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(57) ABSTRACT

System, method and computer program product for extending
mobile device cellular carrier network coverage using
unmanned aerial vehicles (UAVs) equipped with telecommu-
nications devices to act as temporary mobile device cellular
network towers. The system and method extends cellular
phone coverage of a land-based cellular phone network by:
receiving information for determining a predicted or actual
increase in aggregate cellular phone usage demand in an area
at a determined time; identifying, based on an said predicted
or actual increased aggregate cellular phone usage demand
for said area, whether there exists a mismatch of existing
usage coverage compared with said determined increased
aggregate demand for that area; determining, based on an
identified mismatch, a plan for sending signals to and deploy-
ing one or more mobile cellular unmanned aerial vehicles
(UAV) having telecommunications equipment configured to
extend cellular phone network coverage of an existing land-
based cellular phone network at the mismatched area.
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MONITORING AN APPLICATION (ON A SWITCH OR MOBILE DEVICE) BY 55
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METRICS AND DETERMINING AREA(S) WHERE SIGNIFICANT |~ 60
SIGNAL DEGRADATION OR DARK SPOTS IS OCCURRING

PRIORITIZING, BASED ON ANALYSIS, AREAS WHERE UAV COVERAGE | 65
WOULD PROVIDE THE BEST OUTCOME BASED ON FACTORS

SENDING BY THE SERVER, SIGNAL / COMMAND | 70
TO DEPLOY UAV OVER HIGHEST PRIORITY AREAS

FIG. 1

100

ESTIMATING A REQUIRED CELLULAR COVERAGE BASE ON FACTORS 105

|

DETERMINING IF CURRENT CELLULAR COVERAGE IS | 11
ADEQUATE FOR THE TEMPORARY INCREASE IN TRAFFIC? 0

CREATING A UAV-BASED COVERAGE PLAN
FOR THE LOCATION (IF NEEDED)

~—115
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MONITORING DESIGNATED VIPs FOR WEAK SIGNAL
STRENGTH (OR LOW EFFECTIVE BANDWIDTH) | 155

!

MONITORING FOR VIP REQUESTS FOR TEMPORARY ELEVATED STATUS ~160

|

ASSIGNING A PRIORITY (POSSIBLY WEIGHTED PRIORITY) BASED ON 1
MONITORED VIP REQUESTS OR LOW BANDWIDTH DETERMINATIONS 65

1

MONITORING FOR VIP REQUESTS FOR TEMPORARY ELEVATED
STATUS; EVALUATE THE UAVs' CURRENT ASSIGNMENTS ~—170

1

DEPLOYING ANY AVAILABLE UAVs WITH CURRENT ASSIGNMENT | 175
THAT ARE WEIGHTED LESS THAN THE VIP ASSIGNMENT

FIG. 3
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RECEIVING DATA AND AGGREGATE DATA TO LOCATE DARK SPOTS;
MAPPING EACH DARK SPOT - DENOTING INADEQUACY OF COVERAGE

~ 305

!

MAPPING HOW EACH SPOT MOVES IN TIME, AND EXTRAPOLATING (USING
1ST AND 2ND ORDER DERIVATIVE) TO FIND THE NEXT POSSIBLE LOCATION |~ 310

'

RELOCATING THE UAVs WITH THE MOVEMENT OF THE SPOTS

'

FOR ADEQUATE COVERAGE ALONG NEEDED CORRIDORS [ 310

DETECTING WHEN TWO DARK SPOTS MERGE AND TWO OR MORE UAVs
APPROACH THE SAME AREA; DETERMINING IF THE COVERAGE MIGHT
BE SHARED BY THE UAVs, OR ONE MAY HANDLE THE COMPOSITE LOAD

~ 320

FIG. 6
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RECEIVING DEPARTMENT OF TRANSPORTATION AND OTHER REAL-TIME
PUBLIC TRANSPORTATION DATA; ANALYZING THE DATA; AND PREDICTING
CROWD CONVERGENCE BY ANALYSIS OF PUBLIC TRANSPORTATION

~— 455

\

ANALYZING CREDIT CARD AND FINANCIAL TRANSACTIONS
AND PREDICTING CROWD CONVERGENCE

~ 460

\

MONITORING EXISTING STRAINS ON INFRASTRUCTURE
AND PREDICTING RELATIVE CROWD CONVERGENCE

\

MONITORING PENDING FAILURES ON INFRASTRUCTURE
AND PREDICTING RELATIVE CROWD CONVERGENCE

~— 465
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MONITORING SOCIAL AND CONVENTIONAL MEDIA
FOR INFORMATION IMPLYING CROWD CONVERGENGE

FIG. 8
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RECEIVING TAXI CAB DESTINATION PICK-UPS AND DROP-OFF LOCATIONS DATA; RECEIVING PUBLIC
BUSES AND TRAMS INFO. AND DATA REPRESENTING SUBWAY TICKETS SCANNED FOR SUBWAY LINE

~— 505
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MEASURING THESE CHANGES AGAINST THE BASELINE

\
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DETECTING IF ANY CHANGES FROM THE BASE LINE, AND IF SO, ANALYZING THE
LOCATION WHERE PEOPLE ARE GOING AND THE RATE OF CHANGE TO THAT LOCATION

~—515

\

DETECTING IF A THRESHOLD IS MET THAT INDICATES A SIGNIFICANT NUMBER OF PEQPLE WILL
MOVE IN THAT SAME DIRECTION; AND DEPLOY!

