
7. Wind Current Example Problem. The fol­
lowing problem is intended to illustrate the 
vo.rious computationa.l procedures described in 
the previous sections. 

Given: Present time is 0000 on the 14th. In­
formation is received that a distress occurred 
at 0000 on the 13th. Position of the distress is 
40°-00' N, 60°-00' W. Search is expected to 
commence at 0800 on the 14th a.nd to be com­
pleted by 1600 the sa.me da.y. The following 
we&ther infOImation is obtained : 

Da, TIm, WlnddJreo. Wlndspeed . F.1ch 
Uon (" T.) (knots) (mil .. ) 

ll ______ 
0000 330 40 750 

12 ______ 1200 280 35 200 
13 ______ 

0000 270 15 400 
13 ______ 1800 310 10 600 
14 ______ 

0000 305 25 800 
14 ______ 0600 320 12 200 

The first step is to segrega;t,e the wind da.ta. 
into periods ba.sed upon directiona.l cha.nges a.nd 
subperiods ba.sed on wind speed cha.nges. This 
maybe a.coomplished by inspection a.nd is shown 
as follows: 

Wind Wind Speed 
(knots) Dire.llon("T) 

330 
Period 1 1 

280 
2. 

270 

310 P.riod 2 

305 

320 
P.rlod 3 

Period 1: 

Wind dura.tion = 36 hoUl's 
Wind direetion=3300 T 
Wind speed = 40 knots 

2b 

2. 

201 

3 

40 

35 

15 

10 

25 

'12 

WC direction = 330° + 180° + 20° =530° = 
1130° - 360° = 170° T 

The wind current speed rea.ches a high of 1.04 
knots &fter its 36 hour duration. Since a change 

of wind direction greater than 45° occurs at 1200 
on the 12th, decay of the current commences a.t 
that time. From figure 8-9 we determine that 
the current will decay to zero over a 48-hour 
period. For this problem we are only inter­
ested in the magnitUde of the current velocity 
between 0000 on the 13th and 1200 on the 14th. 
By 0000 of the 13th current decay has been 
occurring for 12 hoUl'S. ];::lfeetive duration is 36 
hours, therefore the "Greater'tha.n 18 hours" 
curve of figure 8-9 applies. we speed "" 0 + 
(1.04) (0.5) = 0.52 knot. Current velocity a.t the 
end of the time of interest is we speed = 0 + 
(1.04) (0) = O. The t<>p curve of figure 8-11 
represents the growth and decay of this wind 
current. For cases suc,h as this with large build­
up a.nd decay duration identification of cur-, , 

rent speeds at intermediate times will improve 
the accuracy of the solution. The mean current 
speed during the period of interest is computed 
linearly to be 0.26 knot. The wind current is thus 
170' T a.t 0.26 knot. Since we are interested in 
the drift etrect of the wind current we must 
convert speed into distance. The wind current 
generated by this wind acted on t,he distressed 
craft for 36 hours. The drift vector is found to 
be towards a direction of 170° T 1'or a distance 
of approximately 9.4 miles. 

Period fJ: 

Bubpertodo (.) (b) (,) (d) 

Wind duration (hours) _ _ _ _ _ 12 18 6 6 
Wind direction' T________ 280 270 310 305 
Wind speed (knots)_______ 35 15 10 25 

Wind current di'N!fltion for the entire period is 
ba.sed on the mean wind direction. The mean 
wind direction is computed by weighting the 
various directions by the duration of their exist­
eri~Mean wind direction = 

, ,(12)(2&0)+(18) (270)+,6(310)+6(305). 
12+18, + ,6 + 6 

,<., ..•. =114~10_284°T. 

WC dinlCtion=284° +'l"SO? +20'=484°. WC 
direction=484°'-3/l0o=124°T. .. 

The first step in determining current speed is 
to inspect the wind speed changes for the pur-
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pose of detennining the type of action which 
should be taken for each speed subperiod. 
eh~nges in wind speed eq~l to orIess than 10 
knots allow us to combine the subperiods. In this 
example subperiods 2b =d 2c are cOmbined into 
~ single subperiod =d the mean wind speed is 
used. 
Wind speed (subperiods 2b ~nd 2c) 

(18)(15~(6)(10) ~~,=14knots: 

Period 20. is a build-up period,.; the current 
reaches a ma.ximum speed of 0.54 knot, Tr=si­
tion from period 2~ to pel'iod 2bo l"6C}uires use 
of the decreasing speed method. The maximum 
limiting CUl"l'ent 8uPI>0rtsble by a 14 knot wind 
is 0.29 knot. The current decay differenti~l is 
0.54 minus 0.29 or 0.25 knot. The effective dura­
tion of this decay is 12 houl's minus 4 houl'S or 
8 hours. Using ligure 8-9 decay ~m Jl.54 kn(>t 
to 0.29 knot requires 12 hoUl's, thus the stead) 
state current of 0.29 knot will exist by 1200 on 
the 13th. The current velocity will increase when 

Amend. 2 

0000 
13 

PERIO,D3 1_ 
13 

0000 
14 

l/ 1_ 
14 

the wind speed ch=ges from period 200 to 2d. 
At the time the ch=ge starts, 0000 on the 14t} 
the current speed is 0.29 knot. For a 25 knot 
wind speed the equiv~lent duration of a 0.29 
knot current is approximately 6 hours. This is 
added to the 6 hours duration of period 2d 
yielding = effective duration of 12 hours. The 
current at the end of period 2d is 0.5 knot. A 
change in wind dh'eCtion greater than 450 00-

curs at the end of period 2d. Decay of the 0.5-
knot current to zero COmmences at 0600 on the 
14th. From fignre 8-9 it is determined that it 
will take 24 houl'S to compl~te the d • .cay. Decay 
would be complete by 0600 on the 15th. How­
ever, we are only interested in current effects 
up to 1200 on the 14th, therefore the current 
speed existing at 1200 on the 14th must be deter­
mined. Decay time is 6 hours; entering fignre 
8-9 the decay factor is determined as 0.5. we 
speed = 0 + (0.5) (0.5) = 0.25 knot. The middle 
cUrv!:l.of fi/,rure 8-11 repl''''"lllts the genel'ation of 
wind driven current during this period. 



The wind' current speed during the period of 
interest for drift effect OOOU, 13th to 12OU, 14th 
is 0.36 knot. The drift caused by the wind cur­
rent of this period is towards 124° T for a dis­
tance of 13.1 miles. 

P~riod 3: 
Since 1200 on the 14th is the midsearch time, 

we are only interested in the effects caused by 
the w!nd current that was gel!erated during the 
first SlX hours of the current's existence. 

Wind du~.tion=6hours. 
Wind direction=3200 T. 
Wind speed = 12 knots. 

we Direction=3200 + HlO° +20°=520°. we 
Direetion=5200-3600=160° T. 'we speed at 
the end of 6 honrs is 0.22 knot-The mean we 
speed for the period is 0.11 knot. The .. drift 
caused by this current is 0.7 mile in the direc­
tion 160° T. 

The total drift effect attributable to wind cur­
rent. for this problem is the vector combination 
of th .. various periods. Period 1We drift is 
170° T for 9.4 miles. Period 2 we drift is 
124° T for 13.1 miles. Period 3 we drift is 
160° '1' for 0.7 miles. The total drift caused by 
wind driven cm'rents is 144° T for a distance of 
21.4 miles. Figure 8-12 is a graphic solution of 
the vector combination. 

i. Sea Currenl (SCI 

Sea current is the current present in the open 
sea that is caused by factors other than local 
winds. It. is the permanent, large scale flow of 
the oc.an waters. Sea current is also called slope 
current since a cross-sectional view woultl. re­
veal. that the surfaces are actually sloping 
rather than flat. Sea current is greatest in those 
areas where major ocean currents are found. 

There are several sources for obtaining sea 
current information. Various atlases and pilot 
charts will provide historical information. That 
is, information that has been tabulated over 
many years and then averaged to obtain gen­
eralized data for that particular atlas. This. in­
formation, called climatological inforJllB,tion, 
will only tell you what the sea current<!! were 
in the past-not neceesarily what.they a1'e at 
present. However the odds are that existing 
currents will be similar to their climatological 
history. 

Synoptic charts provide information that is 
based on the immediately past weather and 
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?<-nographic information. If the input data 
18 ample, these charts will provide information 
on what the existmg currents are at the present 
time. 

Some published sources for obtaining sea Jur­
rent information are discussed bel<YW. Most of 
these sources provide historical values of sea 
current information for use in the miMal plan­
ning stage of a search. Subsequent current in­
formation should be obtained by on scene qb­
servations whenever possible as discussed in 
paragraph 814. This latter information has the 
advantages of accuracy and the .fact that it pro­
vides a combined wind current and sea current 
vector. Furthermore, when more accurate ini­
tial information is available, it should be used 
instead of the sources listed below for the initial 
plll,nning stage. Such information might be ob­
tainedfrom Naval Oceanographic Office com­
puter files, SAR current charts prepared by the 
qoast Guard Oceanographic Unit for specific 
areas, other current charte prepared specially 
for local areas, etc. 

1. Scrctlon 1 of the Oceanographic Atlas. This 
document, published by the Defense Mapping 
Agency, may be used when the publication is 
avails,bIe for the area in question. It is prefer­
red over the Atlas of Surface Currents or Pilot 
Oharts. ~'or the current direction, the red and 



blue arrows on the pages identified as the pre­
vailing surface currents for the season desired 
are used. Green and black arrows represent 
relatively unsteady currents which are ignored. 
Current speed is given on the adjacent plastic 
overlay pages identified as the mean current 
speed. Use the speeds given by the nearest con­
tour lines and visually interpolate to the near­
est 0.1 knots. For spring and autumn currents, 
use averages of the direction and speed from 
the winter and summer charts. In this case the 
current obtained from a green arrow may be 
averaged with that from a red or blue arrow. 

2. Atla. of Surface Current •. This· document, 
published by the Defense Mapping Agency, is 
no longer available in those areas for which the 
Oceanographic Atlas has been completed. In 
other areas they ",ill have to be used until the 
issuance of the replacement Oceanographic 
Atlas. Use the black arrows and numerals (the 
resultant currenta) shown in the one degree 
quadrangles as the basic figure and nots the 
direction and speed. To determine the current 
steadiness, use the· green arrow from the cur­
rent rose in the five degree quadrangle which 
most nearly approaches the direction of the 
resultant current (black arrow) and compare 
it with the scale of frequency percentage. If 
the steadiness is less than 40 percent, the sea 
current is considered wlsteady and should be 
ignored in drift computations. 

3. Pilot Cham. These charts, issued by the 
Defense Mapping Agency, are published 
monthly. Select the pilot chart for the body of 
water, the month, and the year involved. Check 
the descriptive information on ocean currents 
and the month. Obtain current direction and 
velocity from the cw·rent arrows displayed on 
the chart. If the currents in the area under con­
sideration are weak, variable or doubtful, ignore 
sea current in drift computations. Pilot charts 
should be used ouly when no other method. is 

. available. 
4. Synoptic Cham. Synoptic ocean current 

charts are prepared by Naval facilities and dis­
tributed by Fleet Weather Centers. These 
charts are still in the experimental stage but, 
in time may become the most accurate source 
for ocean currents. Caution must be used with 
these charts to determine if the current depicted 
is the sea current, wind current, or a combined, 
l'e8ultant current of both sea and wind currents. 

5. Sea Current U.e. Sea Current displacement 
is usually not computed for an incident of less 
than 4 hours of drift, unless the target is in a 
relatively high speed current area such as the 
Gulf Stream. 

Sea current will move a floating target in 
oceanic water areas. Sea current and wind cur­
rent combine to form the total water current in 
oceanic areas, for all practical purposes. Oce­
anic areas are defined as the ocean surface 
where the influence of tides, coastal rotary cur­
rents, and rivers are not predominant. Gener­
ally this boundary occurs at approximately 
300' depth of water. However, only local knowl­
edge will provide the SMC with information 
on how close to the shoreline he should con­
sider sea current to be an influencing drift 
factor. 

I. Tidal Current ITCI 

Tides are caused by the gravitational pull of 
the moon and sun. However, tides are atl'ected 
by the depth and shape of the sea basin along 
the coastal areas. In coastal waters, currenta 
will usually be caused by tides and they change 
in direction and velocity as the state of the tide 
changes. In some piaces the tidal currents will 
be of the reversing type which abruptly change 
direction approximately 1800 at floodtide and 
slack water. In other places, the direction will 
change in small incrementa SO as to create a 
constant rotary current. Variations of these 
tidal etl'ects may also be found. The exact etl'ect 
of the tide on currents in any specific area may 
be found by consulting current tables or current 
charts. Local know ledge is of great value. in 
dealing with movements of tidal currents. 
While the changes in direction of tidal currents 
have a tendency to nullify the cumulative etl'ect, 
they must be considered in computing drift for 
the following reasons: 

1. Often, with reversing currents, the current 
etl'ect in one direction is gI...ater than in the 
other so that, Over a period of time, the cwnu­
lative etl'ect is more in one direction than the 
other. 

2. Even over short periods of time, the flow 
of tidal current will cause changes in the prob­
able position of the target for any given _reb 
times. 

Since most areas affected by tidal currents 
will be close to land maeses, wind current will 
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not usually be a mtor in detennining drift. Be· 
MUse of this, drift computations will usually 
depend on the two fa.ctors of tidal current (in 
place of sea. current) and leeway. 

The cumulative effect of tidal currents may be 
such a.s to eventually thrust the target into areas 
where sea. current ta.kes effect. In such cases, 
water current considerations may shift from 
tidal current to BOO. current in the later stages of 
a SAR case. 

k. Lake Current ILCI 

Any large lake may have a water current pat­
tern which can vary due to changes in season, 
weather, time of da.y, etc. Inform.a.tion on cur· 
rents existing in lakes usually must come from 
local knowledge. 

J. River Current IRCI 

SAR incidents Which occur in rivers ILl\d in 
offshore a.rea.s near river mouths wiU be affected 
by river current. 

Tidal currents will affect the river current 
speedsnBlj.r the mouths of the rivers. In large 
rivers this effect may be noticed several miles 
upstream from the mouth. Published current 
tables often give values which a.re combinations 
of tidal and river flow effects. These a.re among 
the a.rea.s where reversing currents . will be 
greater in one direction than the other. . 

On tb,e other hand, river current witfltffect 
both tidal current and. sea. current on the dis· 
charge s~de of itS mouth. Some major rivers such 
a.s the Ama.zon extend their influence several 
hundred miles offshore. Some rivers can have 
their discharge area.s expanded in the spring 
months when the winter snows run of!' and up· 
stream spring rains occur. 

Most large rivers have data. published on their 
currents. The National. Ocean Survey and the 

local knowledge, or by direct observation. 
If any type of offshore current is present, the 

SMC should expect that the river discharge will 
not fan out symmetrically, but will. be displa.ced 
in the direction of the offshore current, a.s shown 
in figure 8-l3B. 

