
Honeywell moves forward on  
head-down EVS/SVS combo 
by Matt Thurber

The future is coming and it looks like 
this: the weather at your destination was 
supposed to improve, but it stubbornly 
remains below the 200-foot minimums. 
Of course you have plenty of fuel to make 
your alternate, but that airport is far from 
the meeting your boss is expected to helm. 
And while you and your flight crew team 
won’t let the boss’s desire to make it on 
time to the meeting affect your decision, 
it would be much more efficient to be 
able to arrive safely at your original des-
tination. Fortunately, your jet is equipped 
and you and your first officer are trained 
for precisely this situation. 

The avionics meet the requirements 
of FAR 91.175, allowing descent below 
the 200-foot decision height to 100 
feet, provided the pilot can see the run-
way environment on a head-up display 
(HUD). Today this means a system that 
displays infrared enhanced-vision sys-
tem (EVS) images on the HUD, so the 
pilot can see the approach lights on the 
HUD before seeing the runway by the 
time 100 feet is reached. Both Honeywell 
and Rockwell Collins offer avionics that 
meet the 91.175 requirement, allowing 
pilots to descend below 200 feet during 
an approach, using EVS on the HUD. 
The HUD used is the Rockwell Collins 
head-up guidance system (HGS). 

There could soon be an alternative, 
however, and Honeywell has been test-
ing a head-down system, which replaces 
the HUD with a combined-vision sys-
tem (CVS). What CVS does is overlay 
EVS onto a synthetic-vision system (SVS) 
view on the pilot’s primary flight display 
(PFD). In this case, the pilot will use the 
CVS to look for the runway environment –
approach lights–then transition to the 

outside view at 100 feet and then complete 
the landing. Honeywell is actively testing 
CVS and working with the FAA to seek 
approval for the same credit to descend 
below 200 feet available in 91.175.

The two avionics manufacturers’ 
approaches to this challenge are diverg-
ing. Rockwell Collins is firmly in the 
head-up camp, while Honeywell is betting 
big on replacing the HUD with a head-
down display and CVS. Rockwell Col-
lins is determined to make the HUD even 
more technologically capable than it has 
ever been before, while Honeywell is going 
down a different path, using the PFD to 
paint the desired picture and, hopefully, 
gain lower-approach credit for doing so.

AIN recently had an opportunity to 
participate in a demo of CVS in Honey-
well’s G450.

Honeywell Demo
“What we’ve done is combined this 

infrared imagery on our synthetic vision to 
give you that real-time situational aware-
ness of exactly where you are in the envi-
ronment,” said Trish Ververs, Honeywell 
EVS/SVS project lead and human factors 
expert. “You obviously know where you 
are when you can see out the window; our 
biggest concern is when you can’t see out 
the window–low-visibility conditions.”

Honeywell has been flight testing 
CVS–combining EVS and its SmartView 
synthetic vision–since June 2010, fol-
lowing laboratory testing using a simu-
lator that found there were advantages 
to the company’s head-down philoso-
phy. Flight tests were done in Honey-
well’s Cessna Citation Sovereign and 
Gulfstream G450. “What we’re trying 
to prove is that what you have here is at 

least equivalent to what they currently 
certify for a lower landing,” she said. But 
there’s more to what Honeywell is try-
ing to accomplish with the head-down 
approach, and that is to deliver much 
more information on the PFD to help the 
pilot not only interpret what is going on 
in the outside world during low visibil-
ity but also to make the transition from 
looking head-down at the PFD during 
the approach and then head-up outside 
the window to make the landing, even at 
100 feet height above touchdown.

“What we are generally comparing it to 
is the system that is currently certified for 
lower landing minimums,” Ververs said, 
“and that is the HUD with the infrared 
camera under FAR 91.175. It says if you’re 
going to go below minimums–200 feet–the 
pilot has to either see the outside environ-
ment or, in this FAR, he or she needs to be 
able to see the image on the display of the 
runway environment, [and then] take that 
down to 100 feet. At 100 feet they have to 
transition to the outside environment.

“But we want to enhance pilots’ abil-
ity to detect the environment around 
them,” she added, “and that’s why we’re 
adding that real-time data.” This data, by 
the way, is useful not only in the air but 
also on the ground; the EVS view helps 
the pilot see aircraft and ground vehicles 
and taxiway markings, which is especially 
useful in poor visibility.

