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WI ABSTRACT 
An inflight IFR procedures simulator for generating 
signals and commands to conventional instruments pro- 
vided in an airplane. The simulator includes a signal 
synthesizer which generates predetermined simulated 
signals corresponding to signals normally received from 
remote sources upon being activated. A computer is 
connected to the signal synthesizer and causes the signal 
synthesizer to produce simulated signals responsive to 
programs fed into the computer. A switching network 
is connected to the signal synthesizer, the antenna of the 
aircraft, and navigational instruments and communica- 
tion devices for selectively connecting instruments and 
devices to the synthesizer and disconnecting the an- 
tenna from the navigational instruments and communi- 
cation device. Pressure transducers are connected to the 
altimeter and speed indicator for supplying electrical 
signals to the computer indicating the altitude and speed 
of the aircraft. A compass is connected for supply elec- 
trical signals for the computer indicating the heading of 
the airplane. The computer upon receiving signals from 
the pressure transducer and compass, computes the 
signals that are fed to the signal synthesizer which, in 
turn, generates simulated navigational signals. 

8 Claims, 4 Drawing Figures 
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to fly to and from the remote airports to properly 
INFLIGHT IFR PROCEDURES SIMULATOR equipped airports to achieve the training and consumes 

significantly more fuel. 
ORIGIN OF T H E  INVENTION The table top ground based IFR simulators are an 

The invention described herein was made by an em- 5 alternative that are both econmical and safe and have 
ployee of the United States Government and may be the additional advantage Of permitting the instructor to 
manufactured and used by or for the Government for autonomously control the selection, sequence and repe- 
governmental purposes without the payment of any tition of the training exposure unconstrained by either 
royalties thereon or therefor. weather or traffic. 

Another advantage of ground simulators is the capa- 
bility to interrupt or “freeze” the training so as to allow BACKGROUND OF T H E  INVENTION 

Generally, pilots have received training leading to the instructor to provide critical feedback information 
their instrument flight certification by using ground to the student in a timely, safe and relaxed manner. 
base table top simulators to learn basic attitude and Despite these and other advantages, a number of 
instrument navigation procedures, followed by flight l 5  limitations have been reported in the use of ground 
with an instructor pilot for exposure to actual cross training devices, one of the general avja-  
country and terminal area conditions. Both of these tion pilot training is and the inabil- 
methods of training have proved less than totally satis- ity or unwiilingness of students to take the 
factory. capabilities of the device to condition critical skills 

Heretofore when a student received Instrument 2o which will transfer to the aircraft. This tendency to 

l o  

Flight 
sary to 

(IFR) training in an aircraft, it Was neces- 
fly the aircraft with an instructor to 

treat the device as a toy can seriously degrade training 
because poor piloting techniques and procedures ac- airports and other areas which have equipment which quired in the use of the device will almost certainly generates the necessary electronic signls, electronic 

replies to aircraft systems and has air traffic control 25 transfer to the aircraft’ 
facilities so that the student can receive, observe and There has been much more within 
operate the aircraft instruments in the plane and prac- general to the replacement of flying time with 
tice instrument navigation; landing; departure, and enr- Sound  trainer time. Many students trained by fixed 
oute procedures and operations of an aircraft sole]y by base operators feel that their training dollars should be 
reference to the aircraft flight instruments required for 30 applied to training in the “real thing’’ even If it means 
instrument flight. This normally required such training that such training 1s ultimately more expensive. 
to take place in congested flight areas which are Finally, the ground training devices have acquired 
equipped with the necessary electronic systems, such as some disrepute on the basis of their lack of physical 
found at airports and along the air route system. As can fidelity to the aircraft. The feeling persists among many 
be seen, it is extremely dangerous and disruptive to 35 training personnel that use of a device that does not 
orderly air traffic flow in that you have an inexperi- produce physical indications exactly like those experi- 
enced person being trained for flight IFR licensing enced in the aircraft will result in inferior training. 

