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Coloration mechanism of Ao-ike Pond, Aomori Prefecture,
based on image analyses of RAW files

Ryuji HANAISHI ' and Kazuhisa A. CHIKITA 2
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Abstract It has been a problem in the study of the coloration mechanism of Ao-ike Pond, Aomori Prefecture to analyze
the raw image data, RAW files, and compare the results with those obtained using JPEG files. In the present analyses, the
authors refined the formulas for the distributions of radiances on the pond surface proposed in their previous report, and
then obtained normal direct solar illuminances from horizontal global illuminances acquired by the separation of solar
radiation into direct and diffuse components. The direct solar illuminances were then judged to correspond to solar
radiations giving colorations of Ao-ike Pond on a sunny day. In addition, the sensitivity and white balance factors of the
digital camera used were re-determined utilizing a color chart. Image analyses performed by the above methods
demonstrated that the model parameters in the aforementioned formulas for the distributions of radiances can fairly well
duplicate the blue coloration of Ao-ike Pond. It was clearly shown that the blue coloration is due to irregular reflection at
the pond bottom in addition to molecular scattering by water. This blue coloration is attributed to the optical properties of
water itself.

Keywords Ao-ike Pond, RAW file, Irregular reflection at bottom, Molecular scattering, Direct/diffuse separation
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Fig. 1. Ao-ike Pond, photographed at 1120h (JST), Apr 29, 2023.
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Fig. 2. Locations of Juni-ko Lakes in Honshu Island (right
bottom) and Ao-ike Pond, Koshiguchino-ike lakes and other
associated ponds of Juni-ko Lakes (top) on the topographic map

(50 m interval). The elevation is shown in m above sea level.
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Fig. 3. A basin model for Ao-ike Pond, where a paraboloid basin
shape is assumed.
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CINEELI SR Ty D —EBNTRE D, 723,
ZOZ LT, BELEDS G2 DN AICLIERETH Y,
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WIZ, BELEITKR 2 G oA 75875, K
DO FEELONAREREL B, (), RREWE D < —HELD
NARBEIEL Brie(©) &I DL, BERIHGELS. Ts 2
HETIRIZRIEE 2 ONXOSIEE L LT, KO
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IRO53FHGELES L ORREE O X —BELIS9 2 608
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Tl R E TRk &g, @) ERIERIS,
IR R OP T 3.6 B TR,

Q) BRI EL R ST R s & WHNEREL =D D D
AL TE X SIEHEED DT

Z 2T, @OG)6)ATH 2 BV DB IHIESEL
FESSOIPNEGELAS ) B I S VBRLS TR S D )t
DFCHEREE A, 1 = CEsga I oA 9 2 HEPEEE~
It 5 IER RS, ZOEZIL, BIER17-20)%
BEEL TN D,

33HETRELIZ L 91T, FHOIFEERT, Wlif Lot
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FOITEEC 2 YotiE#io s & 5 & 27217201, 2D
BZITEIUE, ISR A, SIS
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NTCWDEEIZIE, ZoE LY Sz To
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ARGOAET, ZOEWATREM AT 2, 7ok,
AFER20] ClE, Z ORGSO EHR PTRENE AR R AT
Hil3s ZONMI B EHEEE D 2 YT IER AR OAED
bHETHRILIZ, LocL, Ziudiimicisi) 25w
ORI > TR Y, SIS enE
2L LTUIRT D THoT-LER D, ZD=0), A
IR AR E TR 2,

Z T, eI EOREEREDS 2 RoTIER A
& D EMET D, ZORITAFR20]EH L CTh D, £
7o, EOIENT, 32 FIOFRRS S HREYNE T LIS
FeOUHE O DA D, Rl AEL O]
BEMEZ T, d70bh, ZOREHIE 3 IRITTDAFALD
FERIROVEAHEE L, Z O 3 ooy e s
BEZRRS>THY, HETEEOMRAZZE LR,