The real-time data that Ververs is 
referring to is not just the synthetic-vision 
view of the outside world or just the com-
bined view with the infrared EVS image 
overlaying the synthetic vision. It is the 
way these elements are presented that 
offers the maximum benefit to the pilot.

“We want to be sure we’re supporting 
[the pilots’] visual transition from inside 
the aircraft to outside the aircraft,” Ververs 
explained. “And the way we do that is build 
that picture. We build exactly what it is that 
they’re going to see prior to transitioning 
out the window, so they know where the 
mountains are, where the runway is, where 
their aircraft position will be with the flight 
path marker. So pilots are able to see all of 
that [on the PFD] then look out the win-
dow, and, lo and behold, it looks exactly 
like it did right in front of them.”

A lot of human factors expertise–and 
software design–by EVS/SVS software 
lead Gang He–went into the development 
of Honeywell’s CVS. The key elements 
of the design of the PFD view for CVS 
include the flight path marker, the symbol-
ogy for SmartView SVS and the way the 
EVS image is layered into the SVS view to 
 create CVS.

The Big Picture
Avionics design is moving rapidly 

toward more representation of the out-
side world on displays inside the cock-
pit. That is, after all, what synthetic vision 
does. This capability is central to what 
Honeywell is trying to accomplish: elimi-
nation of the HUD and use of the CVS to 
achieve lower approach capability as cur-
rently allowed by FAR 91.175 for HUDs.

“There are some people who might 
believe that you still need a HUD to do 
that,” said Honeywell chief test pilot 

Jary Engels.  “What we’re finding in our 
research is that the synthetic vision and 
the overlay of the EVS on the synthetic 
vision changes that game.”

The standard “six-pack” instrument 
cluster that most pilots are familiar with 
forces them “to recreate in [their] minds 
what that picture is and then transition 
from this context into the context of the 
real world,” according to Engels. This 
can be difficult, and many accidents have 
resulted when pilots have lost the situa-
tional awareness picture that they had 
been trying to create in their minds. With 
modern displays and CVS, he argued, 
“We’re presenting the real world. What 
we’re finding in research is that you’ve 
already built that real-world picture in 
your head so that when you make the 
transition from head-down to head-up, 
you don’t have to change your context. 
You see [on the PFD] what you’re going 
to see when you look out, and when you 
look out, that’s what you see.

“Why do we say that we can get down 
to 100 feet with this? When you put this 
terrain picture back in there, then it’s this 
natural thing that you’re looking at, and 
the workload gets reduced. This men-
tal picture that you’re trying to draw, it’s 
already drawn for you, so the workload 
will, in essence, be less.”

Flight Path Marker
The HUD has taught pilots a valu-

able lesson: how to use a flight path 
marker. “We recognized the advantages 
of a HUD are not just the fact that you’re 
looking through the HUD to the out-
side world,” said Engels. The flight path 
marker shows where the aircraft is going 
as opposed to its attitude. “The pitch atti-
tude is where you’re pointing, the flight 
path is where you’re going. And that’s 
true both left and right and up and down. 
So if you take the flight path marker and 
put it on the end of the runway, you will 
end up on the end of the runway. That’s 
the beauty of flying with flight path as 
opposed to pitch attitude.”

With the accuracy of GPS for posi-
tioning and a highly detailed terrain and 
airport database and a high-quality dis-
play, Engels explained, “You put the 
flight path marker on the synthetic run-
way, and that’s where you will end up. 
At 100 feet, if you have the flight path 
marker in the touchdown zone of the 
runway, when you look up, it better be 
there. And the transition from this to the 
outside world is seamless.”

Symbology
Honeywell is using a track-centered 

approach to displaying information on the 
PFD. Engels said, “In a HUD if you have 
a strong crosswind you may be pointing 
this way and going [another] way, and if  
you get too strong of a crosswind, it can 
actually move out of your field of view.” 
On the Honeywell CVS, he added, “we 
center it on the track.” A small airplane 
symbol on the PFD shows exactly what 
the nose of the airplane is doing in a cross-
wind. If there is a strong wind from the left 
side of the runway, for example, the air-
plane’s nose must point to the left to allow 
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Honeywell’s combination of the enhanced-vision system (EVS) infrared view and synthetic vision delivers 
a lot of information on the PFD. Note how the top of the EVS is translucent, so the pilot can see cloud tops, 
mountains and other hazards. The goal is a seamless transition from the display to the view out the window.

