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Abstract

Amphibious robots can directly serve many applications, e.g. the aquatic products,
environmental exploration, and disaster rescue, etc. It is an effective way to improve
China’s amphibious related industries and national defense capabilities. However, the
efficient and autonomous operation of amphibious robots in field environments relies
heavily on the stable and accurate localization ability. In GPS-denied environments,
traditional solutions to achieve autonomous localization is to utilize visual odometer tech-
nology through a sequence of consecutive images acquired by the camera. However, for
amphibious robots operating in field environments, the motion characteristics, undulating
terrain and complex lighting conditions cause many problems including lack of visual
information and lost of field of view. The problems prevent the traditional localization
algorithms from directly applying for amphibious robots.

To achieve an accurate and stable visual localization system for amphibious robots in
the field environments, the thesis designs an amphibious active visual inertial odometer
system (AmphiActiveVIO). The system is designed based on a tightly coupled visual
inertial odometer with a sliding window. The image acquired by the camera and the data
measured by the inertial measurement unit are fused to estimate the pose of the amphibious
robot in real time. At the same time, to solve the problem of lost of field of view, an
optimal viewing angle is calculated by using the perceived scene feature points and the
current motion direction of the robot. The optimal viewing angle ensures stable visual
localization while maximizing the exploration of the scene. Then, an active exposure
control algorithm is developed to solve the missing problem of visual information caused
by complex illumination conditions in field environments. The algorithm calculates the
most suitable exposure time at the next frame by maximizing an predefined image gradient
metric to ensure that the next frame is not overexposure or underexposure. Finally, to solve
the problem of feature tracking lost caused by the robot’s motion, several additional visual
constraints are obtained by matching the newly detected feature points with the local map,
and the method effectively increases the stability of the visual inertial odometer.

To verify the effectiveness of the proposed system, the localization algorithm based
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on the optimal viewing angle was first verified in a simulated environment. The algorithm
ensures the stable localization while achieving the maximum exploration of the scene.
Then by equipping a three-degree-of-freedom gimbal on the amphibious robot, it is verified
that the active view adjustment prevents the lost of field of view during climbing motions,
and performs much better than that with the fixed view solution. Further, experiments
on the active exposure control (AEC) algorithm in the fields under high dynamic lighting
environments show that the active exposure control can preserve more image details than
the automatic exposure of the camera. The AEC algorithm achieves stable feature tracking,
and improves the accuracy of the visual localization algorithm. Experiments on the public
data set Euroc also show that the developed AmphiVIO with additional feature matching
can improve the accuracy of visual localization compared to Vins-Mono. Finally, the
effectiveness of the whole AmphiActiveVIO localizaiton system proposed in the thesis is

verified with our amphibious robot platform in actual field environments.

Keywords: amphibious robot,visual inertial odometry,active localization,exposure con-

trol
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& 2-1 AmphiActiveVIO R4 HEZR
#A~ AmphiActiveVIO RGHEZLUNE2-1 8. F 2/ NP 15 5 AR T
(AmphiVIO), FBhHESEEEHIA L I TR L =AM . FH & A% R B FG BB it



AT

Ny JR 35 Tl K2 T2 A2

P45 2 A . E REATL RN BB AL g A0 38 8 R A 815 R A B I e BT (IMU)
PATHU ) — BRI AN —HHE s & .

HeA~ AmphiActiveVIO RS 8 2 J5 R ZEHTHIIGR . RITRILRE R T 40
T AR B i P I RS R — DS ERAAE, B R B AR T
e MNMEEIEREN RS, BAAHENYIRME, ZRZRERI S WIRES
MRz B K 4544 (Structure From Motion) 118453 i A5 RO AL Lt 5
IMU A7 ROEE LA T/ FEA B0 . B0 aR A A v 75 S0 s IR S A4
FERR ORISR FE T AR . ) 2R DA W BRI ] A AR A o5 ) (o 5 FAR AL
R

RGN UG , A R, A TR . 3B fI 1 AmphiVIO
R IR TA A RIIRE . B2 T R BG5S 000 A B3 AmphiActiveVIO f5E
AL FEEATI B . B T ah I m R, A B 12 KA AL R R 31— A
AR, B IS G, BIGERLETR & RIS ERE, A H R4S
TCECER IR, Z AR 3 BRI A S BB A 1100 SR SRR A A b [ DR i 25 4
AN A SRS LI, RS A AR B PS4 SR b P R A — A KA B
WA, Zi KAG B R 1) AR s R f o 0 XKk (B R — g A
U KA G B, AR A T B M RE S R s i, BIPLas A&
—HA M5 PRE BRI, RS ) HAl gy ) SEE  SER . R
2% TEARE 24 1 & AL AR SRS NRE 87 it B — s i . 4RGSR
FPEE, AL A28 ), P N T 5ti5ER: @ik
0T, RO S T R R S B . T SR B LA 2 e i 28—
“HHER G KT HAAVA .

