
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2019/033021 Al
14 February 2019 (14.02.2019) W ! P O PCT

(51) International Patent Classification: (72) Inventors; and
G01S 19/03 (2010.01) H01Q 1/28 (2006.01) (71) Applicants: BUTTS, Nicholas, L. [US/US]; 908 7th Street
G01S 19/14 (2010.01) H04W 4/02 (2006.01) E, West Fargo, ND 58078 (US). ALLEN, Robert, M.
G08G 5/04 (2006.01) [US/US]; 4834 37th Avenue N., Reiles Acres, ND 58102

(US). THUROW, Bradley, R. [US/US]; 801 9th Street
(21) International Application Number:

S., Fargo, ND 58103 (US). MIDDLESTEAD, Greg, M.
PCT/US20 18/046301

[US/US]; 3749 Bell Boulevard E., West Fargo, ND 58078
(22) International Filing Date: (US).

10 August 2018 (10.08.2018)
(74) Agent: BROWN, Mark; Law Office of Mark Brown, LLC,

(25) Filing Language: English 7225 Renner Road, Suite 201, Shawnee, KS 66217 (US).

(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
62/543,737 10 August 2017 (10.08.2017) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
16/101,101 10 August 2018 (10.08.2018) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(71) Applicant: APPAREO SYSTEMS, LLC [US/US]; 1810 HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

Ndsu Research Circle N., Fargo, ND 58102 (US). KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: ADS-B TRANSPONDER SYSTEM AND METHOD

-0.45pS pulses spaced 1.45µΞ FIG. 2
F 1 C A 1 C2 A2 C4 A4 X B 1 D 1 B2 D2 B4 D4 F2π π π π π π π π π π η π

52 I i ! I I I I I I I I I

Secondary Surveillance 20.3 S
Radar Antenna Interrogation Code A/C ode S

1030 MHz TransDonder
22

A/C Power Bus 1090 MHz Coupling
Mechanism

UAT Subsystem 10

1090 MHz Receiver

28
Input Power and

Conditioning

18 Processor
16

GNSS Antenna or FPGA
GNSS Receiver

ADS-B In -
UAT Smart Antenna

978 MHz - ADS-B Out UAT 978 MHz

o
(57) Abstract: An ADS-B transponder system is associated with a vehicle including a transponder. The system includes a universal

© access transceiver (UAT) subsystem configured for detecting and responding to an interrogation signal by broadcasting a signal repre
senting a vehicle parameter. The interrogation signal can be detected by monitoring current fluctuations in a power bus on the vehicle.
The UAT subsystem is connected to a smart antenna configured for transmitting and receiving ADS-B signals. In an aircraft (A/C)

o application the vehicle parameter can comprise squawk code, altitude, heading vector, airspeed and other flight data.

o
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ADS-B TRANSPONDER SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority in U.S. Provisional Patent Application No.

62/543,737, filed August 10, 2017, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates generally to vehicle control systems, including 978

MHz Universal Access Transceiver (UAT) transponders for aircraft (or A/C) that require a 1090

MHz Mode A/C transponder and methods of use thereof, and more specifically to transponder

systems and methods complying with Automatic Dependent Surveillance-Broadcast (ADS-B)

regulations promulgated by the Federal Aviation Administration (FAA). The present invention

further contemplates applications in ground and marine vehicles. For example, the present

invention accommodates coordinated control of A/C and ground support vehicles at air

terminals, airports, maintenance facilities, air bases, etc.

2 . Description of the Related Art

[0003] The FAA, under its authority over American civil aviation, has mandated

implementation of ADS-B by January 1, 2020 for most civilian aircraft (A/C). ADS-B is the

implementation of the FAA's Next Generation Air Transportation System, or "NextGen," a

system designed to replace the aging and functionally limited radar-based system currently used

by air traffic controllers (ATCs) to track A/C in controlled airspace.

[0004] ADS-B is an aircraft and satellite-based transmission system. It performs the

functions of ADS-B Out and ADS-B In. An aircraft with ADS-B Out transmits its position and

velocity to other aircraft and ATC ground stations using an ADS-B modified Mode S

transponder or a universal access transceiver (UAT). An aircraft with ADS-B In can receive

information from other aircraft transmitting ADS-B information, and can also receive traffic and

weather information. Aircraft positions can be determined using technologies such as a global

navigation satellite system (GNSS), e.g., the U.S. based Global Positioning System (GPS).

