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1. A method for autonomous safe emergency landing of a power d 

unmanned aerial vehicle (UAV) in the event of an engine failur , the 

method comprising the procedures of: 

5 generating a landing approach trajectory, comprisin 	: 

a 	downwind 	leg, 	initiating 	at 	an 	initiatio 	point 	of 	said 

trajectory; 

an upwind leg, terminating at a sel- cted touchdown point; 

and 

10 a U-turn leg, joining betwee►  said downwind leg and said 

upwind leg; 

directing 	said 	UAV 	to 	•. id 	initiation 	point 	to 	follow 	said 

downwind leg of said landin• approach trajectory; 

repeatedly determi 	ng a glide ratio of said UAV, based on 

15 current flight conditio► 	of said UAV; 

repeatedly 	• -termining 	a 	current 	turning 	point 	along 	said 

downwind leg 	•r landing said UAV at said selected touchdown point, 

said U-tur► 	leg initiating at said current turning point, wherein the 

determ 	ation 	of 	said 	current 	turning 	point 	is 	based 	on 	the 

20 detr mined glide ratio and is performed each time with respect to a 

‘drecedingly determined turning point; 
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repeatedly determining a touchdown point corresponding to said 

current turning point, based on said determined glide ratio, wher: n 

said procedure of determining a current turning point is perf 	med 

with respect to the discrepancy between: (i) the touchdown 'joint that 

5 was precedingly determined in correspondence with the precedingly 

determined turning point, and (ii) said selected touch..wn point; and 

when said UAV arrives at said current tur 	ng point, directing 

said UAV to follow said U-turn leg and said up 	Ind leg of said landing 

approach trajectory, for landing said UAV , 	said selected touchdown 

10 point. 

2. The method of claim 1, wherei 	said downwind leg extends along a 

downwind path, and said 	nd leg extends along an upwind path 

that is substantially para -I to said downwind path, said upwind path 

15 extending along the r nway on which said selected touchdown point 

is located. 

4. The metho'd of claim 1, further comprising the procedures of: 

se -cting a selected touchdown point, wherein a determined 

20 pro- .ective height of said UAV over said selected touchdown point is 

fficient to enable said UAV to perform said safe emergency landing 
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at said selected touchdown point, and wherein said prospective 

height is determined based on said determined glide ratio; and 

directing said UAV to glide towards said selected touc 	own 

point, once said engine failure occurs. 

5 

5.  The method of claim 4, wherein said selected tou' down point is 

selected from a database comprising a colle 	on of information 

relating to a plurality of touchdown points for 	mergency landing, the 

information comprising: 

10 the direction of the runway on w 	ch the respective touchdown 

point is located; and 

the geographical location o the respective touchdown point. 

6.  The method of claim 1, f 	ther comprising the procedures of: 

15 determining a prospective height of said UAV over said selected 

touchdown point, ,dased on said determined glide ratio; 

determini , g 	if 	gliding 	along 	a 	waiting 	trajectory 	is 	possible, 

based on 	hether the prospective height of said UAV exceeds a 

minim 	height predefined to enable said safe emergency landing at 

20 sai. selected touchdown point; and 
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directing 	said 	UAV 	to 	glide 	along 	said 	waiting 	trajectory 	if 

determined to be possible. 

7.  The method of claim 6, further comprising the procedure of: 

5 generating 	said 	waiting 	trajectory, 	com. ising 	the 

sub-procedures of: 

generating 	a waiting 	pattern, 	locate• 	over 	an 	area 	in 

proximity of said selected touchdown poi 

determining a joining point along .aid waiting pattern; 

10 determining 	an 	exit 	point 	along 	said 	waiting 	pattern 

wherefrom said UAV can begi' following said landing approach 

trajectory; 

directing 	said 	Uki 	to join 	said 	waiting 	pattern 	at said 

joining point; 

15 directing s.. UAV to glide along said waiting pattern; and 

directin 	said UAV to exit said waiting pattern at said exit 

point. 

8.  The m: 	od of claim 7, wherein said waiting pattern is circular. 

20 
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9.  The method of claim 7, wherein said UAV is directed to exit said 

waiting pattern once said UAV descends below a predefined e it 

height that is of sufficient height for said UAV to perform sai. safe 

emergency landing at said selected touchdown point. 