AFEOAHR TGO U7=3EA T, B bod 7= b1
DOBELDIZEL D DS, B Z IF IR OA YL
JEFRECTH D,

T, RWFROREZR D, FAHGELA
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HUS T3 (X, Y, 008 Z8m UCBEIIS. T, ~tEde L4
%, ZZTCIE, HIEICRELTE Ta(xs,ys3,0)F ZHkELA
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9 D,
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= 2mo? P~ 202 Y
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N
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G Lyep1 (X, Y, 1), NOKRDS3FHELUZONT DSy
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(ZOWTEDRAERY , KGR 2R CTHER A
FHL, TLUTEE TR L CiEE S5 2 & &
T5, ZIZT, S, BEERRT 5 RGB fEE
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1
~ = 255 X Fyi, X Kin (14)

ZZT, F,=158x1073 cd™t m? [ZHTHEE ST
O OMHE, By 15TV H VA A T IZEE DIREERE,
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+0.2396 sin2 0)K2,

Kpe < KpeeDEZ)  (21)

ROz Kpe EATAND, EREEERRE Iy
DIEDFR SN D,

FENMEORNFERKIEE Ery 7 DACEmAR B4
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Too TORFEFEREICIE, FED Neewer #3107
IV R 18% DR EEEUER 2 IV, ARD A hNT R
%%00%, K[E Datacolor [32]1D 71 7 —F ¥ — K
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5. RUA AT 2 AMEEPREAER LI 7 —F v —
k.
Fig. 5. Color chart used in determination of white balance factors.

4.2. SRRV 7 b7 LRk
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4.3. TORIAASODRESIUVRTAS bNTUX
{RERODRTE
(1) BERBDRTE

IFEENTC, 18 Yol KEEAFHERE D65 R TS L, =
DFERERRO IR 2B LT, FIRFS, FEMEROUTE ¢
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HEE Xp BEZD, EDIT, F Xp LHAOEE
X, ERESER X,Xp ZRDD, X7 ML XX, O
EAR Xy Xg ~OIEFHEIC LD A X 2k, o
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ZLTC, WTERIND “HODOHRTA h3T A%
Bowp BEIO w, &5k D,
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\Z, 2 [EDOFEAEAToTe, ZOFMETIE, K55y b
DHEEINHIRDTZ wp BEOY wg OFED HAEUE
TRZED 1 {EORBIIMNZ B 5 b D% R OREEIZ R
Molz, 788, ET/MUILDYCTD0v I 2 b—v
3 NTBWTRYA bRT U AR AEE T DB,
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T, G ISR AHICAER L. wp BEO wh 2H0
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DIRHRENZ LD, GEAMEL L2720 ThD,

Ra G _Wr (26)
Rp Gy wg

By Gy 1

= 27
Bg Gy wg @n

4. 4. FHEHRE T OFENTE
OF; -7 St )

R 2024 4 4 H 13 BT Uit 4, [mifgis
MHZIEH U=, Sy, 3.7 Biclkz (@) o)
FOZFMT, KVPEEREE Ery = 7.2 X 10% Ix DA
EHHE TR S b O & V-,

AWFFETIL, Fig. 6 (R OB SR Uiz
AT LT T, ATER20]ORERODEI A
m=60°, w=79m) THLHHE | BUIEIDIRE L
7o, BIOE 2 BHIA = 68°, w=7.2m) M
Ol LI T 5, Hiig OBLHLENG DOERIX
11:00, 11:11, 11:27 JST)NZ, B OBLRISAE D4
1310:59, 11:11, 11:28 JST)IZHRsE L7=,

20 1E

—Pond shore line

A Fisrt observation

20 point

® Second
observation point

-20 -W

[ 6. Tt TG LB O,
Fig. 6. Two positions around Ao-ike Pond where pictures were
taken.

