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Performance Comparison of Depth Map Based Landing Methods
for a Quadrotor in Unknown Environment

Jong-Hyuck Choil,

Jongho Park? and Jaesung Lim®

Department of Military Digital Convergence, Ajou University, Suwon, Republic of Korea

ABSTRACT

Landing site searching algorithms are developed for a quadrotor using a depth map in unknown
environment. Guidance and control system of Unmanned Aerial Vehicle (UAV) consists of a trajectory
planner, a position and an attitude controller. Landing site is selected based on the information of the
depth map which is acquired by a stereo vision sensor attached on the gimbal system pointing

downwards.

Flatness information is obtained by the maximum depth difference of a predefined depth

map region, and the distance from the UAV is also considered. This study proposes three landing
methods and compares their performance using various indices such as UAV travel distance, map

accuracy, obstacle response time etc.
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Table 1. Score of three candidate landing sites

Candidate 1 Candidate 2 Candidate 3
D(lala 10 5 8
Fota 6.1851 14.5487 9.8831
Detection Algorithmo. 2 7}atE& ZHApHolu HWS &
Ast= "Who] Hls] AAR =o]E FE=3 T pAd9 =
o] WAE 0|83 BEE AMNGnz grjzoz N
=7t o, Aue =3 A(3],
Fdata = maX(Zw) 7min(Zw) (7)
olgt o] 5T A HolEst Be= HolHE A

J=R*D,,,+ (1—R)*F,

data

(8)
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oA7IM ¢, w, Kpy Kpy, Kpy K, Ky Ky, o 8AlOIth Spiral Landing 841 UAVZE 271 f1X]0)A]
Kpy Kpg, EKp,e AAMSoItE 2 (9)-(17)g ol ¥2 ZAF AHE 7I€o= 3 6 A9 wivtth 25
slol UAVY AlojAla®lg MAgic4-8]. Fig 39 AA 4 g UHT sE=
Plants UAVS 6A8% =98} mulS vjehdch s HHE Skl Algorithm

B AoNE Al 7HA #HE wye Aereich A w32 Spiral Landing FaSEel oAt EE UEHIG
A AL Fig 4oA B £

| 1%0] Hovering Landing
oty 39 RJAFF7I H==Z2Er S| ESE

o] th= HolA 7oz 42 #FWAolth Hovering
Landing® UAVZE 27] SI5lolH @2 28 xhoz 4
W olEg +UY & Uy nEE Pastn AF A
A daejEE 3sto] 25 g AT o] T E
4 #A5T u7tx] §rE3S Algorithm 12 Hovering g .
Landing ¥8|&9] YA ZES U
Algorithm 1 Landing type 1 (Hovering Landing) e L
0 : ‘ 20 “
Initialization: flag=1; flag £=0; LN
for entire simulation time ¥[m] 2 ZE;l"'g s )
if UAV is in position
flag=1; Fig. 4. Hovering Landing
end
if flag==1 and flag f==0
run landing site search algorithm
UAV next (x, y) position = next landing (x, y) 15,
position;
flag f=1; £ 10
flag=0; =)
end T 8y
if flag_f==1 and flag= =1 of . N
if UAV z position < threshold height 2
UAV z position+h; //Downward movement d N 2 P‘ R i 8 25
flag_f=0; i ) “1g
flag=0; a0 < Ao
end e EERS ’ X[rn]
end Fig. 5. Rotate and Landing
end
T WA WAl Fig 594 & 4 91%0°| Rotate and
Landing 4jelth. UAVZH A)std ZojA =] go]
AXz o = FFEC olg B3 Aoz d
e goie pasine o 449 ARAE AT A
S4Jo] #AZth Rotate and Landing W42 UAVZE & 5
AN Qe AR ARG Ao U B Asle
% 9y nEE FaT e 45 Ade BUE 9
s A5AR AW AY LnelEe st o] HPe |
258 wi7tA] WHESh Algorithm 2% Rotate and . &R i 25
Landing 2318)%9] oA} 1=S vhehdicy _a
Al ®A A2 Fig. 601 & 4 SlX°l Spiral o w b = x[:

Landing ®2o]tt  Spiral Landing 4] Hovering
Landing Al Rotate and Landing WA4S A7 Fig. 6. Spiral Landing
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Algorithm 2 Landing type 2 (Rotate and Landing)

Initialization: flag=1; flag_circle=0;
for entire simulation time

if UAV is in position

flag=1;
end
if flag= =1 and flag_circle= =
run landing site search algorithm
UAV next (x, y) position = next landing (%, y)
position;
flag_circle=1;
flag=0;
end
if flag circle= =1 and flag==1
x position = radius*cos(theta) +x target position
y position =radius*sin(theta) +y target position
if UAV goes around once
target point =target position
flag_circle=2;
flag=0;
end
end
if flag circle= =2 and flag==1
if UAV z position < threshold height
UAV z position+h; //Downward movement
flag_circle=0;
flag=0;
end
end
end
Algorithm 3 Landing type 3 (Spiral Landing)
Initialization: flag=1; flag_circle=0;
for entire simulation time
if UAV is in position
flag=1;
end
if flag==1 and flag f==
run landing site search algorithm
UAV next (x, y) position = next landing (%, y)
position;

flag_circle=1;

flag=0;
end
=1 and flag==
rhratio=UAV current height*radius_ratio;

if flag_circle=

X position =rhratio*cos(theta) +x target position
y position =rhratio*sin(theta) +y target position
z position=UAV current height-landing ratio
if UAV goes around once
flag_circle=0;
end
end
end
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o17|A d,= UAVZ} time step ¢ o5 A, D,