River Discharge 

•. NO OFFSHORE CURRENT 

BOUNDARY 

OFFSHORE 
WATER 

b. OFFSHORE CURRENT PRESENT 

I ~ ... .. 
1---_...1· ~:.k::::------

OFFSHORE 
CURRENT 

FIOURE S-13 

m. Bottom Current IBC! 

Army Corpe of Engineers a.re the most promi- Bottom currents must be considered in all 
nent publishers of river current information. underwater incidents. Usually bottom currents 
Bounda.ries of discharge areae are usually visi· are not sufficiently strong to move a sunken ob· 
ble since the muddy river water is contrasted ject, including a body, However if the .bottom 
with the cle&ller BOO. water. ctjrrent exceeds 4 to .5 knots, as is possible with 

When estimating river current in the dis- a rain·swollen flooding river, the posSibility 
charge area a.ssume the current direction is a existS that' the sunken target may be tumbled 
straight line from the river mouth to the dis· along the bottom of the river. 
charge boundary, a.s shown in figure8-lS. As- In addition, bottom CUlTBnts will definitely 
sume the river current spee<fdecresses linearly limit the use of divers and submersibles. Divers 
from the river mouth to the discha.rge boundary. are limited to about 2 knots of current. Most 
The river current speed at the mouth can usually submersibles have maximum speeds of about 2 
be obtained from published current data, from to 5 knots. 
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Bottom current infonnation can be obtained 
from the Defense Mapping Agency Oceano­
graphic Atlas for certain harbor, coastal, and 
oceanic areas. In addition, Defense Mapping 
Agency or Naval Fleet Weather Centers may 
be able to provide special analysis services for 
underwater and bottom currents. For bottom 
currents in harbor areas the U.S. Army Corps 
of Engineers should be consulted. 
n. Long-Shore Currents (LSCI 

Long-shore currents are only considered in 
coastal areas within 1 mile of the shoreline. 
Long-shore currents are caused by incoming 
swells striking the shoreline at an angle. Long­
shore current infonnation must be obtained 
from direct observation or local knowledge. 

o. Swell/Wave Current ISWCI 

When winds are nil, rafts and other small 
marine search targets may be allected by swells 
and waves in the area. The elleCt is similar to 
leeway in that the raft is being moved throngh 
the water. However swell/wave current speed 
is so small, under 0.1 knot, that this drift force 
is usually ignored in detennining general seareb 
areas. It is useful however for detennining 
probable direction of target movement in some 
cases. 

p. Surf Current .SUCI 

Surf current is only considered for incidents 
occurring in coaetal surf areas. It is more of 
a rescue or salvage factor than a search plan­
ning factor. Surf currents will move a drifting 
object after it enters the surf zone. If no long­
shore current is present, the surf current will 
move the object perpendicular to the line of 
breakers toward the shore. If a long-shon)' cur­
rent is present, the object will be dmplaeed 
simultaneously in the direction of the long-shore 
current. 

Rip current is a special type of surf cur­
rent. It is a narrow band of current flowing 
seaward through the surftine. It is a result of 
the long shore current bnilding up a large vol­
ume of water along the besch line, and then this 
water bursting through the incoming surf, go­
ing back to sea. Rip currents ,are only a few 
yards wide going through the surftine, but they 
fan out and slow down after passing the surf-
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line. Rip currents occur ,,,hen long shore cur­
rents are present, and in places where some 
fonn of bottom trough, bottom rise, or shore­
line feature assists in deflecting the long shore 
current buildup in a seaward direction. 

812 Applying Drift Forces 

The drift forces to he applied to any specific 
incident will depend upon the type of incident, 
the location, and the information available 
for estimating the ellect of the forces. 

813 Plofflng Drift Forces' 

Surface drift forces that act upon the search 
target are plotted vectorially as shown in figure 
8-14A. Since all the drift forces are acting si­
multaneously ,on the drifting object, its actual 
path will be along the resultant drift line. The 
lengths of the ,'ectors used in search planning 
are measured in units of distance. In anyone 
solution the same distance scale must be used 
for all vectors. 

Therefore, it should he thoroughly under­
stood that even though some sources give drift 
information as speeds or velocities, these must 
all he converted to the distance covered in the 
same time interval as the rest of the ,-ectors 
used in that solution. 

For example, suppose 4 hours have elapeed 
since the datum was last computed, and you now 
want to recompute the additional target drift 
(displacement). Using the example vectors of 
figure 8-14A, suppose leeway speed was 0.4 
knots, wind c)1r1'ent was 0.3 knots and sea cur­
rent was 0.2 knots. The lengths of each vector 
would represent 1.6 miles, 1.2 miles, and 0.8 
miles respectively (Speed 'X 'time = distance). 
If this were plotted to scale on the search plan­
ning chart, it 1W0uld show the geographical lo­
cation ol Datum.; 

814 On Scene Obs.rvatlons 

While predicted values for wind and current 
will most likely be used during initial search 
planning, every ellort should be made to obtain, 
as soon as possible, on scene <ibservations. These 
may be obtained as follows: 

1. Ships and stations in the vicinity of the 
incident should be queried in order to obtain the 
m~ recent observations of winds. Likewise, if 
ships in the area are capable of measuring cur-
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rent from observations, such obs~rvations 
should be taken and repor~d. 

2. Expendable surface current, probes (ESCP) 
are· devices used for .. measuring instantaneous 
surface current at the observer's location and 
are carried by, some search and rescue units and 
some oceanographic units. A probe should be 
deployed by the first unit which arrives on the 
scene of the incidentcin order to obtain an im-

mediate measurement of the surface current. It 
must 'be emphasized that current obtained in 
this manner may not hold true for the duration 
of the case, "and may not hold true for other 
time periods or locations. This is particularly 
true in areas affected by tidal current. It should 
also be noted that the current obtained by 
means of a probe will be a combination of .all 
surface currents existing in the sea .atthat loca­
tion. See figure 8-l4B. 

3. Datum ma.kerbuoys (OM B) are specially 
designed droppable floating 'beacons which 
transmit a signal 'on UHF frequencies. These 
buoys are. carried by some search and rescue 
tlnitsand the first search unit so equipped ar­
riving on scene should mark datum even if not 

"specHically directed to do so by the SMC. The 
buoy will then act Be 'R drifting datum point 
and navigation aid for S(!aroil; aircraft: Since 
no leeway will exiet(the buoywiH give 8Jl ob­
served value for all surface currents existing in 
the sea. As the miS(!ion progresses the SMC 
need only apply computed leeway, over the 
time period from the time of inS(!rtion, to the 
DMB's position in order to obtain a very accu­
rate datum. If subsequent datum marker buoys 
are' deployed, they should be deployed at" the 
newly computed datum in lieu of the previous 
marker's position. For example, if a datum 
marker buoy were dropped at Datum, in figure 
8-140, it would drift along a line to the end of 
the wind driven current vector. A computed lee­
way' vector would then be· added to the· datum 
market' buoy's position after drift, and Datum, 

. ';would' be,the position for dropping the second 
·'.·datum marker hUoy. 

The DMBwill provideian' excel'lent means of 
'J measuringthe actual s~a current, existing' in the 
,Jarea ovelithe peHod ofit.s"drift~ Ho,\\,ever, when 

using. DMBs'iil! aooasof.·minimal."current" .the 
first dayis obsel!V:lloions may ·be qUI\I!~ionO:bledue 
to navigatiollllli error of.,phe obseryi;'g platform. 
The average over two to three· days observa­
tions will reduce the overall effect of such error . 

. Accordingly, in the long term, it can give a 
more accurate estimate than other measure­
ments. 

As with current probes, itmusthll empha­
sized that the current information obtained by 
a,DMB ohservation sho.uld .. be used with cau­
tion. Although the DMB !Will pm:vide actual 



current existing at the time of its deployment 
and subsequent to that time, it will not neces­
sarily reflect the true current affecting a SAR 
objective during other time periods or in a dif­
ferent location. Caution should also be exercised 
in utilizing observed drift information if a 
DMB is used in an area close inshore or in an 
area known to have diverging current systems 
within close proximity to each other. 

When DMBs are not available to search air­
craft, datum should be marked by some other 
suitable means. ASW aircraft can use sono­
buoys for this purpose. If vi~ual markers are 
used, such as smoke floats or dye markers, 
datum must be re-marked before the original 
dissipates and successive re-markings must be 
made. Another substitute, when DMBs are not 
available, is to send a surface vessel to datum 
to act as a "drifter". The search planner must 
realize that use of a vessel in this manner de­
pri ves him of the use of the vessel as a search 
unit and also that the vessel will have a leeway 
of its own. The effect of the former must be 
weighed against the advantllges of the drift 
determinationbellring in mind that the area 
that clln 'be covered by a vessel is small, in com­
parison with that covered by search lIircraft. 

815 Minimax 

Oeca.siona.lly the informa.tion a.va.ilahle a.bout 
the incident is so uncerta.in tha.t the SMC must 
mllke severa.l a.ssumptions to develop a datum 
point. This problem is overcome by taking, all 
the unknown or uncerta.in factorS a.nd then de­

, oiding what their least pracl.i.caJ value a.nd their 
gooatest pra;cticaJ value would be., " 

The lea8tpracticaJ values of all the u~o'lVll 
va.ria.bles ,a,re vectoriaJiy added together., This 
will provide the ,minimum distanceithat the 
sea.rch ta.rget,should'be from'the initi8il position. 

The greate8t' practical values .of all the un· 
known varia.bles are vectoriaHy added together. 
This will provide the maximum distance that 
the search target could be from the initial 
position. 

The datum point is established midwa.y be­
t,ween the resultant minimum drift position and 
the resultant maximum drift position. This pro­
cedure is ca.lled minimax (minimum-maximum) 
plotting and is shown in figure 8-15. 

The minimum drift dista.nce is labeled dm1n, 

Mld t.he end of t.he ",-sultant w,ctor is referred tA) 
as the minimwn drift, position. The maximum 
drift distance is labeled dm .. and the end of the 
resultant v~,ctor is referred to as the maximum 
ddf(i position. The datum point ig labeled 
Dat.unlmintmax. 
Th~re 9,re ma.ny situat.ions for which minimtlX 
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~~­---- -_ • d .... 

POSITION 

c. DROGUEINO DROGUE UNCERTAIN 

is appropriate. For example, uncertainty or 
doubt mAy exist about the: 

{II) .Altitude of,pllrachute opening. 
(b) Dist,ance II lostcpiJd could travel. 
(c) Length of time a marine craft has been 

adrift. 
(d) Leeway diredion and/or speed. 
(e) Ti me local winds shifted., . . •. 
(f) Direction and/I)r speed of watel"CUl'!.'ents. 
(g) The distance of an incident unknown 

although direction is known (e.g. a. flare 
sighting). 

Severnl of the uncertain variables may be in­
ror-related. As 811 example, a boat. ma.y go out 
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to fish and not return at dark. There will be un­
ce.rt,a,mty 8S to whether thehoat went adrift 
early in the. dRY or la.t.e. The earlier it aetll.Jly 

· went, adrift, the farther it drifts. Next, dot,bt 
may oxi"t t\S to the leeway. A boat will drift 
mu"h faSte,· without a sea anchor or drogue, but 
.;ho planner has no way of determining if a sea 
anchor or drogue is being used. Therefore, two 
leeway values aro possible. La,stly, doubt may 
exist· as to t,he wind and current. Here.the plan­
ner must determine a minimum and a maximum 

· probable wind and current. The wind in tUl'll 
will affect the leeway. With all these minimum 
and maximum probable values obtained <;>1' est,i­
ltl9.ted, (;he pl.anner may want to US!'l a minimax 
solution for a'DatummlntlMxo 

Fjgllre~ R-l5b and 8-15c depict some typical 
situations in which time or leeway may 1:l<' 
ulWertain. 

8'16 Datum and S4!arch Craft ,Err.ors 
a. Total Probable Error lEI 

Afte.r det.ermining the datum, an analysis 
must be made to determine how much error 
might exist in that datum. In addition, the 
itea.rch planner will also consider a future pos­
'sible error that could be caused by the search 

· >mits during the search. All of these possible in­
d'ividual errors are then e.onsidered together to 
determine the total probable (lITOr (E). This is 
accomplished by using a basic st.ati~ical met.hod 
which says that if all the possible individual 
errors are squared and then added together, that 
sum will eq~al the square of the total error 
(E'=a'+b'+c'+.etc.). In search planning, 
anywhere from none to three indivic;tual errors 
may be considered_ .. . 

Determining the total probable" error is one 
of the most important calCUlations that the 
SMC must make. The size of the aroa that will 
have to be searched depends upon E. The greater 
. the error, the larger the search area. 

There are throe basic errors that must be con-
sidered. These are : 

1. Total drift error (D.). 
2. Initial position error (X). 
3. Search craft error (Y). 
The basic formula for total probable error 

is thus: 

E=~n:+X'+ y. 
Thero is no easy way to accurately determine 

these values, and each case must be evaluated ",. 

separately. A careful examination of the factors 
involved in o,ach variable will, however, afford 
the planner a basis for his estimate. 

b. Individual Drift Error (d.I 

Individual drift error is the error developed 
during computation for individual drift be­
tween two datums for a specified time interval 
(t). 

There are several assumptions and generali­
zations made when developing a datum';noroer 
to keep the required computations practical and 
simple. In addition, the data source publica­
tions themselves have generalized information. 
In order to acaount for these and other possible 
errors in datum; one-eighth of the total drift 
is"assumed to be the drift errol'. Another way 
of looking at this is, for every 8 mileS an ob­
ject is computed to have driftE!cilit courd be up 
to 1 mile ahead, behind, or on either.side of .the 
8 mile point. Asa practical matter this assump­
tion has boon reasonably verifiedl over many 
years of search planning. Thus if a target had 
drifted 48 miles, its drift error is assumed to he 
6 miles (48 divided by 8=6). This meth~d of 
computing drift erlVr is used"only wheli a single 
set of conditions can be used to determine drift, 
and a minima.x solution is not required .. 

Individual drift errors are passible when 
computing any kind of drift. Aerospace­
trajectory <;Irift, parachute drift, sinking drift, 
and water'drift" all have errors. However, an 
individual drift errors are ignored if less than 
one mile. This, in effect, leaves only water drift 
that."~ust be considered. If by any chance there 
are more than two kinds of drifts each over 8 
miles (e.g. d.=16 and d.=24) then the drift 
error for that time interval could be found by 
the addition of the individual errors. In the 
abo"e casathis would be 2+3=5. However, 
this occurs so 'rarely that mo~t search planners 
automatically ignore errorS.: for aerospace­
trajectory drift, pa'bi6hute. drift, and sinking 
drift, and only consider water surface drift 
error$. 
c. Minimax Drift Errar 

When a minimax solution is used to find the 
datum point, a modification of the above proce­
dures is required to find the drift error. This 
is accomplished··by two methods: 

L Graphical solution. 
2. Algebraic solution. 
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The graphical solution is depicted in figure 
8-16, d. is found for both dml• and d.... by 
dividing their distances by 8. Using the dml• 

position as a ~nter, and the minimum do as a 
radius, a circle is drawn. Using the d .... posi­
.tion as a center, and the maximum do as a 
radius, another circle is drawn. A third circle 
is now drawn in such a wAy as to be externally 
tangent to the other two circles and with its 
center located on a straightline connecting the 
dml• position and the d .... position. The radius 
of this circle is the minimax drift error 
d. m,.,m .. ). This is used as D •. 

lt should be noted that the 3 circles need not 
actually.be drawn when solving for. do .. ,., ..... 
Once the dml• position and d .... position. have 
been determined, the· remainder of the problem 
can be laid off on a"line joining the t'!"o positions, 
if the line is extended in both directions. 

