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particularly to search and rescue radios for radio
interrogation.

When a search and rescue operation is required, as for

10 a downed airplane or helicopter pilot for example, search
and rescue radio system interrogators are typically
employed. Such search and rescue radio systems include a
small portable radio which is in the possession of the
downed pilot. These radios include the AN/PRC-112. Such

15 systems further include an interrogator which is carried in
the rescue aircraft (helicopter or plane).

The important information required by the search and

rescue alrcraft is the correct identity of the survival

radio and the position of the radio and associated downed

20 pilot. The Global Positioning System (GPS) is particularly
useful for determining position. Survival radios have been
known to have GPS receivers capable of self determination of
position.

The search and rescue interrogators are typically

25 suitcase sized and include a GPS receiver, portable
computer, LST-5 radio, battery, power supply, etc. and weigh
approximately 60 pounds. This suitcase interrogator is also

very

expensive.
It would be advantageous to have a small, lightweight

30 and inexpensive radio interrogator for use in search and
rescue operations.



The search and rescue interrogators are typically 25 suitcase sized and

i nclude a GPS receiver, portable conputer, LST-5 radio, battery, power
supply, etc. and wei gh approxi mately 60 pounds. This suitcase
interrogator is also very expensive. It would be advant ageous
to have a small, |ightweight 30 and inexpensive radio interrogator for use
I n search and rescue operations.

2 Brief Description of the Draw ng FIG 1is
a bl ock diagram of a search and rescue 5 operation in accordance with the
present invention. Brii® DdstpimtibOIE dhaanaaybiga handhel d
survival radio I nterrogator in accordance with the present invention.
Description of the Preferred Enbodi nent 10 FIG 1 depicts a search

and rescue oper atiPIGsdenar is0block diagram of a search and rescue
5 operation in accordance with the present invention.
FIG. 2 is a block diagram of a handheld survival radio
interrogator in accordance with the present invention.

Description of the Preferred Embodiment

10

FIG. 1 depicts a search and rescue operation scenario
where the handheld radio interrogator 1 is used. Handheld
radio interrogator 1 is held and operated by one of the
search and rescue helicopter 2 occupants (not shown).

15 Handheld radio interrogator 1 is connected to the helicopter
2 radio system (not shown). -Handheld radio interrogator 1
transmits a signal to interrogate any PRC-112 type survival
radio with GPS capability (3,4,5) on the ground.

Each PRC-112 radio (3-5) has a'unique identification

20 number which the handheld radio interrogator 1 is programmed
to interrogate. When the handheld radio interrogator 1
receives a response from one or more of the survival radios
(3-5), for example radio 3, the occupant of the helicopter 2
can determine a range and bearing from the position of the

25 Thelicopter 2 to radio 3. Radio 3 is in the possession of
the downed pilot or aircraft personnel.

When searching for a downed pilot, the interrogator 1
is triggered and a GPS compatible message is transmitted to
survival radio 3. The radio system of the search and rescue

.30 aircraft handles the transmission of the message to the
survival radio 3. When the interrogator 1 receives a
response from radio 3, a message including an identification
number, GPS position of the radio and status is obtained.
From this information the interrogator 1 can quickly

35 determine the range and bearing of the radio 3 once the
ailrcraft's position is known.
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includes a microprocessor and an MSK (Minimum Shift Keying)
modem and is capable of baseband transmitting and receiving
GPS radio messages (i.e. location and messaging information
of the downed pilot) from the PRC-112 radio.

15 The handheld interrogator 1 is used to communicate with
PRC-112 survival radios (3-5) with embedded GPS capability.
The GPS capability means the ability to self determine
position through the use of the GPS constellation of
satellites for that purpose.

