
Rockwell Collins HUD 
gets synthetic vision 
by Matt Thurber

The overwhelming desire 
when looking at the Pro Line 
Fusion system in the Rockwell 
Collins Challenger 601 on which 
we took a test flight is to keep 
looking down at the colorful and 
huge displays, fixed in landscape 
orientation and showing a detailed 
view of the outside world as rep-
resented by synthetic vision. But 
look up through the windshield 
and through the HGS-6000 head-
up display and there’s a bonus: 
the synthetic-vision view from 
the head-down display is 
also running on the head-
up display (HUD).

The synthetic-vision 
system (SVS) on the 
HUD isn’t in any color 
other than the standard 
HUD green, but the idea 
is that it allows pilots to 
absorb the same infor-
mation as on the head-
down PFD and could 
allow them to land more 
safely in low-visibility 
conditions, lower than 
the Category II 200 feet 
and possibly even lower 
than is permitted under 
FAR 91.175 (down to 
100 feet).

Currently, the 91.175 allow-
ance is permitted for airplanes 
equipped with HUD that displays 
infrared images from enhanced-
vision system (EVS) cameras. 
But Rockwell Collins researchers 
believe they can go steps further 
with SVS on the HUD. An EVS 
view will also be available on 
Pro Line Fusion, but switchable 
with SVS, not combined with the 
SVS view. Honeywell is pursu-
ing a different approach: SVS and 
EVS combined on the head-down 
panel-mounted display, with no 
HUD to supplement that view.

“We’ve been working with 
head-up guidance systems for 
over 30 years,” said John Peter-
son, director of avionics and flight 
controls marketing. Rockwell 
Collins and Kaiser Aerospace 
founded HUD-maker Flight 
Dynamics in 1981, and Rockwell 
Collins jointly purchased the rest 
of the company in 1999. Since the 
first sale of head-up guidance sys-
tems (HGS) to Alaska Airlines in 
the early 1980s, used as an alter-
native to Category III autoland 
systems, Rockwell Collins has 
delivered more than 4,500 HUDs 
to airline, military and business 
aircraft operators. 

A 2009 report by the Flight 

Safety Foundation, according to 
Peterson, found that “38 percent of 
all accidents were likely or highly 
likely to have been prevented if 
the pilot had an HGS. It came to 
a conclusion that 69 percent of all 
landing and takeoff accidents and 
50 percent loss-of-control could 
have been avoided if a pilot had 
access to the information on a 
head-up guidance system.”

One problem with HUDs is 
that they take up a lot of space 
in cockpits, and this is why they 

have been limit-
ed to large aircraft. 
The smallest new  
jet with a Rockwell 
Collins HGS will be 
Gulfstream’s G280, 
which will also fea-
ture the Pro Line Fu-
sion cockpit, brand-
ed as Gulfstream 
PlaneView 280. A 
typical Rockwell 
Collins HGS-6000 
HUD installation in-
cludes a heavy pro-
jector mounted on 
the ceiling behind the 
pilot and a combin-
er screen installed in 

view of the pilot so he or she can 
see the outside world through the 
screen while also viewing infor-
mation displayed on the HUD. 

Compact HUDs
What if a smaller lower-cost 

HUD were available and able to 
be installed in a wider variety of 
aircraft as small as single-engine 
turboprops? Rockwell Collins is 
trying to answer that question and 
earlier this year introduced the 
HGS-3500, a compact HUD that 
eliminates the big projector. 

The HGS-3500 costs about 
one fifth the price of a typi-
cal long-range jet’s HUD and 
weighs just 12 pounds. Every-
thing is included in a single LRU 
mounted on the windowsill beam 
in front of the pilot. The develop-
ment of the HGS-3500 is just one 
of Rockwell Collins’s strategies to 
bring the safety benefits of HGS 
to more aircraft. 

At the same time, the company 
is announcing here at the NBAA 
show that its Pro Line Fusion sys-
tem with a new touchscreen inter-
face will become available for 
smaller aircraft. Thus, not only 
will pilots flying larger Part 25 
aircraft enjoy the benefits of the 
touchscreen, but Part 23 aircraft 
pilots will have the option of 

flying with a HUD and a touch-
screen. Add SVS display on the 
HUD, and Rockwell Collins’s 
“heads-up, eyes-forward” philos-
ophy clicks into place.