NG THE UAV IF DETECTED ABOVE THRESHOLD

~ 520

)

DETERMINING WHETHER THE EXACT DESTINATION OF PEOPLE MOVEMENT
IS KNOW OR WHETHER A DIRECTIONAL ASPECT IS DETERMINED;
DEPLOYING THE UAV CELL TOWER TO A ROAMING PATTERN ACCORDINGLY

~— 525

\

MONITORING THE NUMBER OF CONNECTED DEVICES IN ITS ROAMING PATTERN - AND
RE-EVALUATING ITS ASSIGNMENT BASED ON DETERMINING WHERE MOST PEOPLE ARE LOCATED

~— 530

FIG. 9
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RECEIVING DATA / MONITORING FOR FINANCIAL TRANSACTIONS
WITHIN SCOPE (CREDIT, CASH, ATM WITHDRAWALS, ETC) | 555

Y

CREATING A BASELINE BASED ON L 560
MONITORED FINANCIAL TRANSACTION DATA

!

ANALYZING THE DATA FOR CHANGES IN A RATE OF CHANGE |~ 565

DETERMINING AN OCCURRENCE OF AN INCREASED NUMBER OF FINANCIAL | 570
TRANSACTIONS THEN ANALYZING TO DETERMINE A TYPE OF TRANSACTION

!

DETERMINING WHETHER THE TYPE OF TRANSACTION IMPLIES
PHYSICAL CONVERGENCE OR MOVEMENT AND COUNT TRANSACTION IN |~ 575
ANALYSIS; OTHERWISE, DISCOUNT THE TRANSACTION IN THE ANALYSIS

FIG. 10
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RECEIVING DATA / MONITORING FOR TRAFFIC INCREASES |
ON EXISTING FIXED OR MOBILE CELLULAR INFRASTRUCTURE | 605

!

DETERMINING AND REPORTING IF THE LOAD ON ANY SINGLE
PIECE OF, OR ANY PROXIMATE GROUP OF, INFRASTRUCTURE |~ 610
EXCEEDS A CERTAIN PREDEFINED THRESHOLD

!

DEPLOYING ADDITIONAL MOBILE CELLULAR CAPACITY TOTHE | 615
AREA EXHIBITING THE STRAIN ON INFRASTRUCTURE

FIG. 11
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RECEIVING DATA / MONITORING FOR, AND / OR PREEMPTIVELY
DETECTING WHEN, ERRORS OR FAULT CONDITIONS OCCURRING |~ 655
ON EXISTING CELLULAR INFRASTRUCTURE BEGIN TO OCCUR

'

ANALYZING EACH OF ANY DETECTED ERRORS OR FAULT
CONDITIONS TO DETERMINE IF THE CONDITION INDICATES |~ 660
EITHER IMMINENT FULL FAILURE OR SERVICE DEGRADATION

'

DEPLOYING ADDITIONAL MOBILE CELLULAR CAPACITYTO | 665
THE AREA EXHIBITING THE STRAIN ON INFRASTRUCTURE

FIG. 12
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RECEIVING DATA / MONITORING ANY MENTIONS OF
EVENTS IN AN AUTOMATED FASHION TO DETERMINE |~ 705
WHEN AND WHERE GATHERINGS OF PEOPLE MAY OCCUR

'

ESTIMATING THE SIZE OF EVENTS IN AUTOMATED FASHION |~ 710

'

COMPARING THE ESTIMATED CROWD SIZEWITH | 715
EXISTING OR PLANNED CELLULAR CAPACITY

|

PREEMPTIVELY DEPLOYING ADDITIONAL CELLULAR CAPACITY
IF IT IS DETERMINED THAT THE CROWD SIZE IS ESTIMATED TO |~ 720
BE GREATER THAN, OR NEAR, CELLULAR CAPACITY

FIG. 13
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CREATING A PLURALITY OF CLUSTERS OF UAVs AND / OR STATIC | 755
CELLULAR TOWERS IN THE VICINITY OR A COVERAGE AREA

{

ESTABLISHING COMMUNICATION WITH AND BETWEEN EACH UAVs AND / OR
STATIC CELLULAR TOWERS IN THE VICINITY BELONGING TO A CLUSTER ~— 760
INCLUDING ESTABLISHING COMMUNICATION WITH A DESIGNATED LEADER UAV

!