5 

10.  The method of claim 7, wherein said waiting trajector, is tangential to 

said downwind leg of said landing approach trajectory, and wherein 

an exit point of said waiting trajectory and a 	initiation point of said 

landing approach trajectory are determir ed to be located at the 

10 tangency point of said waiting trajector 	and said downwind leg. 

11.  The 	method 	of 	claim 	1, 	fur 	er 	comprising 	the 	procedure 	of 

continuously measuring say, current flight conditions with sensors 

mounted 	onboard 	said 	AV, 	wherein 	said 	flight conditions 	are 

15 selected from the list , onsisting of: 

location and , avigation information of said UAV; 

level of f 	-I onboard said UAV; and 

atmo .heric conditions in the vicinity of said UAV. 

20 	12. Th- 	method 	of claim 	1, 	wherein 	said 	procedure of 	repeatedly 

'determining a glide ratio of said UAV comprises auto-learning the 
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glide ratio by iteratively determining said glide ratio until convergence 

to a definite value, wherein said auto-learning is at least parti. 

empiric. 

5 	13. The method of claim 12, wherein said auto-learning 	r tiates once 

said UAV begins following said landing approach traj 	tory. 

14. The method of claiml, wherein said UAV oper.tes autonomously. 

10 	15. The method of claim 1, wherein said U- 	rn leg is semi-circular. 

16. A powered unmanned aerial vr icle (UAV) operable to perform an 

autonomous safe emergerr y landing in the event of an engine 

failure, said UAV compri 	g: 

15 

20 

a flight control s 	tem for controlling the flight of said UAV, said 

flight control syst- 	comprising a processing unit; 

a safe e 	-rgency landing system coupled with said flight control 

system, s.. safe emergency landing system comprising a storage 

device 	-adable by said processing unit of said flight control system, 

tan. .ly embodying a program of instructions executable by said 

,,rocessing unit to perform method procedures for safe emergency 
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landing of said unmanned aerial vehicle in the event of an engine 

failure, the method procedures comprising: 

generating a landing approach trajectory, comprising: 

a 	downwind 	leg, 	initiating 	at 	an 	initiation 	poin 	of 	said 

5 trajectory; 

an upwind leg, terminating at a selected t►  chdown point; 

and 

a U-turn leg, joining between said f ownwind leg and said 

upwind leg; 

10 providing said landing approach 	ajectory to said flight control 

system, for directing said UAV to :aid initiation point to follow said 

downwind leg; 

repeatedly determinin• a glide ratio of said UAV, based on 

current flight conditions • 	said UAV; 

15 repeatedly 	det- mining 	a 	current 	turning 	point 	along 	said 

downwind leg for snding said UAV at said selected touchdown point, 

said U-turn lei 	initiating at said current turning point, wherein the 

determina .n 	of 	said 	current 	turning 	point 	is 	based 	on 	the 

determ 	ed glide ratio and is performed each time with respect to a 

20 pre•-dingly determined turning point; 
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repeatedly determining a touchdown point corresponding to said 

current turning point, based on said determined glide ratio, wher: n 

said procedure of determining a current turning point is perf 	med 

with respect to the discrepancy between: (i) the touchdown 'joint that 

5 was precedingly determined in correspondence with the precedingly 

determined turning point, and (ii) said selected touch..wn point; 

repeatedly providing 	said 	current turning 	joint to 	said 	flight 

control system, for directing said UAV to gli. • towards said current 

turning point; and 

10 when said UAV arrives at said cur 	nt turning point, indicating to 

said flight control system to direct -: id UAV to follow said U-turn leg 

and said upwind leg of said la 	ing approach trajectory, for landing 

said UAV at said selected to ichdown point. 

15 	17. The UAV of claim 16 	herein said flight conditions are selected from 

the list consisting 'Jf 

location . 	d navigation information of said UAV; 

level . fuel onboard said UAV; and 

at►  ospheric conditions in the vicinity of said UAV. 

20 
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18.  The UAV of claim 17, further comprising at least one sensor selected 

from the list consisting of: 

a sensor for continuously providing said location and navitation 

information; 

5 a sensor for continuously indicating said level of fue , 

a 	sensor 	for 	continuously 	providing 	sa • 	atmospheric 

information. 