An algebraic method can be developed to 
obtain d ... ,., ..... First plot the minimum and 
maximum positions. Then measure the distance 
between the two. 

Then " _Distance+do .. ,.+do .... 
\Ie mtnlmax 2 

Suppose a small boat fails to return from a 
day of fishing. The operator was known to have 
been planning to fish in the vicinity of a sea 

buoy and was last seen there 12 hours before 
he was due to return home. A hypothesis is 
made that he broke down in that area some­
time during the 12 hour period. Using the latest 
time of probable casualty, the minimum drift 
distance is found to be 30 miles. Using the 
earliest time of probable casualty the maximum 
drift distance is found to be 86 miles. There 
is no appreciable difference in direction of drift. 
Plotting the minimum datum and maximum 
datum and solving graphically, the minimax 
drift error is found to be 35.3 miles. Using the 
algebraic solution above gives the same answer. 

d. Tolal Drift Error (D,I 
The precise definition of Total Drift Error 

(De) is the arithmetic sum of all the individual 
drift errors accumulated during a mission, for 
the elapsed time since the search object was first 
exposed to the external forces causing drift 
movement, to the time of the latest computed 
datum. From this definition it should be noted 
that: 

1. Individual drift errors m~ always be 
computed between each datum. 

2. Individual dtift errors (do) are added 
arithmetically when new, updated datums are 
computed. 

3. Individual drift errors are not added 
vectoriaJly. 

Minimax Drift Error--Graphlc Solullon 
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D. is used when determining total probable 
error (E). When the first datum is computed 
after establishing an initial position, d. will 
usually equal D •. However as the mission pro­
gresses another datum will be computed. D. will 
then be dot plus d .. j and so on, This method is 
correct for all situations excep! when minimax 
plotting is used to account for uncertainty in 
direction. The addition of drift errors which 
ha va been determined from a series of minimal< 
drift datums causes an arbitrary en1argeme~t 
of total drift error. When using minimal< for 
directional uncertainty, minimax D. must be 
determined for the final datum position only. 

e. Initial Position Error (X, 

Initial position error is the assumed error of 
the initially reported position of a SAR in­
cident. This error is based on the navigational 
accuracy of the distressed craft, or a posiiion 
fixing accuracy of the radio direction finding 
net, radar net, sofar net, etc. ihat rsported. the 
initial position. " . 

Figure 8-17 lists the naviga~ional fix errore 
(Fil<.) which are assumed for positions reported 
as fixes by various types of craft. 

The differences between the various craft are 
based on the type and sophistication of the navi­
gation equipment typically installed in them. 
For example the typical light aircraft or jet 
aircmft with only one engine will have only a 
minimum of navigation capability. HeliCe its. 
assumed fix error is larger than a multiengine 
aircraft. The S/lRrch planner should realize that 
both Ii:!: error. (Fix.) and DR error (DR.) dis­
cussed next, are only guide lines. He may alter 
them as he desires, should he. have information 
indicating that the navigation~l capability of 
the craft is substantially different from the 
typical. 

When the initial position is reported as a fix, 
the initial position error is the fix error 
(X-Fix.). 

When the initially reported position is based 
on d~ad reckoning (DR) navigation; an addi­
tional error is possible for the distance traveled 
since the last fix was obtained. Figure 8-18 lists 
the navigational DR errors (DR.) wbich .are 
assumed for DR positions reported by various 
types of craft. -

When the initial position is reported as a DR 
position, the initial position error is the sum of 
the fix error and DR error. 

Navigational Fix Error. 
Type of craft: 

V(,Rsel ______________ _ 

Submarine (milttary)_ 
Aircraft with over 2 

engines ______ '1' ____ _ 

Aircraft with only 2 
engineS ___________ _ 

Atrcraft with only 1 
engine "" ___________ ... 

Submersible ________ _ 
Boat _______________ _ 

F ... 
5-mile radius. 

Do. 

Do. 

lO-mile radiuR. 

H;-mile radius. 
Do. 
Do. 

Position fixing neL___ As classified by net. 

FIGURE 8-17 

. N~vlgatlonal DR Error 
Type of craft: hR. Ship _______________ _ 

5 percent of DR distance. 
Submarine (mllltary)_ 
Aircraft with over 2 

engines ___________ '_ 
Aircraft with onlY.2 
e~nes ___________ _ 

Aircraft with .!liy 1 
. engine _________ :..;.,...-_ 

. Submersible • _______ _ Boat _______________ _ 

Do. 

Do. 

10 percent 
tance. 

15 percent 
tance. 

n.. 
Do. 

FIGURE 8-18 

f. Search Craft Error (Y' 

of DR dis-

of DR dis-

The SMC must also consider errors that will 
be introduced by search craft. These are er­
rors which are based on the navigational accu­
racy of theseal:ch craft, nndapplicable any 
time U ->Jarch craft is locating a datum, a com­
mence search point, or executing a search pat­
tern .. lnother words anytime the search craft 
is inithe search area. Ail seureh craft are ex­
peet",l to maintain frequent and near-continu­
ous navigational fixes while conducting their 
search. Therefore only fix errors are applied for 
searchcraftj DR errors should be negligible. If 
a search craft must resort to DR navigation in 
the senrch are", it -should always advise the 

• SMC. The SMC must then use both Fix. and 
DR. for determining searcli craft error. In such 
a case Y = Fix, + DR,. 

The s<tme values for Fix. (and DR. if re­
qllired) as applied to distressed craft also apply 
to search craft. Therefore figures 8-17 and 
8-18 nrc also used for search craft error. 

g. Total Probable Error Solution 

The total probable error scales in figure 8-19 
are provided to eliminate the need. for search 
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SCALE I SCALE II SCALE 1[[ 
0 TOTAL PROBABLE ERROR 0 0 , to 

.5 30 

10 E -~De~ + x2 + y2 
20 40 

1. On ,the edge of a plece of 2S SO 
paper malte ~wo marks defin-
lng ~he length 0 ~ De. as 

is lleaeured agalns~ Soale I. 

2. Move the second mark up ~ 
Zero on Soale I and make a 
~hlrd mark deflnlng ~he 
leng~h 0 ~ x. 

35 70 ,. Mo". the thlrd mark up ~ 
Zero on aoale I and malte a 
four~h mark deflnlngthe 
length 0 ~ Y. 

20 
4. Place the f1r8~ mark asaln8~ 

Zero on Scale I and read E 

40 60 

dlrec~ly a~ ~he four~h mark. 

5. It the fourth mark ex~ends 
beyond ~he range of Soale I. 4' 90 repea t the en~lre procedure 
using Soale8 II or III. 

25 !So tOO 
o 

5$.),. ItO 

READ 
E 

30 t 60 iao I 

E FIGUR" 8-19 E E 
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planners to square a number, add the squares, 
and then figure out the square root of the sum. 
Thus the basic error formula can be manually 
sol ved, in about 30 seconds with sufficient ac­
curacy for SAR operations. Figure 8-19 is based 
on the statistical "sum of the -squares" concept 
and is self explanatory. With a little practice 
the solutiou can be worked rapidly with a pair 
of dividers. Thus, it will solve either of the fol­
lowing total probable error (E) formulaa which 
may apply to various circumstances. 

1. E=v'fiY' 

2. E=v'D!+X'+ Y' 

Formula No. 1 is used in the initial hours 
(up to 4) of a mission When drift can be dis­
regarded, and in most iriland missions. 

Formula No.2 isnsed in missions when drift 
forces are a factor. 

h. Total Probable Error Example. 

A light, single engine aircraft tlying on air­
ways overland makes a routine position report 
over Panhandle City. His outbound track is 
1800 T on the airway, his altitude is 3,000 feet, 
and he is making good a groundspeed of 100 
knots. 'Winds aloft are nil, surface to 7,000 foot. 
30 minutes later the pilot broadcasts a MAY­
DAY, and reports his engine is on lire, he is 
bailing out, and nothing more. 

The SMC assumes parachute opening altitude 
is 3,000 feet. Since winds are' calm, d. is zero, 
and his aerospace position and, his surface 
position 9,re the same. He is over land so no 
other drift forces will apply. His aerospace 
position is computed by the SMC using theposi­
tion 'f"port over Panhandle City as a fix, and 
subsequent movement by DR navigation. The 
aircraft's DR distance is 50 miles (3G minutes 
times ground speed == 50 miles). The aircraft's 
position is thus 50 miles 1800 T from Panhandle 
City. Single engine aircraft will be used for 

" search. 
Datum iseBtablished 50 miles 180? T hom 

Panhandle City. Initial position error has~th 
Fix, of 1~ miles (fig. 8-17) and DR. of 7.5 miles 
(fix. 8-18) so that X=22.5. Search craft error 
has only Fix. 005 ~iles (fig.8-j.7). Therefore. 
total probable error 'is : " 

E=v'X'+Y' 

E=v'(22.5)'+(15)' 

E=27 (fig. 8--19) 

As another example, suppose a vessel is sink­
ing at a reported fix, creW is taking to Iiferafts 
and 4-engine search aircraft will arrive on scene 
3 hours later. Life raft drift is computed to be 
16 miles by the time the search aircraft amve. 

Total drift error: 
d,-1;8'16 miles-2 miles 

Therefore, 
D.-2 

Initial position error: 
Fix. = 5- miles 
DR.=O 

Therefore 
X-IS miles 

Search craft error: 
Fix. - 1\ miles 
DR,=O 

Therefore 
Y-II 

Total probable error: 

E=v'D:+X'+ y. 

E=v'(2)'+(5)'+ (5)' 

E=7.S miles (fig. 8--19) 
I. Change. In Total Probable Error 

1. Dilft Chang ••• As a mission progresses, a 
,search target in a,water areawiIlbe continually 

arifting.This requIres the SMC to periodically 
recompute datum. As a general rule datum is re­
computed every 4 or 6 hours in these circum­
stances. When there are no uncertain variables, 
minimax is not used. Assuming this Situation, 
suppose a surface pt:.sition was established using 
the initi",lly reported fix as the surface position. 
Drift ":~ zero; drift e,ITOr was zero, Datum was 
C9mpuOOd 4 hours later; and d,= 16 miles, d;, =2 
mileS. At this time, D.=d .. =2 miles. Six' hours 

'''1ater Dat'um, is "OlJlputed and d,=24 m'iles, 
~ .. =3 miles. 'At this timeD.=d .. +d .. =2+3=5 . '~ ~' . 
miles,The process continues throughout the rest 
of the miesion. 

Total drift error, D. isdbtained. by arithmet­
ically adding the individual drift errors, d., 
between each ,datum, and treating them on' an 

, aecumulathlg basis., ' 
if 
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When minimax plotting is required, the new 
minimum and maximum poeitions are plotted, 
and a new minimax D. is found by graphic 
solution or algebraic formula. 

2. Search Craft Chang... The SMC recom­
putes E each time the type of search craft is 
changed, if the different types of search uuits 
have different fix errors. 

3. Initial Po.ltlon Chang ••. Once the errors in 
the initial poeition are computed, they will not 
change as the miesion progresses, unless later 
information shows initial assumptions to be in 
error. 

817 Datum Una 
So far we have only looked at the pJSition­

known situation in which a datum point could 
be esCablished. However, if only the pro~ 
track of the distre88ed craft or person is known, 
a datum line must be established. The pro~ 
track is first plotted. Then a series of DR poei­
tiona are computed for the distre88ed craft's 
estimated progress along the track. The DR 
poeitions at each end of the track are always 
used. Turuing points along the track at which 
the craft planned to alter heading are also used. 
If the track legs are long, intermediate DR poei­
tions are computed. For aircraft a DR position 
at least every II degrees of latitude or longitude 
is recommended. For marine craft, a DR poei­
tion at least each 24 hours along the track is 
recommended. For lost persons in inland areas, 
a DR position at least every 4 hours along the 
track is recommended. The drift time periods 
associated with each point vary. If the dis­
tre88ed craft became disabled close to its desti­
nation, the drift period at this point would be 
less than that which occurs if the craft became 
disabled early in the voyage. 

Having computed a sufficient number of DR 
positions, the SMC next treats each DR posi­
tion as though it were a position-known cate­
gory. ThepositionSnre corrected for any drift 
that the craft would have bOOn subject to had 
he broken down, execuW bailout, abandoned 
ship, or experienced a similar misil1'p at the 
exact time he would have been at the DR 
position. Drift is applied to all the DR ~ltions 
for the length of time adrift up to a COlllmon 
single time, such as the mid-search time. 

Thus a series of datum points are develop4m, 
one for each DR position. When this is ·com-

plated, all the datum points are connected by 
straight lines in sequence.. This is the datum 
line. In effect we have assumed that if the craft 
experienced a mishap anywhere between our 
selected DR positions, his drift, up to the com­
mon single time, would place him on the datum 
line. 

In summary, a datum line in this case is a 
known proposed track that has been corrected 
for drift. 

Each of the datum PQints developed from the 
selectsd DR positions are then analyzed for p0s­
sible errors. The total probable error of each 
is then computed. 

818 Datum Area 
When neither a position nor a proposed track 

is known, a datum area must be developed. Ba­
sically, .the aircraft glide area depicted in fig­
ure 8-1 is a datum area, since the aircraft could 
be anywhere within that area with equal proba­
bility. In a similar approach, a maximum pos­
sibility area can be developed by the SMC. For 
example suppose an aircraft had 3 hours of 
fuel, the winds at his altitude were 180/15, and 
all that was known was the airport of departure 
which was 4 hours ago. The SMC knows he is 
down somewhere, but where ¥ With some de­
tective work, the SMC determines that the air­
craft concerned 'cruises at 90 knots true air 
speed. Therefore he knows the aircraft conld 
travel as far as 270 miles (8 hours fuel times 
90 knots=270 miles) in any direction while in 
the air mass. However the air mass is being dis­
place~ to the north at 15 knots (winds 180/lli). 
Thus m 3 hours the air mass could be displaced 
45 miles (3 hours fuel times 15 knots-45 
miles) to the north. 

First the SMC plots a vector 000· T,45 miles 
from the departure airport. Then he draws a 
eircl,,! centered on the end of the vector, using 
a radIUS of 270 miles. The area within this cir-
cle is the maximum possibility area. . 