20 Referring to FIG. 2, a block diagram of the handheld
interrogator 1 is shown. Processor 10 is the heart of the
handheld interrogator 1. Processor 10 executes a program
instruction set and interfaces to the external interfaces
such as keypad 16, display 14, aircraft radio/intercom 30,

25 the PTT (Push To Talk) control, MSK Modem 12 and RS-232 port
UART 18 {(Universal Asynchronous Receiver Transmitter).
Processor 10 may be implemented with a MC68331 Motorola
microprocessor, for example.

Display 14 may be a ILCD (Liquid Crystal Display)

30 device. Display 14 may be a 4X20 character display which
displays parameters such as identification number,
encryption key status, an outgoing message and data received
from a PRC-112 survival radio such as identification number,
position, time and any message.



3 The handhel d radio interrogator 1 can also relay @ obal

Posi tioning System (GPS) information and messagi ng I nformation to

anot her | ocation such as receiver 6. Receiver 6 nay be | ocated on the
ground, for exanple. The 5 GPS |l ocation information of the radio 3 nay be
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survival radio, received data from the survival radio and
set up configuration for the interrogator 1.
Flash EEPROM 22 stores the executable programs of the
15 interrogator 1. EEPROM 22 can be reloaded with new
operation instructions if necessary by using the UART 18 as
an RS8-232 port.
UART 18 is the digital receiver ana transmitter which
supports the RS-232 interface. The UART 18 is connected to
20 the procegsor 10 and converts parallel data from processor
10 to serial data to meet the RS-232 standard. The RS-232
interface is used primarily for programming and upgrading
the executable software in the interrogator 1,
MSK modem 12 creates the MSK tones from the digital
25 data stream on TxAudio from the microprocessor 10 and also
converts the received MSK tones on RxAudio from the aircraft
radio/intercom system 30 to digital data to be sent to the
microprocessor 10. The MSK modem is buffered and level
controlled via audio circuitry which provides the interface
30 to the aircraft radio/intercom system 30 and user's headset
{not shown).
Power supply 24 supplies to particular voltages
required for operation of each of the functional units 10-22
of the interrogator 1. Power supply 24 is operated by
35  Dbattery 26. Battery 26 may be powered by four AA batteries,
for example, which can power all functions of the
interrogator for approximately 10 hours.



m croprocessor, for exanple. Display 14 may be a LCD (Liquid
Crystal Display) 30 device. Display 14 may be a 4X20 character display
whi'ch di spl ays paraneters such as identification nunber, encryption
key status, an outgoi ng nessage and data received froma PRC 112
survival radio such as identification nunber position, time and any
nmessage. Keypad 16 is
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message to the survival ra 1os {3-5). Thereby reducing the
overhead and required hardware of the handheld interrogator

10 1. Interrogation is made for a specific survival radio 3,
for example.

When the interrogator 1 receives a response from radio
3, a message including an identification number, position of
the radio 3 and status is obtained. From this information

15 the interrogator 1 can quickly determine the range and
bearing of the radio 3 once the aircraft's position is
known. The downed pilot may then be recovered or position
may be passed onto another receiver system 6 for subsequent
dispatch of other aircraft and pick up of the downed pilot.

20 In order to provide for integrity of the messages sent
by interrogator 1 to radio 3 and from radio 3 to
interrogator 1, two methods for data integrity are employed.
These two methods are bit interleaving and forward error
correction.

25 Bit interleaving is used to distribute errors that are
introduced due to bursts of noise interference that exist
for durations of more than one bit. It is assumed that
during a message only a few noise bursts occur.

Forward Error Correction (FEC), is used to detect and

30 correct random bit errors. Numerous classes of random error
correcting codes exist, but a preferred one which is
extensive and powerful one is the Bose, Chaudhuri and
Hocquenghem, (BCH) class. This technique adds additional
bits to a block of data bits which then allows both

35 detection and correction of subset of bit errors in a given
data block.



15 interrogator 1. EEPROM 22 can be rel oaded with new operation
instructions if necessary by using the UART 18 as an RS-232 port.