M
AT

T 
TH

U
R

B
E

R



the airplane to track straight to the run-
way. The little airplane symbol makes this 
crystal clear to the pilot. 

“We use this airplane and other cues 
to give you the sense of crosswind so that 
you know you’re in a crosswind and you 
know where the runway is going to be,” he 
explained. “But the reality is that, at 200 
feet or 100 feet, when you look down and 
look up, your windscreen is filled with run-
way. This track-centered [approach] keeps 
everything in the center, and we have data 
that shows you fly more accurately when 
you keep everything centered.”

Another element that helps is the 
range rings on the SVS display. These 
give the pilot a quick aid for depth per-
ception. “It’s that two-dimensional dis-
play trying to show a three-dimensional 
picture,” said Engels. “That helps a lot.” 
A line extends from the runway toward 
the bottom of the SVS display, show-
ing the extension of the runway center-
line. Matched against the little airplane 
symbol, the pilot can quickly see the 
crab angle in a crosswind and, of course, 
which way to fly to the runway. 

Adding EVS
The final key to combined vision is, 

of course, combining the EVS and SVS 
views on one screen. This isn’t a sim-
ple matter. Sure, you could simply plop 
the EVS view right onto the SVS view, 
but raw EVS looks like ghostly reverse 

black-and-white infrared images. Imag-
ine a colorful view of the outside world 
overlaid with infrared video. It wouldn’t 
look very good, and the EVS view would 
simply block anything useful on the SVS 
that sits behind the EVS image.

One of the reasons that Honeywell pre-
fers the head-down display route is that 
company designers believe they can do 
much more with the colorful PFD than 
with the HUD. “If you’ve ever seen an 
infrared image on a HUD, it’s all green,” 
said Engels, “as is the image on the HUD 
that’s drawn in your symbology, so every-
thing kind of blends together.”

Taking the infrared image from 
the EVS camera, Honeywell design-
ers were able to colorize that image in 
such a way that it not only blends well 
with the SVS view but also remains dis-
tinct enough so the pilot can tell it is an 
infrared image. And, the top part of  the 
EVS image can be made translucent, so 
that the pilot can see whatever would 
normally be covered by that part of  the 
infrared view. If  there are mountains 
in the background, for example, why 
not leave the top portion of  the EVS 
clear so you can see those mountains 
as depicted by the SVS? And just below 
that is the portion of  the EVS that the 
pilot really wants to see, like the run-
way environment during a low-visi-
bility approach. “On a HUD, all you 
would see is the runway symbol, these 

little lights, and everything else would 
be green,” Engels said.

“We have the advantage of head-down 
of being able to put the infrared image up 
as a different color and to overlay it with 
the important symbology in other colors,” 
he explained. Honeywell outlines the air-
port in light blue, and  then as the airplane 
gets closer, that blue outline shrinks down 

to the sides of the runway. “What you see 
in the blue is equivalent to the runway sym-
bol that’s on the HUD,” he said, “and then 
when the infrared image comes into view 
and it sits right in that window, the pilot 
knows that the instrument-drawn runway 
symbol and the picture from the infrared 
image match. That’s the confidence factor 
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Honeywell’s CVS designers believe the head-down display allows them to make use of the more colorful PFD. 
The system adds color to the infrared image from the EVS camera, matching it to the SVS image.
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that everything is going to be where it’s sup-
posed to be. And if the image were [way 
off] because of some error, that would be 
the clue to the pilot that he really shouldn’t 
be here and that he needs to go around.”

“By incorporating all this information 
on the head-down display,” said Ververs, 
“every time you look out the window, it’s 
a completely unobstructed view of your 
environment. You’re not having to look 
through anything [like a HUD] to see the 

actual environment.” And another ben-
efit is that pilots can use this EVS view 
to look for other hazards that EVS helps 
spot, like thunderstorm cloud tops or 
animals on the runway.