19.  The UAV of claim 16, wherein said dow 	Ind leg extends along a 

10 downwind path, and said upwind leg r tends along an upwind path 

that is substantially parallel to said •ownwind path, said upwind path 

extending along the runway on 	hich said selected touchdown point 

is located. 

15 20.  The UAV of claim 16 	herein said safe emergency landing system is 

incorporated with .aid flight control system. 

20 

21.  The UAV 	claim 16, further comprising a database comprising a 

collectif 	of touchdown points for emergency landing of said UAV, 

h z ein said program of instructions of said safe emergency landing 

stem is executable to further perform the method procedure of 
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selecting 	said 	selected 	touchdown 	point from 	said 	collection 	of 

touchdown points, wherein a determined prospective height of s. d 

UAV over said selected touchdown point is sufficient to enable said 

UAV to perform said safe emergency landing at said 	elected 

5 touchdown point, and wherein said prospective height i• determined 

based on said determined glide ratio. 

22. The UAV of claim 16, wherein said progra 	of instructions of said 

emergency landing 	system 	is executab - 	to further perform the 

10 method procedures of: 

determining a prospective hei• t of said UAV over said selected 

touchdown point, based on said 	etermined glide ratio; 

determining 	if 	gliding 	:long 	a 	waiting 	trajectory 	is 	possible, 

based on whether the ►  ospective height of said UAV exceeds a 

15 minimum height pred 	fined to enable said safe emergency landing at 

said selected tou 	down point; and 

indicatin• 	o said flight control system to direct said UAV to glide 

along said 	aiting trajectory if determined to be possible. 
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23.  The UAV of claim 22, wherein said program of instructions of said 

emergency landing 	system 	is executable to further perform 	tv 

method procedures of: 

generating 	said 	waiting 	trajectory, 	comprisi,  g 	the 

5 sub-procedures of: 

generating 	a waiting 	pattern, 	located 	o er an 	area 	in 

proximity of said selected touchdown point; 

determining a joining point along say, waiting pattern; and 

determining 	an 	exit 	point 	al 	g 	said 	waiting 	pattern 

10 wherefrom said UAV can begin f. owing said landing approach 

trajectory; 

providing the generated w iting trajectory to said flight control 

system for directing said 	• V to join said waiting pattern at said 

joining point, to glide a •ng said waiting pattern, and to exit said 

15 waiting pattern at sai. exit point. 

24.  The UAV of c :im 16, wherein said method procedure of repeatedly 

determinin 	a glide ratio of said UAV comprises auto-learning the 

glide r. 	o by iteratively determining said glide ratio until convergence 

20 to 	. 	definite value, wherein said auto-learning 	is at least partially 

mpiric. 
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25. 	A system for mounting on a powered unmanned aerial vehicle (U A/) 

to allow safe emergency landing of said UAV in the event •f an 

engine failure, said system coupled with a flight control 	stem of 

5 said UAV, said system comprising: 

a storage device readable by a processing w it of said flight 

control 	system, 	tangibly 	embodying 	a 	progr 	of 	instructions 

executable by said processing unit to perfo 	method procedures 

comprising: 

10 generating a landing approach tra •ctory, comprising: 

a 	downwind 	leg, 	initiati 	• 	at 	an 	initiation 	point 	of 	said 

trajectory; 

an upwind leg, ter 	mating at a selected touchdown point; 

and 

15 a U-turn let, joining between said downwind leg and said 

upwind leg; 

providing 	aid landing approach trajectory to said flight control 

system, fo" directing said UAV to said initiation point to follow said 

downw d leg; 

20 repeatedly determining a glide ratio of said UAV, based on 

rrent flight conditions of said UAV; 
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repeatedly 	determining 	a 	current 	turning 	point 	along 	said 

downwind leg for landing said UAV at said selected touchdown poi 

	

said U-turn leg initiating at said current turning point, where 	the 

determination 	of 	said 	current 	turning 	point 	is 	based 	•n 	said 

5 determined glide ratio and is performed each time with 	espect to a 

precedingly determined turning point; 

repeatedly determining a touchdown point c• responding to said 

current turning point, based on said determi 	-d glide ratio, wherein 

said procedure of determining a current 	rning point is performed 

10 with respect to the discrepancy betwe- 	: (i) the touchdown point that 

was precedingly determined in cor -spondence with the precedingly 

determined turning point, and (ii 	said selected touchdown point; 

repeatedly providing 	d 	current turning 	point to said flight 

control system, for direc ng said UAV to glide towards said current 

15 turning point; and 

when said U, 	arrives at said current turning point, indicating to 

said flight con of system to direct said UAV to follow said U-turn leg 

and said 	•wind leg of said landing approach trajectory, for landing 

said U i 	at said selected touchdown point. 