SUMMARY O F  T H E  INVENTION 

The inflight trainer constructed in accordance with 
the present invention enables students to be trained in a 
conventional airplane at remote areas or in areas where 

while &her comm&ial and private flights are taking 
place in the same airspace. In fact, all recent mid-air 
coIlisions involving air carrier aircraft included general 40 
aviation pilots that were in training near congested 
airports. The &~tional Transportation Safety Board, as 
a result of the Sari Diego mid-air collision there is little air traffic while receiving simulated signals 
mended that airports and other navigation fac be produced by equipment carried on the plane that would 
constructed in remote non-congested areas to permit 45 correspond to the normal signals that a pilot would 
IFR training away from commercial air operations. anticlpate receiving during IFR flights and landing and 
This invention permits such training in remote, non- departure procedure. 

construction of ground based systems normally referred ducted at Embry-Riddle University in Daytona Beach to as Reliever Airports in the NTSB recommendations. 50 Florida, using apparatus which demonstrated the con- 
Further, current IFR training is practically impossible cept of this invention. These studies concluded that the in the heavy traffic areas, however, these are the air- 

concept was not only a feasible and desirable training ports & areas which are equipped with the electronic 
device, but that students trained using only the Inflight systems necessary for the student to develop the multi- 

ing. Since most of this training is normally conducted ment than those trained using table-top simulators and 
during visual flight rule (VFR) conditions, the student in aircraft in the conventional manner. 
rarely receives training that is equivalent to that re- The inflight trainer constructed in accordance with 
quired under actual IFR conditions. H ~ ~ ~ ~ ,  this training the present invention generates simulated signals and 
in many respects is inadequate. Finally, pilot train- 60 commands to conventional instruments provided in the 
ing is based at airports remote from the highly con- airplane. All of the navigational instruments that are 
gested airports, however, these airports are not conventionally provided in the airplane for IFR flights 
equipped with all, and in many cases, any of the elec- such as glide slope, localizer and V H F  omni-directional 
tronic systems used for controlling and guiding the radio range (VOR) navigational receivers (NAV), dis- 
student during IFR training flights. Therefore, in addi- 65 tance measuring equipment (DME), automatic direc- 
tion to being unable to conduct the training at such tional finder (ADF), marker beacon receiver, along 
airports, another problem is that it requires additional with standard aircraft instruments such as the altimeter, 
time and student expense for the aircraft and instructor air speed indicator, and heading indicator are utilized. 

om- 

congested without the need for the expensive In order to demonstrate this art, studies were con- 

plicity of skills necessary to achieve his instrument rat- 5 5  IRF were proficient in 



predetermined simulated simulated IFR flight 
signals normally received Accordingly, it is 
puter is connected to the 5 invention to provide 

connecting the antennas from the navigational instru- 
15 BRIEF DESCRIPTI 

25 illustrating the inflight 

FIG. 3 IS an enlarge 
airports, airway system, 
faces that are necessary 
sizer to generate the sign 

other means whereby 
computer means are 
voice messages issued 

channel(s) assigned t 

provided to the student as if he were 
real air traffic control environment. S 
to the synthetic voice means are mon 
structor, however, i t  is within the a 
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located on airport surfaces and aligned with the center- A communication receiver 30, which includes head- 
line of an instrument runway at such airports. phones 32 and a mouthpiece 34, is provided for commu- 

The indicator 20 receives these navigation signals and nicating orally with ground facilities such as air traffic 
has a rotating bezel which allows the pilot to rotate for controllers, towers, and weather stations. Various fre- 
setting a bearing It enables the pilot to determine his 5 quencies can be set on the communication receiver 30. 
magnetic direction to or from a VOR transmitter se- In the subject invention, it is envisioned that only one- 
lected by the navigational receiver. By flying to and way communication would be involved, however two- 
from these VOR stations, a pilot can navigate the air way within the art, and that would be voice communi- 
traffic system from one station to another or along these cation generated under control of a computer or micro- 
flight paths which are called air routes. 10 processor that is described more fully below. Presently, 