LRI A TR B A G A B IS, TR s R A AL i B
TCEK E S| EEE, S EIESM IR, Ao RGeS g
FERIIE DL o 1% 5 BG4 LR i S AR AL i 1, il e AT B ibm e, IRAS IR
SEFERBOCHTE 2 BRI R . RN S BT E R R BB 2, T — A S H
oy R EETRAR, AT IAL I ok i R v S8 o LU B B A, AR 8 T~ —
38 B EE TRI 5 AL . 38 S A T R R RS AR TR SRt AT AREAH AL R S 14 1
BIFF hE A T EE S

A F BB BUR S IMU S04 82 T ok 25 A E] AmphiVIO itk
Hro B A R TR ZESEHEAT O BE A 1E R A e ph T B AR A T B0 RS TR g S BN

=
=
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B 7RI Tl KA TAFA 238 SC

—HUA, JERERTIE IS Y BB i G R R B AR AT TS U [A] ARAAE PEE K 5 H
TP N RHTE 20 A, & S ERIPLLA AT (AT i GiRtB B2 2 5k
PR Ll e R AP 55 R R A i P B AT DR BE AR IR AT UM AL i, R A
—ARIUMAZ Gt . X IMU el R T B S A 21 )5 i 0
b B o BN BT 1 R RS B ADIL I A T SRR A Y VIO AL R AR ASAE
BRI NS . N T2 )5 Bl AR BASOT BRI A, A IMU 9%k
XA A LS AL EEDEA T s HE o] DARF 2] R AL as AR B2, FRPLas A
MBI IETT IR (X BT 1) AMLes ARz zh s .
22 EHUHARER

PR HL g AAERTANERSEE ALy, T HOB IR, Y PTHLgs AEATan
K122 (a) FrosmeSozshint, (T mfibLes A ui s bl & L 3o s
LR R=ZS, WE2-2 (b) Fs, E&/EP R 2R REr, SEEN
KMo N T FRPEEAS AL, Gl PPl N E— = B B m Gk TR
FAPUAL A R SO = X, S P a8 A ) SOB R R B DIk o 1 8l
HANPLIL A, T — PR REAS AR 21 RTINS A 12 BIRIR S0 ) R B3
HRFAL R AL, SEITT S Y T A AL A, IR R B LA

a) PR g AAERF SN IEH b) FRALAS RIS A 1) KA
Bl 2-2 PRI AS A B SMICI LR 25 1 ]

221 EFRUHBEXEEAAITE
FTHEERNMA, TR R MR ERGEMNA, &KEERAITE
AT AR B L FRBE R FEAT N AMEE S At AR R Rt {py),
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FALAE N AL fwe TR, KRG AFEA BT AL fye LT PASRAG AR S AW
MR

X% S — Rl EDARAE A AR TR, 20 5T A R A
TN AT ASRAS R R R BN, BB R R BRI A R e G B ST
W KRGS, R MBEArE O G BN TR R A LR T af
HALEB P R R BRI g, XA & — SRR . X T2
b, SRS {EEHE (Fisher Information Matrix )P 4 IR UL it £
A ZPRTPIRSRIE R TR AR R x A BRI & 2, ML
BURT VAR — A PR BE oA AR plzloe) SRR, LI X PAR A AR ) £ R
KNI (2-1) PR s (s BRI