20 
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26. A method for autonomous safe emergency landing of a powered 

unmanned aerial vehicle (UAV) in the event of an engine failure, t ► e  

method comprising the procedures of: 

generating a landing approach trajectory, comprising: 

5 a 	downwind 	leg, 	initiating 	at 	an 	initiation 	..int 	of 	said 

trajectory, said downwind leg extending along a Downwind path; 

an upwind leg, terminating at a selectz4 touchdown point, 

said 	upwind 	leg 	extending 	along 	an 	upwind 	path 	that 	is 

substantially parallel to said downwi f d path, said upwind path 

10 extending along the runway on w ich said selected touchdown 

point is located; and 

a U-turn leg, joining . -tween said downwind leg and said 

upwind leg; 

directing 	said 	UA 	to 	said 	initiation 	point 	to 	follow 	said 

15 

20 

downwind leg of said 	nding approach trajectory; 

repeatedly . -termining a glide ratio of said UAV, based on 

current flight conditions of said UAV; 

repe. -dly 	determining 	a 	current 	turning 	point 	along 	said 

downw 	d leg for landing said UAV at said selected touchdown point, 

sai. 	U-turn leg initiating at said current turning point, wherein the 

93 

AMENDED SHEET (ARTICLE 19) 



WO 2013/124852 
	

PCT/IL2013/050157 

determination 	of 	said 	current 	turning 	point 	is 	based 	on 	the 

determined glide ratio; and 

when said UAV arrives at said current turning point, directing 

said UAV to follow said U-turn leg and said upwind leg of sa • landing 

5 approach trajectory, for landing said UAV at said selecter, touchdown 

point. 

27. A powered unmanned aerial vehicle (UAV) ..erable to perform an 

autonomous safe emergency landing i 	the event of an engine 

10 failure, said UAV comprising: 

a flight control system for con 	Ming the flight of said UAV, said 

flight control system comprising 	processing unit; 

a safe emergency landi,  g system coupled with said flight control 

system, said safe emert, -ncy landing system comprising a storage 

15 device readable by s . id processing unit of said flight control system, 

tangibly embodyi , g a program of instructions executable by said 

processing u 	to perform method procedures for safe emergency 

landing of .aid unmanned aerial vehicle in the event of an engine 

failure, 	e method procedures comprising: 

20 generating a landing approach trajectory, comprising: 

94 

AMENDED SHEET (ARTICLE 19) 



WO 2013/124852 
	

PCT/IL2013/050157 

a 	downwind 	leg, 	initiating 	at 	an 	initiation 	point 	of 	said 

trajectory, said downwind leg extending along a downwind patr , 

an upwind leg, terminating at a selected touchdown joint, 

said 	upwind 	leg 	extending 	along 	an 	upwind 	pat 	that 	is 

5 substantially parallel to said downwind path, said 	pwind path 

extending along the runway on which said sel- ted touchdown 

point is located; and 

a U-turn leg, joining between said f ownwind leg and said 

upwind leg; 

10 providing said landing approach 	ajectory to said flight control 

system, for directing said UAV to -.aid initiation point to follow said 

downwind leg; 

repeatedly determinin• a glide ratio of said UAV, based on 

current flight conditions • 	said UAV; 

15 repeatedly 	det- mining 	a 	current 	turning 	point 	along 	said 

downwind leg for : nding said UAV at said selected touchdown point, 

said U-turn lei 	initiating at said current turning point, wherein the 

determina .n 	of 	said 	current 	turning 	point 	is 	based 	on 	the 

determ 	ed glide ratio; 
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repeatedly providing 	said 	current turning 	point to 	said flight 

control system, for directing said UAV to glide towards said curl.: 

turning point; and 

when said UAV arrives at said current turning point, in. 	ating to 

5 said flight control system to direct said UAV to follow s.. U-turn leg 

and said upwind leg of said landing approach traje 	ory, for landing 

said UAV at said selected touchdown point. 