Figure 8-20 depicts the general method used 
to find a maximum poesibility area, that is: the 
maximum p088ible area in which the search 
target might be located. 

'A similar approach can be applied to marine 
craft U3ing their fuel endurance in hours, max­
imum range cruising speed, and water drift 
forces. ' 



Obviously mltximum possibility 1tre88 can be 
enormous in size when long rltnge Itirorltft Itnd 

Maximum Area of Possibility 
MAXIMUM DISTANCE 
CRAFT COULD FLY/CRUISE 
UNTIL FUEL EXHAUSTION. 

WIND/SEA CURRENT DRIFT 
DURING AIRBORNE/UNDERWAY 
TIME PERIOD. 

FIGURE 8-20 

vessels Itl'e the distressed crltft .. Extensive de· 
tective work is Itlwltys required in these situa­
tions in order to reduce this size to It rea.sonotble 
seltrch Itrelt. The seltrch plltruier'may hltve to 
depltrt from the rules given previously Itnd out­
lille the seltrch Itrelt botsed on other hypotheses. 
For instltnce,1t militltry Itircrltft mlty be re' 
ported missing while flying in It defined operott­
ing Itrea; It fishing vessel mlty have gone to pltr­
ticulltr fishing grounds; It private Itircrltft or 
pleltSure boltt mlty be known to have intended 
operating in It general nroo; It yltCht mlty have 
been on Itn extended coastal or oceltn cruise. In 
sorne cases the dlttum Itrelt will be roodily ItP­
pltl'ent. III others, the aroo can be nltITOwed by 
communications checks Itnd deduction. In still 
others, the plltnner cltn only plltn to seltrch lltrge 
general areas as well as he can. 

820 SEARCH AREAS 
. After establishing dlttumand finding the total 

probable error, or errors, the aroo to be _rohed 
must be determined. 

Initiltlly, the search must be large enough to 
insure, at leltSt, It better than 50 percent chance 
thltt the target is in the aroo. This is the purpose 
of finding the totltl probable error. By definic 
tion of probable error, there should be It 50 per­
cent chance thltt the target is within a distance 
of the total probable error from It point dlttum. 
A circle with It point dlttum ItS It center Itnd 
the total probable error ItS· a radius would then 
give Itn area in which there WItS a 50 percent 
probltbility thltt the tltrget was located. It 
would be desirable to incroose this radius to 
the point where the probability would be in­
creased to It much higher vltlue. Expotnsion of 
the search Itrea however mlty result in the fol­
lowing undesirable results which are inter­
related: 

(It) Decreased probltbmty of detection b&­
cause of increotSed trackspltCing required. 

(b) Increased search craft hours required 
which may not be aVltilable. 

(c) Increased time required to locltte the tar­
get because of dilution of search effort. 

Prudence dictates that when otn incident is in 
the distress phase, It mltXimum effort search 
should be conducted. The Itim is to include the 
most probable location of all survivors in the 
initial soorch ItreR Itnd use all Itvltilable foteili­
ties in order to thoroughly search it in the 
shortest possible time with the highest feltSible 
probotbility of detection. 

In some CItSeS where a seltrch is. started dur­
ing the alert photSe, such as CotSeS of overdue sur­
face craft, a plotnned buildup of effort is more 
appropriltte. As time pa,sses in It plotnned build­
up, the bltSic Itrea of 50 percent probotbility be­
comes progressively larger due to increltSing 
drift otnd the Itroo itself becomes displltced due 
to drift. These factors must be taken into ote­
count in plotnning subsequent search ItreltS. 

821 Search Radius (Rl 

Sea.rch radius (R) is the radius of It circle 
centered on It datum point, hltving It length equal 
to the total probable error (E) plus Itn otddi­
tionltlsafetyJength to insure It grooter thotn 50 
percentprobltbility that the tltrget is in the 
searoh' Itroo. On Iltnd s\irfaee, .otnd underwltter 
sea~, . R is measured in yotrds; on other 
searches, R is mea.sured in whole nltutical miles. 
The radius length is increotSed Itfter eoteh suc-
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cessive search is completed. Search radius is 
computed by multiplying total probable error 
by the search safety factor (R=E·f.). Figure 
8-21 tabulates the safety factors which are used 
sequentially to gradually enlarge the search 
area. 

The radius for each search will thus be larger 
than for the preceding search until a radius 2.1> 
times the total probable error is reached on the 
fifth search. Note that the safety factor is, in 
effect, providing search radii which are 110 per­
cent of E for the first search, 100 percent of E 
for the second search, 200 percent of E for the 
third search, etc. This gradually increases the 
probability that the target is in the search area. 

Figure 8-22 summarizes the definitions of 
search radius as used by the SAR System. 

Safety Fadors and Search Radlu. 

lot _________________________ _ 
2d _________________________ _ 
3d _________________________ _ 
4th ________________________ _ 
6th ____ ~ ___________________ _ 

/. 

1.1 
1.6 
2.0 
2.3 
2.6 

Search Radlu. Dellnltlon. 

R Search radius, R-(E)(f,) 

R 

1. IE 
. I.GE 

2.0E 
2.3E 
2. liE 

R,-The computed .......,h radius for first search 
offort. 

Rr-The computed ooarch radius for oocond search 
offort. 

Rr-The...oomputed.......,h radius for third.......,h 
effort. 

R.-Tho computed .. arch radlns for fourth .. aroh 
offort. 

R.-The computed _reb radius for fifth 
offort. 

F,oUllE 8-22 

If a considerable time interval QjlCUI'8 betW!!llJl 
searches, the Total Probable Error will have to 
be rll/lOmputed befom each search to take into 
account the increased drift error that has 0c­

curred between searches. 
In order to eliminate the need for search plan­

ners to manually multiply E by f., the nomo­
graph in figure 8-23 has been developed. Line up 
a clear plastic straightedge with the values of 
E and f., and read the search radius direct from 
the third scale. 

822 Search Area-Statlonary Datum 
Point 

Having computed the search radius the SMC 
then draws a circle around datum with the 
search radius and usually squares it off with 
tangents. The area enclosed is the basic search 
area. After each search area is completely 
searched, the next search area is computed using 
the next f., and then the new, enlarged search 
area is searched. The effect of this procedure is 
to keep researching the original search area 
while expanding the outer edges successively. 

Theoretically the best search ,area is a circle 
centered on datum. However only a few search 
patterns are adaptable to circular search areas. 
For most pattsrns, a square or rectangular 
search area is more practical. Therefore, the 
basic circular areas are simply boxed-in as 
shown in figure 8-24. Each side of the square 
area is twice the search radius in length. 

823 Search Area-Movllll DC!hIm Point 
The datum is almost always stationary for 

inland incidents. On the other hand it is almost 
always moving for maritime incidents. Figure 
8-26 illustrates the latter situation. The drift in 
the figure is greatly exaggerated for illustrative 
purposes. The SMC treate the enl&rgement of 
search areas for a moving datum point ex&etly 
as he would for a stationary datum. He uses the 
appropriate search radius with its datum point 
to draw his search area circles. He then boxes-in 
tbll circles if required. 

By following this approach, the SMC keeps 
re-searching the water surface area within which 
the survivors are most likely to be. The datum 
movement retlects the drift of the survivors or 
distreseed craft. Therefore by the end of suc­
OO\!Iiive. searches, all of the previous searches 
have in IIffWlt been centered on. the last computed 
datum .. The Qriginal area, within which sur­
vivors were most likely to be, )las been searched 
I> differeq.t times. if I) searches have been 
eonducted. 

824 Search Area-Datum Line 

When the circumstances require the develop­
ment of a datum line, the required search ares 
is easily developed. Remember t!ULt we estab­
lished specific DR positions along the known 
trackline (para. 817), and then oomputed drift 
for each DR position. This gave us several 

Amend. 2 



TOTAL. 
PROBABLE 
ERROR OF 
POSITION 

o MILES 

5 

10 

15 

20 

2S 

)0 

40 

4S 

'0 

E 

SEARCH RAD IUS 
NOMOGRAPH 

1..,... __ - FIGURE 8-2_3 ___ --1 

~NTER,[ ~ t~ 
1: r-. READ 

E!i'TER R 
f. 

FIFTH SEARCH () 
FOURTH SEARCH () 

THIRD SEARCH () 

SECOND SEARCH () 

8-33 

SAFETY 
FACTOR 

Is 

SEARCH 
RADIUS 

1~O MILES 

140 

120 

HO 

-100 

-80 

70 

so 

40 

30 

20 

10 

o 
R 

Amend. 2 



d1ltum points, which we then connected to form 
our d1Itum line. We then computed E for each 
d1ltum point. To develop our sooroh area., we 
multiply the safety factor (f.) tilllll9 the total 
probable error of each datum point to get our 
search radii. We treat each d1ltum point sepa· 
ratelyand draw circles around each, using tJheir 
own search radius. Tangent lines are then drawn 
from circle to circle to esta.blisli the latera.! 
boundaries of the search ana.. The ends of the 
area are squared off with tangent lines. This 
procedure is illustrated in figure 8-26. Figm;e 
8-27 shows the development of the next enlarge-­
ment of the search area., assuming the datum 
line is in Ii water area and not stationary. 

825 Search Area-Datum Area 
When the incident is such that only a datmn 

area exists, sooroh areas may have to be de· 
veloped differently than described heretofore. 

If the &rea is small, 8B it would be in the caae. 
illustrated in figure 8-1, a sooroh radius should 
be computed 8B before and added to the radius 
of the datum area in order to strike off a _rch 
area. 

If the area is of reasonable size for se&rch 
with a high probability that the search object 
is within it, the Datum Area should be used as 
the first search area. An example of this case is 

Search Areas-Stationary Datum Point 

FIGURE 8-24 

that where a military aircraft disappears in a 
prescribed operating area. . 
If the original datum area is too large for 

search by available forces, a hypothesis must be 
developed on what probably happened, and the 
area must be reduced accordingly to one which 
can be searched. Clues obWned during the 
progress of the SAR effort may make it pos. 
sible to reduce the original datum area to one 
of the other situations previously discussed. 

Search Area_Moving Datum Polnl 
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Search Area-Datum Line 

DR 

LAST KNOWN 
POS --ITION __ ----

NOTES: 

1. DRIFT IS EXAGGERATED 
2. POINTS •• b. c. dARE DATUM POINTS FOR 

DR POSITIONS CORRECTED FOR DRIFT. 
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Search Area Expansion-Datum Line 

-----

OUTLINE OF FIRST SEARCH AREA 

----- OUTLINE OF SECOND SEARCH AREA 

NOTES: 
1. DRIFT IS EXAGGERATED. 
2. POINTS B', b', c', and d' ARE DATUM POINTS FOR 

DR POSITIONS CORRECTED FOR DRIFT. 

FIGmE 8-27 
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As in the case of point 8Jld line datums, drift 
must be oonsiderod with datum al'ea!l. In the case 
of sma.ll or medium sized amos, drift C8Jl be 
plotted using a. single point, relocating t.he 
whole area for drift, keeping the original 
orientation, size 8Jld shape of the area rellttive 
to the point.. See figure 8-28. If the area is so 
large that different drift fa.ctors set on portions 
of it, it will be necessa,ry to calculate drift for 
representative sections. In 91100 cases, thl! sub· 
sequent displaced a,reas will be Wltrped out of 
their original shape. 

Upon completion of each searoh, a reevalua­
tion of the situation should be made to deter­
mine if the subsequent searoh should cover the 
same llrea, an expanded area or a different area 
entirely. In general, at least one re-searoh of 
al"llaS selected is desirable unless evidence is de­
veloped which ~hows that available effort should 
be ex~ded elsewhere. 
Ploltlng Drift of Small and Medium Sized Datum 
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The following examples show how an origi­
nal large Datum Area might be narrowed dur­
ing the progress of a case : 

(a) The initial search locates debris from the 
missing craft. The location of the debris is taken 
as a datum point and new search areas are de­
veloped based on this point. 

Amend.'2 

(b) During the progress of the initial search, 
a relative of the operator of the missing craft is 
fouml who ad vises that the operator told him 
that he was going to a certain destination by 
as direct a route as possible. This information 
allows for plotting a datum line on which to 
base a new search plan. 

( c) During the course of the search for a 
missing boat, a friend of the operator is located 
who advises that the only reason the operator 
ever went offshore. before was to fish in a certain 
limited area and that he, the operator, had 
mentioned several days previously that he was 
planning another such trip. This narrows the 
original datum area down to where it can be 
treated as a small or medium sized datum area. 

OOOasionally a situation occurs where the 
original possibility area is so vast and clues 80 

lac:kingthat the action by the SMC is reduced 
to a' search for information on which to 
base further aetion and/or an admittedly low 
probability search of the probable route of the 
overdue craft. In these cases, communications 
checks, including the alerting of transient craft, 
are most important as a means of obtaining in­
formation and of increasing the possibility of 
a chance sighting. Sightings of this nature oc­
cur more often than might be supposed. 

826 Repeated Expansion Concept 

The procedures explained above for succes­
sive enlargement of search areas is called re­
peated expansion. The concept has several ad­
v8Jltages. 

It is most suitable for situations in which the 
distressed craft's approximate position is known 
(datum point). 

The standard concept of repeated expansion 
calls for five successive searches with the center 
of the area of search based on the datum point. 
This does not imply that effort should be spared, 
or that the search be needlessly dragged out. 
Often, however, even a maximum effi)rt search 
may fail to locate a target' during the initial 
search of an area. The search planner must be 
prepared to repeat and expand the search in 
such cases, and repeated expansion provides a 
framework for such action. 

It also provides a planned build-up for less 
urgent missions. Each search covers a larger 



area than the one before. At the end of five 
searches, an area equal in size to the first search 
area has been searched five times while the area 
at the outer edge of the fifth search has only 
been searched once, This results in a high prob­
ability of detection at the center, decreasing to 
the outer edge. " 

As the target is most likely to be near the 
datum and least likely to be at the outer edges 
of the fifth search area, the heaviest search effort 
and grnatest probability of detection is con"' 
centrated at the most likely position of the , 
target. 