Indicator 20, omni-bearing selector (OBS) is on the airplane, each of the transceivers 17, 18, 21, 22, 
equipped with a vertical course deviation indicator 26, 28, and 30 has an antenna for transmitting receiving 
(CDI) needle which indicates the deviation left or right signals from appropriate conventional transmitter uti- 
of aircraft position from the selected course and further lized during the navigation of the airplane. In order to 
a flag on the OBS (20) indicates if the magnetic courses 15 disconnect these antennas 36 from the particular trans- 
selected represents a radial to or from the selected VOR ceivers, a switching network 38 is provided so that 
station. When an ILS localizer frequency is selected, simulated signals can be fed to the transceivers rather 
the CDI always indicates deviation left or right of than the conventional signals received by the antenna 
course when flying toward the ILS runway regardless 36. The switching network 38, which is described in 
of the OBS (20) course selected. When an ILS fre- 20 more detail later, includes a switch for each transceiver 
quency is selected on NAV receiver 18, a correspond- 16. 18, 21, 22, 26, 28 and 30 which is essentially equiva- 
ing frequency is selected on the glide slope receiver 21 lent to a coaxial switch that disconnects the transceiver 
at those airports equipped with a glide slope transmitter. unit from its antenna 36 and reconnects it to a signal 
Signals from the glide slope receiver 21 are displayed on synthesizer 40. The signal synthesizer 40 produces iden- 
a horizontal glide slope deviation needle of the OBS 25 tical simulated signals that would be received by the 
indicator 20, and indicate aircraft deviations above or antenna and as far as the transceivers are concerned, 
below the glide slope transmitted from the airport sur- there is n o  difference between the simulated signals and 
face of the ILS runway. the normal signals received. The signal synthesizer 40 

Distance measuring equipment (DME) 22 includes an has a number of oscillators provided therein capable of 
airborne transmitter receiver unit which is capable of 30 being modulated by a computer 42 which, when the 
measuring the distance to a ground base unit collocated student selects a given training scenario, they produce a 
at a VOR sight designated as a VORTAC. The DME particular frequency representing the normal naviga- 
frequency is correlated with each VOR frequency and tional signals received during a flight. For transponder 
selection is normally made by the VOR navigation 28, certain optional embodiments of this invention are 
receiver for both units. i.e. V d R  and DME. Hence, 35 available. During an IFR flight, the pilot is directed by 
whenever a VORTAC is selected, both radial and dis- air traffic control to select various four digit codes on 
tance to the VORTAC is obtained in the aircraft. The transponder 28 to provide positive radar identification. 
DME is used for determining fixes along air routes, In order for the student to set transponder codes as part 
navigational timing tasks by ground speed estimates and of the simulated IFR procedures, the transponder must 
for certain instruments approaches to airports, such as 40 be disconnected from the antenna 36 and interrogation 
VOR-DME and DME approaches. The instrument 24 pulses would be fed thereto under computer control in 
produces a visual reading indicating the distance to the order to prevent transmission of an unassigned code to 
vortac in nautical miles. A marker beacon display and a real ATC facility. This is the embodiment,envisioned, 
receiver 26 basically includes three lights which are however, this often eliminates the ATC radar tracking 
located on the cockpit panel and a tone receiver which 45 of such a training aircraft and the protection to other 
detects the presence of the aircraft crossing a fan or aircraft provided when such an aircraft is identified by 
omni-directional marker beacon tone and a light is dis- the transponder code assigned of 1200 or  1400 depend- 
played when the aircraft crosses that beacon. These are ing on aircraft altitude. To eliminate this deficiency a 
normally located on the final approach to landing and separate transponder could be included in synthesizer 
are called the outer marker beacon and the middle 50 40 which is connected to antenna 36 such that radar 
marker beacon which allows the pilot on an ILS ap- replies code 1200 continue to be transmitted to the ATC 
proach using the NAV to locate himself with regard to radars. A second embodiment would be to capture the 
distance from the runway. It informs the pilot that the transponder 28 reply in the synthesizer 40 and to refor- 
plane is a predetermined number of miles from the end mat the code to 1200 regardless of transmitted code and 
of the runway when the light signal turns on. All of the 55 then allowing the reformatted code 1200 transmission to  
above instruments previously discussed are conven- occur through antenna 36. 
tional instruments on an aircraft. It is to be understood that the signal synthesizer is 