28. A system for mounting on a powered unm ,nned aerial vehicle (UAV) 

10 to allow safe emergency landing of 	d UAV in the event of an 

engine failure, said system couplz: with a flight control system of 

said UAV, said system comprisir g: 

a storage device read ,.le by a processing unit of said flight 

control 	system, 	tangib 	embodying 	a 	program 	of 	instructions 

15 executable by said 	ocessing unit to perform method procedures 

comprising: 

generati 	4 a landing approach trajectory, comprising: 

downwind 	leg, 	initiating 	at 	an 	initiation 	point 	of 	said 

ctory, said downwind leg extending along a downwind path; 

20 an upwind leg, terminating at a selected touchdown point, 

said 	upwind 	leg 	extending 	along 	an 	upwind 	path 	that 	is 
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substantially parallel to said downwind path, said upwind path 

extending along the runway on which said selected touchdo , 

point is located; and 

a U-turn leg, joining between said downwind leg : nd said 

5 upwind leg; 

providing said landing approach trajectory to s .id flight control 

system, for directing said UAV to said initiation •oint to follow said 

downwind leg; 

repeatedly determining a glide rati• 	of said UAV, based on 

10 	current flight conditions of said UAV; 

repeatedly 	determining 	a 	c 	rent 	turning 	point 	along 	said 

downwind leg for landing said 	'V at said selected touchdown point, 

said U-turn leg initiating at 	aid current turning point, wherein the 

determination 	of 	said 	urrent 	turning 	point 	is 	based 	on 	said 

15 	determined glide rati., 

repeatedly 	. oviding 	said 	current turning 	point to 	said 	flight 

control syste 	, for directing said UAV to glide towards said current 

turning poi 	; and 

when s.id UAV arrives at said current turning point, indicating to said 

20 	flig 	control system to direct said UAV to follow said U-turn leg and 
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said 

UAV 

upwind 

at said 

leg of said landing 

selected touchdown 

approach 

point. 

trajectory, for landing said 

/ 

5 

98 

AMENDED SHEET (ARTICLE 19) 



 
 

67 

CLAIMS 

1. A method for autonomous safe emergency landing of a powered unmanned aerial 

vehicle (UAV) in the event of an engine failure, the method comprising the procedures of: 

generating a landing approach trajectory, comprising: 

a downwind leg, initiating at an initiation point of the trajectory; 5 

an upwind leg, terminating at a selected touchdown point; and 

a U-turn leg, joining between the downwind leg and the upwind leg; 

directing the UAV to the initiation point to follow the downwind leg of the landing 

approach trajectory; 

repeatedly determining a glide ratio of the UAV, based on current flight conditions of 10 

the UAV; 

repeatedly determining a current turning point along the downwind leg for landing the 

UAV at the selected touchdown point, the U-turn leg initiating at the current turning 

point, in which the determination of the current turning point is based on the determined 

glide ratio and is performed each time with respect to a precedingly determined turning 15 

point;  

repeatedly determining a touchdown point corresponding to the current turning point, 

based on the determined glide ratio, in which the procedure of determining a current 

turning point is performed with respect to the discrepancy between: (i) the touchdown 

point that was precedingly determined in correspondence with the precedingly 20 

determined turning point, and (ii) the selected touchdown point; and 

when the UAV arrives at the current turning point, directing the UAV to follow the U-

turn leg and the upwind leg of the landing approach trajectory, for landing the UAV at 

the selected touchdown point. 

2. A method according to Claim 1, in which the downwind leg extends along a downwind 25 

path, and the upwind leg extends along an upwind path that is substantially parallel to the 

downwind path, the upwind path extending along the runway on which the selected 

touchdown point is located. 

3. A method according to Claim 1, further comprising the procedures of: 
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selecting a selected touchdown point, in which a determined prospective height of the 

UAV over the selected touchdown point is sufficient to enable the UAV to perform the 

safe emergency landing at the selected touchdown point, and in which the prospective 

height is determined based on the determined glide ratio; and 

directing the UAV to glide towards the selected touchdown point, once the engine 5 

failure occurs. 

4. A method according to Claim 3, in which the selected touchdown point is selected from 

a database comprising a collection of information relating to a plurality of touchdown points 

for emergency landing, the information comprising:  

the direction of the runway on which the respective touchdown point is located; and  10 

the geographical location of the respective touchdown point. 