At the same time, the' search area has been 
expanded to a radius 2.5 times the total prob- i', 
able error. ' 

827 Use of Case Information To Improve 
Search Area Planning 

a. General 
It is eSs~ntial that all information' be care­

fully examined. Some of it may give definite 
indications that the operator of the distressed 
craft took a different course from the one that 
might otherwise have been expected of him, or 
other information may show that special cir­
cumstances influenced the location of the dis­
tress scene. For instance, unreliable or, unserv­
iceable navigation aids, in theare'a or naviga­
tion equipment on board"may haveQQ;llsedthe 
pilot to deviate from his iutellded. track; sight­
ingreports may indicate that.the pilot did de­
viate from his track "weather Mnditi'ons,or the 
.nature of the terrain may havejnduced him to 
look for a more suitable landing area; hiS' hapits 
and. training may give some,indication what he 
might have done in an emergency; radio sig­
nals and weather reports from survivors may 
help to determine their approximate where­
abonts, etc. Circumstances such as theSe may 
make It possible to reduce the boundaries of a 
search area, or may make it necessary to increase 
them or e\'en to m()ve the area elsewhere. 

b. Aircraft Missing 

Aircraft accidents which are attributable to 
adverse weather con\liti<msoiten require II more 
intensh'e and prolonged search because of the 
nncertainties that snrrQuud. many" s1lch .. acci­
dents. Atmospherics ml)y"have mllde;rl\dio reo 
ception poor and beel\ a ,Primary cause' of an 
aircraft becoming,}QSt;i Itght~i!lgstrikesni.ay 

have cansed complete failure of radio equip­
ment; severe turbulence or icing may have 
caused an aiJ1lraft to loseiftltitude or divert off 
track; or clouds or fog may have reduced visi­
bility so as to make it impossible for the pilot 
to determine his position prior to making a 
forced landing, ew. However, a complete analy. 
sis of the weather conditions that prevailed in 
the area where the aircraft was flying at the 
time of its disappearance may help to determine 
the probable actions of its pilot and narrow 
down the area in which it may hav~, crashed. 
c. Survivor's Radio Signals 

If survivors can transmit any type of radio 
signal, their chances for early location and 
rescue are increased enormously. 

The most obvious ad"antage of survivors' 
radio signals is that search aircraft will be able 
to either home in directly to the snrvivor's posi­
tion, or use one of the Iwming search patterns 
to locate the survivor'S position. 

Ev~1\ if no search unit is' available within 
radio range, a radio DF net may be ,able to 

\ ob~n I!. fix or at lenst a line of position. 
Emmute aircraftolVhich have thel>ppropriate 

frequencies should always bo requested to lis­
ten for radio signals TrOm survivors even 
if the I>ircraft cannot divert from their track. 
Just the fact that ~ stlrvh'or's sigt:Ial was heard 
at a certahi . location can' be used \tiith radi() 
horizon computations to develop' a line of 
position. ' 

,If ,for itIly reason,' DF bearings or homing 
cannot beused,dt may be possible to deduce 
an "'pproxiinateposition of the survivors by 
nsing one of the following procedures, assuming 
that two way communications exist. 

1. Survivor Line of Posillon From Sun. In this 
procedure the time of snnset, as observed by 
survivors, is used to determine the longitude of 
their location in the following manner: 

(a) The survivors are requested to send a 
signal at sunset, exactly when the upper limb of 
the sun is seen to be on the horizon. This is 
t1su~l1y accomplished by sending a succession 
of dots as the sun sinks on the horizon and a 
I()nlt'ditsh as its upper limb disappears. This IS 
l1Iustrated infignre 8-'29. 

(b ) The time of the sunset, as indicated by 
,survivors, is ,carefully noted by the receiving 
station which then informs the RCe. 
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Survivor LOP From Sun 

SUNSET: • ~. ,,-., < 

TRANSMIT: 

,, __ I I \ ' '... , L ~]I-________ -II AF 13696 
r---;:;;;-;R.';---1 30 SECOND DASH CALL SIGN 

SAR UNITS RECORD EXACT GMT 
IN HOURS. MINUTES. SECONDS. 

_ •••• __ ..... __ 3;.,;0.;S;,;;E.;;,CO.;;,N.;;,D;;..;,D;.,;AS,;;H __ CALL SIGN 
AF 13696 

SUNRISE: 

F1Gum: 8-29 
(c) From bearings taken and other informa­

tion received an assumption is made of the sur­
vivors' latitude. 

( d) Assuming this latitude, the air almanac 
or nautical almanac is entered at the appropri­
ate date and the time of sunset for the assumed 
latitude at the Greenwich Meridian is extracted. 
A comparison with the time ofsunset (GMT) at 
the position of the survivors is then made. Their 
longitude may now be established by virtue of 

the fact that each 4 minutes' difference in time 

erally unsatisfactory as stars usually disappear 
in haze before reaching the horizon. In any 
event their refraction index is likely to be con­
siderable and very variable. 

Some survival manuals suggest this method 
for sunrise and sunset when emergency radio 
transmitters are in the possession of survivors. 
The transmiSsion wiII be made in the blind. 
Radio stations, hearing the distinctive signal 
should be alert to record the time of the start 
of the long dash. 

represents 1 degree of longitude; observed 2. Survivor LOP/Fix With Sextant. For this 
sunset ahead of tabled slInset=east longitude, procedure it must be ~umed that the survivors 
observed sunset behind tabled sunset""west have a sextant and a watch with a second hand 
longitude. (its tim~ setting isimmllterial).TheJ!urviyors 
Unless unusual refraction conditions prevail are requested to carry out the following actions: 
(the tables make a correction for normal re- (a) Take a sight of the sun at, say, 1000 local 
fraction) and unless the assumed latitude is time. Note its altitude and the time of the obser-
very inaccurate, a reasonably correct longitude vation very carefully with the second hand on 
wiII be determined. This method is suitable for the watch. 
survivors adrift at sea or in flat land areas (b) At any time thereafter transmit a mes-
(coast, desert, etc.). sage to the effect that at the commencement of 

A similar procedure may be used for sunrise, the long dash it is exactly '" minutes (say 5) 
and moonset or moonrise. Star settings are gen- since the sun was ohserved at altitude yO and z'. 
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(c) Repeat the procedure at, say, 1400 local 
time. 

Receiving stations can now determine the 
sun's altitude at the survivors' position with 
considerable accuracy in terms of GMT and ob­
tain a fix from this information. Similar proce­
,dures may be adopted in respect of any celestial 
body. At night, by choosing two suitable stars, 
a fix may be obtained immediately after the ob­
servations have been communicated; 

d. Survivor Weather Reports 

In this procedure survivors are requested to 
transmit weather reports, if possible, on a sched­
uled basis. From these reporte it may be possi­
ble to ascertain the position of the survivors. 

828 Describing Search Areas 
After the sea~ch area is computed it will be 

necessary" to describe it to the search units as­
signed. Large search areas must be divided into 
smaller subareas of a size that individual 
SRUs can complete in their allotted or avail­
able on scene endurance time. There are several 
possible methods for describing search areas. 

a. Naming of Areas 

When referring to specific search areas some 
method of naming them is desiTable. Whatever 
system is chosen, it should be flexiBle enough 
to he used over seVllral days of operati(lns with 
many individual search areas. The. 'following 
system has proven very workable for either 
small scale or large search o'perations. " .. 

The overall search areas IJ,re named alpha­
betically beginning with A, in accordance with 
the ,sequence of coverage. For example, the 
search areas used in the first search effort are 
Alfa areas; the search areas used in the second 
search effort are the Bravo areas; the third 
search effort areas are Charlie areas ; and so On. 
Subareas assigned to individual search units are 
given a numerical identity. Thus IInynumber of 
search units can be assigned to.' specifically 
named subareas without the naming system be­
coming unwieldly. 

For example,suppose the SMC computes the 
search area for his· first search and divides it 
into three subareas for specific assignment to 
three' different search craft. The seardhareas 
are nMned Ac..1, A-2,'A-3. The first se'jj)j!cheffort 
is unsuc~essful'so the SMC; using .tihesecond 

search safety factor,' expands the original 
search area. He divides the enlarged area into 
four' subareas. These are named B-1, B-2, B-3, 
B-4. 

b. lIoundaryMethod 

Any square or rectangular area that is ori­
ented east-west or north-south can be described 
by stating the two latitudes and two longitudes. 
Any inland search area that is bounded by 
prominent geographical features can be de­
scribed by stating the boundaries in sequence. 
For example, 

1. D-7 Boundltries 26N to 27N Between 64W 
to 65W. 

2. A-1 Boundaries highway 15 to the south, 
Lake Merhaven to the west, Runslip. river to the 
north and Bravado moun:tain ran:ge to the east. 

llhe Boundary Method is one of the' pre­
ferred methods. 

c. Corner Method 

Any area except circular areas can be de­
scribed by stating the latitude and longitude or 
geographical feature of each corner in sequence. 
For example: 

1. E-7 corners 2315:ti7435W to 231(jN 7325W 
to 2220N 7325W tc;> 2225N 74211W to,prigin. 

2. A-6 cornll~s Stony Tjtvern"to ~!lRiver 
,bridge,.toSif)lU«j,er Cltve to oriwn., , . 'c. '. 

The Corner Method is one of the preferred 
methods. 

~ , .. ''''\ 
d. Center Point Method " 

',', 

Any cirCUlar, square or rectangnlar search 
1lrea can bedescrrbed by stating the latitude' and 
longitude of the center'point, pludhe length of 
the search radius if a circular area, or the direc­
tion of orientation of the major (longer) axis, 
and the lengths of the major and minor axis, if 
a square or rectangular area. For example: 

1. A-3 center point 34°-17' N 116°-22' W, 
025° T, 80 by 40. 

2. B-2 center point 33 N 60 W, radius 10. 
The center point method is very convenient 

~s it can describe all but irregular search areas, 
'!\;ndlsvery shOrt to·transmit. 

The Boundary Method or Corner Method are 
'pre:fl!rred overtlieCenter Point Method because 
'the latter'requires mofe plotting, makes detec­
tiOn of plotting errors more' ,difficult and, if 
plotted' on a ch!\;rtof.differ'ent projection from 
that used by the SMC (e.g. Lambert Con~!!rmal 
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I VB Mercator), will result in plots of adjoining 
areas which do not have the same boundaries or 
corner points. 

e. Track Line Method 

Track line search areas may"be described by 
stating the track and the width of coverage. For 
example: 

1. C-2 trackline 2406N 7855W to 2450N 
7546W. Width 50 NM. 

f. Grid Method 

Many areas are divided into grids on local 
grid maps. Use of these grids permits accurate 
positioning and small area referencing without 
transmitting lengthy geographical coordinates. 
However the SMC must insure that all search 
units have possession of the same grid charts. 
Instances have occurl.'ed which endangered 
search units when search areas overlapped due 
to different grid systems being used. 

9. Georef Method 

This system may be used for describing square 
or rectangular areas oriented N-S o.r E-W, on 
maps overprinted with a Georef grid. 

Example: Search area only: CGm; search 
area plus probable location: CGVM 3050. The 
SMC must insure all searohunits have posses­
sion of Georef grids to avoid hazarding search 
units. 

830 SEARCH PAnERNS 
Once the location and size of a search area 

have been determined, a systematic search for 
the target must be planned. 

Search pattern selection depends on several 
factors such as accuracy of datum, size of the 
search area, SRUs available for search, maneu­
verability and navigational 'accuracy of the 
SRU 9, horizontal and vertical separation of 
search aircraft, weather and sea conditions in 
the search area, size of search ta~, tYJl8 of 
detection aid survjvors may have, etc. They are 
obviously interrelated but in any particular 
situation some factors may prove more impor­
tant than others. In planning a searoh and 
rescue operation the SMC should endeavor to 
meet the requirements of the more important 
factors while satisfying the others as nearly as 
possil)le. 

The type and number of available SRUs will 
be a controlling factor in the selection of the 
search pattern. For instance, an aviation unit 
which does not have enough aircraft for carry­
ing out a prolonged search of a large area will 
require more time for searching it thoroughly, 
unless the track spacing of the search pattern Is 
increased. This, however, is not desirable since 
it will also reduce the probability of detection. 
Rather, additional aircraft should be sought 
fl'OlIl other sources. It is nearly always prefer­
able to cover a search area from the onset with 
a large number of aircraft, rather than cover it 
with a few aircraft section by section. 

Range, type, and speed of the aircraft em­
ployed are equally important. 'When the air­
craft have to operate far from their home base, 
they should be deployed to an advance base so 
that more time will be available for the searches 
and less time will be spent on flights to and from 
the search area. An aircraft with an adequate 
number of well-placed observer stations will 
give observers a better chance to detect a tar­
get. A slow aircraft will increase that chance 
further as scanning procedures can be carried 
out more thoroughly. 

When appropriate, patterns should initially 
be selected with the idea of locating survivors 
as rapidly as possible by using the maximum 
track spacing for radio, visual, or other signal­
ing aids that the survivors possess, keeping in 
mind that the survivors will be in better physi­
cal condition to use these aids during the initial 
periods of the search, and that battery tran~­
mission life of locater beacons is limited to be­
tween 24 and 48 hours as a general rule. 

831 Navigational Accuracy of SRU's 
The navigational accuracy of ,available SRUs 

,ill a primary consideration for selecting the 
types of patterns ,to be used, particularly if the 
available search units -are aircraft. While the 
accullacy otnavigation of surface craft is gen­
erally not too great a problem, aircraft present 
a more difficult picture due to drift from pre­
vailing winds. The probability of detection 
curves are valid only when the search pattern 
tracks are accurately followed. 

Significant errors will tesult from accumu­
lated errors in turns and from wind forecast 
errors, especially for high speed aircraft. Con­
sideration must be given to selecting the type of 



pattern which gives minimum turns and maxi­
mum search leg lengths in order to reduce turn~ 
ing errors and to mal<;e it easier for navigation 
observations and corrective action. However, 
there may be a limit to the maximum search leg 
lengths 'when the search "rea covers water sur­
faces with strong currents or with high survivor 
drift rates. In these circumstances aircraft 
search legs are usually limited to 30 minutes or 
less of flying time if the legs are oriented across 
the drift direction. Th,is is ,to avoid the possi­
bility of the survivors drifting from one side of 
a track to beyond the next search track by the 
time the search aircraft returns to that same 
general area. A more satisfactory solution to 
this problem is to orient the search legs with 
the drift direction. 

Greater search accuracy is obtained when vis­
ual, radar, or radio navigational aids are within 
reception rangll'of'seanch,units or when, aircraft 
are equipped 'Wi,th inertial ,navigational systems. 
If an area lsin a good LORAN, OMEGA, 
TACAN, or VOR receiving area, accurate 
and continuous-fix information is available for 
maintaining the search unit on its search 
legs. If the search area is in an area where 
navigation aids are few or nonexistent, it must 
be realized that search navigation will be by 
dead reckoning (DR) navigation. Forecast 
winds will have to be modified by visual obser­
vation of the surface. The navigator must take 
frequent drift readings ,and check Cl)mpass 
headings on, ,each searchlegjn order to.main­
tain proper trl\cks. Celestial nayigation,ev(lll 
when possihl~" is not, fea~ible' for ,k~p,ng 'the 
aircraft accuratelypo~itioned on short"closely 
spaced search legs. " ' 

Because of this' air navigati()U problem, the 
coordinated aircraft/marine ,craft; type of 
search is used whenever possible. The s)lrface 
vessel; acting either as a fixed, or meving refer­
ence point in the search area, permits'air~raft 

, to fly tracks within very close limits, pf accu­
racy. Surface vessels, when radar equipped, can 
furnish advisories to keep the aircraft on the 
desired track. The vessel also can ,relieve the 
aircra£t of most of its communications load as 
well as provide ready assistance to ,the aircraft 
if trouMe develops. 
, When dividing up the total search area into 

areas for assignment to individual SRUs it 
'sh<luld be kept in mind that elongated search 
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areas are covered better navigationally than 
small square, areas. 'When two or more search 
aircraft are available, elongated search areas 
are preferred. 