Testing
An obvious question for the head-up 

(HUD) versus head-down (PFD with 
CVS) debate is what happens when the 
pilot has to transition from looking at 
the PFD to looking out the window, and 
can this be done safely at 100 feet above 
the touchdown zone? The airplane is 

still descending as the pilot makes this 
transition, but with a HUD, the pilot is 
already looking out the window.

According to Engels, who has flown 
a lot of tests and demonstrations of the 
head-down Honeywell system, a correctly 
designed head-down system makes the 
transition easy because the picture on the 
PFD is exactly the same as what the pilot 
sees looking out the window, if not better. 
“Look down, look up,” he said. “This pic-
ture and this picture are the same. That’s 
the message. The transition from [head-
down] to [head-up] is seamless.”

Honeywell’s testing has shown that 
the CVS on the head-down display works 
and that the transition can be done safely 
and pilots can still land with a high degree 
of accuracy. 

“We did a lot of flight testing in Santa 
Barbara,” said Engels. “Coastal fog is 
one of the hardest fogs for [infrared] to 
look through. It’s very, very dense, right 
until you get down to the bottom of it 
and then it’s clear underneath. What we 
found is we would see the runway 30 to 50 
feet sooner with the infrared camera than 
we could with the naked eye. And when 
you’re going into airports and the weath-
er’s down, 30 to 50 feet can mean a lot.”

During testing, pilots were asked to 
stay head-down until 100 feet and then 
look up and land. If the weather wasn’t 
down to 200-foot minimums (testing 
couldn’t be done at lower ceilings without 
a complicated FAA waiver), pilots wore 
Foggles to obstruct the outside view, then 
flipped up the Foggles at 100 feet.

In the December 2010 flight tests of 
head-down CVS versus head-up HUD, 
two corporate pilots and one flight test pilot 
flew 46 approaches to six airports, most 
ending with full-stop landings. Conditions 
included day IMC, day IMC with cross-
winds and night VMC. Results showed no 
significant differences in all metrics (such 
as glideslope, airspeed, lateral deviation) 
between CVS and HUD, including over-
all workload ratings by the pilots. In the 
landing distance measurements, using one 
airport as an example, pilots were able to 
touch down within the specified area using 
the HUD and CVS (with a 100-foot head-
up transition). “Pilots say it’s a no-brainer 
transition,” said Ververs.

The results of all this testing have 
encouraged Honeywell to pursue lower 
landing credits, and the company is work-
ing on this with the FAA. “Next is more 
data collection,” she said. Honeywell is 
also working with key customers to gen-
erate interest in CVS. Ultimately, it will 
be up to the airframe manufacturers to 
decide what avionics populate the instru-
ment panels of their next models of busi-
ness jets. Avionics manufacturers develop 
all these products and technologies, but 
the airframers pay for all that develop-
ment by selecting what they feel their cus-
tomers will want to buy and fly.

The Demo Flight
During a demonstration of CVS in 

Honeywell’s G450 in August, pilot John 
Tuten flew in the right seat while media 
pilots in the left seat observed approaches 
to Shenandoah Valley Airport in Virginia 
on a clear summer night. The first demon-
stration was of a normal approach using 
HUD. A second approach was then flown 
with the HUD tucked out of the way and 
looking down at the PFD with the CVS 
display. Tuten held a piece of paper over 
the windscreen to cover the outside view 
and instructed the left-seat pilot to keep 
looking at the CVS and not to look outside 
until reaching 100 feet above touchdown. 

The transition from head-down to 
head-up was easy and natural. There did 
not seem to be any difference in work-
load between the HUD-only view look-
ing outside and the head-down/head-up 
transition from CVS to looking outside. 
The outside view perfectly matched what 
the pilots could see on the PFD, so there 
were no mental gymnastics required to 
interpret what the CVS was showing, 
making the transition very natural. 

Another benefit of having the 
SmartView SVS on the CVS display was 
evident as the pilots went around and 
flew the missed approach each time. They 
could easily see the mountains in the dis-
tance and understand why the missed 
approach procedure included a climb-
ing turn. And when they arrived back at 
Dulles Airport, the EVS showed a clear 
picture of the lineman standing in front 
of the airplane as Tuten taxied into a 
parking spot. o
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Honeywell cockpits
uContinued from preceding page

The EVS view in Honeywell’s combined vision system helps the pilot see aircraft and ground vehicles and 
taxiway markings in conditions of poor visibility.
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