(2) BRI A

BT, RER(IS]DHIRIZ L VT, 22Tl
& DD 5184 X 3888 DAL ERARMT L, 640X
480 DRI HER Lis o> 7=, B S 789 RGB i
OIFRET VR L DY IO T, EdHEE1T
I 72802 C+HCitak L7z DLL DR A #H4% VB
Ta— RLzBIE v 77 L2,

e EEEAEE S, AR20] A EER L, TS T T A
BATYNE TS LT, 7ed, 55 1 B O Lz
[Bif%1% RANSAC 57T, 5 2 Bl 5 OmEif%1E DLT
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15T, WET T 7 4 —EHATHNDOESE 2 PE LTZ[39],
AU « &7 ) VR DRAAE DD 72\ RIS
TIXRANSAC IEDEFRIT, ZNLISMNI DLT IE53VEH]
EInoThD, 7ok, 52 BNS DhEE LIZEigo
RET T T 4 —BHATHIOBIHIIBN T, 5 18
SR DERSE U TG D D MERE C & 25t
DI 3 MOE 7 B/VEREZBIN L TRV, iU,
ATERR0] Cib 7z, HHEEET v OO E RS
TETHAEH U7 B TAE R CIE,  WRRRO IERE e
HEEDREEZ > 72735 T D,

EAENT T, IHEORYE RGB B2 AMFEDET
AR10)11)(12)(13) TH TIxd, BT /WT A—H ik
TE LTz, M TUEOIZRW T, BER1SIZEl L= 51k
T B, BV HFRE N 72D X OITRE LT,

ZIZTC, ARUA MRTUADR DO GITKT DTN
VAR MR whp BEB O G T TNy
AA Y NMAH- wy ZEUSFTEZ &0, ¥ s
PIa2lb—a3 TIL R Z wgR C, B % wgB T
& &#ix 7o, RGB 3FERINTATHIVAYE RGB fHD
TR THD,

TROAIHHEFEEI 3T W%, Pope and Fry[40]
DIEZEAER LTz, KOS FHELOBESRESS KOG
BEELIE, Morel[41] & Zhang and Hu[42]DfEAEH L7,
S —BELONFERE S, (EEOBELAIZIT HALFRR
Baitmd D720,  BER20] & R UET, (AR
DFEREN3,43)1 0% K% 6 IRSHA T L TRz,

5 #ER

51. TORIAASORERBMERTS bINTUR
REDRTE

18% JREAEHERRD RAW BRI IHEEE 719 Ix Thee
SN, ZOLEDT AN ATOREL, K0 14,
TR 1/60 s, 1SO BYE 400 Tho7z, Zhb X
T A —& LB OB FEIKOME RGB fH(R =
55.9, G =814, B=117)2 VT, REFRKE
By =154 LRELIZ,

FIo, RUA MAT 2 E LT wy = 0907 B
XN wj = 1.06 2MEFHNT-,

[FHROEEE JPEG 7 7 A /U L THITY, B
B¥ B =216 BIOKRTA FRT 2 255
wj = 0.888, wj = 1.09 2MFbHh7-,

5. 2. FHEHROREHT

Fig. 712, ZDOBHAR TR L TR LI RAW 7
7 A WVEIOIPEG 7 7 A /v (4 548 H>BHhH L7-#g
¥ RGB fHAET /L CYH IO fERE T, £

Fig. 8 (ZJlig A ~T, ZHOHOMEIGIE, 55 1 B

13

(n = 60°) TIL11:00 (2, %2 BWS (n = 68°) T
10:59 (ZHie L CsReD T2, Z OIS, fifrici L=
JRNDNE, T VX IVT A TERED SR TR
BOELENE, BLOY S 2 b— g UERA IR L
Fig 912, v 2 b—r 3 AKX 0Lz alige it
FROENENDOTFEZ T, 22T, ZIHOER
DG FRLTNWE I, #YF RGB HEIZ 5 {5DK -
PREELUCHAS T REYE, LT3, Tablel T
1L, BREL, HOAWVNIV I 2 b—r g U THELIE
FoRT A—ZIONWT, L4 KO E R,

6. B

6.1. HTIIODREREK

Fig. 7 5, fEAVINE AHRFRZED K E WV R DISAD
BIE GB EOY CIIDIZBI e, —Hol
SIS L O FEEHD 7 7 A WERD 4 SOLAITHOU
T, WINbEWZ ERbnD, ZOZEnh, e
[\ A U789 RGB i IARFFEOBERIZ I -
TR L FELENT=Z L2300 D,