832 Search Pattern Types 
a. General 

It is always good practice for the SMC to 
specify the Commence Search Point (CSP) 
when dispatching search units to a search area. 
This permits the SRU t~ plan his en route 
track with best efficiency, and it insures that the 
SRU will at least liegin its search pattern at the 
proper poin~. This is particularly important 
when severa~ SRUs are arriving in an area at 
about the same time. 'It will help insure that 
adequate safety' separation is kept between 
SRUs. It also. permits the SMC to control the 
diredtion of creep for search efficiency. The pat­
tern figures in this section indicate;the desit'ed 
CSP , for single-unit patterns'and for the 
"guide" 'unit in multiunit patterns.' j 

Except for sector search patterns track spac­
ing (S)' is the distance betweell adJacent search 
legs of the search pattern. S is indicated on all 
patterns. Search legs are not. lo6i.ted on the 
exact boundary edge of search'areas. Rather, 
they are located a distance~ual toone,half,of 
the. t~ack spac~ng inside the area boundary. 
Th~s l~sures ,reasonable safety, fot SRVs in 
adJacent areas.' ' , 

J ,i; 

b. Main' PeI" •• n Groups 

; '!'her;, tire eight rl\ain groups 'of search nat-
erns. they are: ' '",.' 

1. T - Trackline. ' 
2. p....;. Parallel. 
3 .. G---Creeping line. 
4. S7"S'llll1re. 
5. 'V-Sector., 
6. O-Contour. 
7. F-Flare. 
8. H-Homing. , 

These grQUPS are further broken down into 
specialized patterns, generally by how many 
SRUs are used, by how the pattern is co­
ordinated or oriented, or by the position of the 
entry and departllre points of the search area. 
While such a detailed divisiohof search, pat­
terns is not always used, it is useful for,':SAR 
pUrPoses in order to prevent misunderstanding' 



o.nd to afford each user a pictorial presentation 
of the pattern to be used. 'Search and rescue 
missions may involve many units and persons 
having little or no experience in this specialized 
type of operations, and the simplest presenta­
tion of the patterns is desirable. 

c. Pallern Labeling 

The general system used in labeling search 
patterns is: . 

1. First letter-General pattern group T, C, 
P, V,S,O,F,orH. 

2. Second letter-Number of search units: 
S-Single search craft or search person. 
M~Multiple search craft. If both marine 

craft o.nd airCraft are required, only 
the primary searching craft are 
counted •. 

3. Third lettel'-Supplementary pattern in­
formation: 

C-Coordinated or circle. 
R-Radar coordinated or return to starting 

point. 
N-N(;m-return to starting point. 
A-Arc of circle, or aural. 
k-Loro.n line. 
S-Spiral. 

d. Trackllne Pallems ITI 

There are four forms of trackline patterns: 
TSR, TMR, TSN, and TMN. These patterns are 
used whim a craft or person is missing and the 
intended route of the missing craft or person is 
the only search lead. A route search is usually 
the first physical search action taken. It is 
always assumed that the distressed craft or lost 
person is on or near its track or route, and that 
it will either be easily discernable, or there will 
be survivors capable of signalil\g when they 
hear or see search units. The frackline pattern 
is a rapid o.nd reasonably thorough coverage,of 
the missing craft's proposed track and the area 
immediately adjacent to it. , 

1. Trackllne Slngle·Unlt· Return ITSRI. The 
Commence Search Point (CSP) is offset 1h 
search track spacing from the trackline. 

csp 
FIGURE S-3O 

2. Trackllne Multiunit Return ITMRI. Two or 
more search units 'Used in an abeam formation 
to afford greater width coverage along track. 

FIOUBE 8-31 

3. Trackllne Single. Unit Nonreturn (TSNI. Same 
as TSR except search terminates at opposite 
end of track from which it was begnn. 

FIGURE 8-32 

4. Trackllne Multiunit Nonreturn ITMNI. Same 
as TMR except search terminates at opposite 
end of track from which it was begnn. 

FI011B~ 8-3Il 

e. Parallel Patterns (PI 

There are nine forms. of parlll1el search pat­
terns: PS, PM, PMR, I'MN, PSL, PSA, PSC, 
PMC, and PSS. There are two general sub­
groups of parallel patterns: Those with straight 
search legs and those with curved search legl1. 
Parallel track patterns haye straight search 
legs, while parallel circle and parallel arc pat­
terns have curyed search legs. Parallel track 

'patterns are normally used when: 
el) ''I'hesearch area is large /tnd fairly 

level<!""'" i' ,,'; 
" .. 
(2) Onl~ th\! approximate looation .0£ the 

target is known ; and i. 

(3) A uniform coverage is dllaired.· . [. 
Parallel track patterns are best adapted to 'roo­
tangnlar or square areas. Search fegs' are 
aligned parallel to the major axis of rectangu­
lar search areas. 

Parallel circle patterns are normally used 
for small search areas underwater by swim­
mers although not exclusively for this pu~.pose. 

Amiind. 3 a-t2 



Parallel arc patterns are normally used in 
areas where DME, TACAN, or other distance 
measuring navigational aid is available to the 
search unit. The size of the search area is not 
a factor when selecting a parallel arc pattern; 
the navigational net coverage is the controlling 
factor. 

1. Parallel Track SIngle-UnIt (PS). 
CSP 

~------I--~----:l 

I CENTER I +05 : I POINT I 

IMAJciii'AxiS- -,------1 
I I MINOR.AXIS I 
I . I I 
L ______ ! _- ___ ..-1 

FIGURE 8-84 

2. Parallel Track MultIunIt (PM). This pattern 
provides very accurate track spacing, fast area 
coverage, and an increased safety factor for 
aircraft over water. 

One search unit is designated as gnide ILtld 
handles navigation, communications, and con­
trol of team. Turns at the end of search legs 
should be carried out by aignal from the guide. 
Cross legs are a distance equal to the Itraek 
spacing multiplied by the, number of search 
units in the team (n8). Land search, units use 
the procedure described in. chapter 9. 

r--' -----.,.....%8---, 
I _csp S f! I- S 

nS 

I~ .8 .i 

I s .1. i S I 
'I I L __________ -I 

FIGURE 8-85 

3. Parallel Track Multiunit Return (PMR). This 
pattern is used when simultaneous sweep of an 
area to maximum radius is desired. It provides 
concentrated coverage of large areas in a mini­
mum period of time and allows the use of air­
craft with different speeds in It parallel search 
pattern. 

FIGURE 8-86 

4.· Parallel Track Multiunit Nonreturn (PMN). 
This pattern is similar to the PMR, except 
search units continue on to a destination other 
than the departure point. It is normally used 
when' enroute vessels or aircraft are available 
and will alter their tracks It small amount to 
provide uniform coverage of the search area, 
when passing in the same gerieral vicinity. 

LNt known position r...:F1.::i,j>:::';";C'---+'------<l 
Fliglit 'A 

Aerodrome .-~~~~~~~;:;=:t of depart ..... ' TR",CK LINE 

Flight B 

Flltht I) 

FIGURE 8-37 
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5. Paralle( Track Single-Unit LO.ran Line (PSLl. 
This pattern is one of the most,.accqrate search 
patterns for aircra~~. searching oJ.one in areas 
covered by LOl"llJl, Decca, Omega or similar 
llItvigatjon nets, The pa~tern,mustbe orientated 
so that the.search.legs iJlo,wnby the search qnit 
are parallel to a system of I,oran lines, Omega 
lineE!, etc. 

Lorl\Jl Jines are sele.cted at the tracksp,acing 
desired. As each l()g is .flown, the selected Loran 
line reading is pre-set on the.,Loran receiver­
indicator. The Loran operator has then merely 
to coach the pilot to keep him on the pre-set 
Loran line, and thereby on track. 

8-43 

CSP 
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FIGUBIIl 8-88 
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6. Parallel Slngle·Unl' Arc IPSA). This pattern 
is used by search craft for areas which have 
DME, TACAN, VORTAC, or similar distance 
measuring navigation net coverage. It gives 
the benefit of accurate tracIc guidance. However, 
this pattern will be more difficult to execute 
than the one based on LORAN position lines. 
Figure 8-39. 

-., 
I , 
I 
I 
I 
I 
I 

.J 

7. Parallel Slngle·Unlt Circle IPSC). This pat­
tern is similar in execution to. the PSA except 
one complete circle is made before shj,fting to 
the next search leg. If all leg shifte are made 
on the same bearing line from the navigation 
station, uniform coverage is obtained with very 
good accnracy. This pattern is used only when 
"a distance measuring navigation net, such as 
TACAN, blankets the search area. This" pattern 
is also used when the search craft can drop an 
SAR datum marker beacon of either the 
TACAN or RADAR types from which it can 
obtain both distance and bearing information. 
Figure 8-40. 

8. Parallel Multiunit Circle IPMC). This pattern 
is used by two or more swimmers for under­
walter search of very sinall areas, generally less 
than 25 yards in diameter. A line or rope is 
knotted a:iong its length at distances equa:i to 
the. desired search track spacing. The line is 
then o.nchored in theOOilter of the area. and 
swimmers use the knote to maintain uniform 
coverage. Swimmers begin with the innerm(l8t 
knots, search one set of circles, then shift out­
ward to the next set of knots. "Figure 8-41. 

Amelid. t 
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" -PSO Pattern 

FIG""" 8-40 
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9. Parallel Single. Unit Spiral IPSS). This pat­
tern is used by a single underwater swimmer 
for search of very sinall areas, generally less 
than 25 yards in diameter. The swimmer uses a 
line or rope coiled on a fixed drum in the cen­
ter of the area. He then swims and searches in 
ever increasing spira:is; using the line to main· 
tain proper search track spacing by keeping it 
taut at all times as it uncoils with his movement. 
Figure 8-42. 

f. C .. eplng Line Patterns IC) 

There are seven forms of creeping line pat­
terns: OS, CM, CSC, CMC, CSR, CMR, and 
CMS. These patterns differ from the para:1lel 
track pattern only in that the search legs are 
parallel to the minor axis (shorter axis) of a 
rectangular or elongated search area. They are 
selected when: 

(1) the search area is narrow, long and 
fairly level; 

(2) The probable location of the target is 
thought to be on either side of a line be­
tween two points; and 

(3) Immediate coverage of one end of 
the ",rea, followed by rapid advancement of 
successive search legs along the line, is 
desired. 



SURFACE 

PMO Pattern 

FIGURE 8-41. 

1. C .. eplng Line Single. Unit ICsl. The com­
mence search point (CSP) is located % search 
track spacing :inside the corner of the search 
area. Figure 8-43. 

2. Creeping Line Multiunit (CMI. This pattern 
is the same a.s CS except two or more search 
craft are used cruising abreast with turns and 
cruising control in· the same manner as with 
the PM search pattern. Figure 8-44. 

3. Creeping Line slngle·Unlt Coordinated 
(CSCI. Coordinated creeping line patterns should 
be employed when aircraft and either vessels or 
boats are available. The track of the aircraft is 
planned so that the advance of the successive 
legs of the search pattern equals that of the 
marine craft, and the aircraft pa.sses over the 
vessel on each leg. This 1'esllll:8 in a more accu-
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os Pattern 
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CMPattem 

rate search po.ttern, and rescue by marine cmft 
can be effected within a short time once survi­
vors have boon located by the searching aircraft. 
Coordinated po.ttems should be started before 
entering the _rob area so that full coverage 
of the a.rt'JIL will be assured. See chapter 9 for 
procedures for coordinated patterns. Figure 
s-45. 

csp ----------------r-l 
s s ~ I 
I 6 I 

I L Ii I 
~ _____ ~ __________ l_J 

esc Pattern 

FmUBE 8-4Ci 

4. Cre.plng LIn. Multiunit Coordlnat.d ICMCI. 
This type pattern provides a more accurate 
sea.roh with faster coverag<>. TIlls pattern is the 
same as CSC except two or more search air­
craft are used cruising abreast, with crosslegs 
being flown equal to track spacing multiplied 
by the number of search aircraft (as in CM). 
In this type searob, the guide aircraft passes 
over the ship on each leg, other aircraft main­
taining station on the guide at distance S aput. 

~~--...:---- --1-----., 
s ss I ~ ! 

I i I 
~---________ L ____ J 

FIGURE 8-46 

5. Cr •• plng LIn. Sing I.· Unit Radar ICSRI. This 
pattern is the same as (CSC) except that the 
ship assists the aircraft in keeping on course by 
frequent radar advisories. The ship also advises 
the pilot when 'he is five miles from the end of 
each leg and at the time to turn onto crossleg to 
facilitate accurate coverage of the crossleg 
areas. Advisories of distance off course should be 
given on the basis of an average of several fixes. 
Whenever the aircraft is within the visual 
range of the shlp, visual bearings should be 
taken and plotted with radar ranges. This will 
prove more accurate than relying on radar 
bearings exclusively. 

.... .... 
FIGURE 8-47 

6. Cr.eplng Line Multiunit Radar ICMRI. This 
pattern is the same as (CSR) except two or 
more llIircraft are used in an abeam formation 
at distance S apart. The surface unit tracks and 
plots only the guide aircraft. Aircraft turn to­
gether on the crosslegs and move over a dis­
tance equal to track spacing multiplied by the 
number of aircraft(nS). If difficulty is experi­
enced with bearing discriininatlon or s\lipborne 
air searchrad,ar, the guide aircmft should take 
station a hllH mile ahead of· the other aircraft 
to improve radar identification. 

7. Cr.eping Line Multiunit Coordinated .Spllt 
ICMCSI. Like its name, this pattern is difficult to 
compute and cumbersome to e.xecute. However, 
when a large aircraft speed differential pre­
vents using the CMC, or if the search craft de­
sire. it may be used. Some pilots prefer this pat-
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tern as they do not have to fly formation on a 
leader. 

S/2 
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FIGURE 8-48 

g. Square, Pallerns (51 

There are two fol'ffis of square search pat­
terns: SS and SM. These patterns are used for 
concentrated search of small areas where the 
position of Burvi VOl'S is known within close 
limits and the area to be searched is not exten­
sive. If error iu position is expected, Or if the 
target was moving (aircraft about to ditch, 
bailout, etc. or a crippled ship that has heaved 
to or is proceeding at a very slow speed), the 
square pattern may be modilied to an expanding 
rectangle ,,,ith ,the long legs running il). the di­
rection of. the target's reported or probable 
movement. , " 

1. Square Single~Unlt (55). The first leg is 
usually directly into the ,vind or current in order 
to minimize navigation-errors. Square searches 
are often referred to as expanding square 
searches as they begin at the initially reported 
position or Datum Point and expand outward 
in concentric squa.res. It is a very precise pat­
tern req\liring the full attention of the 
navigator. Figure 8-49. 

