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Abstract: The prediction of time intervals in which ship motions are sufficiently small –quiescent periods- 
is important for several purposes. For instance, it is a relevant aid for helicopter landing on ships. There 
have been important efforts for ship motion prediction in real time. The first approaches were based on 
analysis of recent records of ship motion. Recently new measurement methods have been introduced, 
which measure wave height from distance. In this way the prediction horizon has increased. The paper 
reviews the problem, with a brief historical account of initial approaches and with more detail about new 
developments. 



1. INTRODUCTION 

There are several videos and photographs on Internet that 
shows helicopter landings on ships, sometimes with bad 
results. Depending on navigation conditions, this operation 
may be relatively simple, or very difficult and risky. Along 
interviews with helicopter pilots, we noticed that they agree 
in the common feeling that they know when the ship is 
quieter, giving opportunity for landing. The coined term for 
time intervals in which the ship motion is small enough, is 
quiescent period. This term ‘quiescent’ comes from Latin, 
and it is also used in medicine and other contexts. From 
decades ago, it is desired to predict next quiescent periods 
well in advance, to help pilots to decide when to land. This is 
also important for helicopter taking off, and for other delicate 
operations related or not with helicopters. 

First efforts on quiescent period prediction were based on 
analysis of ship motion records. Of course data taken along 
hours give information on sea state, in terms of statistical 
parameters: probability distribution, mean, deviation, etc. But 
the important thing is to predict the ship motion in the next 
seconds, and this is related with recent data. 

New measurement methods have been introduced, with the 
capability of measuring wave height from long enough 
distances. Based on this fact, prediction alternatives have 
been opened, and good, encouraging results are announced. 

To express in few words the two types of approaches, this 
paper uses ‘looking backwards’ to refer to methods using 
history of ship motions, and ‘looking forward’ to refer to 
methods measuring incoming waves from distance. 

After a more specific description of the quiescent period 
prediction problem, the paper reviews the topic with two 
sections, corresponding to looking backwards or forward. 
Two more sections complement the review with some words 
about aid systems for helicopter landing, and AUVs able to 
land on ships.  

 

2. PREDICTION CONTEXT AND TARGETS 

With respect to quiescent period (QP) prediction there are 
two important aspects. First, they should be long enough for 
operational purposes. Second, QPs should be anticipated with 
sufficient time in advance. 

Most specifications concerning QP prediction comes from 
literature and standards on helicopter landing on ships. There 
is some consensus in taking 1.5º pitch motion, and 2.5º roll 
motion, as the maximum operational limits for a helicopter to 
land or take off. For each particular case it is convenient to 
translate these r.m.s. values to peak-to-peak values and 
compute the resulting vertical motions. For instance, suppose 
the landing deck is 15m wide, then 2.5º r.m.s. roll means 
0.92m of peak-to-peak vertical motion at the deck border. 
And for the 1.5º pitch motion, if the distance of the landing 
deck to the ship’s c.o.g. is 50m the vertical motion of the 
deck is about 3.70m peak-to-peak. 

An important source of information on QP prediction is 
(Sherman, 2007). This Thesis includes a large bibliography, 
an evaluation of QP prediction methods, and interesting 
comments. For instance, a comment is that the establishment 
of operational limits comes from times when the landing deck 
was at the middle of the ship. Things are different now; 
landing decks are in many cases at the stern. 

As part of our present research, several experiments have 
been done in a towing tank facility near Madrid called “Canal 
de Experiencias Hidrodinámicas de El Pardo (CEHIPAR)” to 
obtain motion records of an 80m. long ship in different sea 
conditions. The recorded data have been analyzed to detect 
QPs inside the above mentioned operational limits. Next two 
figures show examples of the results. A limit of 3m peak-to-
peak heave motion was also considered. The three limits, roll, 
pitch and heave are combined to get the plot on top. Value 1 
means QP, value 0 means no QP. 
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Fig. 1. Quiescent periods for SSN5, 135º heading, 19 knots 
ship’s speed 
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Fig. 2. Quiescent periods for SSN6, 180º heading, 18 knots 
ship’s speed 

Notice in the previous figures that many QPs are short, and 
so perhaps not useful. 

The most cited first literature on QP is (Baitis, 1975, 1977; 
Baitis and Woolaver, 1975). In (Baitis, 1977) the 
recommendation was to predict QPs 8 to 10 seconds in 
advance for pitch, and 20 seconds in advance for roll.  

An important factor to consider is the ship seakeeping 
characteristics. The article (Comstock, et al., 1982) compares 
several ships from the perspective of helicopter landing. This 
article had an important impact on landing on ship standards. 

As the helicopter lands on ship, it has to be secured. This can 
be difficult. Next figure shows a photograph highlighting this 
aspect. 

 

Fig. 3. A photograph of a helicopter being secured 

The report of (Wilson, 1996) gives brief indications on 
helicopter securing and QP. 

Now, let us consider QP ‘quality’. At least, one needs some 
minimum time. In his large memorandum, with significant 
practical value, (Colwelll, 2004) writes that a QP with 4 
seconds duration is not enough for helicopter landing, but 6 
seconds yes. Years before (Kolway and Coumatos, 1975) 
write that it is possible to land and secure in SSN6 conditions 
and QP duration of 6 to 10 seconds. 