UART 18 is the digital receiver and transmtter which supports the
RS-232 interface. The UART 18 is connected to 20 the processor 10 and
converts parallel data from processor 10 to serial data to neet the

RS- 232 standard. The RS-232 interfaceéis used primarily for pr ogr anm ng
and upgr adi ng t he executable software in the interrogator
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in a handheld interrogator GPS interrogation function of an

10 avionics interrogator while using the radio intercom system
including antenna already existing in the search aircraft.
Thereby a handheld, inexpensive interrogator is possible.



5 Referring to FIGS. 1 and 2 when searching for a downed

pilot, the button for initiating the "interrogate" function S
triggered on the interrogator 1. Interrogator formats a PRC- 112
survival radio (GPS conpatible) nessage through 5 processor 10 and sends
the message through MSK mpdem 12 to the aircraft radio/intercomsystem
30 via the TxAudio | ead. The radlollﬁlerconlsysten130 handl es t he
transm ssion of the nmessage to the survival radios (3-5). Thereby
reduci ng the overhead and required hardware of the-handheld

interrogator 10 1. Interrogation is mdaims a speC|f v radio 3,
for exanple. When the interrogator 1 recei ves Mm ’gm
radi o 3, a nessage including an identification nunb

the radi o 3 and st#matsisscbbimeded: Fromthis |nfornat|on 15 the
|nterroga§or 1 can quickly determ ne the range and bearing of the radio 3
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20 I N @reAvhe Eé&ﬂédﬂxt{éﬂrdg%%w bbﬁpﬁsiﬂ}f messages sent by
interrogator 1 to radio 3 and fromradio 3 interrogator 1, two
met hods for data integf PYyOaFeSenpl oyed. These two nmet hods are bit

i nterl eading and for waggidr pedcessor PerRGhitdAg 25Ffirst mddsagenterl eaving is
used to distribute.errors, that, ' duced due. to bursts of noi se
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radio;
15 said survival radio interrogator for finding a
particular survival radio with said first message;
a modem coupled to said processor, said modem for
transnmitting and receiving messages;
_ sald modem further coupled to said radio system,
20 said modem transmitting said first message through said
radio system to said particular survival radio and said
modem receiving a second message through said radio system
from said particular survival radio; and
said processor for analyzing sald second message
25 received from said particular survival radioc to determine an
identification number of said particular survival radio, a
global pogitioning system position of said particular
survival radio relative to said search aircraft and status
information of said particular survival radio.

30
2. A survival radio interrogator as claimed in claim
1, wherein said survival radio interrogator includes a
handheld survival radio interrogator.
35 3. A survival radio interrogator as claimed in claim

1, wherein said processor includes a microprocessor.



30 correct random bit errors. Numerous cl asses of randon1error
correcting codes exist, but a preferred one which

powerful one is the Bose, Chaudhuri and Hocquen ThIS
t echni que adds additi onal bits to a bl ock of daﬁMl mllmlm

all ows both 35 detection and correction of Ssubset Lerﬁors 4 a given
dat a bl ock. A GPS
receiver |ink may be added to the handheld radi o |nterro ator 1. The
GPS |ink woul d proé¢ide Bheurviel girddp interregatnemsogaasdmed dndclaim

associ ated hehi CQREBEIR - salidl molleh includbs YV r{iQfi @i SHREL Cld@Y (iet)Nt _
navi gati on fromthe search and 5 rescue hel i copter 2 to the surV|vaI radi o

3 of a doffheqmod €Mpj | ot . A maj or inprovenent of the present

i nvention is that t he conbi nati on of t he processor 10 and MBK nodem 12
perform I n a handhe d |nterro at qr nterrogatio Lon f,an 10
avi oni cs i nterrogafor whi PTGy  &Ht Smf?ﬁaet?cb’gl’ﬁssfg'? i i ng

antenna al ready wheséimctherd lim feathbraimclhwidd a univhesaby a handhel d,
I nexpensi ve iQ%?ﬁ&ﬂggﬁéﬁsif%égﬁaéggkﬁansmitter coupled to said processor,
45 said universal asynchronous receiver/transmitter for
providing an RS-232 interface to said processor.

