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MIS CELLl-lNEOUo TARG—ETS
¢

CAMOUFLAGV OF JAPANESE: SHIPS AND NAVAL INSTALLATIOhS

| Inviestigation of Japanese naval camouflage revealéd that the Japanese took
- 1ittle iaterest -until the latter half of the war, when their strategic position -
} stimnlated interest in camouflage. Naval/vessels were for the most part painted
- plain grsy, while experiments were conducted in camouflaging aircraft carriers
~and merchant ships, resulting in more or Less stendard camouflaging for those

; respective types. -

| )
_ alaborate concealment and camouflage was carried out on Ship° in port,

' but although all instances of this were done on much the -sanie principles, no

: standardized system or doctrine was ever developed. - ,

ho Camouflaging of shore installations was seen at its best in installations
, built ‘completely or partly underground,: while the standard methods, such as

; concealment with nets and painting, wers employed for installations above .

. ground. Camouflage painting of shore insf;allations had as its purpose confus-
. ion of tce enemy during aétual bombing ruus rather than counteraction of photo-
. graphic reconnaissance and was based on elaborate theories of brightness and

; visibiliby developed by civilian experts.:

; . No researoh was ever conducted on camouflaging against infra-red reconnais-
; sance, and no special anti-infra-red materials or techniques were developed.
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5i The problem of 1nvest1gating Japanese naval camouflage was at tirst
attacked by attempting to_find if there was a central organization in the Jap-

anese Navy which supervised and directed. camouflage.

It was soon established

that camouflage was never developed in the Navy to the extent of having any
organization, schools, or specific finaricial allotments, but that each subdiv-
ision in: the Navy Ministry which met prcblems of camouflage handled them inde-

pendently as they arose.

Thus the inve.tigation of cemouflage fell naturally.

“into. three main flelds, almost complete]y independent of each other:

1. Camouflage painting of ships,
Technical Department.

2.L

:Qnder the jurisdiction of the Navy

Concealment of ships (Lsually inoperational) in port by direction of

‘_If]eet or the ship's commanding ofrjcer.

3.
reau of Naval Installations.;

Camouflage’ of shore installations under the Jurlsidction of the Bu-

: ©. The investigahion therefore was conducted in those three main fields, -
" and the report is similarly organized..

mine the mdministrative organization for

and experimentation conducted, theories:
the OOLrse of the war, general methods - ¢

trative | of fundamental methods of camoufl

In each field it was attempted to deter-'
handling camouflage (if any), research
emplcyed, historical development duJius:»
mployed, and specific examples illun- T
'lage. Emphasis has been Dlaced on pn1n«

. eiples, theories, and methods, rather than on individual details except as they







THE REPORT

Part I - ORGANIZATION OF NAVAL CAMOUFLAGE

" : = [

: Jepanese naval’ camouflage was divided between the Naval Construction Bu-
' *reau'sEinstallationvorganization and the Naval Technical Department group

hendling both naval and meritime vessels: and their camouflege. Vice Admiral -
YAMAGUCHI stated that camouflage was rather disorganized and ineffective in
.general, and the administration d4id seem! plagued by a ‘cumbersome lack of cen-
. tralization and often by misinterpretation of plans and research. Conspicu-
' ously bad examples could often be traced to independent action oa the part of

individuals.not qualified to plan camouflage.

A, - Shore Installation Camouflage

Until 1944 the Navy Construction Bureau administered its ceamouflage pro-
grem as shown in Diagram A, In order to! speed up decisions, authority was
delegated to the Naval Districts to initiate work on all but very large in-
stallations, such as airfields. In either case, a Commanding officer requested
the order for a camouflage job from the delegated authority. Occasionally,
purely technical matters would originate with Naval Civil Engineering Head-
quarters rather than the Navy Ministry, even prior to the 1944 change.

Diagram A

;,' I ‘ - :{,Navy Ministerj4———————1 » o _

EﬁﬁniniStrativé Metters ‘ . Technicel Matters

- Navel District — [baval civil ngineering Hdgtrs.

_ lg}§trict’Naval Civil BEngineering Departmenq”‘
| -

[Commanding Officer of Waval Activity Comcerned]

Afcamouflage'committee,was orgahizéd under the Civil Engineering Head-
quarters, headed by the Chief of the Administrative Department. The committee
met twlcq a month and included: | . BN

No. 1 Department.Chief .
No. 2 Department.Chief .
Nos. 3,6 Section Heads (Civil Engineers) - " o
Nos. 4,7-Section Heads (Constructlon Corps) , ¢
1t. Comdr. MORI, Specialist in camouflage of oil tanks and air bases from

: December 1944 until end of the war . ‘
Captain XITJIMA and other experts-and engineers

o ,Diiéctives were formulated by this committes and issued by the head of
the Naval Construction Bureau. Two types were in use:

: . . i N )
General, concerning techniques and methods developed by research and sent
out to/'all appropriate commands, and =

: Sﬁécific, sent to the particular édmmanding officer involved, apd for ifi-
formation to other commands to use as ready reference materisl in case similar
problems were encountered. : C -

A camouflage Menual of which 2000 copies were distributed was mainly the-

work of Lt. Comdr. MAEDA, with Professcr HOSHINO as adviser. This document has '
been forwarded to Washington Document Center as NavTechJap Document HD>0-5035.

7
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It nonsisted An part of edited directives. Ldter,'after‘use in the rield, it
was revised emd republished. ' :

? Any research which was done was carried out by No. 2 Department, headed
by Rear Admirael GONDO, with headquarters at NUMAZU. There were several agen-
cies and»individuals whe contributed to.this work in various degrees.

F L@.‘bomdr. SASAMA, now in SHANGHAI, was’ an architectural engineer who did
considerable research. i

Professor Shoichi HOSHINO was graduated from Tokyo Imperial University in.
architecture, became assistant professor thero, and later developed probably
‘the most extensive research on the subjeot of camouflage in Japan. Although '
he worked for Army, Navy, and civilien- intereqts he worked only on shore in-
stallations.. He began this work in 1936 when' the Minisﬂry of Edueation's Com-
mitee for Advancement of Science first advanced him an ‘annual laboratory ex-
pene allotment of ¥ 5000 which was continued juntil the end of the war. Pro-
ressor HOSHINO worked first with models and tiial solutions; later; with ex~
perilence gained from models, he tried direct solutions to camouflage problems.
This work was done first at the University anél later at the Tachikawa Air Tech-
nicdl Experin@nt Statlon. Here he flew to sone extent, carrying out experi-

-ments with visibility. Results of this work viere published in’seientific jour-
nals, and were also turned over to TACHIKAWA jn document form.

} At one time, HOSHINO instructed 40-50 officers in a two weeks canmuflage
course in marichuria but aside from this he did no teaching. He feels there
were few exsnmles where teaching of any kind vias done, and certainly there were
no organized schools or programs of training.w His work was of prime importance
a8 Ear as shore installations research was ccncerned. :

o checking ‘of installation camouflage was done by naval aviators who made
reports to the Chief of the Naval Construction Bureau, Also, a system was in
affaect. whereby eny naval personnel could volunteer reports of either good or
bad examples.~

o 5 Two monthly bulletins published by profeqsional organizations were ntilized
'3y the Navy. ' These were the "Association of Architectural Engineers' Journal"
and|: “Singapore's Association of Civil. Engineering" publication., Copies of these
hava beei forwaréed t0 Washington Document . Center under NavTechJap Document KNo.
ND50-503 . i

B. | Naval and Maritime Vessel Camouflage

}

E The Naval Technical Department began its. camouflage program in ua:cn 1943,
when a committee met temporarily to discuss tte program's development. A com-
mittee was organized under the direction of the Kokai Gakko at YOKOSUKA.  This

comnittee was'. selected by the kinister of the: Navy and included renresentatives
of the following- : i
i 1. Navy Ministry ' i
" Navy: General Staff L g

3. Air Corps

Le YORosuka Navy Yard
- T Optical laboratory

The representatives .0of the Yokosuka Navy- Yard were Lt. Comdr. Isamu UCHIDA of
the Ship Design Section and Comdr. Hideto MIYAGAWA, a paint research man ano .
”1at;r supervised all ship painting at YOKOSUKI

. ‘The actual experimentation was carried out by the Kokai Gakko. The com-
_mittee met three or four times between March end July in order to direct this
work. In July a smaller, more permanent group was designated to carry on the
worlk. This committee was made up of Capt. SH]%A, Comdr. JIYAGAWA 1¢. Comdr.




RESTRICTED

UCHIDA, Lt, NAKAGAWA of the Alr Corps, and one optics representative. This
group met two or three times a month. ;

i

. : fne:primary function of both of these comnittees, to formulate a technigue
for painting the flight deck: of carriers, was not altered to any extent through~
-out the war. Hcwever, they acted also 8s a general standing committee for cam~’

- ouflage problems encountered in all naval vessels and did some work on maritime
vessels as well., " P

A;sub-committee,,also headed by cébt. SHIVWA and inecluding Lt. Comdr. YOS-
HIDA, puyblished an annual handbook on ship painting from the camouflage point
of view. o | , : ‘ :

DisPection of vessels was carriedibut by naval aviators in much the same
way as.it was handled for installations.

