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 GONFIOENTIAL

Models of various types of passenger ships, & merchant vessel, a
cruiser and & destroyer were painted with camouflege designs and were
viewed in & lesboratory theatre.

) ARSTRACT

e

Pictures are shown of twenty-five new course distortion designs,
eighteen being of en obtrusive charscter and seven of &n unobtrusive

character.

Pictures sre shown of five American lorld far designs. They pro-
duced very effectively course confusion.
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Chepter 1 -

INTRODUCTION

1. Authorlization. The investigation of dazzle camouflage of
ships was authorized by Bureau of Consiruction and Repair letter S19-7
(RI) of 16 Merch 1936.

2. References. References pertinent to the present report are:

Reference (a) "The Development of Marine
Cemouflege and Tests Relating
Thereto", by Harold Ven Buskirk,
Lieut.(CC) U.S.N.R.F., May 1,
1919. BuC&R file 14258-AlZ,
enclosure (4A) with Vol. 4.

(b) 1Ibid., enclosure (B) with Vol. 4.

(e¢) 1Ibid., enclosure (C) witl Vol. 4.

(d) "Marine Camouflege", May 10,
1520, BuC&R file 14258-Al/,
enclosure (&) with Vel. 5.

3. These referencec comprise the only written records of the sub-
Ject evailetle ir Navy files. In the Haval Torpedo Station, Alexandria,
Virginia, are collected & large number of dazzle camouflage designs.

Le Defirition. "Lazzle camouflege" refers to painting a ship in
such & way &s to produce confusion or deception. There is no precise
definition of the term. Decepticn ney be effected in various ways and for
various purposes; for example, painting & ship so that its course appears
to be different from its true course; painting a ship so that it looks like
some other ship; and painting large irregular pattern to give a confusing
effect. Deceptive expedients by means other than paint, such as changes
in superstructure, false, tilted, shifted stacks, masts, etc., have often
been clecsed as "camouflage". Painting in order to lessen its visibility
has been described as "camouflage".

5 Scope of the present repcrt. The present report deals only
with producing decepticn by means of paint in the course of & ship as
viewed from the surface. Smell models less than twe feet long of commercial
and naval ships were painted end viewed in a smell theatre set up in the
leboratory. The work is essentislly preliminary in that no experiments
have been made with ships at sea. It is believed, however, that in general
the conclusions derived from the models should be valid for the full scale
case. The present experiments have consisted mainly in an extension and
development of the experiments of the Forld Wer with the irtroduction of no
new or novel ideac except possibly for the icdea of "unobtrusive" designs.

6. At the same time the World War experiments of 1918 sappear to
be of such value that they should not be lost sight of in any contempleted
plan of camouflage. Therefore a chapter has been given to the 1918 designs.
alw
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7.

%orld Ver opinion of the velue of cazzle camouflege.

British Opinion  An unslysis of ships camoufleged, atlacked or sunk by
submerines led the British Admiralty to the following conclusions:

B
war s
camoufl

"1t is considered that dazzle painting cannot
possibly assist the submurine and it is almost certein
to increcse the difficulties of ettack by making it
difficult to tell a ship's course,.....- .. provided
the mests and funnels do not give all the informetion
desired." Reference (b), page 303.

"Lazzle painting is of little value to ships in
the line, and under certain circumstances may be a
positive disadvantage." Reference (v), page 306.

"It must be remembered that the sole object of dazzle
painting is to cause confusion as to the course and
speed of & vessel, and that it is not designed to re-
duce visibility. In our opinion, from a careful
exemination of the whole of the evidence, no definite
case on materizl grounds can be mede out for any
benefit in this respect from this form of camoufleage.

nit the seme time the statistics do not prove that
it is dissdventageous, and in view of the undoubted
incresse in the conficence and norale of officers and
crews of the mercentile merine resulting from this
painting which is a highly important consideration,
together with the smell extra cost per ship, it may be
found advisable to continue thbe system, though probably
not under the present wholesale conditions." Reference
(b), page 205. -

Thus we may suamarize the British position et the end of the
(e) ageinst camouflage of ships of the line, (b) not averse to
ege of other ships in thet evidence indicated that such camouflage

wes not harmful and of no tengible benefit but of only intangible benefit

&8 aidi

9.
camoufl

ng morale.

icen Opinion Regarding hmerican opinion of dezzle
ege the following sentences may be quoted:

"It is considered beyond doubt, however, that camouflage
painting wes of distinct value, particularly in the case
of lerge end fest veesels, which might be saved from
disaster by the momentery confusion of the attacking
submerine commenders." Reference (d), page 184.