6. A survival radio interrogator as claimed in claim
1, wherein said survival radio includes a global positioning
50 system compatible survival radio for providing GPS
information of a position of said survival radio.

7. A survival radio interrogator as claimed in claim
1, wherein said processor is further coupled to saild radio
55 system to transmit a position message to a remotely located
receiver.

8. A survival radio interrogator as claimed in claim
1, wherein said survival radio interrogator further includes
60 a global positioning system link for providing way-point
navigation information to locate said survival radio.

9. A survival radio interrogator as claimed in claim
1, wherein said processor formats said first message and
65 receives said second message with supplementary bits to
support a bit interleaving noise reduction scheme.

10. A survival radio interrogator as claimed in claim
1, wherein said processor formats said first message and
70 receives said second message with supplementary bits to
support a forward error correction scheme.
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7 . CLAI V5 What is clained is:
5 1. A survival radio interrogator for use with a radio
system of a search aircraft to |locate a survival radio, said surviva
radi o i nterrogator conprising: a processor; 10

sai d processor generating a first nessage for transm ssion to said
survival radio, a first nessage i ncl u¥ing an identification number of
said survival radio and a request for position information of said

sur vi val radi o; 15 said survival radio interrogator for

finding a particul ar sur\gurstrvhgdrRAEDYS t INSHROGRITDRt nNeSsage;

a nodem coupled to said processor, said nodem for transmtting and
recei vi ng nessages; said noden1further coupled to said radio
system 20 said nodem transnibstxg | thie saigee t hrough said

radi o systzemto said particular survival radio and said nodem r ecei vi ng

a second ssage through said radi o system
Survival radio interrogator (1) transmits upon request

a message including an identification of survival radio (3).
Upon receiving and processing this message, survival radio
{3) determines its position from the Global Positioning

10 System and transmits a message back to the search aircraft
(2) with the survival radio interrogator (l1). The processor
(10} of the survival radio interrogator 1 determines a range
and bearing of the survival radio (3) and processes data
from the survival radio 3 which data includes

15 identification, position and messaging information for
display on the LCD display 14. All message transmissions
are conducted via the aircraft's (2) radio/intercom system
(30}

20 FIG. 1 accompanies this abstract.
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fromsaid particular survival radio; and sai d processor for
anal yZi ng said second nessage 25 received fromsaid particular surviva
radio to determ ne an i dentification nunber of said particular survival
radio, a gl obal positioning system position of said particular

survival radio relative to said search aircraft and status i nformation
of said particular survival radio. 30 /1 2. A survival radio
interrogator as clained in claim 1, wherein said survival Eﬁpi

i nterrogator includes a handhel d survival radio interrogap /

3. A survival radio interrogator as clained in claim 1, wher aid
processor includes a m croprocessor. 4. A Vi val
radio interrogator as clainmed in claim1l1, wherein sai dem i ncl udes a
m ni mrum shift key (MSK) npdem 5 : vival radio
interrogator._as clained in
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claim1l1, wherein said processor is further coupl ed to said radi %o SEé

system said processor controlling:a push-to-talk function of th&%radio

system for trans rmﬂll ﬂ"!“uiﬂlm“l messages. 10 6. A survival
radi o i nterrogat claint1l, wherein there is further
i ncl uded a uni ver sal asynchronous receiver/transmtter coupled to said

processor, said universal asynchronous 15 receiver/transmtter for

provi ding an RS-232 jnterface to a d rocessor. . 7. A
survival radio int er4r ‘0gattbP Y IRL T errgga,gﬁ;las Ve ESE dfere i s
further includedlaiandgnwhetess s?&dnmﬁmymcmpaesl 4 anizdimhnpshd €sskey sai d