The chain of command in matters of merchant ship camouflage was from the

:'_ Navy Minister to the Maritime Affairs Department, headed by Captain SATO, to

the Meritime Control Committee. This committee had under its jurisdiction a
maritime camouflage committes which did ell work in research and -regulation of
maritime camouflage. It had several submarine officers as members, and was
primarlly interested in defense against submarine attack, sincs it felt that

""any merchant ship camouflage against  planes was useless, This committee des- . °

ignated the Resident Naval Officer (ZAIKIN BUKAN) as the inspector for private-
1y ownsd merchant ships, Other matters: were handled directly with the owners
of the merchant ships. i :

se

Part IT - CAMOUFLAGE PAINTING OF SHIPS

At the beginning of the war all ships, navel and merchant, were painted
a dark grey. This grey, later lightened to a silver grey, was maintained dur-
ing the war for combatant ships other than carriers and submarines. Naval
auxiliaries, merchant ships, and aircraft carriers were camouflaged in colors
obtaingd through,experimentatioq and research.

it ]

X o )
_ Dazzle painting, never used on warships, @gg used on only a few auxiliarijes
and merchantmen early in the war. The few ships painted with dazzle patterns
were- palnted according to the captain's personelideas, and no general orders
for such painting were issued. The scatiered examples were for the mosi; part
ships whose function required their lying at anchor much of-the time, such as
repair ships, seaplane tenders, etc. ‘Many such exemples of camouflage were
copies of patterns seen in pictures of roreign ships, or the results of the
captain's imagination. Among the few exramples of design resulting from actue

. experimentation are those. of Lt. Comdr. FUKUI, who designed and painted ships

. with dezzle camouflage at Singapore in i942. -

. The following principles of caﬁouriage were the result of the work of
FUKUI who alone conducted experiments onn camouflage (official naval research
on camouflage did not begin until 1943):

il

l;fr Use of black and white slantiﬂg lines to break up sharp angles.

Zﬁ; Use of dark grey on curved suyfaces, such as the fantail, becatse in~ °

shadow the grey shows very dark and in the sun it reflects no
= 1ight, so that contrast qf light and shadow are kept at a mini-
mum. ;

© Use of a large white area at the bow so that the bow wave cannot show,

and thus make it difficult to judge ship's speed.
Use of white on the top of the funnel to make. it appear shorter.

‘Converging lines on the funneléto maks a raked funnel appeer vertical. -
Camouflage pavtern lines continuing across the after and forward sec-

tions of the bridge o as| to make it lock as if it were in the
same plane as the hull of the ship, and so .confuse the observer

o : i i . N
it : - ’ I

as to the ship's heading.. The principle here is to leave no de-

i
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'Ttinite’baokground'against~which ﬁoAjudge»angle or planses of var-

: . fous portions of the ship. g

7. . The camouflage is not designed to be seen at right angles, bul to
i . . glve its best effect when seen at an angle of thirty or sixbty
' . . 7 degrees from tﬁe ship's head, _ :

= 'A%t the rejuest of the shﬂp's captain and of the squadron commander, FUKUI
put these principles into effect in June 1942 on SAGARA MARU (seaplane tender--
former NYK type S high speed cargo ship), one of the first ships in the south-
west area to bas camouflaged. Colors used were black and light grey.- FUKUXL
planried to use: white instead of grey, but the captain objected on the grounds
that iwhite was the color of death and insisted on light grey instead. 'The pat-
‘teorn was the same both port and starboard. The; squadron commender gave orders
for ships sighting SACARA MARU to submit® reports, and it was said to be the
best i camouflage: seen up to that time. Various army transports in the south-
west!area had haphazard camouflage, and many of| them soon copied the camouflage
design of SAGARA MARU, "The ship remained cemouflaged in this way until a gen-
. eraliorder was: issued in June 194k to camouflage according to the Number Two
colox plame™ ;. ' oo B ' - E

Al : . S!

Pigure 1
SAGARA ¥ARU
- (Bow View)
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.Other 'shiépfa Speoiailj’ bamoprlagea by FUICU'.] are 'as\‘ follows:

:1s  KIYCZULKI 'MARU. This done on much the same Gesign as SAGARA MARU, -
except that the pattern differed slightly ifor port and starboard. The . -
‘object of the pattern again was to make it impossible to judge the ship's
'heading vlien looking toward/the bow, A dummy canvas funnel was added by
‘the captéin in spite of 's protests, o '

2, ISHIRO. An 0ld slow tanker, the camcuflage of the ship was designed
‘about Thé 'end of 1943 at KURE to make the dark grey area resemble a mod-
. ern fast tanker and so confuse the enemy 4s to her speed. The camouflage,
I'designed to be geen from abeam to be effe( tive, was a speclal case and
‘'was beliéved 'to have been left unchanged when .the order for “using the Num-
.ber Two color system was issued.. . : :

'3,  AKITSUSHIVA. A seaplane tender, the forward third of the ship was
'paint?ﬁ ¥ith dazzle stripes in light green and black (or very blackish
.| green). : .

‘e ASAEI (0BB). A repair ship. Since her speed was only eight knots, .
a big bow wave was painted on to make it iook as if she were fast, She
had a dummy main battery of wood, The Malayans thought her a real Japa-
‘nese battleship, = ' : :

‘5. FUKUI also repeinted in September 1942 two ships, ATKOKU MARU and
'EOKOKU KARU, whose camouflage had been designed at KURE. Their design
.was critiicized in thet the pattern was too small and that it was effec-
‘tive only if seen directly abeam, These Faults, FUKUI asserted, were
 characteristic faults of all dazzle painting designed in Japan., HOKOKU
' MARU was in two colors, and ATKOKU MARU was in three: black, dark grey,
. and light grey. AIKOKU MARU also had a dummy canvas funnel. -

; .The Japai;fese, :qealizing that all sorts orvédazzle painting though they
migh% be more or legds effective in the dayligh!; were extremely conspicuous at
nigh% under searchlights, never made widespread use of this technigue.

: : e ‘. - *
¢+ I-Accordingly, JJapanese ships in genersl were painted plain grey except for
occasional exsmples of independent camouflage 8imilayr to those noted above.
In March 1943, however, a special committee me% at the Navigation School (KOKAI
GAKKD) at YOKOSUKA.as a research group on camouflage paint for merchant ship-
ping. " This commitige took five ships of about. 3000 tons, painted them with
different colors and: different patterns, and observed them under varying con-
ditions: 1in cdaylig at night, from the alr,!and from submarines. Their con-
clus:ion that camous e against air observation was almost useless, led to em~
phasis on.camouflage’against submarines. The color decidsd on from the results
of this experimenta®ion was known as "standard color number two", a shade of
peint sample, NavTechJap Equipment No. JB50-1222). It was
considered particularly effective in waters near Japan, whene foggy conditions
- prevail. This wasitle basic color used in camouflaging naval auxiliaries, mer-
" chant ships, and tie sides of aircraft carriers. It was mixed in each case to
match the staj;xdargif; cdlor sample prepared by the Naval Technlcal Department and
contained zinc whilte, chrome yellow, carbon black, and Prussian blue. Due to

‘variations mé;ijcolﬁzir of the availeble chrome yellow, "standard color number two

could not be described by a formula, but had to be mixed to match the steadard

color sample.  This "number two color paint®" was then used (with lightsT shades
¢of the same basiciicolor) to paint all merchant vessels, according %:/o t&pa‘b-

tern: shown inf:B'igigire 8.
o TEN VI
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painting merchant shipping was used from the time of its adop~
43 until the end of the war and. was considered by the Japanese
e against submerines. The official order directing such camou-:
ed by the Maritime Transportaticn Bureau in the Department of

nd Conmmunications, es follows:l =, Sl

ok k%A

; icli of Excerpts From Seized Documert, NavTechap No. ND50-5031

. -Instructions for Protection Of Shipping, and Related Noteg -

R e L o , SE o

Dép@rtmenthbf Transportation and Communication, Marit%me Transportation Bureau

[}

g 5 June 1944

Chief of the Maritime Transportation Bureau,
Depa;tment of Transportation and Communication.

Chairiifi of the Maritime Control Committee. . :

Owners of.Vessels of more than 500 tons, gross tonnage:

EInst:ueﬂ ons for Protection of Shipping,;ﬁo:‘29.

{'* " camdbuflage of vessels, based on Item 5 of the regulations for carry-
: ing ‘out-the protection of vessels in the South Sea Islands, and rules for
: the. protisction of vessels, shall be as follows: .