A transponder 28 is a transceiver which responds to generating a plurality of signals which would be identi- 
interrogations by an airtraffic control radar (ATC). By cal to the signals normally received by the antennas 36 
re-transmitting a coded pulse to that ATC radar re- 60 associated with respect to transceivers 17, 18, 21, etc. 
ceiver, the radar is able to determine the location from and indicators, and as far as the airplane is concerned, 
the transmitted pulse and from its code, determine the during flight, it would not be able to tell any difference. 
type of flight. The transponder is used in the ATC radar The signal synthesizer is under control of the computer 
system as an identifier for use specifically and normally 42 which can be programmed according to a desired 
when the airplane is operated in the air traffic control 65 airport and air route system and equipped with standard 
system. The airplane is assigned a transponder code navigational aids necessary to perform the simulated 
(4-digit code) that allows the plane to be identified as it flight plan. The computer 42 can be programmed by 
flys through the various control systems. any suitable means such as a cassette recorder 44 SO that 



processor or analog co 
tion available in the art. 

indicator 50. The altimeter i 

altimeter 48 and air speed in 
duct the simulation, it is necessary to put pressur 
ducers 56 and 58 in the line so as to produce el 
signals responsive to the pressures in the tube t 
be fed to the computer 42. 

The reference signals pro 
and 58 are normally in the 

directional gyro 62 having an electrical signal output 
was similarly connected to the signal converter 60 for 
providing signals to the computer 42 indicating the 

observed by the pilot. 

gram of the switching network 38 and the sign 
sizers 40. As can be seen, the outputs of the 
64 through 70 of the signal synthesizers ar 
through lead lines 640. 660, 680 and 700 to o 
646 of a two pole switch. Only two of the switches are 

In FIG. 3, there is shown a more detailed b 

and 

antennas 36 associated with the airplane. By 
contact arm 76, the ADF generator formin 

selected. 
In operation, a typical flight simulation 

wnulated flight and the flight plan that was filed for the 
particular simulation. They would receive through the 

tra 
sal 
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(a) a signal synthesizer means generating predeter- (a) a recorder means connected to said computer 
mined simulated signals corresponding to naviga- means for loading said computer means with pro- 
tional signals normally received from remote grams of different flight scenario. 
sources upon being activated; 7 An inflight IFR procedures simulator for generat- 

(b) a computer means connected to said signal synthe- 5 ing signals and commands to conventional built in in- 
sizer means causing said signal synthesizer means struments provided in an airplane during actual flight; 
to produce simulated navigational signals respon- s a d  airplane being equipped with a receiver antenna 
sive to programs during said actual flight; m’eans which normally supplies navigational signals 

(c) for supplying said programs to said corn- from ground stations to navigational instruments on 
puter means; 10 board said airplane such as a navigational receiver 

(d) switching network means connected to said signal (NAV), distance measuring equipment @ME), an auto- 
synthesizer, said antenna and said naviga- matic directional finder (ADF), and a market beacon 
tional instruments and communication devices, receiver, and an altimeter, and air speed indicator lo- 

for selectively switching said switching net- cated in said air plane, said trainer comprising: 

position, said switching network means when in 
said first position connecting said conventional 
built in navigational instruments to said synthesizer 

from 
said built in navigational instruments and cornmu- 2o 
nications means, said switching network means 
when in said second position connecting said an- 
tenna means to said built in navigational instru- 
ments and communications means and disconnect- 
ing said synthesizer means from said built in navi- 25 
gational instruments and said communications 
means; 