5. A method according to Claim 1, further comprising the procedures of: 

determining a prospective height of the UAV over the selected touchdown point, based 

on the determined glide ratio;  

determining if gliding along a waiting trajectory is possible, based on whether the 15 

prospective height of the UAV exceeds a minimum height predefined to enable the safe 

emergency landing at the selected touchdown point; and 

directing the UAV to glide along the waiting trajectory if determined to be possible. 

6. A method according to Claim 5, further comprising the procedure of: 

generating the waiting trajectory, comprising the sub-procedures of: 20 

generating a waiting pattern, located over an area in proximity of the selected 

touchdown point; 

determining a joining point along the waiting pattern;  

determining an exit point along the waiting pattern from which the UAV can begin 

following the landing approach trajectory; 25 

directing the UAV to join the waiting pattern at the joining point;  

directing the UAV to glide along the waiting pattern; and 

directing the UAV to exit the waiting pattern at the exit point. 
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7. A method according to Claim 6, in which the waiting pattern is circular. 

8. A method according to Claim 6, in which the UAV is directed to exit the waiting pattern 

once the UAV descends below a predefined exit height that is of sufficient height for the UAV 

to perform the safe emergency landing at the selected touchdown point. 

9. A method according to Claim 6, in which the waiting trajectory is tangential to the 5 

downwind leg of the landing approach trajectory, and in which an exit point of the waiting 

trajectory and an initiation point of the landing approach trajectory are determined to be 

located at the tangency point of the waiting trajectory and the downwind leg. 

10. A method according to Claim 1, further comprising the procedure of continuously 

measuring the current flight conditions with sensors mounted onboard the UAV, in which the 10 

flight conditions are selected from the list consisting of:  

location and navigation information of the UAV; 

level of fuel onboard the UAV; and 

atmospheric conditions in the vicinity of the UAV. 

11. A method according to Claim 1, in which the procedure of repeatedly determining a 15 

glide ratio of the UAV comprises auto-learning the glide ratio by iteratively determining the 

glide ratio until convergence to a definite value, in which the auto-learning is at least partially 

empiric. 

12. A method according to Claim 11, in which the auto-learning initiates once the UAV 

begins following the landing approach trajectory. 20 

13. A method according to Claim 1, in which the UAV operates autonomously. 

14. A method according to Claim 1, in which the U-turn leg is semi-circular. 

15. A powered unmanned aerial vehicle (UAV) operable to perform an autonomous safe 

emergency landing in the event of an engine failure, the UAV comprising: 

a flight control system for controlling the flight of the UAV, the flight control system 25 

comprising a processing unit; 

a safe emergency landing system coupled with the flight control system, the safe 

emergency landing system comprising a storage device readable by the processing unit 



 
 

70 

of the flight control system, tangibly embodying a program of instructions executable by 

the processing unit to perform method procedures for safe emergency landing of the 

unmanned aerial vehicle in the event of an engine failure, the method procedures 

comprising: 

generating a landing approach trajectory, comprising: 5 

a downwind leg, initiating at an initiation point of the trajectory; 

an upwind leg, terminating at a selected touchdown point; and 

a U-turn leg, joining between the downwind leg and the upwind leg; 

providing the landing approach trajectory to the flight control system, for directing the 

UAV to the initiation point to follow the downwind leg; 10 

repeatedly determining a glide ratio of the UAV, based on current flight conditions of 

the UAV; 

repeatedly determining a current turning point along the downwind leg for landing the 

UAV at the selected touchdown point, the U-turn leg initiating at the current turning 

point, in which the determination of the current turning point is based on the determined 15 

glide ratio and is performed each time with respect to a precedingly determined turning 

point; 

repeatedly determining a touchdown point corresponding to the current turning point, 

based on the determined glide ratio, in which the procedure of determining a current 

turning point is performed with respect to the discrepancy between: (i) the touchdown 20 

point that was precedingly determined in correspondence with the precedingly 

determined turning point, and (ii) the selected touchdown point;  

repeatedly providing the current turning point to the flight control system, for directing 

the UAV to glide towards the current turning point; and  

when the UAV arrives at the current turning point, indicating to the flight control system 25 

to direct the UAV to follow the U-turn leg and the upwind leg of the landing approach 

trajectory, for landing the UAV at the selected touchdown point. 