“random access IQE d%p or tenporarily storing data. 8. A
survival radio rﬁ rro as clainmed in claiml1l, wherein there is

further included read onIy 25 menory coupled to said processor, said read

only menorys  for &trong Qpehght Ngad treréx‘r‘BBﬁtEPr %%I&ﬂé@%ﬁsor

9. A survival radio interrogator_as clained aim1l, wherein_there
is further inclGided & .dWeprainf spiBEPragessar] ngd%lm,l%%g:og@il&dnﬁ@sagéé

sai d display corfiied dy@tem, Said PFOEREDH controlling a push-to-talk

function of the radio system for transmitting of said
messages.

10

6. A survival radio interrogator as claimed in

claim 1, wherein there is further included a universal
asynchronous receiver/transmitter coupled to said
processor, said universal asynchronous

15 receiver/transmitter for providing an RS-232 interface to
said processor.

7. A survival radio interrogator as claimed in
c¢laim 1, wherein there is further included random access
20 memory coupled to said processor, said random access
memory for temporarily storing data.

8. A survival radio interrogator as claimed in
claim 1, wherein there is further included read only
25 memory coupled to said processor, said read only memory
for strong operating instructions for said processor.

9. A survival radio interrogator as claimed in
claim 1, wherein there is further included a display for
30 visually depicting said messages, said display coupled to
sald processor.

10. A survival radio interrogator as claimed in
claim 9, wherein said display further includes a liquid
35 crystal display.
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radio interrogator as clainmed in claim9, wherein said

includes a liquid 35 crystal display
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A survival radio interrogator as claimed in
claim 1, wherein there is further included a power supply
and a voltage source coupled to said power supply, said
power supply for providing power for said survival radio
interrogator.

13. A survival radio interrogator as claimed in
claim 1, wherein said survival radio includes a global
positioning system compatible survival radio for providing
GPS information of a position of said survival radio.

14. A survival radio interrogator as claimed in
claim 1, wherein said processor is further coupled to said
radio system to transmit a position message to a remotely
located receiver.

15. A survival radio interrogator as claimed in
claim 1, wherein said survival radio interrogator further
includes a global positioning system link for providing
way-point navigation information to locate said survival
radio.

16. A survival radio interrogator as claimed in
claim 1, wherein said processor formats said first message
and receives said second message with supplementary bits
to support a bit interleaving noise reduction scheme.

17. A survival radio interrogator as claimed in
claim 1, wherein said processor formats said first message
and receives said second message with supplementary bits

to support a forward error correction scheme.
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radio.systemto transmt a position message to a remotely 20 |ocated
receiver. 15. A survival radio interrogator as clained in
claim1l1, wherein said survival radio interrogator further “includes a
gl obal positioning systemlink for providing 25 way-point navigation
information to | ocate said survival raggo. - 16. A surviva
radio interrogator as clained in claim1, wherein said processor
formats said first nessage 30 and receives said second nessage with

suppl ementary bits to supp I t,.late %ﬁ@g% noi se reduction _
schene. 17. A survi ﬁ?@’dﬁb%&é# &gﬁgﬁ%l aimed in claim
1, wherein said processor formats said first nessage 35 and receives said

second nmessage with supplenentghétgggg of thE DAY forward error

correction 5schema.

Survival radio interrogator (1) transmits upon request

a mesgage including an identification of survival radioc (3).
Upon receiving and processing this message, survival radio
(3) determines its position from the Global Positioning

10 System and transmits a message back to the search aircraft
(2) with the survival radio interrogator (1). The processor
(10) of the survival radio interrogator 1 determines a range
and bearing of the survival radio (3) and processes data
from the survival radio 3 which data includes

15 identification, position and messaging information for
display on the LCD display 14. All message transmissions
are conducted via the aircraft's (2) radio/intercom system
(30).

20 FIG. 1 accompanies this abstract.
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