. . Vessels which are to carry outikamourlage: ‘
"All:completed vessels of 500 gross tons or more, except for those
operating only in the Inland Sea. , ~ N

Date wheh camouflage 1s to be dbmpleted: é :
on as possible. For vessels salling in s southerly direction,
ver opportunity affords. f ‘ @

Essential points of camouflage

a, Répainting by the crews or SEheduled crews of the vessel,con-v
cerned. . i : : : .

b. BecaﬁseVOr‘fhe results pj;réhent tests, vessels which have-
an ‘opportunity for repairs or docking will be repainted at tye
dock company. : S Co : o . i

¢. Camouflaging with a No. 2 cdior system according to the
sketch ‘attached. ] | v j
Method of obtaining paint:
mnhﬁdﬁmpmmmmlm@%swnswmnhsmewhnwr
U, TOKYO, YOKOHAMA, OSAKA, KOBE; MOJI, TAKAO]}. : .

_ Specisl orders will be issued!from the Naval Technical Depart-

to the shipbuilders regarding siiips at present under construc-
or *o be built:in the future. 4

e x|
lain ‘8ilver grey was consideredﬁadequate tor other combet types,
r'ch was carried”out on the camouf;age or aircreft carriers. A

L. i
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" il ) . S i . T . - :
icomnittee composed of twenty najral officers met from March to july of
this purpoge. Aviation and opliical experts were included in the com-
express thelr views on how best to camouflage a carrior at sea. - ‘
carriers were presented by theé committee to the Fourth Seetion (Ship
ion) of the Naval Technical Department; which decided on the patterns .
d. A translation of the report of the experiment follcws: :

* %k At k%

N

Experiment on the Camoufiage of Aircraft Carriers -
- Heed of the Experimental CommiZQeeé President of the Naval Navigefion
" sehool. = - | o ;

Eiyée whers experigent was made: ihe sea hear YOKOSﬁKA. o

Ti§§ of experimentél MarCh-iuly 194#. ”

1. object. - S | -
Téiéamouflage aircraft carriers byfpainting so that. they will be hard to

. spot from planes or so that they mey be mistaken for another type vessel-
when observed. from the air. l S .

il
[
I
|
i

© 2. Method Used. |
S a. Experimentation with‘modeléﬂ

R

Models about 1 meter long were floated alongside the side of FUJI
(0ld@ BB belonging to the Navigaticn School). These wore examined
from the upper deck with inverted binoculars in order to produce long
5 -range visibility conditions. /Two models were selécted from the large
number tested. (Diagram #1 of Fig. 9 1llustrites the design used.on .
these models: the straight lines design on the forward half of UNYO -
is from one model and the curved line desiga on the after helf of
UNYO is from the other.) . | - : :
3 v H

‘M‘ b.fExperiﬁept on the degree offbfighﬁﬁeSs (or colors).

1

The degree of brightness of each color used in the paint cemouflage
was measured in the Optical Laboratory. A color was made up from var-
. lous colors which had been put: on a rotating disk and the degree of
i brightness of the color similar to the color produced by the disk
was measured. e e : , "

VstEiiéiiméhtatioﬂ with aetuaﬁgcarriers.

© The aireraft carriers UNYO, TAIYO, CHITOSE, and“UNRYU, painted in the
', menner shown in Figure 9, were| observed and photogreaphed ‘from the air
from various angles and altitm;es.

(1) Diagram #1 .(Figure

The purpose behind this design was the comparison of a straight
line ‘pattern with a ourveg line pattern. ' ]

Result} When observed fi&m a greet distance, the two patteras
could not be distinguished one from the other. Tae color tone
was too bright. L , S
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i
The“ewirl design was usedi to attempt to throw off aiming (.
to confuse planes, eepeeially dive bombers, in their eim so °
that they could not gauge the center ol the target). :

Result When observed from a distance9 a mixed color, i.e.

- merged color, was seen and this did noi; prove to be very effec-
tive. - 4 :

(3) D iagr fg

It  was hoped that this might be taken for a merchant ‘ship.

Result: The design was too complicated (or fine). The color
-was a little too bright.;

(4) Diegram e _ ¥

It was hoped this would be confused with a merchant ship.

Result This was better than the experiments mads prior to it.
TEe color tone was better than any of the preceding ones.‘

(5) D M

Seme as #i.

{6) iagr ﬁ

'The purpose was to0 make it difficult for the carrier to de spot-
ted by submerines and to cause confusion as to its3 course.. Ex-
periments were not made at this time because similar experiments
“in which submarinss-had been used for checking purposes had been
made on other occasions. | .

3. Conclusion. :

: The paint camouflage was neither effective enough ‘to prevent the carriers
bellng spotted by‘planes nor effective enough to cause carriers to be mis-.
talten for other ship types, but it was better than when no camouflage :

- palnt at all was applied to the flight deck. ' Diagrams #4 and #5 are con-
‘sidered good. (The sffect caused by the camouflage was lessened when the

~ecarrier was against the sun. The flatness-=of the top deck was e decisive
factor which caused the ship to be recognized as a carrier at a glance. '
Whién the design hed been adopted, plans for painting were: issued rrom.the

) wNaval Technical Department t0 the Navy Yard at YOKOSUKA. ) ; S
ﬂ; S - * % *, * %

e ¢
= |

See blueprints appended to this report as Enclosures (A) ami (B).

The sides of the carriers were painted with the Number Two color system,
in a pattern which wes intended to resemble the bridge and superstructure of a:
merchant vessel. Most of the flight deck patterns were also intended to re-
semble the top view of a merchant vessel, ' The flight deck wds painted to try -
to alter its rectangular shape to the conventional pointed ship shape. A
nhridge and "stacks" were painted on, and the elevators were palinted over to
look lilkke cargo hatehes with painted cargo booms. The general plans for carrier:
canoufliage decided on by this committee remained unchanged until the end of the
war, although minor details varied from time to time with individual ships.
- The cemouflage when completed was considered fairly effective against subma--
rines, ‘but of no use against observation from aircraft.
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2 Jqﬁinese submarines were painted blabk topside andron the hull down to the
;‘pointlofjtangency ofy'a line of sight thirty degrees from the vertical. (See
‘i FIGe 10.1). ' ; :

~ ' Loy - o
: Below this point the bottom was painted with anti-fouling paint, red in
.color. A band of anti-sonar paint (black), three to five feet wide, went
- i around the hull,.,  (See NavTechJTap Report,: "Japanese Naval Vessels - Own Ship's -
Noise," index No. S=43). - ' j ‘

PART IIY - CAMOUFLAGE OF SHIPS IN PORT =
; One of the most eleborate uses of camouflage by the Japanese Navy was

. found in the attempts to conceal ships moored more or less permanently in the

- naval anchorages at KURE, YOKOSUKA, and SASEBO. The camouflaging of several

i carriers at KURE was carried out with perticular care and thoroughness, Excel-

. lent pholographic coverage of these ships is found in Photographic Interpreta-
.| tion Report 816 (Interpron Two), Shipping Report of KURE for 24-28 July 1945.

j KATSURAGI, RYUHO, AMAGI, and KAIYO were all concealed in this manner at
. KURE at about the same time; JUNYO was similarly camouflaged at SASEBO. - Con-

«

. cealment of the carriers was a high priority undertaking, and was said by Jap-

. anese officers to be the first instance of the use of this sort of camouflage
- by the Japanese Navy. The camouflage of KATSURAGI, besides: being one of the

- . most elaborate examples, also was smong those least damaged by air attack.

- The camouflaging methods used are considered typical, and are described in de-
"~ tail as epresenting the best efforts of the Japsnese toward camouflage of ‘

. ships in port. L . R .
e There were very good reasons for attempting this concealment in suel an
' obvlious place as KURE. Shortage of fuel was so acute ns to meke it not only \ }
! impossibile to move the carriers to some less conspicuous anchorags at more dis’
. tant bombing range, but even to make it necessary for light and heat for the

- ship itself to be furnished by electricity from the shore, An anchorage having
; electriquower in -sufficient quantity therefore had to be selé¢cied.

; EKATSURAGI. arrived in KURE about 15 February 1945. Shortly thereafter
orders came from the Commander-in-Chief, Combined Flee, to camoiflage her.