[0005] When contacting ATC for ground clearance, a pilot is given a 4-digit "squawk

code." Each digit can be valued from 0-7 inclusive. This squawk code must be input to the 978

MHz UAT ("978 UAT") transponder. This process usually requires a user interface with an

operator aboard the aircraft. An aircraft that has a 978 UAT transponder is required to have a



1090 MHz mode aircraft ("1090 Mode A/C") transponder transmit the squawk code and an

encoded altitude when it receives an interrogation request from ATC. The collected information

is sent back to ATC where it is then used to create an accurate, current radar image. The 978

UAT transponder also sends the squawk code, unique aircraft ID, GNSS position, heading,

airspeed and altitude. Retrieving this data requires a data link between the 978 UAT ADS-B

system and the 1090 Mode A/C transponder. Many transponders currently do not support this

data link as they pre-date the ADS-B system and are often from different manufacturers. What is

generally common to A/C transponders is an antenna link whereby data can be transmitted upon

interrogation.

[0006] Data that can be handled by the system 2 embodying the present invention is

virtually unlimited. For example, in A/C applications, such data can include other operating

parameters, such as airspeed, ground speed, commercial flight number, flight plan, load

information, fuel status, emergency advisories, service needs, etc.

[0007] Currently, there are three common ways for the squawk code to be translated: 1)

by picking up the 1090 transmission over-the-air by means of an antenna; 2) by capturing

leakage from the aircraft's 1090 transponder coax cable; and 3) by manually entering the code

into the 1090 transponder and the 978 transponder. Heretofore there has not been available a

transponder system with the advantages and features of the present invention, which provides

owners and operators of such aircraft with a relatively simple solution for a transponder system

that will meet the requirements of the FAA-mandated, ADS-B regulations.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention can be configured for providing a squawk code, which is

entered into the 1090 transponder. The 978 transponder then picks up the ATC response and uses

it as the squawk code. The preferred device is a 978 UAT transponder which minimizes or

eliminates the need for user input. A GNSS antenna can be mounted on the top of the A/C and a

UAT "smart" antenna with associated electronics can be located on the bottom of the A/C. A

1030 MHz ATC transmitter interrogates the transponder, which responds at 1090 MHz.

[0009] The transponder can use conducted emissions to pick up the squawk code from

the 1090 mode A/C transponder in the A/C. Specifically, the device will pick up emissions from

the input power lines, which signals are input to a 1090 MHz demodulator. The demodulator



converts the 1090 MHz pulse position modulation to a digital signal that represents the squawk

code. This squawk code is transmitted as part of the 978 MHz UAT signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a perspective view of an aircraft, generally showing the components of

an ADS-B transponder system embodying an aspect of the present invention.

[0011] Fig. 2 is a block diagram of the system.

[0012] Fig. 3 is a block diagram of an embodiment of the system configured for

monitoring conducted emissions.

[0013] Fig. 4 is an enlarged, fragmentary view particularly showing a subsystem for

monitoring and detecting signals emitted from a power line.

[0014] Fig. 5 is a schematic diagram of an interface with a "smart" antenna.

[0015] Fig. 6 is a flowchart showing a method of determining a squawk code and a GPS-

defined altitude embodying an aspect of the present invention.

[0016] Fig. 7 is a block diagram of a transponder system embodying an alternative aspect

of the present invention with a smart antenna connected to a Mode S transponder and a 1090 A/C

antenna.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

I . Introduction and Environment

[0017] As required, detailed aspects of the present invention are disclosed herein,

however, it is to be understood that the disclosed aspects are merely exemplary of the invention,

which may be embodied in various forms. Therefore, specific structural and functional details

disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims and as a

representative basis for teaching one skilled in the art how to variously employ the present

invention in virtually any appropriately detailed structure.

[0018] Certain terminology will be used in the following description for convenience in

reference only and will not be limiting. For example, up, down, front, back, right and left refer

to the invention as orientated in the view being referred to. The words, "inwardly" and

"outwardly" refer to directions toward and away from, respectively, the geometric center of the

aspect being described and designated parts thereof. Forwardly and rearwardly are generally in

reference to the A/C direction of travel. Said terminology will include the words specifically

mentioned, derivatives thereof and words of similar meaning.



II. Preferred Embodiment ADS-B Transponder System 2

[0019] Fig. 1 shows an ADS-B transponder system 2 embodying a preferred aspect of the

present invention in and aircraft (A/C) 4, which can be equipped with a mode S transponder 6

connected to a 1090 MHz antenna 8. The system 2 includes a universal access transceiver

(UAT) 10 connected to a 978 MHz "smart" antenna 12. The preferred device uses UAT

technology which could be applied to such a smart antenna or a standard UAT transceiver to

determine if an incoming interrogation from an air terminal control (ATC) 14 or A/C 4 is

requesting the interrogated A/C's squawk code or altitude code. Once determined, the system 2

sends back a response without the need for a user interface.