"In the case of veospels of the fleet it was estab-

lished that dezzle painting would be objecticnable for
vespele in the line." Reference (d), page 185.
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10.

Chapter 2 —

SUMMARY AND RECOMMENDATIONS

of course distortion designs. New designs to pro-

duce course distortion were developed which may be clessed as "obtrusive"
and "unobtrusive" designs.

11.

(a)

(b)

(e)

(a)

(v)

(e)

Obtrusive_designs &re given in Pletes 1 to 5.
The obtrusive design aims to produce the
deception by bold and distinct pattern. There-
fore the observer perceives immediately that
the ship is painted in an unusual way and may
be expected to infer that the painting is for

the purpose of deception.

Unobtrusive designs are given in Plates 6 and 7.

The unobtrusive design aims to produce the
deception by a pattern which is not noticeably
wususl. In this case, if the design is successful,
the observer is deceived &s to the course of the
camouflaged ship and is ignorant of the fact that
he is deceived.

The designs of Plates 1 to 7 enploy only shades

of gray, with no colors, some designs using three
shades of gray and some two shades of gray. The
three shades of gray are given in Plate 8, the
lightest shade being Standard Nevy Gray and the
darkest shade nearly bleck. The shades used in the
designs of Plates 1 to 7 are evident from an in-
spection of the Plates.

Recommendations. It 18 recommended

That the fact be borne in mind that the course
distortion designs of Plates 1 to 7 were tried on
models only and therefore that their effectiveness
on ships at sec is not known,

That if any tests at sea were to be carried out,

the obtrusive design of Plete la and the unobtrusive
design of Plate 6a be tested first, for theue appear
to be among the most interesting,

That all of the 1918 designs now filed at the
Torpedo Station, Alexandrle, Virginia, be carefully
preserved, for no {nformation is available to
contradict the view that these designs &re as
satisfactory as any which can be devised for the
desired purpose.
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(¢) That one of three possible alternative procedures
be consicered:

First. Collect the Forld har designs now at
Llexendria and without exemining them file with
this report, and drop the subject. This would
leave the subject with the general principles
pretty well covered and illustrated, but not in

& form ready for quick application in an emergency.

Second. Collect the World War designs and examine
each one with care by painting on & medel. This
would bring to light the nature and value of the
designs.

Third. Collect and examine the fiorld FKar designs.
Prepare scale models and drawings of sll ships

to be camoufleged. With the models work out the
sctual design, or designs, for each ship and record
these designs on the scale drawings. This would
leave the subject in fairly complete form ready

for immedicte use.

Chapter 2

WORLD WAR DAZZLE CAMOUFLAGE

12. Principles of dazzle designs. The following paragraphs
cuoted verbatim from reference (b) present an excellent summary of the

development of ideas of dazzle designs by the Bureau of Construction and
Repair during the Forlc Whear.

23 nSuccessful designs may be divicded broadly into two groups,
those which so completely conceal every structural feature of a vessel
es to render it difficult to meke any estimate whatever about the course
of & ship, and those which depend upon &n ingenious use of pattern to
give the impression of a course quite at varisnce with the true course.
A1l good designs of the latter group rely upon & distortion of perspective
or en apparent alteration of form to achieve the desired result."”

Reference (b), page 149.

14. nall distortion &s to course is lost when the design is
viewed from sbove. This was one of the reasons why dazzle camouflage was
not epplied to the battleships. Its chief value is as a defense ageinst
submarine atteck where the enemy point of view is low." Reference (b),

page 149.

15. "In the first American designs the sim was to give the
maximum course distortion possible, end to create the illusion that the
vepsel was steering as much as 90° off her true course, but the later

ke
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tendency wae to strive for a more modest distortion, and one which would
be effective during & lenger period of time. Designs of the first type
were apt to be weak when the bessel was seen very nearly bow on, and
vhen seen three or four points off the bow the change in the appurent
size of the vessel would in & short time possibly give the lie to the
ceception caused by the design.

16. "The best designs were those which were capable of & double
interpretation, and would leave the observer in doubt as to whether the

2§proaihing vessel would pess on his starboard sice or would be well over
port.

17. "When the British ebendened the large patterned camouflage
altogether end went cver to the use of stripes entirely, none of the
other countries followed the exemple. Our first striped design, Type 3,
Design C, was produced in April, 1918, and was issued to the Shipping
Board on May 13, before the British had gone over to the "zebra" type of
design. With many variations we utilized this same stripe motive in a
large number of subsequent designs, but it was never deemed advisable
to abandon all other types of design in its favor. It is perhaps worthy
of note that Lieutenent-Commander Wilkinson particularly commended our
Type 3, Design C, and spoke of it as the best of cur designs. (Filliem
Andrew Mackay's report to the United States Shipping Board. London,
November 14, 1918).