. The work was begun about the first of March and took about’ two wécks. Tae re-

'sult was .as shown in Figures 11 and 12. 0On 19 March carrier planes from Task

‘Force 58 struck KURE and KATSURAGI, together with AMAGI, RYUHO,-nnd KAXYO,

.were moved close to shore. The opder froin the Comwander-in-Chisf,- Combined

'Fleet, directed the carriers to be moorediclose to shore in water shallow

' enough to permit easy salvage in the event of heavy damage. When they had been
moored in such a gosition, they were to be camouflaged. KATSURAGL eccordingly

‘'was moored about 50-meters off the northenst side of MITSURO Izland, in 14 to
15 meters of water. AMAGI was moored oiythe southern end of the same islamd. -

. The long narrow shape of the carriers wes considered to be particularly well

~8ulted to camouflage intended: to make the carrier look like an extension of

' the island vwhen seen from the air. No detailed instructions were given by su-

- periors Other than the general order to . "sarry out camouflage®. 'The methods

i were devised by ship's(@rficers, and the work was done by ship's company. KURE -

i Naval District had no connection with the camouflaging, and no Navy Yard workers °

.were used in the work. "It was not:planned to move the ships agein onee they - -

- had been; cemouflaged, and there was no provision for gotting undeiway in case

'of heavy attack. The camouflage wes consiructed so that the snti-aipcrart guns

' ocould be uncovered for firing. f % : ‘

L The outboard (starboard) side of KAT3URAGI was concealad with a bamboo

- soreen hung down from the fiight deck; :siiilar screens covered tho bow and

- stern., These soreens were made of gquaerters of bamboo sticks hung lengthuise
‘from a wire by means of a hole in the uppsr end. Green branches and other fo-
. liage, as well ‘as straw mats, were then attached to this screen to maks the

. concealment even more complete. Between f;he inboard (port) aida and «che shore

oo
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, igure 12
FATSURAGT (SIDE VIFN — STARECARD) 19 MARCH 1945
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. was astrsotohed a straw-rope net supported by wire rope., Tree branches and
. other fioliage were attached to this also. The flight deck was higher than
i the land, so thet the net sloped down at an angle; bu% no measures were ta-
ken to dreak up the shadow: which the ship cast on the nst and on the land.
Other than the wire rope, no supports were used under the nets. A number of
torpedo.boats, which can be seen between the ship and the shore underneath
the net in some aerial photographs, were there merely because of lack of a
better base for ooncealment and had no connection whatsoever with the camou-
flage. . Two torpedo boats were tied up some distance from the ship on the
‘starboard side and nets were stretched between the ship and the boats. This
:;s gungoaad, when seen from the air, to resemble two plers jutting out from
(-] ana e H

The carrier's island structure was concealed by means of a net hung over
a wire to the mast. Anti-aircraft control, topside oa the 1sland structure,
was oovered with a small louse. This was supposed to resemble a lookout sta-
tion on:the hill, Also, several fairiy large pine trees were placed upright
on and around thkis hlll. The Japanese would have liked to utilize livipg
‘treea planted in large boxes or some similar method, but time did not allow
anything more complicated than cutting the trees and supporting them in an
upright position. . 8 ’ ‘ :

The level surface of the flight deck was made to appear irregular by piles
of straw-rope nets scattered around. To make it look like a field all bare—
spaces on the flight deck were covered with branches and foliage. Although -
po speclal means were used to secure this foliage no difficulty was experienced
with the wind blowing it away. Three mechine guns were removed from their -
mounts and put in emplacements built on the forward part of the flight deck to
look like a machine gun emplacement ashore. Roads ran up to the ship and con- E
tinued ‘across the flight deck. At first these "roeds" were merely bare inter- °
vala_-between the branches and leaves which covered the flight deck, but later
they were more elaborately made with yellow sand of the same color as the roeds
ashore. . R , SR

A variety of false structures were:bullt on the flight deck. 'There were

four dqummy houses at first, two wooden cnes (the forward one 3 by 5 meters,

the after one, 12 by 50) and two'made of straw bags filled with earth with a :
tent roof. Later, one wooden house was removed and an imitation scrap-metal- .
- pile, mede of wooden boxes painted to look like rusty metal, was substituted.
This was intended to correspond to a real scrap plle on the shore.  In the

fipnal version of the camouflage there weire also several small imitation house.
amidships, made from smsll tents. The green foliage on the ship was renewed o
gradually, & little each day. A completie change required a period of ebout ©» ¢ -
weeks., . i g : B

In the 24-28 July attacks, KATSURAGI received a bomb hit on the flight
deck, port side amidships, which peeled up the flight deck leaving a large
hole. :This was covered with a net and camouflaged as before. The concealment
of AMAGT wes dastroyed in the raids on 24 July. " .
On. two occasions-(about 10 April and about 15 June) pictures were taken
of the camouflage by a seaplane from Saeki Air Group.. No one from the carrier:
went aloft to inspect the camouflage. After study of these pictures, the Jap- .
anese concluded that the camouflage was quite effective. No special provision
was made ageinst infra-red reconnaissance, and that problem was not considered

in the c¢amouflage plan. r ‘ -

5 After these carriers‘had been camouflaged at KURE, other ships ip the har-

_+ bor (HYUGA, KUMA, NATORI, etc.) undertook similar camouflage, but/it was on
their cwn initiative and not the result of a specific order, as in thke case of
the .caxrriers. B : . g .
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| !lhe tollowing materials ware used in the camui'lagex af KATSURAGT at EURE:

qtra' -oo.-ocoo.oooceoooooooeoooo-oooo-oac.cooooo-o ‘abouf; 80 bundloll
Emnhoo ......0l..'.‘.‘.."o"...()....'.v.....-..' mt 3000 Stiok;l
Sb1raw IOP8 ccceccscsssccssaassabout 1500 rolls (300 netars each)
Camourlage Nets8 .ccecicccecsesss about 8000 sheets {(each sbout 2 =m2)
- Niscellaneous cordage ........... 150 kg (1 small rope weighs 20 kg)-
I'ainte -loOooooeooooooooooo...0.00.. blﬂck, blu‘, brwn’ abmt 500 ]:8
Wir6 TOPB seececcescscensscees @bout 3000 matars (sizes 14 to 18 mm)
“bod .....................o....; exount usel for making house of 15
. ‘ metors area, outside walls only
~'traw mata ....C..IO...O.’...l....‘..........‘.l0.. 2000 (rice bags)
mnliecellanexme trees &nd branches with llving green leaves. ,

Another exzmple of equally 1arge-eca1e bat nuch less effoctive eamoutlasc
wag found in NAGATO at YOKOSUEKA. ‘This ocemouflaging was not done by order bdut
on the captain's own initiative. Therefore the work was done by NAGATO!s
- ship's ocompany, although Yokosuka Navy Yard ' supplied the necessary materLai
andl helpea by lcnding men to move cranes. No blueprints of this camouflage
were gade by roitosuka Navy Yard. NAGATO's camoullage, less prroteanticus than
thet of the ocarrciers, attempted only to disguise the upper deck lins and the
main tatteries, and to make her diffioult to see against the background of
hills. The camourlage carried out'at the "350-ton crane dook" at Yokosuia
Navy yard in Pebruary 1945 included the tollowlng staps:

"l. The top of the funnel and thea mainmast ware cut orr as shown bv the
' _dotted .lines in Fig. I6. It was planned also to cut off the top of ¢the
conning tower as shown by the chain line in the diagram, but actually
there was not time to do sc. i
: 2. Bamboo screens, dazzle painted wore hung along the centerline be-
. tween the conning tower and the mainmnst, and forward of the conning tower,
as shown in the diagram. . i @

‘“3. The mnln batteries were covered with pLanks to conceal the easLly ra-
-cognized guns and turrets. .

h. Anti-alrcraft guns to starboard were removed from the ship, and the
space betwoen the starboard side and the wharf was covered with tcrpcdo
nets, planhs, and canvas, all dazzle painted. Lo

y

5. Rafts dazzle painted, were tied up alongside the port bow and port
quarter at tne waterline to alter the shape of the ship vhen seen from the
air. : : . i

|

, 6. The upper decks and sides were coveredfwlth brown, bl=ack, grey,‘and
- white dazzle painting which began on the wharf, extended across the plank-
ing, across the ship, and continued onto the rafts, in continuous puﬁterns_

; This camouflage was tested by -air observation when completed and was
considered fairly good. ‘

E Small ‘boats were sometimes concealed cLose to shore by means orznets
to which strips of cloth were attached. This technique was also used to
conceal small boats hauled up on land. Phobographs of instances of this
sort of camouflage, as well as close-ups of the methods employed, ane
shown in NavTechJap Document No. ND50-1217, "Research Report for the 10th
Military Institute for 1944," forwarded to the Washington Document Pcnter._

i. On all ships concealed in port by camouflage, only the two ba51n tech-
niques (nefs with canvas or folliage attached, or dezzle painted screens)
geen to have been used, as illustrated by tie examples shown. *
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PART IV - CAMDUFLAGE OF NAVAL SHORL INSTALLATIONS

‘ The camouflage of shore installations was never given sufficient emphasis

“for a very successful or complete development.a Lack of funds, failure to un-

dersiand or. cooperate with what was done in re.earch on the part of some instel-
~ lations officers, and the natural difficulty in camouflaging major shore in-
»stallations, such as airfields and drydocks, contributed to this lack cf suc-

cess"

4- Y.A, :
'iAlso, a large part of Japanese 1ndustrial/area is located :near landmarks
,such as mountains, shore lines and rivers, which are impossible to conceal,

\/» *The theory evolved on the part of certain. experts who worked moreior less
iudenendently ‘in some cases, seems similar to fhat of the United States Navy
‘ /and is plausible enough, However,‘;n _nractzl.ca,j it often bordered on the ridi-
/ culous. sz B L - ‘H n .