] (o
I.(z) = (a—xlogp(ZIx)) (6—xlogp(ZIx)) (2-1

SR S AR o S A T B ISE RS R N (0,0%), WA (2-1) mrpA
B
0z

1
Ix(z) = (Jx)T Jxa ;H\:EPJx = (2'2)
o ox

HAK (2-2) ATAE S, PRI EMEASARERE o MO, 3RS EUAR I
/I, 3R PR A M R D i 5 8 RS A IR R S —
DT, QAR T IRES R B SR S 8O, WIBRSF B MR, X2
R FRBARNK, A2 RS BB/, MEEA BRI, WatdilEE
XPIRSE AR BUR . — BT RS E SRR, x BBUEY LRI TE £
Feoalr, e S EEMFERE, nTPAE X ehise-%» (Cramfer-Rao) A, ke
PRS- ATTRARES R B P07 22 nT AR B A B/ IME

AR EE B, T ARG B AT R R EEECh m (2-3) syt
(AT

N
wa = arg maXZ v (Twc’p;v) Ii (Twmp;v) (2-3)
Rye i=1

HoH Te = (Ryer b} FORMBLE IR AR R FIOR0E {p2 )Y, 2R ISR 5
R HE SIS T, (Tye ) FRTE Toe ALIEIE i AL TR 1Y 255
SEHE . v (Twerp?) R A (HBRL, FR8 | M ER Tye FRETTI,
oAU IR, 58 (2-3) FOBEAL B RR AR — S R LA R S ffid
A H AR R

-12 -



W 7R Tl R T AR 243718 3

el (2-3) s AR BIE T AR I, % H AR R B 1 22/ NIR A
G, B/ NI —ARFAE R 5, A/ NI R 4L, 56— 2 1y
MERUEAE A L Twe TR, 55 000 MR AL RO 2 (0 8 Twe HYBRE
AR B RE e HE R L () FERAIER, U A
e LRI, TEPCALIERE T n] DA Ry i S A B . SRS 7 4 ] A1) ) 3 2 e JOR & i
TAHRRE Y () MR E R AR RO, BERS AR R B R R T LA KA

FABLAS—> 3D AL S LI W] AR A R, s e IR R
o AL LR Jr R (bearing vector) , HH Iy fi) AR TR EFR
DL w2 AT AT BN o B 7 1] 1) B 2R T3k, AIALRPRRAE A
i IR AR AT DA A

¢ 1
fim B = g pf = Tep) (2-4)
lpcll, 7
R U AT AL f; MO FARDLALES T FOTETCLL
g, = 20 op 2-5)
' Op¢ 0T, )
Hrp oA AT AT B
afi 1 |
5 IJ: =B P (2-6)
KPS Y, B RE se3) KFOR ML, NI E
0p; _, 0(xpENTwe) py 0 (Tucexp ") py o

oT,. o€ o€
Horpexp(-) R BIRRNGCHEE SE(3) FRIFEEMLST . ik pg i Fp i X sL br XY &
B 6¢ @ MTEM A ALFR R T RmPLsl, @2 MEEMPALS R T 1 Rk sl .
5 IAE T AR FR R R4 /s, W J; v A s

of;
5=t I{?Rcw -5 [p7].] (2-8)

EXFE /LN, T HE DR Ree MPINLE Tye M Type =
{RyeReestye}, HMETECHFEZ A KR AR RGN J! = Redi , B4
CHEPA AR PSR SR

I,’I:%J,TRCCGRCC’JL' =1 (2-9)

CEWAMESRSEE SR RAET AKX (2-3) 1, LOARE BT
MUBLRL, 25 @ ANRFAE R AR AP T e PR SE B 38 5 8L
A RTARER, IR AKX AMERARPLEI IR Rye 2 TCRHY, 1R SHIPLAALE the H
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%o MIMTE 2, I PEIy 1 1 VR W 2R T, [ IR P 7 T S A AT 2
TRRMERMSN, WEEEMME L (Tye, p?) WHERARYA Rye BICHEN, 15
A A P T DAYE Sy o B A B

TR KAF (2-3) A 56 875 T Q0T (o8 ) %8 458 bR o0 38 0 A ML A T A R
V (Tye, p?) o TERARNIAKE:, AN AL A AR, HI9k 2a, NIFEAE
FIMLAT AR A 1 2-3 7, o £ FORERIESS,, e3 = [0,0,1]7 FORMIHLELSH, 0
FOREHIE S ADG DL S5 e A

A '”(')

I 2-3 BRAAHAL AT AR S

AR BRI L v() FEIE B o AR AT S1), R TRFPLX S 8T, Zhang 4609
PEHRF v BB (2-10) Rk TIef 6 FsRE. %] OB ) ok 2t
LNE2-4 (a) Frs. EBBEXHER 3 2 2 % R AR RE 5 B 3 iR RN B
K5 HANRH A KPR 53 (@ iR B — A R 2 R e AT B i
FRAE SR G4 T REM L E, BRI BRI MA S 120 FER)) MAAHDL, e
NGHMIFHE S AR 0.5 BRCEE, TR BB 1Y) 0.