16. An UAV according to Claim 15, in which the flight conditions are selected from the list 

consisting of: 
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location and navigation information of the UAV;  

level of fuel onboard the UAV; and 

atmospheric conditions in the vicinity of the UAV. 

17. An UAV according to Claim 16, further comprising at least one sensor selected from the 

list consisting of: 5 

a sensor for continuously providing the location and navigation information; 

a sensor for continuously indicating the level of fuel; 

a sensor for continuously providing the atmospheric information. 

18. An UAV according to Claim 15, in which the downwind leg extends along a downwind 

path, and the upwind leg extends along an upwind path that is substantially parallel to the 10 

downwind path, the upwind path extending along the runway on which the selected 

touchdown point is located. 

19. An UAV according to Claim 15, in which the safe emergency landing system is 

incorporated with the flight control system. 

20. An UAV according to Claim 15, further comprising a database comprising a collection 15 

of touchdown points for emergency landing of the UAV, in which the program of instructions 

of the safe emergency landing system is executable to further perform the method procedure 

of selecting the selected touchdown point from the collection of touchdown points, in which a 

determined prospective height of the UAV over the selected touchdown point is sufficient to 

enable the UAV to perform the safe emergency landing at the selected touchdown point, and 20 

in which the prospective height is determined based on the determined glide ratio. 

21. An UAV according to Claim 15, in which the program of instructions of the emergency 

landing system is executable to further perform the method procedures of: 

determining a prospective height of the UAV over the selected touchdown point, based 

on the determined glide ratio; 25 

determining if gliding along a waiting trajectory is possible, based on whether the 

prospective height of the UAV exceeds a minimum height predefined to enable the safe 

emergency landing at the selected touchdown point; and 



 
 

72 

indicating to the flight control system to direct the UAV to glide along the waiting 

trajectory if determined to be possible. 

22. An UAV according to Claim 21, in which the program of instructions of the emergency 

landing system is executable to further perform the method procedures of:  

generating the waiting trajectory, comprising the sub-procedures of: 5 

generating a waiting pattern, located over an area in proximity of the selected 

touchdown point; 

determining a joining point along the waiting pattern; and  

determining an exit point along the waiting pattern from which the UAV can begin 

following the landing approach trajectory; 10 

providing the generated waiting trajectory to the flight control system for directing the 

UAV to join the waiting pattern at the joining point, to glide along the waiting pattern, 

and to exit the waiting pattern at the exit point. 

23. An UAV according to Claim 15, in which the method procedure of repeatedly 

determining a glide ratio of the UAV comprises auto-learning the glide ratio by iteratively 15 

determining the glide ratio until convergence to a definite value, in which the auto-learning is 

at least partially empiric. 

24. A system for mounting on a powered unmanned aerial vehicle (UAV) to allow safe 

emergency landing of the UAV in the event of an engine failure, the system coupled with a 

flight control system of the UAV, the system comprising: 20 

a storage device readable by a processing unit of the flight control system, tangibly 

embodying a program of instructions executable by the processing unit to perform 

method procedures comprising: 

generating a landing approach trajectory, comprising: 

a downwind leg, initiating at an initiation point of the trajectory; 25 

an upwind leg, terminating at a selected touchdown point; and 

a U-turn leg, joining between the downwind leg and the upwind leg; 

providing the landing approach trajectory to the flight control system, for directing the 

UAV to the initiation point to follow the downwind leg; 
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repeatedly determining a glide ratio of the UAV, based on current flight conditions of 

the UAV;  

repeatedly determining a current turning point along the downwind leg for landing the 

UAV at the selected touchdown point, the U-turn leg initiating at the current turning 

point, in which the determination of the current turning point is based on the determined 5 

glide ratio and is performed each time with respect to a precedingly determined turning 

point; 

repeatedly determining a touchdown point corresponding to the current turning point, 

based on the determined glide ratio, in which the procedure of determining a current 

turning point is performed with respect to the discrepancy between: (i) the touchdown 10 

point that was precedingly determined in correspondence with the precedingly 

determined turning point, and (ii) the selected touchdown point;  

repeatedly providing the current turning point to the flight control system, for directing 

the UAV to glide towards the current turning point; and  

when the UAV arrives at the current turning point, indicating to the flight control system 15 

to direct the UAV to follow the U-turn leg and the upwind leg of the landing approach 

trajectory, for landing the UAV at the selected touchdown point.

 