I . 'i‘
i 7_ I; . : il

/
// 4;.vﬁcen_ e pai—t"camouflage was felt to ba ineffective, mud and grass or
J - -Mathach

g" type more effective, and concealmert in caves obviously best.
‘Snoke was used . ;only in emergency cases and was: considered effective only for
the first raid in most cases. !

l

¢ {Any aoparent standardization of patterns or techniques was accidental.
The object in most cases was to:match the degrée of brightness of the surround-
ing sireas, placing less importaace on color and pattern. Camouflage was the
anti-bombing type, not anti-reconnaissance type, and patterns varied with the
expeeted altitude of the raiders.

: i . R

: ‘Camouflage to conceal damage was carried out to a slight extent. This was
to alisorb the iattack, allowing the already damsged buildings to take as many
bombsi as possible. In other instances, obviously destroyed buildings were used

- %0 conceal and store material or vehicles on the supposition” that the buildings
: would not be bombed again, i ; o
The foll‘wing document, prepared by Lt. Comdr. MORI of the Naval Eureau of
Installations ‘describes theory, methods and techniques of camouflage used, and
mnterials in common u?e._ -

H“ (Translation of Doctmsnt)
CAMOUFLAGE OF NAVAL INSQ%LLATIONS

I by Lt. Comdr. MORI, IJN

Q : Naval Bureau of Installations

The Relation between Camouflage and Visual Distancs.

v

A, ;Whepgheatest visual distance.

The selection of the greatest visual. distance varies according to -the
altitude of the air raid, speed of flight, time of aim, time of bcub
release, etc. but in general in the daytime it is ossible to judge
by eje -from more than 10 kilometers visual distance ?actual distance)
with:the result that accurate bOmbing is impossible if the visual dis

: tance is more than 10 kilometers. 4 to 20 kilometers may also be con
sidered depending on the circumstances.

In the case of a c¢ity ox town, the standard visual distance is usual-
1y 10 kilometers as mentioned ebove, ‘while in naval ports or in areas
- of military installations,. a kilometers is about right. However,
thers is nothing definite or concrete in this connection, beyond doing
what is best to complete the camourlage, as well as hiding installa-

P
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NOTE'

For particnlarly important things in snecial topography, 1/4

the visible area of this chart: should be used as the limit.

H

Types of camouflage . mentioned in the chart above are as follo's-

l. Topographical Camouflage. Camouflage must be considered [
not only in conncectlon with the distribution, shape, and colow -
of buildings, etec., but aliso in relation to the surrounding
shapes and the environment.. For buildings already finished, .
methods such as planting trees, deceptive coloring, movab’e cam-
ouflage, and concealment vnderground are employed -as necessity
demands. In paint camouflage of buildings, technical coloring
mentioned in 2, below may be done in conformity with the sur-

.youndings, and the planting of trees, etc. is needed to match

“of a dark color

TABLE oF UNIT TO BE USED IN DISTRIBUTION OF COLOR (SQ. METERS)

the coloring. J ] Loon
2. - Technicel Coloring.

Technical colorlng concerns the use of -
two or three 1i

t and dark colors (black may be used insteed’
which are predominant in the ares: where the
buildings stend, and using these colors to’ paint the building
50 as to blend with the color of the surroundings, by altering .
the shape, outline, and shadow._ It is best that the contrast
of degree’' of brightness beatween the light snd the dark color be
more than double. The foJlowing is the unit of color. used and
the degree of contrast:

<

L Degreehof Brightness
‘ ofvthe~Dark Colox

Degree of Brightness of the- Light Color.

2 Times the
Dark Color

3 Times the
Dark Color

L Times the
Dark Color

800
600
-~ 500 -

400
300
250

250
220
200
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.3, Broken Coloring. -To break up shapes and alter then.by

. 'means of brightness and darkness 8s in 2. above grey or black
. of the same brightness may be uied) with the type and scale of
&;the divisions according to the standards in 2. .

ifho Single Color Painting: r‘z;-.mouzf‘lage by means of painting
. with the average brightness of the area in which the buildings
;gare located. i ’ :

ZQI;;* Moveble and Stationary Camouflage.

i

A __Examples of movable camouflage.é %

S, Construction of a runway. Use roads already existing, and
ip both sides of the roads are grassland.camourlage each day's
,Awork onﬂthe~runway by scattering grass over it, so that even
~~when it is rinished it looks ‘es: though it has not been t.ouchedo
2. Camouflage of aireraft, revetmentsh gun positions, etc. is
i:best done in a forest. A camouflage net 1s spread among the
trees and the actual camouflage lis done under its concealment.
3. On building underground installations, such as tha\entranee
'to a tunnel, excevation is continued under a camouflaege net.
All Tubble is carried out of the tunnel, far from the entrance,
and covered with twigs, branches, 1eaves, etc. .

~ ‘h. In the foregoing case, people, animals, 1nstallations,
machines, wheels, etc. should be covered with a camouflage net
~and trees and grass, etc., which are similar in color to the
surrounding colors. . ¢
B. In short, movable camouflage implies a kind of camouflage which
‘is. given to workers, machines, work under construction, etc., 'in the
course of comnstructing an’installation, while stationary camouflage
. refers to camouflage given-to protect things alresdy tuilt.

c. Mbvable camouflage is practical: and can be used any tghe, ‘and
the construction it hides will remain undiscovered through frequent
air reconnaissanoe, with the result Lhat no ‘air attacks ensue.

. The . Theorz of Brightness, and Its Applioation to Camouflags.
A. ’Definition of briggtness. j

The;elements of ‘color are tone, puriiy, and brightness, Brightuess
of oolor means -the amount of light which is reflected to the human
eye.: Brightness 1s expressed in per::entage, with pure white as 1004

B.';?Theorx of brightness. .

%fl. ' Blements of color are tone and brightness, yet when the
i.‘visual distance is great, recogiition of an installation depends
_%Lchiefly upon the brightness of Lt in relation to the surround-

£32. ‘The following shows the reiation between brightness- and
;gdifficulty of recognition, and the characteristics ot brightness.—

a. The less the color tone of the thing being protectsd
the less the brightness whan the tone is différent from the
surroundings, and the smaller the degree of contrast, the
more difficult the recognition.

it

i




b. Where campuflage is cancerned, too 1little brightness
is better than too much. A single dark grey color is gen=~
erally suitable. i ‘ -

¢. When its brightness is great, 'an object stands out
from its background; when brightness is small, it appears
sunk. Therefore, in coloring a building to bs protected
in erowded urban areas or elsewhers, it is better to make..
it darker than the surroundings rather than lighter.

d. Even 2 color of less degrae of brightness is less pro-

ncunced than the real light and shadow of the installation,
. 80 1t is better to use camouflage nets or plant trees to

destroy the shadow of an installetion. ‘

i c. Examples of brightness. ; - '
Material ' Brightness (%) | Material Brightness (#)-—

Concirete - 20 - Brown Earth 10 - 6
Mortar ' ‘ 25 . Black-Brown Earth 6~ 4
Granlte 20 % Blagk Earth - 3
Andesite 9  Rice Paddies”
Cement Tile 15 | (Fall)
Grey':Slate 20 ' Paddies (Spring
White Slate 25 g Sunmer )
White: Cement 55 . Dry Fields
Sheet:. Iron 10 & Grasgssland
Asphalt 8 : PForest

Whits Tile 50 ~ | Porest (Leaves)
Wood.:. (0ld) i Sod (Spring) .
Jap. Tile 8 . Dead Grass
Briclk ; (Brown)
Pavemnent

Road. . -
Wateir: Surface.
White: Gravel
Dark,Gravel

8 i
15 . Dead Grass (Red)
6 " . Heavy :Forest

5 . Residences

20 i Thin Forest

o5 ' Dead .Grass

Yellow Earth 20 '+ Dead Grass

Yellow~Brown » o Yellow
Earth 20 -~ 10 ' Residence Area

Ko
LI I O I T PR R DL I R B B DN BN BN A BN |
[ I I I I B |

f{D. Application of the Theoiyébr Brightness.

Q7Suggested particulars for carrying out camouflasge on the theory of
. brightness mentioned above, are as follows:

1. In the daytime, with good light and short visual distance,
it is difficult to camouflage installations effectively by pro- _
tective coloring. | -

2. When the alr observation distance is great, rescognition of.
installations is chiefly by the difference in brightness between
the installation and its surroundings, so it is important to
equalize the brightness of the bulldings, ete. to be protected
with that of the environment and background.