18. "fe reached conclusions different from the British in re-
gard to the use of verticals in dazzle designs. The fear of vertical
lines has been one of the current superstitions preveiling throughout all
of the brief history of marine camouflaoge. In the early steges it was
customary to claim that this or that type of deslgn "destroyed vertical
lines and thereby rendered range finding more difficult.” Cesign schemes
involving the use of vertical lines were instantly rejected by persons
who might have been supposed to be in possession of sccurate information.
And yet all the time camouflage was being considered primarily as en.anti-
submarine device, and there was no reason to suppose that the Germans had
found any way of equipping a periscope with & horlzontel-base colrcicence
range-finder.

19. "At first we followed the conventionel Brltish practice in
the treatment of corners and wrapped bands of color ground them in
diegonal fashion. The British at that time, and apparently up to the
very last considered it & vitsl defect for an area of color to be allowed
to stop on the vertical line formed by the sharp corner of a cabin, for
example. Experiment convirced us, however, that there was no more effective
way of concealing the exact position of a corner than by & series of vertical
bends and patches of light end dark. There commonly exicts @ marked dif-
ference in the illumination on either side of the ccrmer, and covering the
corner with an srea of color may diminish this difference but rarely
obliterates it entirely. If on the other hand the color stops sharply
on the cornmer the observer is often left in doubt as to whether the sharp
line created does indeed indicate a cormer or whether it ls merely the
edge of a vertical band of paint. In our very latest designs the commonest
method of treating the superstructure was by & scheme of vertlical linec &nd
patches." Reference (b), pagec 155 and 156.

-H-
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20. §g§;jggp.g§§;gpg_gf 1512. The approved designs produced
during 1718 in the subsection of Design of the Cemouflage Section of the
Burecu of Construction &nd kepeir reechea & totel of 495 at the close of
asctive work of this nature, and of this numbter 193 had been made for

Nevy vessels and 302 for the United States Shipping Bosrd vessels.
Reference (b), page 157.

Zl. In the Naval Torpedo Station et Alexandris, Virginis, are col-
lected a large numter of designs. We belicve, but do not know with
certairnty, tnat these are some or sll of the above 475. The designs
cmplecy black, gray, ersy white, greenich gray, blue end yellow colors.
tach degign wes spparently prepered for & perticular ship as designated
orr the drawinge.

22, Five of the designs were selected at random, and were peinted
or & 14 inch model. They were viewed in the Leboratory Lheatire; their
protogrephs are shovn in Plete 9. 1In general they produced no marked
course distoertion but gave the effect of course confusicn or uncerteinty.
They sppeared to be very successful designs frou this stendpoirt.

235 we do not know how these designs were errived at, nor is
there eny ctetement in the references to indicate the experimentel method
used by th subsecticn of Cesign in developing &nd tescting the designSe.
True, an elaboraie theatre was built for the purpose of testing the de-
signs on smail ship models, as described in reference (c¢), pages 31 to
60, but we infer that it was never used, for the statement is made,
reference (c), page 59, that the equipment hed not been entirely perfected
when the werk was disconticued, although several trial runs had been made.

2 To examine the designs collected at the Naval Torpedo Station,
Alexandris, it would be necessary to peint each design on & model of the
ship &nd cbserve the mcdel in the laboratory Llheatre. This could not be
Gone in the time aveilable for the present worke. Not until it is done,
hovever, can the velue of the designs be said to be clearly knowne.

Chuapter 4

NEYE COURSE DISTORTION DEGIGNS

25, Experimentsl. 1t uppeared that little could be added to the
1312 patterns with their rether vegue end succecsful characteristic of
confupicon, although the number cf such decigns coula perh&aps be increased
¢lmost indefinitelys. It cecmed, however, thet there wvere possibilities
of cevelopment of new course distortion designs snd the present experiments
were institutead to thic end. omall modele about 14 inches long of vericus
types of ships were procured., These #ere peinted with the designs end
viewed in & gimple but effective thestre erranpged in one of the laborutory
rconge. The theatlre conslcted of a platform to represent the sea on whieh
the model was pluced, with & puinted sky puckground. Varled illuminuation
sy provided f{rom sultably dlsposed adjustable lights. Observations were
pede with verloue typed of small telescopes, one of which was the optical
equivalent of & perliecope.