[0020] The system 2 includes a global navigation satellite system (GNSS) receiver 16

connected to one or more GNSS antennae 18 positioned atop the A/C 4 for optimizing

perception of positioning signals from a GNSS constellation of satellites 20. In the United States

the predominant GNSS system is known as the global positioning system (GPS), which is

maintained and operated by and for U.S. government departments and agencies, such as the U.S.

Air Force. Other GNSS satellite constellations worldwide are maintained and operated by other

nations and institutions. Relatively accurate latitude, longitude and altitude (XYZ) positioning

can be calculated from unobstructed views of three satellites for positioning (ranging) signals

and a fourth satellite for timing signals using well-known triangulation techniques.

[0021] Fig. 2 is a schematic diagram of the ADS-B transponder system 2 configured for

mounting in the A/C 4 . The system 2 is powered by an onboard A/C power bus 22.

Alternatively, standalone power sources, such as batteries, could be provided. A 1090 MHz

coupling mechanism 24 connects the power bus 22 to the mode S transponder 6 and the UAT

subsystem 10. The UAT subsystem 10 includes a 1090 MHz receiver 26 connected to the

coupling mechanism 24 and the 1090 MHz antenna 8. An input power and conditioning

component 28 connects to the A/C power bus 22 and conditions (e.g., demodulates) the input

power to avoid current spikes and other anomalies. A suitable microprocessor or a field

programmable gate array 32 can be connected to the receiver 26, the GNSS receiver 16 and a

UAT 978 MHz circuit 30. The UAT subsystem 10 can be pre-programmed to perform various

control routines and functions in the system 2 .

[0022] Fig. 3 is another view of selected components of the system 2, including a power

source 34 onboard the A/C 4, which is connected to a power fluctuation monitor 36 by a 12V



(DC) power cable 38 via the A/C power bus 22. The monitor 36 connects to the UAT subsystem

10, which is connected to the UAT smart antenna 12 by an ADS-B (e.g., coaxial) cable 40. The

UAT smart antenna 12 electronics can include input power conditioning circuitry, a

microprocessor or a field programmable gate array (FPGA), a GPS receiver, 1090 MHz signal

condition and demodulation circuits and a signal generation trace to trace coupling, which

represents the conducted emissions state.

[0023] The system 2 of the present invention can be configured to accommodate A/C and

other vehicle operations in proximity to surveillance radar (e.g., urban areas), and in rural and

other areas remote from surveillance radar. For example, after a predetermined time interval

lapses without receiving a squawk code interrogation request, the UAT smart antenna 12 can

utilize its 1030 MHz interrogation circuit to transmit an interrogation request. The 1090 A/C

transponder 6 would then respond with its squawk code, which can be transmitted along with

other pertinent parameters. Such lapses in receiving interrogation codes can occur, for example,

when A/C are flying over water, rural areas, etc. The system 2 can thus reduce aircrew

distractions and workload by automatically performing multiple transponder functions.

Moreover, the system 2 is configurable, e.g. by preprogramming the microprocessor or FPGA, to

accommodate a wide range of vehicle operational parameters, equipment- specific data,

meteorological information, traffic considerations, etc.

[0024] Fig. 4 shows a configuration of the UAT smart antenna 12 with a coaxial cable

power line 42 extending from a power out connector 44 to a power in connector 46. The power

line 42 has the insulation and the outer shield removed. The smart antenna can be configured

with the UAT subsystem electronics inside a coil line 48. As shown in Fig. 2, a secondary

surveillance radar system 52 can and will send interrogation requests via the 1030 MHz

frequency. This signal will be received by the A/C mode S transponder 6, which will respond

with either the A/C squawk code or the A/C altitude. The signal transmitted by the transponder 6

is coupled with the A/C power bus 22. The UAT subsystem 10 will utilize a coupling

mechanism 24 and a 1090 MHz receive circuit 26 to detect the squawk code or altitude. That

data will be fed into the microprocessor or FPGA 32 and used for future transmissions on the

UAT 978 MHz circuit 30. In this embodiment the power source can be a battery recharge with an

alternator. The A/C power bus 22 and the 1090MHz coupling mechanism 24 can be monitored

for power fluctuations by the system 2 . The smart antenna 12 picks up any emissions by a trace



to trace coupling, which can be accomplished by wrapping a coil around or near the power line

42, creating the coil line 48, which connects to the Mode S transponder 6 .

