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Heave Motion Estimation of a Ship Deck for Shipboard Landing of a VIOL UAV

Am Cho"' , Changsun Yool,

Youngshin Kangl and Bumjin Park'
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Abstract : When a helicopter lands on a ship deck in high sea states, one of main difficulties is the ship motion
by sea wave, In case of a manned helicopter, a pilot lands a helicopter on the deck during quiescent period of
ship motion, which is perceived from different visual cues around landing spot. The capability to predict this
quiescent period is very important especially for shipboard recovery of VITOL UAV in harsh environments. This
paper describes how to predict heave motion of a ship for shipboard landing of a VTOL UAV. For simulation,

ship motion by sea wave was generated using a 4,000 ton class US destroyer model.

Heave motion of ship

deck was predicted by applying auto-regression method to generated time series data of ship motion.

Key Words : Shipboard Landing, Ship Deck Motion Estimation, VTOL UAV, Sea Wave

&

o2
o

=
SRCRAT

—
rLoye

o o g
:?‘:mmri
ol
o >
ind
o

fo it et o
o

Ship Helicopter Operating Limit)2
AA ARG, F2o|&F &3 7]
T2 S 28 Hxo o3 FF 9
D, vhghel o3 254 F99 o7, T Hi7|
b Ea oF gRlo o3 FEFs et
Received: August 14, 2014 Revised: 000 00, 2014 Accepted: 000 00, 2014

t Corresponding Author

Tel: +82-42-860-2984, E-mail: chol838@kari.re.kr
Copyright © The Society for Aerospace System

= =]
o

nlo
T

P AT FHAAE FF/ HPNA
T84 e ¥ol7) 98 M Fad kol

Fig. 1 Helicopter Shipboard Landing
(http://people.ischool.berkeley.edu/~aragon/)
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Table 1 Sea state

Sea Significant Wave | Sustained Wind | % Prob. | Wave Period (s)
State Height (m) Speed (Knots)* | of Sea | Ranger | Most
Number | Range | Mean | Range | Mean | State Proh.
0-1 0.00-0.10 1 005 0-6 3.0 0.70 - -

2 0.10-0.50 | 030 | 7-10 | 83 680 | 33-128 | 73
3 030-1.25 | 088 [11-16] 133 270 1 50-148 [ 735
4 125-250 | 188 [17-21] 190 | 2780 | 61-152| &8
3 250-400 | 325 [22-27| 245 | 2064 [83-155] 97
6 400-600 | 500 |2®-47] 375 | I35 | 98-162 | 124
7 6.00-9.00 | 750 [48-35| 515 | 605 [118-185] 150
§ |9.00-1400| 1150 |56-63] 59.5 LI | 142-186] 164
> 8 1400 | > 1400 »63 | =630 005 | 157-237| 200
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Fig. 3 Sea Wave Elevation
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Fig. 4 Encountering Sea Wave Elevation: U=10kts, y=150°

Input: wave Output: ship motion
—— Shlp E——
n(w)e™ g (w)e™
&(w)
R.(w=="-2= j=12,.6
Sw) pres) j=L2...

Fig. 5 Ship motion model by sea wave
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Fig. 6 Notation and sign convention of ship motion
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Fig. 7 Heave motion of heli-pad at seca-state 5
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Fig. 9 AR Model for heave motion prediction
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