DECLASSIFIEQ -0~



26. Genercl principles. Course dictortion designs concelvaltly sre

of two types which may be described as "obtrusive" designs and "unobtrusive"

aesigns. The obtrusive design endeavors to produce the deception by bold
and distinct pattern. Therefore the observer perceives immediately that
the ship is painted in &n unusual way &nd may be expected to infer that
the peinting is for the purpose of delusicn. The unobtrusive design airs
to produce the deception hy & pattern which is not noticeably unusual.

In this case, if the design is successful, the observer is deceived as to
the course of the camouflaged ship and is ignorant of the fact thut he is
deceived.

27. No evidence could be discovered that colers added to the
effectiveness of the designs, and therefore &ll the new designs presented
here employ only shades of gray, with no colors, some designs using three
shades of gray and some two shades of grey. The three shades of grey ere
shown in Plate 8, the lightest shade being Standard Nevy Gruay &and the
darkest shade nearly black. The shades used in the designs of Plates 1
to 7 are evident from an inspection of the Plates. Fhite would be a
useful celer but is avoided, perheps unnecessarily, because of the in-
creace in visibility which it might occasion at times.

28. The following general remarks may be made regarding course
distortion design:

(a) All course distortion designs depend on painting
a pattern of distorted perspective on the sides
of the ship.

(b) The distortion of perspective must neither be too
slight nor too extreme.

(e) Distertion of perspective such as to make the
stern appear nearer and the bow further than is
actually the case is more successfully accomplished
than the opposite distortion which pushes the stern
away and brings the bow nearer. In cther words,
perspective distorticn which twists thke course of
the ship away from the observer is more effective
than distorticn which twists the ship towsrd ths
observer. This is particularly true for ships witn
pronounced sheer.

(d) The superstructure may be pzinted where possible
either wita bold pattera to give a confusing
effect or with a purposefully chosen pattara to
supplament tae distortion design on tha hall.

(e) Course distortion may bs achieved by traating only
tas hull and leaving the superstruztnre untonchad,
or by trzating oaly the superstructure and leaving
the hull untouched. But wasn botna are treated the
combined effect 1s much more coavincing then the sun
of the two effects separately.
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(f) Altaongch ia general aay desiga is applicable to any
type of ship, advantage may bs taken of structural
characieristics to improve the details of the design.
Therefore it is best to consider ecach type of ship
separately and to work out tne desiga best suited to
the particalar type in question.

{z) The effectiveness of painted designs is dependent
on the position of the sun and on visibility. For
example, against the sun the visible surfaces of
a ship are in shadow and camsouflage effecls are
inappreciable.

29. Obtrusive course distortion desigas. The designs are shown
in Plates 1 to 5. Thney are all similar in that they twist the ship away
cr5a ths observer. For example, to an observer looking north, a ship
heading in directions souta of west appears to be heading west or north
of west; and a ship heading in directions souta of east appears to be
heading east or norta of east. In general any of the desigas may be used
on any type of ship. Both sides of a ship may be painted with the s=zne,

or with different, designs.

30. When viewed nearly bow-on, or stera-to, the desigans of
Plates 1 to 5 produce a confusing effect rather thzn a definite course
distortion effect. In this respect they have the characteristic of the
Aaerican Wworld War designs of Plate 9. In Plate 10 are shown views nearly
bow—on of the designs of Plate la and Plate Z2a. The confusinz effect is
due primarily to superstructure psinting and to a lesser degree to hull

painting.

31. A close view of the bow and superstructure details of the
desiga of Plate 4b is shown in Plate 11. Plate lla is the uncamouflaged
sruiser at an angle of 45°, and Plate llb the camouflaged cruiser at the
same angle. The general purpose of the superstructure camouflage was to

produce confusion.

3le An effactive course distortion design for the superstructure
is given in Plate 12d. The method of obtaining the design consisted in
observing the prominent shadows la the superstructure when the ship is
heading away f{rom the observer, and painting these shedows on the super-
structare when tae ship is heading mora or less toward tne observer. The
various steps are illustrated in tahe pictures of Plate 1l2a, b and ¢, which
rafer to ths observer looking north. Plate 12a is the unpainted ship
pointing northwest aad lighted by a western sun %o give shadows. Plate
125 is the unpainted saip pointing soutawest. Plate 12z is the camouflaged
snip pointing southwest. Plate 124 is a broudside view of Plate 12c. In
tne case of a real ship underway at sea the false puinted rudder, seen
clearly in Plate 12d, mey rarely be visible and therefore of no importance;

it is, however, &n innocuous detail.