[0025] Fig. 5 shows a monitoring and testing subsystem 55, as an alternative to the

configuration shown in Fig. 4 . Instead of coupling to the power line 42, a transformer 56 is

provided between the smart antenna 12 and the power line 42. As shown in Fig. 5, the monitor

and testing subsystem 55 can also include a resistor 58, capacitors 60 (CN), 62 (C) and a

voltmeter 64. The subsystem 55 is configured to monitor voltage swings, spikes, power

fluctuations and other system anomalies. Equipment under test 66 can be connected to the power

line 42.

[0026] By monitoring the power fluctuations, the smart antenna 12 can draw information

from the transponder 6 through conducted emissions. Conducted emissions are a form of

electronic leakage, which are provided by the frequencies on the power line 42. The 1090 Mode

S or Mode A/C transponder 6 receives an interrogation request form the FAA's secondary

surveillance radar network via the secondary surveillance radar antenna 52. The 1090 Mode S

A/C transponder 6 responds with either the squawk code or aircraft altitude, depending on the

interrogation request. The transponder response results in conducted emissions on the power line

42, which the UAT smart antenna 12 picks up, demodulates and stores as data representing a

new squawk code or altitude. The smart antenna 10 transmits this data as part of the UAT

message.

[0027] Fig. 2 shows an example of an interrogation code from the secondary surveillance

radar antenna 52 to the mode S transponder 6 . Transponder responses are monitored through

conducted emissions that are detected on the main power line 42, e.g., in the 1090 MHz range.

Each 1090 MHz response is a pulse position modulated signal. For each response there is a

framing pulse Fl, followed by 13 additional pulses and then bookended with another framing

pulse F2. Alternatively, the device can receive the response either through demodulating the

1090 MHz RF signal or the baseband signal.

[0028] Fig. 6 is a flowchart showing an algorithm for determining if a received signal is

the A/C's squawk code or altitude information (code). Both the squawk code and the altitude

code can use the same modulation scheme, as shown in Fig. 2 . Therefore, the system 2 can be

programmed to identify the transponder 6 response as squawk or altitude. When the smart

antenna 12 receives a response, the system 2 can use this algorithm to determine if the response



is seeking a squawk code or not. To aid in decoding the response, the smart antenna 12 uses the

A/C altitude determined from received GNSS signals. After the receiving the response, the

algorithm must first decide if the response indicates that the aircraft's altitude is greater than

20,000 feet. If Yes, the algorithm will know if this is the aircraft's squawk code. If No, the

algorithm uses the 1090 transponders response that is closest to the aircraft's GPS altitude, which

will be assumed to be the altitude response. In the preferred embodiment, the algorithm looks to

see if the onboard GNSS-defined altitude is within 200 feet. If No, the other response is the

squawk code. If the altitude is off by more than 200 feet, the device waits until the altitude

encoder starts to change position. At that point, the algorithm assumes the changing response is

the altitude response and the non-changing response is the squawk code.

[0029] Fig. 7 shows an alternative embodiment 72 of the preferred system with the UAT

smart antenna 12 and the 1090 mode S transponder 6 connected together so that the device uses

an RF feed-thru on the antenna such that the ADS-B Out device and the ADS-B In could be

connected to the antenna to use the signal.

[0030] It is to be understood that the invention can be embodied in various forms and is

not to be limited to the examples specifically discussed above. The range of components and

configurations which can be utilized in the practice of the present invention is virtually

unlimited.



CLAIMS

Having thus described the invention, what is claimed as new and desired to be secured by

Letters Patent is:

1. An Automatic Dependent Surveillance-Broadcast (ADS-B) system for a

vehicle including a transponder transmitting on a first radio frequency (RFl), which system

comprises:

a universal access transceiver (UAT) subsystem associated with the vehicle and including a

programmable device configured for transmitting an output corresponding to a

vehicle parameter on a second radio frequency (RF2);

an antenna associated with the vehicle and connected to said UAT subsystem; and

said UAT subsystem programmed for transmitting via said antenna on RF2 a vehicle

parameter associated with an ADS-B requirement.

2 . The system according to claim 1 wherein said antenna comprises a smart

antenna configured for transmitting said vehicle parameter and receiving signals from another

vehicle or a ground station.

3 . The system according to claim 2 wherein said signals received by said

smart antenna are from another vehicle equipped with ADS-B and from an air traffic control

(ATC) station.