£ UAVZL ol&sdt Agtoltt 34 o%Loﬂ gt A=
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ORT=t,—t, (20)
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Point,,,, = S5* R, (21)

o714 S& 3 &9 #+99 YHol, R, = UAVZE &
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zZejo] Stk At o FoliEol Se IS UAVZE
5 4 itk UAVY % =27] 9A+= 7492 A
T, Lok 11m& 3AT F,,.9 S 77|
8 7t2 g NE Zo] 25cm=E AAsta(t = 25cm)
257 #A(n = 25)< YTTh

UAVE X, Y, Z&22 2 Z7ZF 2m/s2 1LE5oeZ A%
St Vo= 2m/s). Algorithm 1, 2014 UAVY 1=
ZtZF 1m(height = -1m), 3m®l(height = -3m) 7
sttt Algorithm 1, 2, 3°lA Hovering Landing}t
Rotate and Landing® YAE°lE= -1m=(threshold
height = -1m) Ad7%3tx, Spiral Landinge -2mZ A
73ttt (threshold height = -2m).
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Type 1°] Type 29t Type 3ol H[3l wt=2A Z}5Hst=
A& Fig. 95 & &AL 4 Aok Type 19 +5 &
A EFL oIzl FhHEte] AlA QoM g AHE Z
R X 33 A DA olBa] wiRel AA| olF Azt
Fig. 7. Simulation environment A AA A= #T Fig 9% &3 Type 29 xF
g0l F7NAHLR HRES A e 0] UEE
AeAE F A (2009 ORTE 57457l 918t UAV  slolst 2 olt}. o] 7+ UAVZF 7ol A4S 9ls) oF
7F 5m Aol & w AEdt 25 Ao o7t B wpm M3s & HEAH ME AnRS Lsysio] 2
2mQl Folgs BT 7 AFPAuT AEHOIHS 2 xye AAstn Y KMoz olxsl JL7toltt
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, st & HEl® 2238 oF & o)
Table 2. UAV system's parameter =T Spiral FE= H5TE & 5 A,
Parameter Values
Mass 1.25 kg
Arm length 0.265 m
R 0.33
- 0.0232 kg*m’ E
» 0.0232 kg*m’ 2
L, 0.0468 kg*m?
H, 45°
V}U 30‘7
K, 100
e . 2 o Xm]
K 08 . o
Fig. 8. Overall simulation
K,, 0.1
161 N 1
Kpy 10.0 M\ \ yap—
< 12f / 1
](Lﬁ 0.8 1o X - 7
Kpﬂ O,I 150 10 20 3‘0 40 5‘0 _ 60 7‘0 \8‘0 90 100
. AN SN
Ky, 8.0 _or < ;»hﬁ Ve \\ /7,7// N4 .
5 \\ —/ N \}4,/ g |
i, 1.5 N —
K 0 1 00 10 2‘0 3‘0 40 5‘0 60 7‘0 8‘0 90 100
D, . o] T T T T T
d 0.8 we "
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Ch 08 time(sec)
Fig. 9. Time histories of UAV's x, y, z position
Wy 6.0 . .
components in Fig. 8
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Type 29+ Type 39 &, F|A] Zo] 022 Sydhs

Phi

bl

Al

50 60 70 8

. " \\; T\hsta \‘v \ ‘\ il L
| o o LWWHM TLM"W]H” I

: W T

. . . .
0 10 20 30 40 50 60
time(sec)

100

Fig. 11. Time histories of Type 2 and Type 3 UAV's
roll, pitch, and yaw angles in Fig. 8

Ztol Qlth o] F7H2 upERIR 25 AH g gn
d&g A4S AAstE #3toln, FHF
25 Aol =AU ZAE dudFer T A5
A Ho] AX=EH &, g7l 0oz $ystHA UAVZE
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Table 3, Table 4, Table 5= Type 1, Type 2,
Type 3° oigt A ZA3E UERdTE Table 3, Table
Table 5% &3to] A =9 AHE=E Type 18 7|22
Type 2+ 15~60%, Type 3< 65~75% T4 A
I 4 Utk FEAEA Ao QS| Type 1ET
Type 29 Type 39 A= A= Adyt/ido] Attt Tt
T AUk &7 JHL2 Type 18 7I€22 Type 2
1.2~2.2H, Type 32 1.8~3.5H] soldt AL &QIg
Aoh. EFEHEA Zito] o8] Type 1Rt Type 2%
Type 39 d#/do] Atz #AGT £ ot Y
UAV7} o]&3t A8+ Type 1 WH] Type 2& 2~45
v, Type 32 3.8~4.58] Z7igith ZEAHo=g AN

to ku &
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Table 3. Hovering Landing simulation result

Type 1 Region (m?) Accuracy (%) Distance (m) ORT (s)
average 83 118 21.99 233
stdev 9.85 1.98 0.43
Table 4. Rotate and Landing simulation result
Type 2 Region (m?) Accuracy (%) Distance (m) ORT (s) Radius (m)
average 168 106 70.16 23.46 3
stdev 1.5 1.4 0.46 0.15
average 136 109 64.92 18.21 2
stdev 7.3 2.1 0.58 0.13
average 108 115 43.23 11.87 1
stdev 5.0 1.7 0.52 0.12
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Table 5. Spiral Landing simulation result
Type 3 Region (m?) Accuracy (%) Distance (m) ORT (s) Radius-ratio
average 283 102 73.53 5.65 0.7
stdev 4.2 1.2 0.86 0
average 208 103 64.33 4.2 0.5
stdev 1.0 0.6 0.6 0
average 141 104 60.58 10.65 0.3
stdev 79 1.8 0.2 0.01
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