Z DN, RAW 7 7 A UERDEA@) )L, #9F
B HOSEINEERHED 7 2 v MIUKFEFITH D
DIZK LT, JPEG 7 7 A /MERDEAG)Nd)IE, 7
v M BIZTB Dm0 o7, 2D LT,
JPEG 7 7 A VAR, B EIZ DV IR 72 .0
INTRHST-Z LR T 5 EEZ NS, 1B,
RAW 7 7 A JMEROE A @ IZBNT, #YE G 5D
7'a oy RS 11 OER SRS ANAEL 7594z LT
WA Z NN AN, ZORZOFRIIRHTHD,

6.2. HTIIHTELONE=ETILNSA—RIZLDH
HEGROBRESETE

Fig.8 3L U'Fig.9 726, HHOHFEARAITIE, HIE
B RE % E- L, FRBHCOMRIZIBNT
W P> RO E O E 525 2 L ovbio
77,

T, EEREANGIE, T LVEHRER L
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7. FHE R DRI L 72 #F RGB E & 2AEREOE T VAU L 5 RGB E & OBIfR. BilllI#Y RGB oD
FEHME, e XGRS A SN2 8E RGB . A2/ 541 RGB DA, (a) 55 1 BHLS CiRE L7z 3\ &
%, RAW 7 7 A V] (n=208), (b) A, JPEG 7 7 A /LM (n=197), (c) %5 2 B TR L7 3 ity
\Zk%, RAW 7 7 A VR (n =304), (d) A, JPEG 7 7 A /MEM (n = 331).

Fig. 7. Fitting situations by coloration model formulas to linear RGB values extracted from Ao-ike Pond images. Horizontal
axes indicate observed linear RGB values, while vertical ones show theoretically predicted RGB values. Graphs on RGB
are arranged from left to right. (a) Using three pictures of RAW files at the first observation point (n = 208), (b) using three
pictures of JPEG files at the first observation point (n = 197), (c) using three pictures of RAW files at the second observation
point (n = 304), and (d) using three pictures of JPEG files at the second observation point (n = 331).
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Observation | File format | Original image (TIFF | Positions of pixels | Image whose | Simulation result
point and | ofanalyzed | format in case of using | analyzed brightness  was

time picture file | RAW file and JPEG format | displayed as | adjusted

in case of using this file) yellow squares

First RAW E

observation

point ( =

60° ) at

1100h JPEG

Second RAW

observation

point (=

68° ) at

105%h JPEG
X 8. g, fEHTICHE L2y BAALE, BN ab—var. HEOR

YRR 72 T i 2 R 9
Fig. 8. Original images, positions of pixels analyzed, images whose brightness were adjusted, and simulations of pond
surface images. Yellow ellipse line depicts postulated pond shore.

Observation | File format | Image whose | Simulation Contribution Contribution of | Contribution of
point  and | ofanalyzed | brightness was | result of  irregular | molecular Mie scattering
time picture file | adjusted reflection  at | scattering by | by  suspended
pond bottom * | water * solids *
First RAW ‘
observation
o0 e
60° ) at |
1100h JPEG
\
oo
Second RAW
observation - - -
point (1=
68° ) at
105%h JPEG

B9 vIal—ra B RAHERNOFHFL. * TNETNOERIIONWT 5 HEDOHD S TER.
Fig. 9. Contribution of each coloration mechanism in simulation. * For each coloration mechanism, image brightness was
increased by five times.
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BEL, HBOWIELNTZET NRT A—ZOEE, i@/ X7 A—% :r=151m,d=8.1m, h=9.5m, Ery =

Table 1. Comparisons of model parameters assumed and obtained by simulations. Common parameters: 7 = 15.1 m, d = 8.1

m, 2=9.5m,and Epy = 7.2 X 10* Ix which means horizontal global solar illuminance.