Looking Ahead
“We’ll be the first to bring 

synthetic vision to the head-up 
guidance system on the Global 
6000,” said Peterson. The Bom-
bardier Global 6000 will be the 
first jet to be certified with the 
new Rockwell Collins Pro Line 
Fusion avionics suite with SVS 
on the HUD. “And that brings 
an unprecedented level of situa-
tional awareness to the pilot,” he 
added, “particularly in terrain 
environments with low weather 
conditions. With the tests we’re 
doing and the information we’re 
collecting so far, we’re finding 
that on ILS tracking we’re get-
ting [an improvement of] 70 

percent laterally and 25 percent 
vertically when SVS is displayed 
on the HUD.”

“The idea is that you have all 
the flight information you need 
to fly the airplane head up,” said 
Peter Howells, principal sys-
tems engineer of head-up guid-
ance systems, “so you’re already 
head up. And the pilot is look-
ing at where the flight-path sym-
bol is, which is where the runway 
will appear when he or she will 
ultimately able to see it.” Add-
ing SVS to the HUD picture, he 
noted, “gives that additional situ-
ational awareness and the ability 
to see the outside world artifi-
cially, without using natural eyes.”

One of the key reasons Rock-
well Collins prefers the use of 
HUD to shoot low approaches 
as opposed to Honeywell’s head-
down display philosophy is the 
transition from head-down to 

head-up at a critical time during 
the approach, just before land-
ing. Sarah Barber, Rockwell Col-
lins’s principal systems engineer 
of advanced concepts, is partic-
ipating on the RTCA’s SC-213 
committee, which is studying the 
issue of how low pilots ought to 
be able to fly during an approach 
using new technologies like SVS 
and EVS. Barber is a type-rated 
jet pilot and holds a master’s 
degree in human factors.

“Pilots, as part of SC-213 and 
NASA, have been doing some 
experimentation and providing 
data to the FAA,” Barber said. 
“Apart from the time it takes for 
pilots to transition from head-
down to putting their eyes out-
side and accommodating to 
the outside scene, it’s interest-
ing to note how many times 
they bring their eyes back in to 

Flying SVS on HUD
Rockwell Collins demonstrated SVS on a HUD in the 

company Challenger 601 during a flight from Eastern 
Iowa Airport in Cedar Rapids to La Crosse Municipal 
Airport in Wisconsin. Senior captain Tom Yerke flew 

left seat with an observer in the right seat. A broken 
layer of clouds topped out at about 4,000 feet, with 
the ceiling at 2,100 feet, a good way to demonstrate 
the capabilities of SVS on the 601’s HUD. The 601 was 
equipped with Rockwell Collins Pro Line 21 avionics on 
the pilot’s side and Pro Line Fusion’s huge landscape-
oriented displays on the right side.

Approaching La Crosse, the Fusion PFD on the 
right showed an impressive SVS view, large and 

colorful and easy to interpret. The left Fusion MFD 
was used to show the ILS Runway 18 approach plate 
and system synoptics. Rockwell Collins does display 
own-ship position on the approach plates. 

The view through the HGS-6000 HUD mir-
rored the SVS, except with only a single (green) 
color. The difference when looking through the 
HUD, however, was that I could see both the 
SVS rendering of the land and lakes below, and 
also because I was looking through the HUD, the 
clouds outside the window. It was strange but 
soon became natural, and I appreciated being 
able to watch the weather first-hand–with my 
eyeballs–instead of looking down at the PFD 
and then up at the outside view, then down 
again, and up, and so on.

Rockwell Collins outlines the location of 
the destination and alternate airports with 
a dome symbol (see photos, left, top and 
bottom). As you get closer to the airport, 

the dome gradually becomes transparent. The 
selected runway is highlighted with a dashed 
extension line (see photo below, right). With SVS 
on the HUD, I could clearly see the cloud layer as 
well as the rendering of the ground and obsta-
cles, the dashed runway centerline and all the 
important symbology on the HUD (which is also 
the same symbology on the PFD). Even though I 
flew just one approach using SVS on the HUD, it 
seemed like it wouldn’t take long to become com-
fortable with the technology, to the point where 
looking down at the PFD would be redundant.
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Rockwell Collins’s Pro Line Fusion PFD with synthetic 
vision shows the airport dome at the test flight Challenger’s 
destination of La Crosse, Wis., in the left center of the display. 

Synthetic vision on the Rockwell Collins HGS-6000 head-up 
display depicts the destination airport dome in the center, 
left. The green highlights are the synthetic view of the 
ground, but the pilot can also see the actual clouds through 
the HUD and through the Challenger’s windscreen.

The extended centerline is highlighted by dashed lines and 
the ground is outlined in the synthetic-vision view (green 
highlights) as the Challenger is on final to Runway 18 at  
La Crosse, Wis. Note the ease of viewing the clouds through 
the HUD and cockpit windscreen.