Vaang (TwesPY) = v (8;) = @z cos® 6; + a; cos 6; + ag (2-10)

BT R R B AR BB B, FFARN TR ER A 34 7 58T
JIt DAANTR B0 23753 i AN AR SN SRR [ A E R 4. BRI, AR S
WA= (2-11) FrspAHPL AT RSEL.,

Vour (Twes PY) — v (6;) = €< (2-11)
Hep k2 HREA T, HRESAHALTR T L ATRAR, AL o N k (EBOR .
FCeR Bt L EI2-4(b) s, (R e AP THIEIE, B cosd e [-1,1], 4
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—k2:0.11 k1:0.50 k0:0.39

—k2:-0.03 k1:0.50 k0:0.52
k2:-0.10 k1:0.50 k0:0.57

—k2:-0.16 k1:0.50 k0:0.66

7N\

-
ha
(5]

ha
(=}

# puu
Zo7+ =
g0.6 §15 3 —
H 0.5 Tﬁ — k=2
% 0.4 E 10t k=3
IE‘ o
=03+ =
o m

L=
fa

5

=
e

ol , i i o —_— ; -
-180 -140 -100 -60 -20 20 60 100 140 180 -180 -140 -100 -60 -20 20 60 100 140 180
I 3 o SRR v
a) Zhang 55 P8 B AHATL AT WA AL b) AR SCEAT A HL AT AR

B 2-4 AL AR L

FAE FOARDLIE BT 2 WA A UG 7, WMy 0 2 WE R, cos 6 BIfHIIA 1 %
ASE-1, MR e BERZEHIRN, [F T o MAEERIE, x <O mf, o
MEAS KT 1, XEAFATHIPUILE 577 ARHIE A 2 TTECR 2 A Hk, X
AR FRAR A D) KT, T7 5 BRI BT T3 IR R i AL A

i iR EE T (2-3) AT RAIER, it Rkinany, H
Feit B BT R RARS T2 B bl as NOCE RS SR, AT B By,
TR RS R TR, WA ES R E N A . RS 10E M ATl
we Nz gl VRN s R AE B A I AT B (e, B A0 e 0 2R 2 SRR R T e
pRNSIIBER A N s N Y SRV ER

EANEI2-5 i 78 B 07 FLEASE 0 AR SCH Hh )BT A A e R A B A 5 (o 58k
PEATIRUE. SO B T A s TE AL R P, R SE A x = 2.5m,
y =25m, FEJEH z € [-1,1]m EFEYLREE 1000 MFIERE . R)ETE {x €
[-2,2],y € [-2,2],z € [-1, L]m} {2 fa] s REALORAE — 28 (i B bl Nl AL
XX SO B TSR T W A B R AR LA, SR ANIEI2-5PR, HoH i (o p ik
NI T K S 3 RSN UM S N F N S VS 0p B TR Y TR ol
FEAEBOR, 82-5 (a) FrniiE Zhang S50 BORKET M REROSER, TR %E
X BRI 25 A A ALE TR NI A To R A%, SR X T ARG AL
FBERTREE, EHRAEREMS S B m KL A R RAE B . ARSCRET IR 7
IREERINE2-5 (b) Frm. XFHE2-5 (a) BEER, WLARS], FERGILFMLES T,
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RS Ay N 2 T b S AT &
ET AR I B B R B AR BT , T Zhang 28 P8 BT RARRY I ik
W FE T3 IE R R AR BALA , ISP PR AL T AR (2-10) TRT
T AR AT A R85 5 R R AR AN

| L
LOWM’W L e

&) ST REEMFFBIMIFLER o) AT ORI B 545
[ 2-5 PR L AL 54 SAT He

TEDT LSRR, PR SRV T S )X AN 2- 197, Zhang 4¢P (07 35
S A AL B 2 LT B A, SRR B T 3 R B, i
AT 18.28s, ZJEXHEA RN AL ELA 10 B RIS XL A IEATRAE, AR
B , I 2,855, ASCHET (RALMO IR I BUAL B A, B4
SR VCALTITAS R RBER )7 S ST BRI R (A, RIERR ALY 4043,
TR IR RAOLE R AR S AT 0.114s, i) AL SR YGRS
i B0 1000 MEFAE ARG AR SE L, eSS BREPANRSE, Hlas ADUJRAS
SR 2RV RHIE AL, A S BRI R A e 0 P Ak 2 T DA S P A 55
o, RET R,
222 BFSHABHEDEL