3. Vhen the buildings, ete. are comparatively small, single
color camouflage closely resembling the color and brightness of
the surroundings is required, When the buildings, etc. are com-
paratively large, it 1s necessary to camouflage by dividing
Into two or three light and dark colors which are predominant
colors in the surroundings. ‘
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o It 1s also necessary to obliterate or break up shadows by
‘means of trees or camouflage nets, in addition to placing the
‘installations in the shadow of hjlls and mountains.

45.7 It is necessary to keep airiields always in good re;air and
‘prevent turf from being destroyed, so that the bare earth will

" ‘not show. ‘In order to decrease brightness, i% is better to
'scatter cinders, powdered coel, etc., or to grow clover, pig-
weed, etc., which are all quite lcw in brightness. The areas
‘surrounding the airfield which hsve little connection with -fly-
‘ing may be converted into cultiveted lcnd, or shrubs may be

' planted to fit in naturally with the surroundlngs.

:r . In temperate or. cold climates where the whole area iJ cov-
Bred-with dried grass in autumn &nd winter, so that there is
~<"considerable brightness, it is very effective to decrease the

brightness of the airfield by .burning off the grass in lerge
+straight line divisions in accordance with- the shapes and topo-

;graphy and horizontal lines of the env:ronment.

"Atta ng"

Al Definitlon. ;o ) ,
"Attaching" means adding something to,a bullding or another object to
- be protected, thereby altering its original shape or msking its sha-~
" dows disappear and in so doing making" 1t s1m11ar to its surroundings.

In short this comprises all ﬁampuflage other than protective color- -
ingu Z, . 3

:

B. Methods of Construction.

0

1. Vhen a runway cuts sacross roads, streams, or forests, it
: must ‘be camouflaged to look as if there were no such cr0ﬂsing ar-
cutting. : :

2. If the runway is not frequently used, it is necessary to
ibuild temporary, simple frame hotises (the houses to be_built
‘with materiels found at hand) similar to those which are seem
nearby, with a view to making the enemy think it a small village
not worth attacking.

3. Ditches along the runways should be made to appear irregular
(not in straight lines) by plantjng trees here and _there.

h« Aircraft revetments in a level field should be surrcunded
:with plantings of trees and weeds to correspond to the topogra-
iphy &nd shape of the surroundingq, or should be covered in whole

lor in part with camouflage nets.@

v5. Defensive positions (anti—ajrcraft emplacements, field gunq,‘
‘special fire positions, etc.) should be covered with camouflage
jnets or trees. .

§6o Each tank of a group of oil tanks situated above ground -
:should be painted or covered with camouflage nets, bamboo, etc.;
‘and if possible, it 1s best to cover the whole area where the
jtanks are situated with lumber, bamboo, ete.

( zmaterials.
f},’ Camouflage nets.
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Matal nets:  burned, end wrapped (in tree bark clotn" eto.)
’ for greater durability.

014 rish nets: mesh of ﬁ-lOmm, with wrapping,
Straw rope nets: same, lesis durable.

,Bamboo nets: bamboo leths, or round bamboo split in two, s
; - braided. 1nto squares, rectangles, or triangies.i_,

.Rattan nets. - -
‘Reed blinds: to be paihted.

(Note: 1In addition, frames or blinds made of
bamboo or wood are aJso effectlve as coverings.)

2. Lumber, tree branches foliage, ete. .

These are very effective nnterials for covering Every effort
should be made to use trecs and grass which are suited to the
elimate, easily transplanted, and quick in growth. For this,
broad~-leaved evergreens, multi-leaved trees and creeping vines ‘
such as ivy may be used. Those which are quick in growth, fire-
resistant, and strong enough to resist the drying of the sun apd
strong winds are the best.» |

The following trees are the most effective for camouflage:

a. Evergreen oroad-leaved trees {oek, pasania, Japenese
laurel, cinnamon, ete.) o

‘b. Creeping vines, and other kinds of vines, tree ivy.
In southern areas punmkins are effective for covoring. ‘

Branches of trees which are discolored and yellow are not, gen-
erally suitable for camouflage nets or wrapping, but "pine trees
which become brown when dead may be used. The brown needles
will generally turn out ncne the less effective for the chang-
ing except where there is dark grey in the surroundings.

i Dummy Installations and Lures.g

?f A.° General neory.

i Dummies are constructed at more than bombing distance from the real
installation and are made similar in appearance. The object of the

i dqummies is to fool the enemy and draw the attack so as to .lessen

. actual damage. Consequently airbases, camps, gun batteries,‘and

;- other important constructions may be built as genuine installations

- and camouflaged by every means possible, but if circumstances permit

v it is effective to build dummles and every effort should be used to .

. construet them. : -

© In order to confuse enemy nlght attacks, llg_ts may be put up 1n

- suitable areas where no damage is feared (it may be possible to

... switeh the lights on and off from a central controlling place). The

o kind, number, and brightness of! the lights should be made to corres-
"pond to the real ecircumstances of the surroundings.

; In the damage at airbases, it is of great effect to arrange damaged :
© planes and wheels, etec., suitably, but it is necessary toc remove these
damaged 'planes, wheels, etc. ocpasionally, to keep the camouflage
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NOTES: .
. 1. THE HETS ARE USED
<. TO PREVENT HEAVY
. REVEALING SHADOWS.
3. IN GCASES WHERE
SOIL AND ORASS ARE
NOT USED TO COVER
THE REVETMENT, THE
BARE CONCRETZ MAY
B2 PAINTED wWiTH
CRUDE NEAVY Oii..

1 1ve-2 meTERS

B0 SLOPE

METERS

 Figure 17 ‘
CANOUFLAGE OF REVETHENTS
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fa

effective.
B. Examples. f LT
1. Using levelled groundito look like a runmway.

2. Use of wooden guns ané sometimes dunmy men in defensive
installations and revetments.

>

3. Lures and genuine planes are placed together in a confusing
way. On the surface on which the lures are placsd heavy 2il1 is
spread so as to explode when the dummies are strafed. Sometimes.
the lures are placed in the revetments and the genuine p;%nés are
placed in the surrounding woods. . :

L. Making false roads of%a high degree of brightaess by scat-
tering white sand. :

- C.* Most dummies; lures, etc., are planned by the commander of the

+ local forces (air force, defense force, etc.).

* ok ok Lk % =
; Commander MORI feels that runways are by far the most difficult subject
i to- concenl because of their 90% brightness and size. Asphalt and especially ——.
- heavy oil were used to cut down this brightness, while in Nanking, green paint
~was used for the same purpose. One of ths best techniques was usad on the
. MOHARA sfrip where 10 x 10 meter cement blocks formed the runway. In this case,
. grass was planted in bamboo tubes placed at the joints of the cement blocks.:
' The grass spread over the runway hiding tae field rather effectively. When
- strips were dazzle painted, camouflage was generally very poorly executed since,
. as mentioned previously, the WOIF was direscted by unqualified officers.. :

1 Aircraft usually were hidden in covered revetments, the covering varying )
- from nets to bamboo screens, both of which were often covered in vart with 1iv-

- ing branches. At ATSUGI airfield a superior type of revetment of concrete cov-

- ered with sod was used. (See Fig. 17.), Gun positions on airfieids and else-

: where wele cgmpuflaged with nets, branches and any available material.

. 0il tanks and other circular tanks were hidden by "attaching" various
ymaterials to change the noticeasble circuldr shape. This method was coansidered
.definitely the most effective. If only painting was to be used, the following
i method wes employed: First, primary and secondary colors were seleected after
. & careful study of the predominant colors in the surrounding landsicape; these
| colors were then greyed down sufficiently to counteract the flat reflecting
. surface ¢f the tanks. ' Wide stripes of the two colors were applled, 5 or 6
'stripes teing common. Roads occasionally were painted over tanks.

; The following two documents were prepared by Professor HOSHINO of TOKYO
- Imperiel University. They give Professor HOSHINO!'s theories on brightness,
. 1 value, cclor, and summarize the research carried ocut by him. N :
i 11\ - . :

* ok kG« Ik

FIRST DOCUMFET

Summery of Research -

- I. ~Fundemental Research.

& :iL ‘ ‘
‘A. To find the conditions of visible range.

1. Short distance experinkmts with the nasked eyea;




"Object: O0.5-hem. square, value 3.5-84%

" Background: Value 3.5-8L4%

. Distance: 1-400 meters (in the Imperial University)
:Results:'

a. Vislbility depends upon the contrast of value (or more
exactly, brightness) between the obJect and its background.

be The hue has a little influence upon the visibility.

¢. ‘There is not a proportional relation between vi sual
angle and contrast. : ;

d. The visual angle (other conditions remaining unchanged)
.enlarges a little if the distance is increased.

€ The visibility 1ncrea°es as the brightness of the
background increases. : v

f. Various shapes can be converteu to squares en definite
converting rates. i o T

; 2. Middle distance experimentq.