ESTABLISHING THAT EACH CLUSTER 765
SUPPORT A PARTICULAR SET OF CUSTOMERS

FROM STEP 805 FIG. 15—

DETECTING THAT AN ADDITIONAL NEED FOR CELLULAR
SERVICE ARISES AND IN RESPONSE-AUTONOMICALLY |~ 770
RECONFIGURING THE CLUSTERS TO SUPPORT THE NEED

!

DETERMINING WHETHER ONE OR MORE MEMBERS OF A CLUSTER FAILS | 775
AND IN RESPONSE RECONFIGURING THE CLUSTERS TO SUPPORT THE NEED

!

RECONFIGURING THE CLUSTERS WHEN ADDITIONAL UAVs ARE L_ 780
REPOSITIONED OR BROUGHT BACK INTO SERVICE TO SUPPORT THE NEED

FIG. 14
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RECEIVING / MONITORING THE SOCIAL AND THE NEWS MEDIA DATAIN | 805
REAL TIME FOR OCCURRENCE OF ACCIDENTS OR TRAFFIC BACK UPS

v

GO TO STEP 770, FIG. 14
FIG. 15
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RECEIVING DATA / MONITORING FOR TRAFFIC RE-ROUTES, AND PREDICTIVELY | 8
RECOMPUTING WHERE THE TRAFFIC WOULD BE AT A CERTAIN TIME IN THE FUTURE 55

!

RECONFIGURING AND REDEPLOYING UAV | 860
CLUSTERS TO SUPPORT THE MODIFIED NEED

FIG. 16
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CREATE PREDICTED MAP OF BAD OR
WEAK COVERAGE AREAS ON A HEAT MAP

~— 955

!

!

FLY AND POSITION THE DRONES p~ 960

CONNECT THEM TO THE EXISTING CELLULAR NETWORK |~ 965

GO TO STEP 995

ANY CHANGE IN THE SYSTEM
CREATING UNBALANCE IN THE
LOAD OF THE DRONE OR OTHER
INFRASTRUCTURE SYSTEMS?

'

RE-COMPUTE THE HEAT MAP |~ 975

RE-COMPUTE THE BEST LOCATIONS TO POSITION
THE AIRBORNE CELLULAR REPEATERS AND
TRANSCEIVERS TO COVER FOR WEAK COVERAGE

~— 980

'

CREATE FLIGHT PLAN TO REACH THE COMPUTED
HOVERING LOCATION FROM THE BASE, AND THE ~ 985
RETURN BACK TO THE BASE FOR EACH OF THE DRONES

v

'

FLY AND POSITION THE DRONES |~ 990

RE-CONNECT THEM TO THE EXISTING CELLULAR NETWORK |~ 995

'

GO TO STEP 970
FIG. 18
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INPUT: TIERS OF VIP CUSTOMERS AND | 1005
EXTENSION OF COVERAGE NEEDED

!

CREATE MAP OF NEEDED COVERAGE AND EXTENSION OF COVERAGE
NEEDED FOR EACH AREA WITH LEVELS OF FAIL SAFE MECHANISM

~1010

'

FIND THE BEST LOCATIONS TO POSITION THE AIRBORNE CELLULAR

~—1015

REPEATERS AND TRANSCEIVERS TO COVER FOR WEAK COVERAGE

!

CREATE FLIGHT PLAN TO THE REACH THE COMPUTED

RETURN BACK TO THE BASE FOR EACH OF THE DRONES

'

FLY AND POSITION THE DRONES |~ 1025

!

FIG. 19

LOCATION FROM THE BASE, HOVERING LOCATION AND THE |~ 1020

CONNECT THEM TO THE EXISTING CELLULAR NETWORK 1030
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INPUT: WEATHER, DOT, HISTORIC DATA |~ 1055

v

CREATE PREDICTED MAP OF BAD OR 1060
WEAK COVERAGE AREAS ON A HEAT MAP

v

DECIDE WHETHER ANY AREA MAY NEED ADDITIONAL | 1065
COVERAGE DURING A CERTAIN TIME OF THE DAY

v

FIND THE BEST LOCATIONS TO POSITION THE AIRBORNE CELLULAR | 1070
REPEATERS AND TRANSCEIVERS TO COVER FOR WEAK COVERAGE

v

CREATE FLIGHT PLAN TO THE REACH THE COMPUTED
LOCATION FROM THE BASE, HOVERING LOCATION AND THE 1075
RETURN BACK TO THE BASE FOR EACH OF THE DRONES

'

FLY AND POSITION THE DRONES |~ 1080

!

CONNECT THEM TO THE EXISTING CELLULAR NETWORK |~ 1085

FIG. 20
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