33. The design of Plate 12 is opea to an interesting criticism.
Suppoaz that the situztion of Plute lZ¢c oceurred, that is, that the observer
was looking north at the ship actuzlly heading southwest. Due to the
shadows, nowever, he would be deceived into thinking that the ship
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was heading rouguly northaest. Assume now that the sun was in the east;
the 5hlp would be well illuminated to produce the desired deception. A
moment's reflection on the part of the observer would convince him,
however, that an easterly sun could not possibly produce such shudows

on & ship which he supposed was moving in a nortawesterly direction. He
wonld argue that he should see no shadows at all. He would therefore con--
clude that the shadows must be fictitious, that the ship was camouflaged
?pl thet his impression of a northwest course of the ship was erroneous.
flr2ther the usual observer is a keen enouch optician to follow through

ta= foregoing truin of thought and to extricate himself from the trap can
not be said,

34 The superstructure design of Plate 12 may be used in whole
or in part wita any of the hull desigas of Plates 1 to 5 which arz of
Such a neture thu! they do not interfere with the cuperstructure desigu.
In fact it is used on tne designs of Plute 1b and Plate 2b. The design of
Plate 12 consisted of dark painting on a light buckground. The converse
design of light puinting on a dark background 1s equally effective; such
a desiga is shown in the pictures of Plate 13a and b, which again refer
Lo the observer looking north. The superstructure design of Plate 12 is
most offective on types of ships wita prominent and simple supersiructure.
It was less successful on a model of a destroyer, because the destroyer
superstructure h=d no lurge unencumbered sareas of shadow. The various
3teps in putting the design on the destroyer model are illustratad in
Plate 14.

35. An illustration of an unsucecesstul course distortion design
5 given In Plate 13c. The bow design is too extreme and too complex; it
s incoasistent with the stern desigjn. When the model was headinz toward
ha observer the design produced confusion and from this standpoint was
successtul.

3
i

36. Unabtrusive course distortion desizns. The desigas are
showm in Plates 6 and 7. Just as in the case of the obtrusive desigms,
tae uwnobtrusive desizas are all similer in thet they twist the ship away
froa tae observer. The aim hzs been %o originats designs of such a
nat'we and boldness as to produce course deception and yet not so bold
taat the observer realizes their presence. Thus due to its essential in-
conspicuousness such a design can not be effective for as long a spuce of
time or under as wide a variety of conditions of lighting, range aad
visidility as a bolder design. This consideration may reduce the valus
of an unobtrusive design %o the vanishing polnt. The cholce between an
"obtrusive" and an "unobtrusive" desigu, which are relative terms, is the
choice between a design which may be woderately effective over a wide
renge of conditions and a design which may be exceedingly effective over
a very narrow range of conditions. The choice can be decided by experi-
ments with ships at sea and not with models in a laboratory.
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CBTRUSIVE COURSE DISTORTION DESIGNS. MERCHANT VESSEL.
BROADSIDE VIEWS.

PLATE 1
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UBTRUSIVE COURSE DISTORTION DESIGNS. MERCHANT VESSEL.
BROUADSIDE VIEWS.

FLATE 2
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OBTRUSIVE CUURSE DISTORTICN DESIGNS.
BRUADSIDE VIEWS.

PASSENGER VESSELS.

PLATE 3
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CUBTRUSIVE CCURSE DISTCRTION DESIGNS. CRUISER. BRUADSIDE VIEWS.

FLATE 4
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(BTRUSIVE COURSE DISTCRTION DESIGNS. a ,b, ¢, CRUISER;
d, DESTRUYZR. BROADSIDE VIEWS.

PLATE 5
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UNOBTRUSIVE COURSE DISTCRTION DESIGNS. KERCHANT VESSEL.
BROADSIDE VIEWS.

PLATE 6
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COLORS USED IN CAMOUFLAGE DESIGNS
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AMERICAN WORLD WAR CAMOUFLAGE DESIGNS. BROADSIDE VIEWS.

PLATE 9
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8
DESIGN OF PLATE la, BROADSIDE VIEW.

b
DESIGN OF PLATS 1@, VIEW NEARLY BOW-CN.

C
DZ3IGN OF PLATE 28, BROADSIDE VIEW.

4

DESIGN OF FLATE 2a, VIEW NEARLY BOW-CN.

FLATE 10
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a
UNCAMOUFLAGED
CAMOUFLAGED, DESIGN OF FLATE 4Db.
DETAILS OUF BOW OF DESIGN OF FLATE 4b .
PLATE 11
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POINTING NORTHWEST, UNPAINTED, LIGHTED TO GIVE SHADOWS.

FULNTING SCUTHWEST, UNPAINTED.

BARUADSIDE VIEW OF PAINTING.

PLATE 12
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J: IADOWS .

PUINTING SOUTHEAST, UNFAINT=D.

SUADSIDE Viaw OF PAINTING.

PLATE 14
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