	 Continued on page 62 u 

Sarah Barber, Rockwell 
Collins principal 
systems engineer of 
advanced concepts, is 
studying growth aspects 
of SVS.
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refer to airspeed and altitude, to 
check the instrumentation once 
that transition takes place from 
the head-down display to head-
up. Typically, when they do that 
transition at 200 feet, between 
200 feet and landing [their eyes] 
actually come back inside the 
flight deck four or five times.” 
This was verified by a NASA 
study conducted earlier this 
year. And even after deciding to 
continue beyond decision height 
to land, the study found, pilots 
averaged more than two head-
down to head-out transitions, 
according to Rockwell Collins.

At decision height, Howells 
explained, “the key is the acqui-
sition of the runway. The longer 
that takes, the more likely a pilot 
is to do a go-around. If he has 
to keep looking down to check 
speed and things like that, then 
he’s looking back up. And there’s 
an accommodation there, and 
apparently it depends on age, too, 
how quickly the eyes can refocus.”

In the NASA studies, Peterson 
added, “research has shown that 
[during the] transition, for pilots 
to look heads up and acquire 
the runway and then look heads 
down to get the information they 
need and look heads up again, 
it takes about three to four sec-
onds to make that transition and 
then make a decision about what 
they’re going to do with that 
information.” During a typical 
jet approach on a three-degree 
glideslope, he said, “[in] that 
three or four seconds, pilots are 
looking at about 40 foot of verti-
cal descent in the period of time 
when they’re collecting informa-
tion and making a decision. So if  
they’re heads-up throughout that 
whole transition, particularly at 
lower minimums, having to make 
a three- or four-second decision, 
obviously the reaction time with 
respect to lower time [at] lower 
minimums would be a benefit.”

Making the HUD Work
One challenge for Rockwell 

Collins in adding SVS to the 
HUD is to make the SVS images 

viewable in all sorts of lighting 
conditions. At night, there’s no 
problem. But during the day, 
especially when clouds are bro-
ken and the airplane is flying in 
and out of bright sunlight and 
gloomy clouds, the challenge is 
more difficult. This is much less 
of an issue for the head-down 
Honeywell philosophy.

“The image has to be very 
bright,” said Howells. “This has 
limited the alternatives to this 
type of technology, so we’re 
excited about this new opti-
cal configuration on the com-
pact HGS-3500. What we’re 
using is substrate-guided optics. 
The idea is to be able to view 
an active-matrix LCD image 
source through this device but 
have it overlaid on the outside 
world and have the image colli-
mated so it is focused the same 
as the outside world. And that 
was a big technology challenge. 
The second big challenge was 
to make it bright enough so a 
pilot could see the symbology 

on bright backgrounds–such as 
a sunlit cloud–and that took a 
lot of technology as well.”

An advantage of head-down 
displays is that it’s simpler to 
see the effect of crosswinds and 
maintain situational awareness. 
Rockwell Collins handles this 
issue on HUDs by making the 
field of view wide enough, How-
ells said, “so we can use it in 
crosswind landings. We came up 
with a field of view of at least 15 
degrees. We thought, if we can 
get anything over 15 degrees 
lateral field of view, we will be 
able to accommodate lots of the 
crosswind landings an airplane 
of this type would experience.

“This means that the flight 
path symbol is still on the screen, 
and it’s live, it’s conformal. It 
has to be wide enough to be able 
keep the flight-path symbol on 
the screen in the certified cross-
wind limit of the airplane. For 
example, if there’s a 100-knot 
crosswind, we lock [the flight-
path symbol] at the edge of the 
screen and dash the line to make 
sure the pilot is aware that it’s 

nonconformal at that point. But 
for any normal approach with 
a normal crosswind, the flight-
path symbol stays on the screen 
and it’s conformal.

“We’re able to display a flight 
path overlaid on the outside 
world showing where the air-
plane is actually going so the pilot 
can use the flight-path symbol to 
guide himself to the runway. The 
pilot can then visually evaluate 
where the airplane is going and 
monitor both its energy and sta-
bility in terms of where it is going. 
We think this is an important 
safety step for this category of 
airplanes [using the lightweight 
HGS-3500]. It really wasn’t avail-
able until fairly recently.”

This means that smaller air-
craft will eventually be able to 
display not only SVS on the 
HUD but also elements found 
on larger aircraft, including 
windshear alerting, unusual atti-
tude information and TCAS 
and TAWS alerts. “All can be 
displayed on the HUD with the 

pilot still being able to see the 
outside world,” Howells said. 

