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Adaptive Advance
Flight tests of adaptive controller could pave 
way for backup protection against control loss

Testing of an adaptive flight con-
troller that could enable pilots to 
save a damaged or out-of-control 

aircraft are underway on an F-16 at 
Edwards AFB, California, as a critical 
step toward eventual certification of 
the system for piloted and unmanned 
aircraft.

The first flight of the L1 adaptive con-
trol law on Calspan’s variable stability 
in-flight simulator test aircraft (VISTA) 
F-16 took place at Edwards on Aug. 26 
following a week of ground tests. The 
two-week campaign is expected to 
cover 10 2-hr. flights, which will test the 
ability of the L1 system to safely control 
the aircraft over a wide range of flight 
conditions and simulated failures.

Developed by researchers from the 
Advanced Controls Research Lab at 
the University of Illinois at Urbana-
Champaign, the L1 is designed as a 
back-up safety flight control system 
(FCS) to augment a standard FCS in 
a conventional aircraft, or as the main 
control system for an unmanned air-
craft. The L1 automatically intervenes 
if the aircraft has control problems, 
immediately reconfiguring the FCS to 
compensate for degraded flying quali-
ties from mechanical failures, miss-
trimming or battle damage.

Advanced testing of the L1 comes 
as loss-of-control inflight (LOC-I) air 
transport accidents have escalated; 
they are now the cause of the greatest 
number of fatalities. International Air 
Transport Association records list 31 
LOC-I accidents in 2011-15, 30 of which 
involved fatalities—an average of six 

loss-of-control accidents per year. The 
LOC-1 problem is also widespread in 
general aviation and, according to the 
National Transportation Safety Board, 
resulted in 1,210 deaths in the U.S. alone 
in 2008-14.

The L1 is designed to provide safe, 
predictable, reliable and repeatable re-
sponses, freeing pilots to deal with the 
emergency and compensating for re-
duced performance. The system works 
in real time to predict transient behav-
ior by estimating an aggregate of un-
certainties, rather than relying on the 
selection of preprogrammed gains as 
do most other adaptive control systems. 
The L1 controller includes a state pre-
dictor and a fast estimation law, which 
together approximate the dynamics of 
the aircraft to gauge the uncertainties. 
These estimates are provided as input 
to a bandwidth-limited filter that gener-
ates a control signal to the FCS.

The evaluation is the second time the 
L1 controller has flown on a manned 
aircraft; it follows an initial phase con-
ducted at Edwards in 2015 that used 
Calspan’s specially modified variable 
stability Learjet 25. Led by the U.S. Air 
Force Test Pilots School (TPS), the ini-
tial evaluation investigated the ability of 
the control system to maintain nominal 
aircraft handling qualities and prevent 
unfavorable aircraft-pilot interactions 
in the presence of aircraft failures such 
as changes in aerodynamics, loss-of-
control effectiveness and coupling be-
tween control channels.

The new tests, which also involve 
the TPS, will study the system’s per-

formance in the more dynamically 
challenging environment provided by 
the VISTA F-16. Additional failure con-
figurations will be vetted on the more 
maneuverable fighter aircraft to dem-
onstrate the ability of the control law 
to compensate for off-nominal dynam-
ics, actuator failures and other types of 
uncertainties not flown in 2015. Like the 
Learjet, the VISTA is configured with a 

variable stability simulator (VSS) com-
puter that simulates off-nominal dy-
namics and aircraft failures. If a prob-
lem is encountered, the VSS locks out 
the research flight control system and 
gives control back to the safety pilot.

“Hopefully the tests will prove our 
work one more time,” says University of 
Illinois’s Naira Hovakimyan who, along 
with Chengyu Cao, developed the con-
troller in 2004 with funding by the Air 
Force Office of Scientific Research. “My 
objective is to get closer to certification 
if at all possible and to show the L1 is 
capable of handling more uncertainty 
and unpredictable situations in a pre-
dictable and safe way,” she adds.

Hovakimyan says a successful flight 
trial in a sophisticated aircraft like 
the F-16 “could be a wake-up call to 
the FAA and possibility lead to more 
interest in taking a flight control sys-
tem and adding our control system 
as a back-up. That is my big vision.” 
However, Hovakimyan recognizes that 
introducing the system into an aircraft 
with an established and certificated 
FCS faces more than technical chal-
lenges. “It’s a very conservative indus-
try and very protective, but if you have 
a backup flight control system that is 
doable, then that should be welcomed.”

Initial production applications of 
the L1 are likely to be on unmanned 
systems, says Hovakimyan. The L1 was 
flown for the first time in 2006 in the 
Rascal unmanned aerial vehicle at the 
Naval Postgraduate School and again 
in 2009 when NASA evaluated the con-
troller on the AirSTAR Dynamically 
Scaled Generic Transport Model re-
search aircraft. Making changes to ex-
isting large aircraft programs is hard, 
but the newly emerging industries 
should be open to this, Hovakimyan 
says. “We’d like to see the greenlight 
to go for certification of the L1 as the 
basic FCS of UAV,” she adds.
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The VISTA F-16 provides a more 
challenging test environment for 
the L1 adaptive controller. 
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