to be 
avoided. It was from these 
investigations and from 
considerat ions of how the human 
visual system works that the 
Monohud concept was evolved. It 
provided a simp le and elegant 
so lution to the problem . 
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What is a Monohud ? 

The monohud is a small. inverted 
head-up disp lay which projects 
symbology of vi tal fli gh t 
parameters in to the pilot's field o f 
view monocularly. It is ligh ter and 
less bulky than convent iona l 
HUDs and can eas ily be fo lded 
away when not in use. Its 
retractable, monocu lar design 
enables it to be positioned much 
c loser to the eye th an 
conventional sys tems and thus 
provides a large field o f view from 
an optic of minimal size. 

It is a rugged system with th e CRT 
and opt ics con tai ned in one 
integral un it. Th is constru c tion 
ensures th at focusing and 
co ll imat ing difficult ies , such as 
are encountered when the optica l 
sys tem must fo ld away from the 
CRT, are completely avo ided and 
ma intenance hours are 
correspondingly reduced . 

The rugged cons tru c ti on and 
sma ll size o f Monohud 
considerab ly s imp lify th e 
install at ion problem. Th e 
mou nti ng can be more ri g id th an 
is poss ible for a heavier and 
bulkier system and as a resu lt 
inaccurac ies caused by wea r and 
flexure of the mou nt are 
minimized. Accurac ies tend to be 
one mil liradian or more better 
th an those of more complex 
sys tems. 

Current vers ions of the sys tem 
prov ide a ci rcular 30° fi eld o f v iew 
from eye motion o f less than ha lf 
an inch. a lthough sl ig ht ly larger 
versions w ith a 36° by 24° fi eld of 
view are qui te feas ib le. 
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How does it Work? 

At first th oug ht, the concept o f 
rece iving symbology throu g h one 
eye onl y may seem strange, s ince 
th e other eye w ill be viewi ng th e 
same scene w ithout the 
symbo logy overlay. Th is , however, 
is ident ical to normal everyday 
exper ience. Each eye sees a 
slig htly d ifferent as pect of th e 
wor ld around it and the brain 
co rre lates these images to c reate 
th e compos ite pi c ture o f our 
no rmal hu man vision. This can be 
simp ly demons trated by hold ing a 
b lue fi lter over one eye and a 
ye llow one ove r the o ther. With 
both eyes open a normal scene is 
perceived , closi ng one eye gives 
a blue or yellow tin ted scene 
depending on which filter is in 
use. 

The same princ iple is used , if not 
so obv iously , in a norma l 
binocu lar HUD. In such a sys tem 
only the cent ral part o f the 
symbo logy is viewed wi th both 
eyes. As shown below the greater 
part of the display is viewed 
monocularly with the brain 
forming a composite picture of 
rea l wor ld and symbology. 
Monoh ud is mere ly an extens ion 
of this pri ncip le in that all 
symbology is v iewed wi th a s ing le 
eye. 

Proximity of the hardware to the 
opera tor has also proven to be far 
less o f a problem than one migh t 
expec t. The Monohud is located 
approximately 4 inches from the 
eye and in itial subjec ti ve react ion 
has been th at this was rath er 
c lose . RAE tria ls, however, have 
shown that this is not th e cas e. 
Because one looks th ro ugh and 
not at th e Monohud , it is not 
obtrus ive when in operation and 
not noticed for the same reaso n 
that a normal pai r of spectacles is 
not noti ced. I n the tr ia ls there 
were no instances of the pi lot 
inadvertently touch ing th e d isp lay 
wi th his head or vis ual ly losi ng the 
display. To quote the Pro ject Test 
Pilo t, " Proxi mity has been no 
prob lem althoug h initia lly we 
thought it mig ht be" . 
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SEEN BY RIGHT EYE PORTION SEEN 

BY BOTH EYES 

PILOTS EYES 

PORTION OF FOV 
SEEN BY LEFT EYE 

RIGHT EDGE 
OF COMBINER 
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What Goes in the Cockpit? 

The total Monohud system 
consists of four line-replaceable 
units. 

• Pilot's Di sp lay Unit (PDU) (1 or 
2 depending on user 
requirements) 

• Vi deo Drive Unit (VDU) (1 or 2 
as above) 

• Symbo l Generator (SG) (1 
norma ll y, 2 for complete 
red undancy) 

• Control Panel (C P) (1 or 2) 

o 
o 
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AUTOBRILLlANCE SENSOR 

Of these only the PDU and the 
control panel require cockpit 
space. The control panel is 
customised to user requirements 
and can be fitted in any 
convenient location. The PDU 
normally attaches to a fi xed 
overhead mounting and folds 
away against the roof panel when 
not in use. Other mountings 
providing intern al stowage in the 
cockpit roofspace are possible 
but require a slightly more 
complex stowage mechanism. 

The PDU itself consis ts o f th e CRT 

assembly, the optical module, 
autobrilliance sensor and th e 
mechanical mount , and we ighs a 
tota l of 4.0 pounds. It features a 
break-away mechanism to 
protect the pilot 's head in the 
even t of sudden forwa rd motion . 