Symbol Meaning By analyzing pictures at first By analyzing pictures at
(unit) observation point (n = 60°)  second observation point
(n = 68°)
RAW files JPEG files RAW files JPEG files
Horizontal distance from pond shore to
w (m) . . 7.9 7.9 7.2 7.2
observation point
B Sensitivity factor of digital camera 1.54 2.16 1.54 2.16
B, Brightness factor of image 0.759 0.571 0.632 0.448
Wg White balance factor, enhancing R to G 0.907 0.888 0.907 0.888
wg White balance factor, enhancing B to G 1.06 1.09 1.06 1.09
Epy (IX)  Direct normal solar illuminance 3.6X10* 3.6X10* 3.6X104 3.6X10*
p Pond bottom albedo 0.011 0.012 0.012 0.016
byie (M)  Mie scattering coefficient 0.059 0.023 0.057 0.025
ky (m')  Phenomenological attenuation factor 0 0 0 0
Enhancement factor of pond bottom
Wirr G 1.07 0.762 1.04 0.754
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fWz,=95m THA,

Table Al (TTEFE LRGN X DR LS
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£ Al. WNOBELREL x; #E 27 (Ax =2) L X O EONHHEOREE X LZ2ofE AX %, il
WG E L E D ThRWGE T,

Table A1. Comparisons of coordinates X of light emission points and their intervals AX on the pond surface obtained with
and without approximations when various x; of coordinates of scattering points inside pond are taken by Ax = 2.

z;=-1 z; =3
X; Exact solution Approximate solution Exact solution Approximate solution
X AX X AX X AX X AX
-16 -14.95 2.00 -14.92 1.99 -12.88 1.99 -12.77 1.99
-14 -12.95 1.99 -12.93 2.00 -10.89 1.98 -10.78 1.98
-12 -10.96 2.00 -10.93 1.99 -8.91 1.99 -8.80 1.98
-10 -8.96 1.99 -8.94 1.99 -6.92 1.98 -6.82 1.98
-8 -6.97 2.00 -6.95 2.00 -4.94 1.98 -4.84 1.98
-6 -4.97 1.99 -4.95 1.99 -2.96 1.98 -2.86 1.97
-4 -2.98 1.99 -2.96 1.99 -0.98 1.97 -0.89 1.97
-2 -0.99 2.00 -0.97 1.98 0.99 1.98 1.08 1.96
0 1.01 1.99 1.01 1.99 2.97 1.97 3.04 1.95
2 3.00 1.99 3.00 1.98 4.94 1.97 4.99 1.95
4 4.99 1.99 4.98 1.98 6.91 1.97 6.94 1.94
6 6.98 1.99 6.96 1.97 8.88 1.97 8.88 1.92
8 8.97 1.99 8.93 1.97 10.85 1.96 10.80 1.91
10 10.96 1.99 10.90 1.97 12.81 1.96 12.71 1.90
12 12.95 1.99 12.87 1.95 14.77 1.96 14.61 1.86
14 14.94 1.98 14.82 1.95 16.73 1.95 16.47 1.84
16 16.92 1.99 16.77 1.94 18.68 1.95 18.31 1.81
z; ==5
X; Exact solution Approximate solution
X AX X AX
-16 -10.85 1.98 -10.61 1.97
-14 -8.87 1.97 -8.64 1.98
-12 -6.90 1.96 -6.66 1.97
-10 -4.94 1.97 -4.69 1.96
-8 -2.97 1.96 -2.73 1.96
-6 -1.01 1.96 -0.77 1.95
-4 0.95 1.96 1.18 1.95
-2 2.91 1.95 3.13 1.94
0 4.86 1.95 5.07 1.92
2 6.81 1.94 6.99 1.91
4 8.75 1.95 8.90 1.90
6 10.70 1.93 10.80 1.87
8 12.63 1.93 12.67 1.85
10 14.56 1.92 14.52 1.82
12 16.48 1.92 16.34 1.78
14 18.40 1.91 18.12 1.73
16 20.31 1.90 19.85 1.68
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