When the helicopter enters the area of influence of the ship, 
the air cushion changes and also the wind against the aircraft, 
there are turbulences, and pressure changes may force the 
helicopter towards the hangar. The research has devoted large 
efforts to study these aspects, as reviewed in the Thesis of 
(Lee, 2005) and the Thesis of (Rodriguez-Aragon, 2004). 
This last reference proposes an aiding device to show to the 
pilot a display of the ship airwake in real time. In general, 
there exist diagrams with landing operational envelopes, in 
different conditions of navigation and wind, for specific pairs 
of ship/helicopter. The Thesis of (Van Hoydonck, 2006) offer 
extensive information on the qualities an helicopter should 
have for embarked operation: for instance not to have 
tendency to overturn due to ship roll (there are some videos 
showing accidents for this reason). 

3. LOOKING BACKWARDS 

The main idea of QP prediction methods that look back is to 
try to model the recent ship motions, in order to determine 
the next future motions. The ship acts as a low-pass filter 
with respect to incoming waves; it may happen that the 
combination of waves spectrum and the filter give a quasi-
periodic ship motion. On this basis, some prediction 
capability could be claimed.  

As soon as in (Kaplan, 1969), the Wiener filter was proposed 
for linear prediction of ship motion. It was successfully 
applied to a carrier, obtaining 6 seconds of prediction 
horizon. But the implementation was complicated, and so 
Kaplan proposed the use of Kalman filter. Actually, the 
Kalman filter is the basis of several attempts, like 
(Tryantafillou, et al., 1983) that obtains a prediction of all 
ship motions 5 seconds in advance. Previously (Tryantafillou, 
et al., 1982) obtained 10 seconds with respect to roll. In 
(Sidar and Doolin, 1983) the prediction horizon can reach 15 
seconds with respect to pitch and heave. Note that most times 
the pitch and heave motions are slower than roll motions. A 
more complex approach has been proposed by (Lainiotis and 
Charampoulos, 1992) with an adaptive bank of Kalman filters 
using parallel processing. 

In the 80’s the methodologies based on time-series models 
gained attention. Using ARMA models, (Yumori, 1981) 
obtained 2 to 4 seconds of heave prediction on a real ship. In 
(Broome and Hall, 1998) the approach obtained 10 seconds 
prediction time with respect to heave, pitch and roll. In a 
recent paper, (Yang, et al., 2008) Bayesian techniques are 
proposed; this paper includes a review on the use of ARMA 
models for PQ prediction. 
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Some authors explored the use of neural networks, like 
(Lainiotis and Plataniotis, 1993; Shen and Xie, 2005). 

4. LOOKING FORWARD 

The methodology that looks forward involves three tasks. 
First, to measure waves from enough distance. If one 
considers a wave as the composition of several harmonics, it 
is easy to see that waves change along travel, since each 
harmonic moves with a different velocity. Therefore, the 
second task is to predict wave deformation as it moves 
towards the ship. And the third task is to predict how the ship 
will react when she encounters the incoming wave.  

 

Fig. 4. The three tasks of looking forward 

Let us consider separately a ship modelling aspect, which we 
could say is more conventional, and the combination of wave 
measurement and propagation modelling. 

4.1  Ship Motion Modelling 

There has been extensive research on the modelling of ship 
dynamics to predict ship motions in response to encountered 
waves. A large bibliography on this topic can be found in the 
Thesis of (Suleiman, 2000). Likewise, there are several 
computer programs in the market covering this aspect. An 
interesting application of the time-series approach is (Mc Cue 
and Campbell, 2007), in this paper the authors obtain 
approximations to the equations of ship motion from 
experimental records of ship motion data. 

4.2  Wave Measurement and Propagation Modelling 

In (Dalzell, 1965) some initial ideas were presented on the 
prediction of PQ, the limitations of looking back, and the 
possibilities of looking forward.  

Probably the article that awakened most new expectations 
was (Morris, et al., 1997). The article focused on how to 
apply the Fourier transform to distant waves, in order to 
predict their propagation. The authors defined two methods, 
with fixed time or with fixed point, and achieved up to 30 
seconds prediction time. A second article on these 
contributions is (Belmont, et al., 1998). 

By the way, it is interesting to note that the prediction of 
incoming waves is useful for different applications, not only 

ship motion. For instance, (Halliday, et al., 2005) consider 
the contribution of (Belmont, et al., 1998) for the context of 
electricity generation from waves. 

Further research has studied in more detail the proposal of 
(Morris, et al., 1997). In (Edgar, et al., 2000) there is an 
analysis of the parameters that make influence on the 
maximum achievable prediction time. Examples of these 
parameter are water depth and sea spectrum bandwidth. The 
following figure is taken from (Edgar, et al., 2000) and shows 
the variation of maximum prediction time in function of 
water depth; a maximum prediction time of 120 seconds can 
be reached in certain conditions. 

 

Fig. 5. Maximum prediction time in function of water depth 
(Edgar, et a., 2000). 