FE L/, R ERE B AR — BB Hlas A TR B PR5E  Bry
FRUEALII BT, (ELR LA A RITF X A FIER B —TERTIRY , LA AT 2Ry
WA T IR FOR BRI T R IE e AERP R OLS , AAREE AR LR A 1)
RARfEEAMAL, &FERLEEAN T &N .

WL BRI A AEI2-68T7, Bl AT R TR i A
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% 2-1 e RAE BT T A R fE 2 X L

Tk RGOS 1 A = R 5 o N = €< ) = < S N VA = R
T SRR 18.28s 2.85s 0.0598
HF AR i 0s 40.43s 0.114

S AIE T8, RN (Tidie,, TEWIE 2 (096 H 4 30 1, HLES ALIA FisE
90 J& . ML AJBAN B A EREE AR AE A5 pY, Lt Se ORI R, W 4k FoR
BLES NBZ 7 1) RO, 41 6 B F R R A B I 1) RN P 2-6 8 5 —
/N PR P 5 735 5t P S SR A R BT A R A5

TERLE Ty b, BLAS N 1E B 77 R B 15 0 A BV R S I plY,| o,
PLEs B33 TR D NG, B AR (2-3) AIDATTEL R B RySI,
BEEAIBHLA REvmer Sy RO T8 06 ) 21 R AE 55 A BRRAE i fE] pY,
SRIGHLEEAARSE 0] F— A EIE 5. AR I 2 17 .

X 2-6 7 ) A (S 4 AT 0 T 15, i T R A5 B A S i pL s A — &
HICARRITEHES EFRHTr, SRV ATCERE AR, TERE T
Kb H BT HLES GBSy R AR Oy 1 2 A R UL, S EOL RS A TEE A Skt
FI T R TR . (BT B A LA B S B, 24 LR A T — A2 5

T T> LE! Ta

l

- - =
b Rl 2T LT = oty g W Wl

5
Y

-; -

LS
B
TN s

Bl 2-6 BT RAR B E AL LA R
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i, XA RR IS %A%, T LRSI (RS L S H 524 A
MERRBERR R ETRA S 1 , S B02 JRHL R A SRR FERY T W 1 28 R

B 2-1 meoRAs Bl Rk

Input: HL3 AN : P AL FARFR RN M A (T, g

ij]jj@ {Rmotion}i\ll

Output: 7 AIRHE KR - plY 5 Hlgs A M AN 2 R A5 B

{Rowtoiol ¥ 1 8 % s R LA (Remer )

1 Initialization: {pV } L, empty; AR B XTI (5 B AR MR

ImaxInfo — O

curr

2fork=1: Mdo

3 update 7} and R}""" ;
4 if kK = 1 then
5 Rcamera — Rmotion .
k k ’
6 pY, « DetectFeatures() ;
7 Ry CalculateMaxInfoView(Ty, pY ,);
8 [130  CalculateInfoMatrix (T, R, pN ) ;
9 else
10 RyaInfo  CalculateMaxInfoView(Ty, pY,);
1 152 — CalculateInfoMatrix(7y, Ry, pN ) ;
12 Rcamera Rmaxlnfo .
k k ’
13 pf‘i e pf‘i . + DetectFeatures() ;
14 end
15 end

NIRRT RO AR LA 2

TREN PRI R, CPELEE N IR IRR

(exploration) FIE( (localizaiton) FFFR, ASCEAT T —Fif] A R S
BAE LR Nz By 1) RO R AR 5 ) R i B
BN EA BRI A R, A (2-12) R,

RGN R

best __ motion maxInfo
R =a- R} +(1-a) R

HiEEN T o frast (2-13) HHES,
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S