Flying Lower?
While the benefits of HUD 

with SVS (and also EVS; the two 
technologies will be switchable by 
the pilot in Pro Line Fusion cock-
pits) are primarily safety-related, 
pilots also want to know if the sys-
tem will allow lower approaches. 
And that is exactly what Barber 
and the SC-213 committee are 
working to achieve.

At present, with EVS dis-
played on a HUD, pilots can 
descend to 100 feet. SVS gives 
no similar credit but enhances 
situational awareness. “We’ve 
been working on getting opera-
tional credit for synthetic vision 
and increasing the operational 
credit for enhanced vision for 
most of the last year-and-a-
half to two years,” said Barber. 
So far, RTCA has published a 
minimum aviation systems per-
formance standards (Masps) 
document, DO 315:2011. This 
document outlines operational 
credit capabilities, including 

EVS, to be used down to landing 
in 1,000 feet runway visual range 
(RVR) as long as the pilot has at 
least 2,400 feet worth of visibil-
ity through the EVS. According 
to Barber, DO 315 also covers 
some operational credit for SVS, 
including “how we can use SVS 
to get operational credit on cer-
tain ILS facilities down to 150 
feet as opposed to the 200-foot 
decision altitude.”

The next task, she said, is to 
work on a new version of DO 
315 that would address more 
credit for SVS “in several other 
places. We haven’t come to a con-
clusion as to which ones or how 
many of them we will tackle in 
which order.” But the plan is to 
seek credit for an ILS approach 
down to 100 feet using SVS or 
150 feet on LPV approaches. 
“Also we’re looking at whether 
there’s any way we can actually 
use the capabilities of synthetic 
vision in terms of its ability to 
help constrain flight techni-
cal error, whereby we could get 
some additional credit for its use 
on RNP approaches. We’re look-
ing at those three areas; we’re 
not quite sure yet in which order 
we’ll deal with them,” she said.

On the EVS front, the com-
mittee is considering an entirely 
new document that would 
address EVS used for approach, 
landing and rollout down to 
300 feet RVR. “So, pretty much 
that’s getting to the point where 
the sensors on board the air-
plane are necessary not just to 
get the airplane on the ground 
but also to allow it to taxi 
around the airport and get to 
the FBO,” she said.

As usual, technology is rapidly 
outpacing the ability of regula-
tors to keep up. Any FAA rules to 
address these technologies would 
take years to develop. “The ques-
tion is not so much about hav-
ing a system that is capable of 
performing to the Masps,” she 
explained. “The issue is how long 
it would take the FAA to adjust 
its approval process. Right now 
the approval process for special 
authorization Category I is fairly 

similar to a Cat II approval pro-
cess, which is fairly lengthy. 

“We’re hoping that the FAA 
is going to be working with us 
to simplify that approval pro-
cess so it becomes appealing to a 
lot of the operators to go for this 
credit. Many of them today don’t 
bother going to Cat II because it 
takes so long to get approval, and 
it’s very onerous to maintain that 
approval. That’s where we think 
the big advantage will be: simpli-
fying that approval process.”

HUD/SVS in Operation
Given Rockwell Collins’s 

move toward HUD-centric cock-
pits, an advantage of having the 
HGS-3500 out in the field will 
be that more pilots will become 
comfortable with flying with a 
HUD. “Once pilots see a HUD 
and use a HUD, they never want 
to go back,” Howells said. “The 
concept of being able to see the 
flight-path conformal on the 
ground is such a compelling 
view that they rarely want to go 
back to having to look down [at 
the PFD] and interpreting what’s 
being displayed. We see a side 
benefit of being able to put sys-
tems on smaller airplanes; those 
pilots will demand them on the 
bigger airplanes as they go up. 
Having a HUD, particularly in 
new small jets where everything 
is happening so much quicker, 
will help the pilots understand 
what’s happening and manage 
their energy.”

HUD also offers the oppor-
tunity to help with guidance on 
the ground while taxiing. “We 
can provide information that 
makes sure the pilots stay on 
the taxiway and know where 
they are,” Howells said. “They 
can be given a sign: ‘Here 
comes taxiway Delta to the 
left,’ and present all this infor-
mation heads-up. So they don’t 
have to keeping looking down 
at a paper map or an iPad or 
taxi map in the center console. 
That’s something we’re looking 
at as a future technology. It’s 
a sort of  natural extension of 
synthetic vision.” o
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uContinued from page 60

 Rockwell Collins used its Challenger 601 to demonstrate that synthetic vision added to a 
HUD can show pilots the same information as a head-down display and to make the case 
for lower landing minimums for aircraft with SVS on the HUD.

Rockwell Collins uses this simulated ProLine Fusion cockpit in the lab to test new 
technologies, such as the touchscreen control capability, shown on the center MFD.
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