2. Square Multiunit (SMI. The many turns of 
this pattern ,viII make it impoosible for two 
search craft to conduct an expanding square 
search in an abeam formation. When marine 
craft are used they should, each start an 
independent expanding square patte,l'Il: with 
staggered stn,rting time, and the axis of search 
for o;neh unit should differ by 45 0 from the one 
ahead. 'When t;wo aircraft, the maximum, are 
assigned to an 8M pattorn. they must fly their 
individual patterns at different altitudes on 
tracks which differ by 450 from each other. 
Figure 8-50. 
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h. Sector Pallerns (V) 

4S 6S 

START 
SECOND 
SEARCH 

Therefl,re four forms of sector search pat­
terns: VS, VM, V8R, and VlIifR. These plttterns 
are used when the position of distress, is known 
within close H!p,its and the area to be searched 
is not extensive. The pattern resembles the 
spokes of a wheel and covers a circular search 
area. A suitable datum marker in the center of 
the search area can be used as a nll;vigation aid 
on each leg. The marker may be a smoke float, 
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radio beacon, taean beacon, radar beacon, life 
jacket, buoy, box, or similar piece of equipment. 
This pattern is extremely easy to execute for 
either aircraft or marine craft. Generally air­
craft sector search 'areas do not have a radius 
greater than 20 to 30 miles, while marine craft 
use a maximum radius of 5 miles. 

Compared with the square search, this pattern 
is not ouly easier to execute and navigate, but it 
is also more effective. The track spacing is very 
small towards the center and this ensures an in­
creasingly intensive coverage in the e,rea where 
the target is most likely to be found. If a further 
search is necessary, it should be carried out on 
tracks plotted half-way between the tracks of 
the pattern flown during the first search. The 
first search leg is usually oriented North to keep 
angle computations simple. men computing 
prdbabilities of detection for sector patterns, 
maximum track spacing (Sma.) is used to de­
velop the minimum probability. Maximum 
probability is always 99 percent. For example, 
probability of detection after a sector search 
might be described as 63 to 99 percent. 

The commence search point may be at the 
perimeter of the pattern or Ilt the datum, de­
pending on the approach being !llade to datum 
by the SRU and the orientation of the first leg. 

Each leg is separated by an angle 0 (Theta), 
based on the maximum t1'llCk spacing and search 
radius. At the end of each leg a course change 

START FIRST SEARCH 

FrGURE 8-51 

ORIGINAL 

START SECOND 
SEARCH 

angle fJ (Beta) will turn the search craft onto 
the cross leg, which is the maximum track spac­
ing. 0, fJ and other data is tabulated on the nom­
ograph in figure 8-77. Only the number of sec­
tors (N) listed in figure 8-77 should be used. 
Any other number of sectors will not give equal 
coverage within sectors. For standardization, 
all turns should be made to the right unless 
there is a compelling rell80n to do otherwise. 

1. Sector Single-Unit CVSI. The four-sector and 
six-sector searches are mOst commonly used for 
single search craft using the sector patterns. 
The four-sector pattern will have 90° between 
each successive radius, and only two search legs 
( diameters) and one cross leg equal to 1.4 times 
the search radius, are required to complete the 
pattern. To obtain smaller track spacing, simply 
rotate the pattern orientation 45° after com­
pletion of the first pattern. Completion of 
the next two search legs will give a total oov­
erage of the area as though 45° had been used 
from the beginning. This sequence can be re­
peated by placing the next two coverages mid­
way between the 45° search legs. 

The six-sector pattern is prolmbly the easiest 
to use since it is made up of three equilateral 
triangles with one corner of each triangltl in the 
center of the search area (at datum). Refer to 
figure 8-52. Notice that the search radius (R) 
is also the length of the crossleg. And notioo that 
the maximum track spacing, Smax, is also equal 
to the search radius. 0 is 60° while fJ is 120°. To 
obtain smaller track spacing, simply rotate the 

CSP 

FIGURE S-52 



pattern orientation 300 after complet.ion of the 
first pattern. 

Sector patterns with different central angles 
may be chosen from figure 8-77. 

2. Sector Multiunit (VMl. Up to three aircraft 
can be WlSigned to a multiunit sector pattern. 
With more than that, the pattern becomes un­
wieldy. When aircraft are used in a VM pat­
tern they must fly at different altitudes. Each 
aircraft is assigned two sectors diametrically 
opposite and of equal size. Figure 8-53 depicts 
these individual assignments. A special type of 
VM pattern for boats is provided in the U.S. 
Coast Guard Addendum to this manuaL 

FIGUF.E !HiS 

3. Sector Single·Unit Radar (YSRI. This pat­
tern is used when a radar-equipped marine craft 
takes station at the center of the pattern and 
provides radar navigation assistance to 'one 
sea-reh aircraft in oompleting a sector search 
pattern. 
, 4. Sector Multiunit Radc.r (yMRI. This pattern 

is used wilen a radar-equipped marine craft 
takes station at the center of the pattern and 
provides radar navigation assistance to two or 
three search aircraft in comPleting a sector 
search pattern. Vertical separation must be 
maintained. 

i. Contour PaHern. (01 

There are two forms of contour search pat­
teme: OS and OM. These patterns are used for 

search in mountainous and hilly terrain. They 
can also be adapted for use by underwater 
SRU's for searching peaks on the ocean floor. 

1. Contour Single.Unit (051. Only one search 
aircraft is assigned in anyone area for contour 
searches. The search is started above the high­
est peak and the aircraft flown around the 
mountain "tucked in" closely to the mountain 
side. As one contour circuit is completed the al­
titude is normally decreased 500 feet (descend­
ing 3600 tum opposite to direction of search 
pattern) and a new contour circuit comm!lnced. 

It cannot be too strongly emphasized that 
contour searches are extremely dangerous un­
less the following conditions are satisfied: 

(a) The crew is experienced, well briefed, 
and possesses accurate large scale maps indicat­
ingcontour lines. 

(b ) Weather conditions are good regarding 
both visibility and lack of gustinesg. 

(c) The aircraft engaged is suitable; i.e;, 
highly maneuverable, has It steep climbing rate, 
and a small turning circle: 

a. Contour Pattern 

b. Contour Search Record 

FIGURE 8-54 
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(d) The search is started above the highest 
peak. 

Crews should exercise extreme caution when 
searching in canyons and valleys. Valleys where 
it may be impossible to either climb out, or effect 
a tum around, should be indicated to them. 

It is necessary that an accurate l'I¥'Ord be kept 
of the area searched. There will invariably be 
some mountain peaks and valleys shrouded in 
clouds which will have to be searched later 
when conditions permit. Actual search coverage 
should be plotted by the aircrew as tracks are 
flown. The approved method of recordkeeping 
is to shade in the area searched a.nd outline 
areas unsearohed on a large scale topographical 
map, as depicted in figure 8-114b. 

2. Contour Multiunit IOMl. Multiunit contour 
searches are only cO'f/duoted by lanul 8ea'1'Oh 
teams. This procedure is adopted when hills, 
peaks, razorbacks or other mountainous features 
can be completely encircled. The search is com­
menced with one flanker at the highest level and 
the other at. the low end of the line. Upon com­
pletion of the encirclement the line is reformed 
on the lower side of the lower flanker and the 
process repeated until the search is concluded. 

I. Flar. Patterns IFI 

There are two forms of parachute flare search 
patterns: FS and FM. Theil patterns are only 
used at night. Detection of survivors at night 
who have no night visual aids is purely a matter 
of chance. The use of aircraft parachute flares 
does not appreciably increase the chance of 
detection. . It has very limited potential in 
searches for anything other than large objects 
located in well-defined search areas on flat land 
or at sea. Nevertheless, instances have occurred 
where small objects and lone survivors have 
been found. with the help of this type of illumi-
nation. . 

ParacIiute flares should be used 'for searches 
over land areas onlywhen.the situation .is'E!b 
urgent that the risk of starting ground fires can 
be accepted. They are, in any case, of more use 
in sea searches where it is1ess likely thti,t an 
observer searching under parachute flare illumi­
nation will be confused by silhouettes or re­
flections from objects other than the search 
target. 

Parachute flares are normally dropped from a 
fixed wing aircraft flying above and ahead of 

the search unit. In this type of seareh, the most 
efficient search unit is the vessel, next the heli­
copter, with the fixed-wing aircraft a very poor 
third. 

1. 'Flare Single-Unit IFSI. If this pattern is 
carried out by a single ship with an aircraft 
dropping flares, the pattern looks like figure 
8-55. Only large targets on or near the ship's 
track will stand a reasonably good chance of 
detection. Highest illumination would occur at 
the point where a flare was over the vessel. How­
ever, the aircraft should drop the flare so that 
it passes, near, but not over, the ship during the 
middle' of the burning period. Some flare models 
drop casings when they are launched, then when 
the burning period is completed, the parachutes 
are collapsed and the assemblies free-fall to the 
surface. Precautions must be taken to avoid 
dropping any flare parts on the ship. 

FrauRE s-M 

If this pattern is carried out by a helicopter 
and a fixed wing aircraft, it must only be con­
ducted over water and in visual meteorological 
conditions. The pattern will look. like figure 
8--56. In this CIase the search helicopter flies at a 
minimum altitude of .500 feet and, whenever 
possible, the search should be, oriented to fly legs 
in,~. the wind ,,and downwind. The fixed wing 
aircraft drops flares at the 2 o'clock or 10 o'clock 
.position of the helicopter, aJj!I at a height which 
permits :the flare to bur.n out at or below the 
helicop~r's altitude. ," 

OAUT ION: Flares m11l!t nev,er be dropped 
in such a way that the flare or its Casi.Ug and 
parachute pass directly over the helicOpter. 

Illumination for a helicopter search must be 
continuous beca,use alternations between light 
and darkness tend to cause orientation problems 
for the helicopter pilots. The pattern must be 
planned so that the fixed wing aircraft is ill 



position to drop a new tIars just before the old 
one is burned out. The strength of the wind lIjust 
be considered. Ideally the tIares should be 
dropped so that they ignite at the 2 o'clock or 
10 o'clock positions and burn out at the 4 o'clock 
or S o'clock positions. Illumination may be on 
one or both sides of the helicopter. 

Once the helicopter crew has made a sighting 
and begins to maneuver to investigate, the pat­
tern will be discontinued. The let-down/hover 
approach procedures will vary with the type of 
helicopter and standard operating instructions 
of the parent agency. Whether or not illumina­
tion will be provided during the approach to a 
hover and pick-up maneuver should be at the 
discretion of the helicopter pilot and should be 
determined in advance. If illumination is de­
sired during the approach and pick-Up, it must 
be continuous and: care must be taken to prevent 
the tIares from drifting o.ver the helicopter. 

. ,;:.~m.).~,~.~. __ +-_ 
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2. Flar. Multiunit IFMI. This procedure is es­
essentially simi'lar to the Parallel Track Multi­
unit Nonreturn pattern. The vessels form a 
lin\! abeam forma.tion with the spacing between 
the ships depending on the size of the target and 
on local conditions. The aircraft tIies a "race­
track" pattern over the formation, dropping a 
set of tIares upwind so that they are over the 
forma.tion during the middle of the burning 
period and a new set is dropped as the previous 
set burns out. The number of tIares to be drop­
ped will depend on the length of the line of 
vessels. 

If the length of the line of vessels is lonjt, the 
aircraft may have to adjust the pa1Jtern to make 
~ntinuous illumination possibliw':I'he aircraft 
Clin makeS0-260 course reversal and start 
dropping tlares at the opposite ends of the pat­
tern for each set dropped. 

,'BURNOUT,' 

/t t" , , , ' , ' 

FLARE 

FIG""" 8-111 

k. Homing Patt.rns (HI 

t /t , 
I , 

! RELATIVE 
WIND 

There are three forms of homing patterns: 
HSA, HSM, HMN. These patterns are used to 
locate emergency locater-transmitters or .¢her 
radio/elootronic emissions from survivors or 
distressed craft. They are-designed for use when 
the detected signal is too weak for instaUed 
homing equipment to receive, or'if the search 
cmft does not have homing equipment . 

1. Homing Single-Unit Allral (HSAI. In this 
procedure the aircraft tIies a "boxing-in" pat­
tern on the assumption that the area of equal 
beacon signal strength is circular. The position 
of the aircraft is plotted as soon as the signal 
is heard for the first time. The pilot continueS on 
the same heading for a short distance, then turns 
90· to either port or starboard and proceeds 
until ,the signal fades. This position is noted. 
He now turns 1S0· and once again the positions 
where the signal is heard and where it fades 
are noted. TP-e a.pproxiJlll).te position of the bea.­
con ca.n now be found: first, by dmwing chord 
lines bel;ween each set of "signal heard" and 
"signal fade" positions and then by dmwing 
the perpendicula.r bisectors of each chord. The 
aircraft now proceeds to this position and de­
f!(lellIds to.M appropnaJte level for sighting (e.g. 
below clOUd). However, Ij\nce the a.rea of equal 
signa.! strength on which this procedure is based 
is st¥dom, if ever, circular, the triangle produced 
by ~e biSectors wjJl give only an a.pproxima:te 
J?OSlt\qn ,89 tha.ta.nother close-in 8eII.r<lh must 
be JllI).d~ . This IJll'Y either. be another a.umJ 
~rch", or a. visua.l sea.reh (e.g. sectOr search) 
.u91ngthea.pproxima.te positionasa. datwn point. 

2.' Homing Slngle"Unlt Meter (HSMI. In this 
procedure the sijtnal of the beacon is mea.sured 
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BSAPatterll 

on the signal strength meter of the receiver. On 
the initial heading of the aircraft into the sea.reh 
area, two positions of equal meter reading are 
plotted and the mid-point bstwe4l!l the two de­
termined. (This poi!lt will coincide with the 
point of maximum signal strepgth, if it were 
possible to locate it accurately.) The pnot now 
turns the aircraft 180· and upon reaching the 
mid-point makes a 90· tum to either port or 
starboard. If the signal fades he is obviously 
heading in the wrong direction and turns the 
aircraft onto the reciprocal. Two pol¢s of equal 
meter reading are also plotted on this heading. 
This time the point of maximum reading, if 
accurately established, is also the location of the 
beacon. After passing the second point of equal 
reading the pilot makes a 180· turn and de-

Amend. 1 

scends to an appropriate altitude. It has been 
found that this method of _rcb, if carefully 
executed, is very accurate and can make a fur­
ther search unnecessary •. 

3. Homing Multiunit Nonreturn (HMNI. This 
pattern" is used to obtain useful data. from 
en route aircraft without requiring them to 
divert from their tracks. Aircraft passing near 
the suspected area of distress are asked to lieten 
on the beacon frequency and report the positions 
where the signal was first heard and where it 
was lost. If the aircraft are meter-equipped, 
they are asked to report two positions of equal 
meter readi!lgS. 