INTERFACE BRACK~-­

WITH WINDOW 
UPPER FRAME ,,1\-, 

STOWAGE LATCH _---;;;:;t'i"'f:::. - -- - -,(,,\1, ' 

30FF MOUNTING CAP 
SCREWS 

BORESIGHT SPHERI CAL 
INTERFACE 

PD U Parameters 

Total Fi eld of View 

Instantaneous Field of View 

Line Width 

Wri ting Speed 

Contras t Ratio 

Brilliance Cont rol 

Display Colour 
Combiner Transmiss ion 
Deviation of Li ne o f Sight 
Collimation Accul'acy 
Warm-up time 

; STOWED POSITION! \ -1 
~--~ 

: L-:~_. ~ 
, , , 

BL21 

- 30° circular (24° x 36° possible) 

- 20° c ircular (20° x 300possible) 

- 1.5 milliradians 

- 37 ,500 deg/ sec or 960 
in clles/ sec. 

- >1.2 : 1 (agai nst 10,000 It lamberts 
background) 

- Automatic after manual selec ti on 

- Green (P1 Phosphor) 
- 72% 

- <0.3 milliradians 
- <2.0 millirad ians 
- 30 to 60 seconds 

What Makes it Work? 

The electronic circu itry for 
Monohud is contained in two 
small units the Video Drive Unit 
weighing 8.5 Ibs and the Symbol 
Generator weighing 14 pounds. 

The Video Drive Unit is normally 
located in the cockpit roofs pace 
and houses the circuitry usually 
found in the display unit of a 
conventional H U D system. These 
are the high voltage power 
supply,video drive, autobrilliance 
contro ls, CRT protection , se lf-test 
circuits and the deflection 
amplifiers : in short, al l the 
electronics required to convert 
input signals into the CRT drive 
voltages which generate the 
display the pilot sees . 

The Symbol Generator is a small 
digital computer which uses its 
own programmed logic to convert 
inputs from the aircraft sensors 
into the CRT drive instructions 
which provide inputs to the VDU. 
It consists of four sections. 

• Input interface 

• Microprocessor 

• Waveform Generator 

• Output interface 

The input interface accepts 
ana logue, digital and discrete 
inputs and converts them to a 
form acceptable to the 
microprocessor, The 
microprocessor, on 
instructions from its erasable, 
programmable (EPROM) memory, 
uses these inputs to generate 
demands on the waveform 
generator. The waveform 
generator uses these demands to 
produce digital representations of 
the required symbology which , 
after conversion to ana logue 
signals in the output interface, are 
fed to the VDU. The use of 
EPROM memory devices enables 
changes in the disp lay symbology 
to be made with no changes in 
sys tem hardware , and since spare 
capac ity is provided in th e 
Symbol Generator the system is 
capable of considerable growth io 
meet future user requirements. 
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What Does it Show? 

The prec ise symbo logy displayed 
by th e Monohud depends on 
custom er requirements , but to 
provide the data the pilot needs to 
verify that he is in a safe condition 
to continu e his approach , th is 
should inc lude presentati ons of: 

• Pitch and Ro ll 

• Headin g 

• Fu se lage Datum Referen ce 

• Desired Glide Slope 

• Fligh t Path Ang le 

• Potential Fl ig ht Path 

• Angle of Attack 

• 
• 
• 
• 
• 
• 
• 

Ind icated Air Speed or speed 
error 

Radio or Barometric Altitude 

Decision Height 

Bank Ang le 

I LS Crosswires 

Flare Cue 

Drift 

FU SELAGE 
DATUM REFEREN CE 

PITCH/ ROLL 26 j 
ATTITUDE 
~ I1 I 

~HEADING 

27 
I I 

~ r-I ----"--------,51 

RUNWAY 
HEADING 
INDEX 

~ 
TRACK 
INDEX 

~--------------~--------------~~L-----------L---------------L- HORIZONBAR 

<> 
<> 

DIGITAL 

SPEED -----'150 
SCALE 

POTENTI AL 
FLIGHT PATH 
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;r[ --- 190 R .--RADIO ALTITUDE 

DECISION 
100 D '-HEIGHT 

T VELOCITY VECTOR 

'\:- o~ ~\!r~~EK OF 

\ ERROR 

BANK 
DESIRED GLI DE ANGLE 
SLOPE BOX LI MITS 

Th e symbology shown above is 
based on th at used by Monohud 
during Roya l Aeronauti ca l 
Establi shment tri als . Vari ous 
other prese ntations, inc lud ing a 
syntheti c runway symbol , have 
been tri ed using the erasable 

memory feature of th e symbol 
generato r to change symbology 
as req uired . The Monohud 
system ca t~ rs full y for any 
changes in customer 
requ irements whic h mig ht 
occur after installa ti on. 

What Else Can it Do ? 

With th e inputs and symbology 
required for approach and 
landing, the Monohud sys tem is 
also capable of ass isting th e pil ot 
in roll-out , take-off and go-aroun d 
situations. 

Roll-O ut 

In ro ll-out, the presentation of ILS 
centre-li ne and heading 
information can be of 
considerab le assi stan ce to th e 
pilot whi le he is deceleratin g to a 
sa fe tax i-ing speed in conditions 
of res tri c ted vis ibi li ty. 

Take-Off 

In take-o ff , th e sys tem provides 
compass heading and centre-line 
informati on while on th e runway, 
and energy management 
information from the fli ght path 
ang le and potenti al fli ght path 
sym bo ls once airborne. Thi s 
informati on can be of 
considerable ass istance to the 
pi lot in dec id ing on the co rrect 
course of acti on in any 
emergency that mig ht arise in this 
criti cal flight segment. 

Go-A round 

In a go-around situ ati on th e fli ght 
path ang le and potential fli ght 
path symbols can be of g reat 
ass istance to th e pilot in 
es tablish in g an opt imu m c limb­
out. 
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