Progressing on the cited proposal, (Belmont, et al., 2004) 
study the effect of statistically dependent phases on the 
prediction. Later on, (Belmont, et al., 2006) come with an 
interesting proposal: to build filters that reproduce the wave 
deformation as the wave propagates. 

Although the cited approaches are based on linear models, 
the issue can be tackled considering also nonlinearities. The 
Thesis of (Wu, 2004) is a good example of this way, plenty 
of details. A recent paper in the same vein is (Blondel, et al., 
2008). 

In (Nieto-Borge, et al., 2004) a method of radar image 
processing was described, giving the capability of measuring 
wave height from distances up to 3 nautical miles. This is 
part of the recently presented results of the OWME project, 
announced in the web page of MARIN. The information 
given is that PQ are predicted 2 minutes in advance. A recent 
paper on that is (Dannenberg, et al., 2009). 

Wavelets can be used for the study of wave propagation. For 
example, this is included in (Dong, et al., 2008) when 
considering the fact that waves groupiness tend to decrease 
near the coast. Next figure, taken from this paper, shows 
wavelet spectrograms of several waves at three points along 
their propagation. 
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Fig. 6. Wavelet spectrogram of several waves at three points 
along their propagation (Dong, et al., 2008) 

5. AID SYSTEMS 

Several authors have proposed visual systems to help pilots 
landing on ships. For example, the system could be like a 
semaphore telling that at present there is a QP, or not. This is 
the idea of (Ferrier, et al., 1998, 2000), which has been 
applied in several ships. The results of the system are 
analyzed in (Carico and Ferrier, 2006). The main problem is 
to avoid giving green for too short QPs. The indicator system 
is based on a ship motion energy index, defined by (O’Reilly, 
1987). 

The already mentioned memorandum of (Colwell, 2004) 
criticizes the use of a sole index, claiming that pilots need to 
know which ship motion is causing difficulty. Another 
interesting comment in this memorandum is that pilots have 
usually good judgment about lateral motions of the ship, but 
not so regarding vertical motions. Actually they choose the 
worse moment for landing 4 of every 5 times. 

There are some companies with landing deck motion 
monitoring systems, and pilot visual aids. Let us mention 
QuinetiQ, Kongsberg, AVT, CILAS, FUGRO, etc. The most 
recent information on their products appears on the web sites 
of these companies. 

Due to the difficulty of helicopter landing on ships, some 
physical aiding systems are being used. The Curtis-Wright 
company offers the RAST system, and more recently the 
ASIST system. With the RAST system, the helicopter is 
attached to a cable, and the ship tows down the helicopter 
until touching the deck, and then it secures the helicopter 
with the cable. Next figure shows a photograph of helicopter 
landing using the RAST system, the two men on the flight 
deck are helping to attach the cable to a light rope from the 
helicopter. 

 

 

 

Fig. 7. Photograph of helicopter landing on ship using the 
RAST system 

While in the RAST system, the ship is in charge of the cable, 
in the new SAMAHE system the helicopter is in charge of it. 
With the SAMAHE system, the helicopter throws a harpoon 
to attach the cable to the flight deck; the winch for cable 
handling is on board the helicopter. 

6. UAVs 

There are several initiatives in order to obtain UAVs that can 
automatically land on ships. The issue of QP prediction is 
also relevant here. 

The problem of automatic landing on ships has been treated 
by Isidori and his team (Marconi, et al., 2002). A recent 
contribution is (Esmailifar and Saghafi, 2009), focusing on 
robust control against wind and ship motion. A timely and 
extensive work in this area is the Thesis of (Nourghassemi, 
2009). 

Like in manned helicopters, it is convenient to use physical 
aids for unmanned helicopters. This aid could be a tether, like 
it is reported in (Oh, et al., 2006), or versions of RAST or 
SAMAHE (Brown, 2008). 

Other type of landing aids consist in two inter-communicated 
sensorial systems, one of the sensorial systems in the 
helicopter, and the other on board the ship (Doucy, et al., 
2007). 

Next figure shows a photograph of the CAMCOPTER on a 
ship landing deck. This is one of the existing unmanned 
helicopters that are able to land on ships. 
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Fig. 8. Photograph of the CAMCOPTER UAV on a ship 

 

7. CONCLUSIONS 

A review of quiescent period prediction has been presented. 
A first section has been devoted to describe main aspects of 
the problem, which has a relevant role in the case of 
helicopter landing on ships. The review considers two main 
alternatives for prediction: one is to use data records of the 
last ship motions, and the other is to use measurement of 
weaves from distance.  

The first prediction alternative could obtain small prediction 
times, 15 seconds at maximum. The second alternative is 
more promising, reaching 2 minutes of prediction time. Few 
comments about QP quality has been detected in the 
literature, since the main problem nowadays is to get large 
prediction times. 

The paper devotes two brief sections to aid systems for 
landing on ships, and to UAV capable of landing on ships. 

The QP prediction is a topic that attracts more and more 
interest, because the increasing number of delicate operations 
that should be done in good conditions, and this is the case 
with helicopter landing, and because the perspective of 
having more UAVs in use. 

Most of the cited literature can be reached from Internet. 
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