By plotting perpendicular bisectors of all re­
ported position paJrs, the SHe can narrow the 
possibility area greatly and in some cases can 



SIGNAL FADING 
TURN 1800 

INITIAL AIRCRAFT HEADING 
INTO SEARCH AREA 

--~----~~--~----*-~ 
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% DIST. BACK 

X} 
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establish the survivors position with reasonable 
accuracy. This prooodureis very useful in areas 
of regularly transiting aircraft. 

833 Search Pattem Selection 
Figure IHIO summarizes the search patterns, 

lists minimum required sellrch units, and pro­
vides brief remarks concerning their particular 
advantages or applicability. Often only one type 

PROCEDURE TURN AND 
REDUCE ALTITUDE 

POINTS OF EQUAL 
STRENGTH 

HSM PATTERN 

RADIO SIGNAL 
HORIZON 

of search pattern will be used. In other cases, 
several search patterns will be used simultane· 
ously, but in different search areas. And in still 
other situations, a series of different search pat. 
terns will be used in sequence for the same search 
area. Obviously, the SMC must have a thor· 
ough, detailed knowledge of every search pat· 
tern available for SAR operations, if he is to 
select the most appropriate pattern for his 
particular circumstances. 

Search Pattern Siummary 

Pattern 

TSR 

TMR 

Name SRU ... _ 

Traokllne single.unit.return •••••. - •• I .•.•••••..•••••••• For ..... oh ola tr80kllne or line 01 pOSition 
when unit must break ott search at same 
end 01 track 88 search originated. 

Tra.kIIn.multiunit return ••••••••.. 2 or more •••. _ ••••.•• Same 88 TSR •• cept that 2 or more SRUs 

(Continued ) 
are used oruiSing abeam of eaoh other. 
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Pattern 

TaN 

TMN 

PS 

PM 

PMR 

PMN 

PSL 

PSA 

PSO 

PMO 
PSS 
08 

OM 

CSO 

CMC 

CSR 

CMR 

CMCS 

SS 

8M 

VS 

VM 

V8R 

VMR 

OS 

Search PaHern Surnrnary-Contlnued 

Name SBU required Remarks 

TraokJine single-unit nonretum •••••• I •••..••••••••••••• Bame as TSRexcept that searoh terml· 
nates at opposite end of track from 
conunence eearoh point. 

Track1lne multiunit nonretum •••••• :I or 111018 ••••••••••• Bame as TMR except that search tenIIl. 
nates at opposite end of track from 
commence sel\1'ch point. 

Parallel track slnp unit •••••••••••• I .........••....... Bearch of a Iarse area when posltoln of 
distress, Is unknown. 

I'alaI1e1 track multiunit •••••••••••• :I or more •••••••••.• Bame as JlS except two or more 8RUs 
OOI\1'Oh abeam of each other a distance 
S aplll't. 

'Parallel track lIIultlunit retum ••...•.•••• do ••••••••••••• Used for i/olll'Oh of lona rectangular area 
where 'lilly oil!' track out and hack Is 
possible., 

Parallel traQk multiunit nonretum •••.•..• do ............. OWy enrOute SRUs qr transient craft 
available for one track through search -. Parallel track sIngIo-unit ~ line. L ••••••• ___ ••• ____ Same III PS except SRU uses Loran lines 
for greater .... v1setlonal accuracy on 
tI'IIoks. 

Parallel single-unit are •••••••••••••• I .................. DME, Taoan, or Vortac lIIust be aval1able 
Inaroa. 

Para11e1 sIngIo-unit oIrcIe ••.• __ •• _ ••• 1 ••••••••••.••••••• Distance measuring naVigation system 
llI'IIt be availabJe In area. Common 
un,,-ter pattvrl. 

Parallel multiunit oIroJe ••••••••••••• Or 111018 ••••••••••• Undarwater pattern ollly. 
ParaUelslngie-unit -V1ra1 ....... -- ••• 1 ____ • ____________ • Un~rwater pattern ollly. 
Creeping Une single unlt.. __ •• __ •• __ • I. ____________ . ____ Distress senerally known to be between 

two points. Wider than trackJine pat­
terns. 

Creeping lInelllultlQl/lt ____________ • 2 or more ___________ Bame as CS except thattwo or more SRU 
are used cruising abeam of each other. 

Creeping line single unit coordinated. 1 acft + 1 ship ..••. 8ame as PI:! except coordinated ship move· 
ment used to obtain greater navigational 
acouracy. 

Creeping line multiunit coordinated .. 2 acft+ 1 .hlp_ •••••• Bame as CSC except :I search aircraft are 
used cruiSing abeam of each other. 

Creeping Une single-unit radar_._._. 1 aoft+lshlp ____ ._. Same as CSC except that ship controls 
aircraft, by radar to keep aircraft on 
search tracks. 

Creeping line multtuult radar. ______ :I acft+ 1 shlp __ • __ ._ Same as CMC exOept that ship controls 
aircraft by radar to keep aircraft on 

, .0l\1'ch trailk •. 
Creeping Une multiunit 2 aoft+lship __ . ____ Uaad when large speed dIfferential exists 

coordinated split. b.tween the two ,aircraft. 
SqUlll'O single-unit. _____ ._,. ______ . 1. ... ______________ • Dlst .... position kn~wn within close limits 

. and searoh area not exti:lnsiv~. 
SqUlll'O multlunlt._. ___ ._. ___ . _____ 2 __ .. _. ___________ •• Same as SSpattern but both SRUs Bearoh 

- Independently, with trao~, •. 45· ,apaft. 
Bector 81ngle unlt __ . _____ . _____ . _. _ 1._. _______ • _. ___ • _. Distr.SB pOBltlon known within olose limits 

and search area not extensive. 
Bector multlunlt ____ • ___ ._. _______ • a or 3 _____ • _____ ._. Same as VS except two or thre.SRUs are 

used. ',. 
Bector single-unit radar ____________ 1 aoft+l shlp ____ . __ Same as VB except ship controls aircraft 

by rada.r. 
Beetor lIIultluI!lt radiu---.-.-------- 2 or 3 acft+l.hlp __ . Same as VM except ship controls aircraft 

by radar. 
Contour slngle·lUllt.: __________ . ___ 1 __ • _____ • ____ • __ ._. Bearch of mountainous/hilly terrain. 

(Goa •• "', 
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Seorch Pattern SIImmary-Contlnlled 

Pattern N"",. SKU required Remarks 

OM Contour multiunit~ ________________ 2 or more ___________ Ground search of m,ountainousjhilly 
terrain. 

FS Flare single unit. __________________ 1 acft+l ship or Night visual search only. 
2 acft. 

FM 
HSA 
HSM 
HMN 

Flare multiunit ____________________ 1 acft+ships ________ Night visual search only. 
Homing single-unit aural __ , _________ 1 ___________________ Electronic homing-in use. 
Homing single-unit meter ____ .. _______ l.. __________________ Electronic homing .. in use. 
Homing multiunit nonretum ________ 2 or more ___________ Electronic positioning, use. 

FIGURE 8-60 

Generally, the following factors will have the 
greatest influence on which particular search 
pattern will be selected by the SMC : 

(a) The known accuracy of the distress 
position. ' 

(b) The size and shape of .the search area. 
(c) Thenumberand typo ()fS~Usavaiiable. 
(d) The enroute and on scene weather. 
( e) The distance between the search area,and 

the SRU departure base. 
(f) The availability of navigation aids in the 

search area. 
(g) The size and detectability of the search 

target. 
(h) The desired probability of detection. 
(i) The limitations of time. 
(j) The limitations of ter~ain. 
Time permitting, the search patterns being . 

considered for use should be listed with their 
advantages and disadvantag~~ and then com- ( 
pared. ~r0!llthis comparison, thesel1-rch patfern , 
is selected which best suits t;he mission c~rllJlm- . 
stancej!. The se)~cted. pattern is then. ex!tmined 

. for suitabiJjty, feasibility, and acceptability. A 
search. pattern is suitable if it will accomplish 
the mission within the existing time limitations; 
it is feasible if it can be executed with the SRUs, 
availilble in the face of weather, distances, and 
similar limitations existing at the time; it is 
acceptable if the results expected from itsexecu­
tion will be worth the estimated effort and cost. 

During large scale searches, ample time is 
usually available for the SMC to thoroughly 
plan his search efforts. It is essential that care­
ful thought go into the selection of search .pat- . 
terns and in1l@the designation of specific search 

, units to ·execute the patterns. Once large scale 
search efforts arc underway, redeployment of '. 

search units or changing of assigned search pat­
terns becomes exceedingly difficult. Therefore, 
even if time does not permit a written analytical 
comparison of the various, possible search pat­
terns, the SMC must mentally consider and 
evaluate their individual features before making 
his selection. 

840 AREA' COVERAGE 

Search area coverageinvolvee the systematic 
search of selected areas to obtain the optimum 
probability of detecting a search target. Many 
factors influence detection capability during a 
search, and these factors are seldom identical 
in any two situations. The relative influence 
of these factors can be predicted to some ex­
tent. If the.SMC is ,aware" of them, his sea.rch 
planningand;thesea.tch~peration will be more 
effective. Th.ese faitorsean be reduced to four 
rela~~.d mathemll,Hcal e~p~sions which aim­
pUfy" the employment of selirch units. These 
factors are:' 

S~ Track spac}ng. 
P-Probability of detection . 
W-Sweep width. 
C-Coverage factor. 

These expressions may be broadly considered 
as measurements. In this sense, S is a general 
measure of search effort; P is a measure of 
search results-either desired or attained re­
suits; W is a measure of detection capability; 
and C is a measure of search quality. 

841 Track SpacIng '(51 , 

Track spacing (S) is the distail~bet~een 
adjacent seareh·traeks.·, These trookll mat be·' 
produced by the simultaneous sweeps of ;SSv­
eml,§!llu'ching uni~",mtd.f.lR.igWdill. " figqp$ 8'-
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61A or by the successive sweeps of a single 
searching unit, as depicted in figure 8-61B. 

The probabilitv of detection can be increased 
by decreasing the track spacing. In other 
wows, the closer the search tracks are to each 
other, the higher will be the probability for 
detecting the target. However, whenever the 
track spe<!ing is decreased, more time will be 
required to complete the search of a given 
area with the same number of SRUs. If the 
extra time is not available to the SMC, and 
he still desires to increase the probability of 
detection by reducing the track spacing, then 
he has no other choice· but to accept a smaller 
area that can be searched. This is assuming that 
no additional search units are available. 

There is also a limit to which the track spac­
ing can be reduced. This is due to the practical 
limits of navigational accuracy by the search 
units. The optimum track spacing is that which 
permits the maximum expectation of target de­
tection in the available time or that is consist­
ent with the economical employment of the 
available search units. 

Track spacing (S) is expressed in yards for 
ground party searches and underwater 
searches; it is expressed in nautical miles for 
other types of searches described herein. 

A. SIMULATANEOUSSWEEPS 
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842 Probability of Detection (PI 
A search planner may use the probability 

of detection (P) as a measure of search results. 
It may be used to express the search results 
desired before the search is started, or it may 
be used to express the search results obtained 
after one or more searches are completed. Any 
estimate of a success probability is simply a 
statement of the proportion of successes ex­
pected when some operation is repeo.ted many 
times. 

Although P is usually expressed as a per­
centage, keep in mind that it is really stating the 
odds of success or failure for detecting the 
search target. For example, a 67% probability 
of detection is just another way of stating that 
the odds are two out of three for success, or 
that the odds are two to one for success. Suppose 
the SMC calculated the detection probability to 
be 90%. He would expect that the search target 
would be detected nine times out of ten, on the 
average. And conversely, he would expect one 
failure for every nine successes. Thus occasional 
failures to detect survivors is understandable 
and L'Onsistent with high values of calculated 
probabilities for successful detection. 

A definite probability for detecting a search 
target exists for eaQhscan made by the search 
unit's scanners, lo<;>kout,.or detection equipment. 
This probability is cltJled the i\lstantaneous 
probability of detection. This instantaneous 
probability of detection, repeated with succes­
sive scans as the search unit moves along the 
track, develops the probability pattern of the 
search. The instantaneous probability of detec­
tion is not uniform across the swept area. In 
general, it is highest at short distances from 
the search unit, and decreases as the distance 
from the search unit increases. Figure s..:62 
depicts a typical curve for instantaneous prob­
ability of detection versus lateral range. Close 
to the observer, the probability of detecting the 
~r?/l targe~ is hi~h. As. the range increases 
away from the observ~r,. it .decreases until it is 
zero at the maximum d~tOOtion range for that 
particular target. Detection '~!l-iige is measured 
from the positian of the observer in the direc­
tion of sean • 

Ifa second observer,stands,back to back with 
the first observer (or if the lirst observer alter­
nates hie se9.u'180 degrees), the resultant in-



Instantaneous Probability of Detedlon Versus Lateral Range 

A. TYPICAL SINGLE SCAN B. TVPICAL DOUBLE SCAN 
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stantaneous probability of detectipn curve 
would be as shown in figure S:"62B.This is the 
typical curve for search craft since ~anners or 
detection equipment normaJly searqlj on both 
sides of the search craft simultaneously. 

Note that the curves are not straiglit lines be­
tween the observer and the maximum detection 
range. This graphically illustrates that the prob-

',ability is not uniform, and does not have a 
.. 'oonstalit rate of decrease as the range is in­

creased away for the observer. Also note the 
slight decrease in' probability at very close 
ranges. This is due to such factors as the adverse 
close range effects of sea return during radar 
searches, pinging over the target during sonar 
searches, aircraft fuselage blocking scanners' 
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view of surface underneath the aircraft, vessel 
superstructure or hull blocking lookouts' view 
of water surface close aboard, etc. 

Suppose a large number of identical targets 
were distributed along a line uniformly (equal 
distances apart). The observer is placed at the 
midpoint of the line and makes a double ob­
servation as depicted in figure 8-62B. He will 
sight most of the targets which are at close 
range; less targets. at greater ranges; and no 
targets beyond the maximum detection range. 
Figure 8-62C depicts the nniform distribution 
of targets (the rectangle) and a typical instan­
taneous probability of detection curve super­
imposed upon it. This graphically demonstrates 
the relationship of targets sighted (within the 
curve) to targets missed (outside the curve but 
inside the rectangle.) 

The ratio of targets actually sighted to the 
total number of .targets that are present will 
obviously vary with the range from the ob­
server. Also if we multiply this ratio by 100, 
this will provide us with the instantaneous 
probability of detection as a percentage. How­
ever, we will have to specify a particular range 
from the observer since this instantaneous prob­
ability curve is not uniform, that is, it is not a 
constant value at all ranges. 

In order to overcome this lack of uniformity, 
we use the concept of sweep width, which re­
duces the detection capability for a given sweep 
to a single numerical valul\- In other words, the 
sweep width is merely a single number summa­
tion of the more complex range detection proba­
bility relationship_ 

A. GRAPHIC PRESENTATION OF SWEEP WIDTH: 
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