(e) pressure transducer means connected to said al- 
timeter and a speed indicator for supplying electri- 
cal signals to said computer means indicating the 30 
altitude and speed d airplane during said 
flight; 

( f )  a compass means for ying electrical signals to 
said computer means indicating the heading of said 
airplane during said flight; and 

(g) said computer means upon receiving signals from 
said pressure transducer means and compass means 
thereby computing signals that are fed to said sig- 
nal synthesizer means which in turn generates sim- 
ulated navigational signals during said actual flight 40 
training. 

work means between a first position and a second 15 (a) a signal synthesizer means generating predeter- 
mined simulated signals during said flight corre- 
sponding to navigational signals normally received 
from remote sources upon being activated; 

(b) a microprocessor means connected to said signal 
synthesizer means causing said signal synthesizer 
means to produce simulated navigational signals 
responsive to programs during said flight; 

(c) means for wpplying said programs to said micro- 
processor; 

(d) switching network means connected to said signal 
synthesizer, said antenna means and said naviga- 
tional instruments for selectively connecting said 
navigational instruments, means for selectively 
switching said switching network means between a 
first position and a second position, said switching 
network meani when In  said first position connect- 
ing said conventional built in navigational instru- 
ments to said synthesizer means and disconnecting 
said antenna means from said built in navigational 
instruments and communications means, said 
switching network means when in said second 
position connecting said antenna means to said 
built in navigational instruments and communica- 
tion means and disconnecting said synthesizer 
means from said built in navigational instruments 
and said 

(e) a plurality of oscillators provided in said signal 
synthesizer means generating said predetermined 
simulated signals responsive to said switching net- 
work means disconnecting said antenna means 
from said navigational instruments and making 
connection between said switching network means 
and said synthesizer during said flight; 

(0 pressure transducer means connected to said altim- 
eter and air speed indicator for supplying electrical 
signals to said microprocessor means indicating the 
altitude and speed of said airplane during said 
flight, and 

(g) said microprocessor means upon receiving signals 
from said pressure transducer means computing 
signals that are fed to said signal synthesizer means 
which in turn generates simulated navigational 
signals during said flight. 

8. The inflight IFR procedure simulator as set forth in 

(a) a synthetic voice unit means which when directed 
by said computer means issues simulated voice 
messages through the said signal synthesizer and 
said switching network to said communication 
means; 

(b) a control unit means which is electrically con- 
nected to said computer means which controls the 
operation of said computer and simulation means. 

and disconnecting said antenna 

35 

means; 

2. The inflight IFR procedures simulator as set forth 

a plurality of oscillators provided in said signal syn- 
thesizer generating predetermined signals simulat- 45 
ing the normal signals that a student would observe 
on said navigational instruments while flying a 
predetermined flight plan and landing approach. 

3. The inflight IFR procedures simulator as set forth 

an signal converter means connected between said 
pressure transducer means, said compass means, 
and said computer for converting analog signals 
produced by said pressure transducer and compass 
means to suitable signals. 

4. The inflight IFR procedures simulator as set forth 
in claim 3 further comprising: 

(a) at least one of said Pressure transducer means 
being interposed in a tube extending between a 
static pressure port and said altimeter. 

5. The inflight IFR procedures simulator as set forth 

(a) a directional heading means carried on s 

in claim 1 further comprising: 

in claim 1 further comprising: 50 

55 

claim 1 further comprising: 
60 

in claim 1 further comprising: 

plane generating an electrical signal indicating the 
direction that said airplane is heading and supply- 65 
ing said signal to said computer. 

6.  The inflight rules trainer as set forth in claim 1 
further comprising: * * * * *  