ObJect- 4=-30cm square, value 4. 5-82%, white, grey, and hlack

” Backggiigg?' Value 4.5-82% plateés. '
~Distance: 170-1400 meters on the straight road near SHINUUKU

' Results:

a. The relation between the contrast and visusl engle is
similarly extended on larger distance.

b. The enlarging rate ofithe minimam visual angle depends
upon the turbidity of air and the distance.

c. It was found necessar& to define the turbidity of air.

"3. | Long distance experiments with naked eye end binoculars.

:0bjeet- 30-270cm. gguare.

“Distance: 1000-8900 meters on building roofs in TOKYO.
Objects: Value 3.5, 10, 20, 40, 80%, grey, yellow, green, blue,
i red, brown, indigo, yellow" ochre, olive green.

;Results:

a. The relation between visual angle, contrast and '
brightness extend similarly in the case of long distance.

b. Digstance effects depend upon the turbildity of eir,
. distance, and the height of the place of observation.

, ¢c. - Hues have less’ influence with long distances.
; L Helight effect experiments,rwith neked eye and telescope.
“Objeect: " 30-400cm square. .

* . Distance: 8.5-14 km. on Mt. Fuji.

Helght: 1500-3370 meters.
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'_Roeults: 1
8. Distence efrectfdecreaees as the height increases,.
b. Turbidity decresses as the height inmcreases.

5. Moving effect experinwnts, with naked eye and aiming
apparatus,

Object: 100-400 x Lom. sguare

Distance: 500-20,000 meters.

Height: 500-5000 meters.';r

Results: ;
. Moving effect depenﬂs upon the angular velocity of the
sight lines.

b.® Moving effect i& not sozlarge as supposed.

To f£ind a practical coefficient.j

1. Model ezperiments.

Object: Model buildings ebout the size of i-lCcm.

Background: Clty street, field wooded districts.

Scale: 1/500, 1/1000. i

Results: We found the relation between experiments and calcula-
tion. .

2. . Practical exberimehte.

Object: Some real buildirgs nsar TOKYO.

Background: Some districts near TOKYO. :

Results: We found practical coefficient of knowledge in various
districts.

W

IT. Practical Research..

A. To find the aiming,condition of bombing.

N

:Resuits' When we consider the p01nt where the aiming is besun
as the standard distence for camouflage, we find the fol-
lowing table for var:ous heights. (Table omitted.)

To £ind the ‘effective area for 'various shapes.

Results: Effective area A 1s calculated by the following for-
mula: : :

“A=1 (b sin @+h cos 6)

where ® 1s aiming angle
b is breadth of ‘building
h is height of building -
1l is length of building

To £ind brightness of-backgrounds. " .

Results: We measure-the ﬂatural briéhtness at various timesg
and in varying weather. . “
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’To measure thé value of various districts.

‘Results: Mean values of various materlals and districts are as
: follows' ;

Districts: city streets ....... 5%
! fields u-.oc-v-;.nco 770
WOOdS cocoooo-ara--c 3%
Materials: asbestos slate .... 40%
cement concrete:... 20%
asphalt seeesvcness 10%
100f tile ceeeeis 8- 1276
red brick .e.eea. 8-1l4%
Painting: white ...vececeness 80%
VO1llOW seevnoens 60-80”
green .........; 20- ao%
DIOWH cceesssnssas 6=-8%
-dark green ....i. 6-10%
coal ‘bal‘ ootuno»oo 2= 3%

-

To find the method of camouflage to be used.

jl. We define the type of camouﬁlage as follows:
B l, single color )
Dazzle painting 2. 1light and dark color {?01011955
) E {3. multiple color colored
, . parsial covering
Covered camouflage {2. complete covering
. 5 . covering by wood
Deforming camouflage i -
Burial camouflage j =

Ve could not perform experiments on 1ufra-red because the military
orfice did not give us much in the way of facilities for research.c We
did not c]aim to conceal anything from a precise infra-red reconnaissance
ohotograpb because we could not expect much success unless we used ex-
‘pensive msterials for concealment, and in Japan we could not hope to get’

. ‘such materials for camouflage. If we had had a chance to make experi-
vments with infra—red it would have affectod our camouflage,

NavaL installations we advised as to camouflage-

;l. Berracks of Mie Air Squadron.

2. Barracks of Katori Air Squadron.

3. Barracks of SHANGHAI.

Wl MURORAN SEIKOSHO (steel factorv at MURORAN, Hokksido).

5. Kawanishi ?irplane Factorles near KOBE (KONAN TAKARAZUKA ,
v KARUO

.'of the bettertcamouflaged factories=

©1l, -HITACHI SEISAKUSHO at Kamearl, TOKYO.

"2 CHUOKOGYO N4AWBU KOJO at Kokubunji, TOKYO.
v 3. NIHON SHIMPU at Kaneko, TOKYO.

L. MITSUBISHI JUKO TOKYO LIKI,:ut meUKO.

:5. KANTO KOGYO, near UTSUNOFIYA. .

Thes» are itoo large to conceal oerfectly, but as ‘they are separated some

distance from lzrge city centers, they would have a chance to escape pre-
. ‘eision bomblng. The perfect camouflage can exist only when situatlons,

*block plans, shapes, and materials of bulldings are consiaered from the

‘standpoinb of camouflage. We must utilize most effectively the topography
of the coqntry. We consider the fundamental conditions of effective

; .

40
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camdﬁflage to be as follows: (1) scattering, (2) utilization of woods,.
villages, hills or other topographical features, (3) correspondence of
the brightness of material t¢ the environment.

* % k ¥ %

SECOND DOCUMENT

Degree of Brightness abd Standard Color
Table for CampuflageA

1, FOREWDRD : '

/ There were few techniques used in camouflege of the past which-hed a
scientific basis. The so-called three color camouflage method and.the
buda: or blue single color method of camguflage was used, The methods of
camoufldge should vary with the background, the distance.of the object:
from the point of observation (for example 10 kilometers is considered a
good distance. for objects which are to be hidden from aircraft) and the
sizeof the object. Moreover if shadows are not taken into account, it
is impossivle to carry out the camouflage of geometric objects. Color
camouflage of the past merely made use of the actual color of the otject
and was nothing more than an imitaticn of the examples of foreign nations.
‘Even if the color of the background was considered, the color of the ob-
Ject itself was the only color which was used. No thought was given to
the tolor of the object from the standpoint of the average value of the
minute shadow peculiar to matural objects. Moreover even if camouflage
experts (cf the old school) take intc consideration long distances and -
color in the relationships to its various characteristics, they still
don't pay any attention to the fact that the potentiality of an object's
being or not ‘being discovered depends on its degree of brightness {(in tke
brightness which the color itself has). This book points out the stan-
dardipolor for camouflage and also contains notes on the methods of .camou-
flags which should be applied.” ¥

2. DEGREE OF BRIGHTNESS

[ All colors have their own particular brightness and the difference
betwsen their brightness is an important element in the recognition.of
objests. In order to make an object difficult to see it is absolutely
necessary that its.brightness be made to conform with its background. To
* deal only vaguely=with the degree of bfightness as was dons formerly isi
. unsatisfactory and' I propose to make ‘up. a standard numerical table on the
“isubjict called "degree of brightness® pointing out in round numbers' the
‘degrae of brightness of all colors which ‘should be used in camouflage.
By using this table it is convenient to measure the degree of brightness
.of a'similer color in actual practice. - :

&

-

, fDegréé of brightness is the peré?ntage of brightness in a basic color,
taking pure white ‘as; 100%. Moreover a light color has a large degree of
brigatness and a dark color a smalltdpgree of brigutness.

. As far as grades of brightness are concerned, one ‘carnot see visually
as an equal differsnce the things which are numerically equelly different
-and  one sees’ the things of an equal ratio as being of an equal ratio.
cona?quentlygoneﬁshouldvseparate brightness of equal ratio (egual logar-
1thm f"”‘ T ' . E | ; )

- - 4 2 woo
- In order to measure the compurative brightness or a common color I
have ' mede up for you in this book under the "degree of brightness table . .
for igrey®” the degrees of brightness cf grey in 10 equally:graded steps .
from B0% to 3.5%. Moreover Table I is a chart whioch points cut in round

numEBrs the degree of brightness of &ll natural materials.
. “':;" ! : o (q" .