Bk 2-2 Ul E R RA

Input: HLEE NFIIZEIEIIL: DU ATEHE R ALBR R B M ASAEE (T, FE
Zh5 1] {R]r(notion}liwzl
Output: 7 IIRHEAIGHIE - plY 5 HLESA M 200 S ol i
(R}l KA B {Rymo b R4 7 G i B A
{Rpmeey
1 Initialization: {pN}" — empry; SR {5 EULA X I3 B A
Lm0 ;i U 135 B R 10— O
2fork=1:Mdo

3 update 7} and R}""" ;

4 if kK = 1 then

5 Rzamera — R;{notion :

6 pY, « DetectFeatures() ;

7 Ry#Infe  CalculateMaxInfoView(Ty, pY ,);

8 1531  CalculateInfoMatrix(Ty, Rp™™°, p& ) ;
0 IPe o masin,

10 R}l:est — R]r(naxlnfo

11 else

12 RypaInfo  CalculateMaxInfoView(Ty, pY ,);

13 I — CalculateInfoMatrix(7y, Ry, pN ) ;
W o s I

15 R]t;est — a- R;(notion + (1 _ a,) . R]rcnaxlnfo <D;

16 Resmera ¢ Rbest

17 pY, «— p¥, + DetectFeatures() ;

18 1'% — CalculateInfoMatrix (T, RP™, pY ) ;

19 end
20 end
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a = Ibest/(lbest + ImaxInfO) (2_13)

last last curr
b o7 B R B U A T ARSI e IR, WL A Y i 5 s
ORI, FRAR M I5E % BRI HEA IR R . 0, AR IR BN, IR AR
PLES Y HE SO ARG, BN R T, X RAZIELE AR s By
], B IR Sz A Es AR R Sy Rbest BT SEH0 AL T 00
B AR . VT DAEARIE S 37 280 SR 1 i B b 5 B X 3 B R R
HET R LA B S B SR AN 22 8%

127 R B LS X R AR EAT T RIRERY, IERLE AT B
PRI A58 7 4, 08 (Tidie,, SFPEZ A9 30 &, HLEs AL f i
FEH 90 JIE . HLES BN B B FREE T BORRAE 5 pY, A (SO B FR, e
HAFEAEEANZE T RPN, 410 AR R i (S L[] Rt
S0 E LR A FAT R B T 1) RS, 2T 5 — /N i 8 5 2R e 5k
BRAETE A BT IE 5

XA ELGE S 2-THEAT AR BT AT AR I, FERLE: To AR LA RS S 52305 it
JAE B RO T AR ZALS A RIZ B 7 1] RO 32 RN TEGLE: T AL i THL
98\ BE BYRHE RO, SENRURANE, ITAESIE T B A7 6. e
BT AL, Bty ) RS S SETLEE A E Sl ) RO | S PR R e Ao

Ty T> T3 Ty
[ M N M | n [
] % | L] ;S E ] ‘
{ Q" * & { -
T g S s Ty g suinw e L R § o g W Wi

Ts Ts T7
= n‘ | fnb-u.-nlll s Ay
) { {
| t e
'{K“ﬁéf | IS R O ol |
‘“ﬂﬁ‘ A -u.-x :fﬂﬂ " o :I'r:\--uv- N, s oy -w.-. "iua- . ey Mj

Bl 2-7 HTF R e AL pr AR
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Ty AL NBE BERFIE SR, 58 ERCR Y, IRIEAE Ts ARALAS A SE T ) X 26
BEATIRR . MR T S A R E AT IR, AT ATEPRUERS & 5 (o7 1Y [7] i 55 Bxt
W RVEE RS . WIRAALE T AATDAR B, Sl NFISE e e 2 )
SERL T XSRS P2 DL AR A, ECAG I B R B B T e KA B A
SE R IRITPIE DA L o

23 BN

AREE S N EE R _EXTASCRIr s T i 1 T Pl bIL g AAERTSNERSG R BT B R
SELIY) AmphiActiveVIO REEVEAT 74 . EENA T RARGEH ML T B
71 (AmphiVIO)., T A Sl Al A PR B DR/ A A 2 [ R BC&R , JH
H Amphi VIO A ] SE AT LER NROAZES, SEELE AL T st hilisk
AT FERAPE I ], BRI BB R Bl Fah il R
AR ) FH R PRAEA LA N 3B AS 2 Hh B A 6 1) R s - SO IR 25 2R A, 4
RN AR T SRR, Ty 1 AR AL AP 2R A,
BRI — A= H = G R s R A S (5 5 3 = 1 XK. [F]
I, AT R N E LA SR AR IR R 5K, A ST 17— il
RN ZRREE GG LA ARz 87 1) MR AR BT 45 2 S et
Mo WRYHTE RO R, WIERACOUA i i AL ARz sy ), nssEblgs A
MR . W E RO 22, W ECEIREE R T, R LA fid ) T
KA RIS oA 2SR, Bk £k,
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F3E EHRAEREE