4 . The system according to claim 3 wherein:

said ATC station transmits an interrogation code on a third frequency (RF3); and

said transponder response to said interrogation code with a squawk code assigned to said

vehicle.

5 . The system according to claim 1 wherein:

said vehicle includes a power source; and

said UAT subsystem utilizes conducted emissions from said power source to detect

interrogation code signals and activate said UAT subsystem in response.

6 . The system according to claim 5 wherein said interrogation codes are

transmitted by secondary surveillance radar equipment associated with a respective ATC

station.

7 . The system according to claim 1, which includes:



a power bus connected to said power source and configured for distributing electrical

power therefrom;

a monitor located in proximity to said power bus and configured for monitoring power

fluctuations therein; and

said UAT subsystem activating in response to said power fluctuations.

8. The system according to claim 3, which includes:

a coil associated with said smart antenna and said vehicle transponder; and

said coil configured for providing a current representative of a conducted emission in a

power line connecting the smart antenna and the transponder.

9 . The system according to claim 3 wherein said smart antenna includes first

and second internal transformers and provides an output activating said UAT subsystem in

response to current flow in said smart antenna transformers.

10. The system according claim 1, which includes a fleet of multiple vehicles

each including:

ADS-B Out transmitting a vehicle parameter; and

ADS-B In receiving vehicle parameters transmitted from another vehicle.

11. An Automatic Dependent Surveillance-Broadcast (ADS-B) system for an

aircraft (A/C) including a transponder transmitting on a first radio frequency (RF1), which

system comprises:

a universal access transceiver (UAT) subsystem associated with the vehicle and including a

programmable device configured for transmitting an output corresponding to a

vehicle parameter associated with an ADS-B requirement on a second radio

frequency (RF2);

a smart antenna connected to said UAT subsystem and configured for transmitting said

vehicle parameter on RF2 and receiving signals from another vehicle equipped with

ADS-B and from an air traffic control (ATC) station;

said ATC station transmitting an interrogation code to said A/C on a third frequency

(RF3);

said A/C transponder responding to said interrogation code with a squawk code assigned to

said A/C and the A/C altitude;

said A/C including a power source;



said UAT subsystem utilizing conducted emissions from said power source to detect

interrogation code signals and activate said UAT subsystem in response;

an ADS-B Out function configured for transmitting a vehicle parameter; and

an ADS-B In function configured for receiving vehicle parameters transmitted from

another vehicle.

12. The system according to claim 11 wherein said interrogation codes are

transmitted by secondary surveillance radar equipment associated with a respective ATC

station.

13. The system according to claim 11, which includes:

a power bus connected to said power source and configured for distributing electrical

power therefrom;

a monitor located in proximity to said power bus and configured for monitoring power

fluctuations therein; and

said UAT subsystem activating in response to said power fluctuations.

14. The system according to claim 11, which includes:

a coil associated with said smart antenna and said vehicle transponder; and

said coil configured for providing a current representative of a conducted emission in a

power line connecting the smart antenna and the transponder.

15. The system according to claim 11 wherein said smart antenna includes

first and second internal transformers and provides an output activating said UAT subsystem in

response to current flow in said smart antenna transformers.

16. The system according claim 11, which includes a fleet of multiple vehicles

each including:

ADS-B Out transmitting a vehicle parameter; and

ADS-B In receiving vehicle parameters transmitted from another vehicle.

17. An Automatic Dependent Surveillance-Broadcast (ADS-B) method for an

aircraft (A/C) including a transponder transmitting on a first radio frequency (RFl), which

ADS-B method comprises the steps of:

associating with the A/C a universal access transceiver (UAT) subsystem including a

programmable device;



transmitting an output from said UAT subsystem corresponding to a vehicle parameter on

a second radio frequency (RF2);

associating with the A/C and antenna connected to said UAT subsystem; and

programming said UAT subsystem device for transmitting via said antenna on RF2 a

vehicle parameter associated with an ADS-B requirement.

18. The method of claim 17, which includes the additional step of configuring

said antenna as a smart antenna for transmitting said A/C parameter and receiving signals from

another A/C or a ground station.

19. The method of claim 17, which includes the additional step of configuring

said antenna for receiving signals from another vehicle equipped with ADS-B and from an air

traffic control (ATC) station

20. The method of claim 19, which includes the additional steps of:

said ATC transmitting an interrogation code on a third frequency (RF3); and

said transponder responding to said interrogation code with a squawk code assigned to said

vehicle or an altitude of said A/C.
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