1

T

4
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TABLE I

DEGRVB OF BRIGHTNESS OF THE COLORS OF MATERIALS .
' WHICH ARE CONTAINED IN A T%RGfT AREA

|| Name of Material | color, based;on Ost- Degree of bright—‘
| , ‘ wald ZAdifisions* ness 1in percentage

Roof tile e - Q\\ 8 - 10
Brown colored roof -6 5= 7
Roof painted blackish-green - 23 : 6- 8
‘Galvanized iron ¢ i ' 10 - 30
Concrete - i : 18 - 25
Slate - ‘ g - . 25 - 40
Asphalt -+ ’ : ] 12
Trees . g
Grass land 10
Dried. grass 18:
1 Dead lesves 30
; Imitation stone 3C
1| Granite: 15
il Cream tile 70
1 White tile 80
| vhite mértar 60
i Boulders 16
1 Brick 20
.| Andesite 13
i Black earth L
| Brown eﬂrth 8
Gravel 12

~J OMW\D O3

Grass land :
Flelds '~ -23
Rice-paddies (spring, sum~
mer; and autumn) 24

. 1

10
9

13
20
L
¢
9
20
10
6
20

35
15
10

Dead gruss
il woodland (thick) ,
| Woodland (medium) 23
"Woodland (thin) . .
Yellcw-brown sarth
Brown earth

| Black birown earth .
| Roads"

‘ [ :
FNOW R

"
[ J I O I T T O B B A |

=

=N
MOONEOO

Dead lenves (brown)
Deed leuves (red)

2

3

3

i * 2

Dead lenves (yellow) 1
2

L

t

*Color wheel (apparently similar

o nébll Systen):

44

3. GAMOUFLAGE COLORS. | ’§ ‘ f

To arrive at the coloration to be used in camouflage, 6ne should
select the representative light and dark colors from among the principal
‘colors contained in the natural materials which make up the - incinity,
fomet imes three colors are used) and using these colors we make up the
‘camouflage color. * Even in the cases wher¢ the surroundings are paddies
or grass land or other cases whers green is used, if in practice & color
iof a yellow green nature is used, it will last longer than an object
painted green. Moreover, it is better sinee it rfits in even with the
‘yellow leeves of autumn and winter and even in the cases where grey is .
‘used, if 'a little yellow is added to the grey, it comes ciose to the color
‘'of natural objects. In the cases where the color of the earth in rural
zdgeg;, etc., is bright, dark yellow (degroe of brightness 10-14) can be
'ad . 3 N

&)

42
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LEAF GREEN

INDIGO

Figure 18
COLOR WHEEL (APPARENTLY SINILAR TO MUNSELL SYSTEY)

TABLE II
STANDARD TABLE FOR CAMOUFLAGE COLOR

_|Camouflage
Colox

Urban Aresa,
Factory Area.

Rural Area
Ji

Wooded Area

Brigh% color

Grey. yellow, brown,
or yellow green (de-
gree of brightness
8-14)

Yellow green
and yellow
(degree of
brightness
7-13)

Yellow green
(degree of
brightness
L=6) .,

Darﬁfcolor

Black (degree of
brightness 3-~4) -

Brown & black
{degree of

'bri?htness

Black (degree
of brightness-
2-3)

Average color

Blackish grey
(degree of
brightness 5-6)

 Yellow green

{degree of
brightness
6-7

Dark green
(degree of -
brightness
3-4)

In the cases where the area to be camouflaged is below the. standard
size" (in the urban area, a total aree of below 2000 square meters; in
rural areas, below 500 square meters) it is not necessary to .use color,
but i1t would be well to paint obJectq with a grey whlch corresponds to
the : brightness of the area. |

. The design with which to "paint the color used should be decidec in
accordance with the surroundings of the project to be painted. Generalry,
in an area which contains ¢ity streetis or in rural areas there are mgny " = ' -
cases in which straight line patternq are suitable. One snould use curved . -
11ne» designs in wooded areas. |

P The unit of division depends upon the contrast of the dexrec of o
brlghtness of the colors to be used &nd in general it is desirzb:.e that
it be done according to the following standards:

.
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TABLE III

STANDARD TABLE OF UITIT TO BE USED *0:’ DISTRIBUTION OF CO__.OP
: (UMIT IS SQUARE "'”’]‘ZPQ)

+Degree of;Brightness Degree of Brl'htness of a Light Color
. of a Dark Color 2 Times Dark 3 Times Dark 4 Times Derk
Y S . Coloxr i Color A Cclor

800 400 250
600 ' 300 220
500 250 200

ME'I'I-iODS OF MEASURING DEGREES OF BRIGI'ITNESS

To try to measure the degree of brightness by using the table of de-
lgree of brichtness, put a copy of the objeet to be measured side by side
‘with the teble, and put both of the objects under the same illuminstion
.condition end compare their degree of  reflection. If you use the degree
iof brlghtness table which is closest to the color hue, it is eazsy to mea-
isure. ' It. is easy +0 compare them by gettlng a feeling of distance and a .
“feeling for color by closing one eye and souinting. In the cases of-leaves
-and grass, land, it is better to carry out the experiment on a bright dey

1n ordinary light.” Get close to' the no;nts ‘which are to be camouflaged.

IS

x ok ok kK

IART V- = CAMOUFLAGE ACAINST INFRA-RED RE ONNAISSANCE.

lmhis nroblem was attacked not only tnrougL investlgatlon of camouflage re-

( search and 1nterr0gatlon of camouflage experts, but also through investigation
and interrogatlon ‘concerning infra-red research. Experts in both fields said
that“no Teésearch was ever done on camouflaging :'against infra-red reconnaissance
and: no special’materials or techriiques were devieloped. They understood the
prin¢iples’ involved in infra-red reconnaissance end some said they might even-
tually have done research on camouflaging agaixst it, but that they did not
have!the tlme.

~The photographs thot follow are models produced and Studied in Professor HOSHINO's
Zabomtory at the Imperial University. The octual m=r1al photographs were select~
i ed for their similarity to the solutions worked out on the models. The comments
' accomvanyzné the photographs are the result of a discussion with Professor HOSHINO
of the relative merits of the actual exumvles in relation to the techniques he de-
vehmxﬂ
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-Professor HOSHIIVO feels that the shapes irc this pattern
“are too larée as well as heing considerablu too dark.
‘Phe two long buildinés toned down successfullu in lower
right corner are less noticeable in the photogroph at
least. . :
)
\

X




Figure 2

SOIUTION - LARGE FACTCRY

In this instonce, the walue or degree of brléhtnes% is
well matc)u,d in the ar'twll sobution, ond the seneral
effect of the job is “6ood.  Jowever, the shopes are
noorly r*la:med and do not follow the generol effect of
the hz/mthatzcal Qolut’on.




Pigure 24 -
ACTIAL EXAMPLE NEAR MIKARA
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Figure 27
- ACTUAL EXANPLE, SAG4, KYUSEU ]
. In this case, the shape of patterns is too regular ond the
volne difference too greot. The general, effect Seems 10
‘call attention to the torget. T R




" Figure 28 . i
HYPOTHETICAL PROBLEN, STEEL PIANT




. : ) F igum S0 .
SYHHE?RI(ZL ARRANGEWENT AND IRREGULAR DISPERSAL
/ﬂ ‘

4!

; Meure 31 .
REGULAR' AKD IRREGULAR ARRANGEMENTS
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Fi_é‘ure 4
EXAMPLE, SAGA, KYL’ISHU

Here cue to lack of nndersiandiné or proper awernision, tho
natterr is too regulor and is not successful.  This prticu-
lar case, as well as the hyrothetical example (Figure 35) is
hardlyia successful job until the oren court orea, which is
o prominent londmark, is broken up or concenled. However, be-
cause of the lock of’ funds and materials, the Japonese did nnt

usz this technique.

: Figure 55 .
DISPERSED AND CENTRALIZED FACTORIES
In oddition to typical tone-dowm and disruptive mainting, this
model shows how, by intelligent plamming of factory.layout,
camouflage can be done well, with little effort. Pruffic and
flow of work is not! hindered and dispersed arrangement lessens
“damage one bamb con, do. Few such factories were observed.




. Pigure 56 :
" HYPOTHETICAL PROBLEN, REFINERY AND OIL STORAGR

-

Figure 37
SOLITION, REFTNFRY AXD: OIT STOPAGE
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:'?i _ém 41
HYPOTRETICAL PROBLEN, AIR STRIP

Figure 42
SCrnTroN, AIRSTRIP

Figures 41 ond 42 show how a hypothetical cose con be exoféernted in its
effectiveness, giving the impression thot a job con be more effective
than. is actnally the cose. :
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: : EXAMPLE, SONE AIRFIELD, KYUSHU :
" Peorly done disruption. Bmphosizes strip more than it conceals it.

Figure 44
HYPOTHETICAL PHUBLEN, AIFBASE




_ Figure 45
ACTUAL ZXAMPLE, NITTAGAHAR4 AIRFIFLD, KYUSHU-

: Figure 46
ACT(ML-?E\’AMPIE, METARAR AIFDRONE, RYUSHU
fhis exouple shows haw bad comoufloge cen be.
The strip was foirly well hidden until camou-
flage wqs applied. .




‘ Figure 47
UNDERGROUND SUBMARINE FACTORY, WISART, EONSHU

Tnis entire plant is underﬁround with only three or four
« ratlways showing from the air. These were kidden by nets

supported on poles, during

in operation.
I

the time when the factory wos
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