B SNIREE AP ATAE S AR R R FEYE AN EEARARII B AR I . A3 552 )
SHETEH AR R, XSS TR KBRS HDR (High Dynamic Range)
M5E. T @ AL AR L S BT B A BRI, S ECE3- 1R 1 B
P XI5, A D I A T, TP JCIR M R 3R R S e R . N
TIRAIPLBIESTE BN R, VP2 RIS G B SRR MRS SAL, (A
FEBIL 7 P B g il T3 e DR AR PR T3 5 B B o X I ) - 35 58 N 45 5
{H, HBHZIERIR R 0 DR BUR S RIS RAIE AL B3-2L 2 %] A ZhBeiy 1
FrEA PR e SR U S5 2R T DA I I P I 5 5 SOMRAAE B B ARS 7 Ab T R
JEIRE, TR PRBEMEATA B AL R L, & 28— bk b T B AN
FOCLIE ) TG HI Bk, SRR W] AR BUR 8% AL SRR A

AR S G AT I 5 BEAR R SR ARBORAILI Wi . R K, 285 7 2 A er 1 )
VLG E AT R AN A B DAL Y D7 3K RSz A DL RSN R] B Js 28
AR P R ABEA T 5 B L A PR i it P AR 1) 58— Bk

& 3-1 B¥5h HDR Ffkg Kl 3-2 E BT AL

3.1 XEIRE
N LB HAAALAI B E IR, B o SR RGN R A f A PR T
Z IR R AR . AT E BN GMPLEDE RS RE, B MBER, R)5
J 2 AT ] R 3 5 R SR 1 22 SRS TR BB ' 1Y RO B b e DI B AR AL )
2R
-
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3.1.1 R ERIGTTE

XTI, AR A SR, A ] BRI ARG IR R
I SR BN 2SI e G0 S AR IA N IR G IR BT L2, SRS R PE
B R B AL R A B PR LB R R ST R, BRSO FURFRE BRI LT K
A Lo fRBGXAPI ARG R BAR R AR u X ROCTCHRIE], W%
JETC R BT IR R4 BAALIN TR 2 2 i R B/ NI IR, B0 TUR -7 5
&, AEH E(u).

AR s o A ) SR R 18 BT, B2 %68 T30 s Hh 4 R T A R R R
A, BARE DR AR MR B A% A AR R A B . (B T ARALAAR
AR AR I T B S B R RN, RIDGRY SR E dy PG o o S BT
i, FERPRAPLTE R EARE S R, R PO R S Se EEE
AR BF AR, IR E () ATDAGE R 5 RS R L ebh—A>
SBRFEMAR u AR ELH TV Q- [0,1] 158, H Q FREB P FragERq
REAY AR -

E(u) =V(u)L ueQ (3-1)
s A el FHAIL I 157 b £
i i o4 D) MY MG L
IR LAY F: At ;UL.{H} f % I

Kl 3-3 JeIE R RR

MPAECHT R Ar 4738 — R RIS, SRR IR E S57F Ar 1IR3
FUNR SR CRE, Huw) = AME(u). $%&9WCE H@u) @t AHPLm )Y K%k (CRF)
f iR — [0,255] WL R R T(w). BTS2 Bn 00 PR AEBLIES G v B2 A B il 7
U STRERE H(u) BB B S STE I, X PG ) S B S g by 0 2K 255,
R s —NRSIEA L i s e 2 B2 5 T B LS LA (3-2),
R RGN E 3-3 R

1= f(AtV(u)L) (3-2)
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RS Ay N 2 T b S AT &
3.12 BECEMRERE
JEREEARE 1 B bt i FE LI N R AR f RO RARIE . — R A B detn i Ty
TR RN RGN ) Ar; TN 1 FLRE S A 5 Rl R £ 3K B R v SRR E
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