Radiometric Calibration for Internet Photo Collections 'surs 2 == 3Q AR A

(" Advanced Industrial Science
0 N : : : : : : : SINGAPORE UNIVERSITY OF and Technology OSAKA UNIVERSITY
iy 21,28 Zhipeng Mo" Boxin Shi¢ Sai-Kit Yeung'  Yasuyuki Matsushitas3 aisT
Problem Solution Verification
d Conventional radiometric calibration Qd Pipeline J Dataset
Pixel ratios and rank A :
. . - NI \ o Three real datasets containing mixture of Internet photos and
- o One accessible camera with controlled | |3D reconstruction from a photo minimization g , tured usi t ”g q P
= : . i i c 1
3 exposure times collection & s 1 2 E images captured using controlled cameras
o Fixed viewpoint, illumination = e g - - Seresmeaad
o The same camera setting - _{: IO SR T
(except for exposure time) Om " mY : i = #
e O O, O 5 o T — (D = s - A
. . mo e =8 | s 1T e SR b
d Challenges using Internet images .. m,, Sbservaion 20
mm m :
o Multiple inaccessible cameras with N J N
uncontrO”ed Settlngs i MR N ;('g s ] _Ouré (RIMSIE/DIisp:Iarit}I/) O; _Ouré (RIMSIE/DIispeIlrit}I/) 0 ;L_Ouré (RIMSIE/DIispallrity) ,ﬁ
' ' ' ' ' ' = . [ 0.0117/0.0361 1l Y7 0.0075/0.0158 [ 0.0558/0.1034
----------- O Arbltrary VIeWpOIntS’ I||UmlnatIOnS Pixel pairS with the same 1 Observation Diaz13 (RMSE/Disparity) aé 0.8} Diazl13 (RMSE/Disparity) / § 0.8 {))glgzig/(()RllzISSgE/Disparity) //
‘ N o Different camera Sethngs (exposure _ | di tri o7 0117302338 £07 008501366 go07 O . o
.4 a ‘ ? normal but different albedos nverse radiometric i Lin04 (RMSE/Disparity) // 9 Lin04 (RMSE/Disparity) g Lin04 (RMSE/Disparity) / /
o ) |- g : : . 60— % £ 0.6 — 4 £ 0.6/ — :
time, white balance, ISO, etc.) response functions o %1396/02354 o . AR =D IS nhiats /
1 Key idea 1 Algorithm pavan ) S
. . . . . . 5 0.3 5 0.3 7
3D pOInt (InV?rlant)< Internet phOtO collection ' Sfene reflectance (|nvar|ant) O Identify piXel pairs With Same normal but diﬁerent albedos in each > // // Z 02 / Z 02 > //?/
o ~ Camera response functions imaqe S 01 P
E o E E g . OO 0.10.20.3040.50.60.70.80.9 1 OO 0.10.20.304050.60.70.809 1 OO 0.10.20.304050.60.70.809 1
émerapgs 3 é é . \/ Obta|n sSu rface norm al from SﬂVI + MVS | Il\Iorrlnahlzedl obslervlatlon — INorlmalllzeé ob'lservlatlon o %\Ionlnalllzedl oblservlatlon
v M | Bl S5 o s> o Smondme 0 scevoradins v" Discard pixel pairs whose brightness ratio are equal or close to 1 X000 soa P T 0ao0s006ss 0.9 g o g P
. ! | . | . . . : - 1az 1spari o 0.5f .iaz : ispari o 0.8 1az 1spari
Geometric camera network Photometric camera network o Project 3D points of selected pixel pairs to each 2D image 1 oosoa0azs T /// o orete sy ) ///// Lo oramooes ////
I . . = Lin04 (RMSE/Dispari =N in ispari g Lin04 (RMSE/Dispari
© Image formation model O Optlmlzatlon A—oomsioass T /|E 061G 53103435 Ik 08¢ re17i0085d
v' Stack the ratio of selected pixel pairs as a matrix e O g @ R e @)
B =f()=f(ctp(n' f L(w) dw)) = f(ctp(n"D)) ¥ 205 AN/ b A
91(B11) g1(B21) 91(Bp1) 5 03 - 5 03 Pt
Q / e e 202 £ 2 0.2
v' B — brightness, g/f — inverse/response function, ¢ - white balance, 91(Bo1)  91(B11) 91(Bp-1)1) ///// 0.1 T - | e 7
: T _ liahtinA i ' g2(B12)  g2(B22) g2(Bp2) %050 05765030 v =
t — exposure time, p — albedo, n — normal, [ — Ilghtlng Integration A o) B 7.(B ) 0 0.10203040.50.60.70809 1 0 0.1020.30.40506070.80.9 1 0 0.102030405060.70.809 1
r o~ . P —_ gz BOZ gz BlZ 2 (P—1)2 . . . . | . . . . . . . . . . Iorrlna llze .O SlerV‘rI‘l lon
over VISIbIe hemlsphere Q QX . . . : |__Ours (RMSE/Disparity) / 0;_Ours (RMSE/Disparity) / 0;__Ours (RMSE/Disparity)
O Key ConStralnt \ gQ(B 1Q) gQ(B ZQ) gQ(B pQ) %ioazzllé/(zé)ls/f;E/Disparity) // 2 0.8 %ioaislé/(()é)lg/[SSIE/Disparity) 7/ v 0.8 %?21123123/(()&887E/Disparity) 7
. . . . . 0.1199/0.2444 g 07 0.0609/0.0996 07 0.1541/0.3026
v Ratio of pixel pairs with same normal and different albedos 9o(Bog)  9o(B1Q) 9o (B(p-1)Q) S | Lin04 (RMSE/Disparity) | // gg,;_unm (RMSE/Disparity) /// ggg__unm (RMSE/Disparity) /|
gBy) I, ctp,(nTD) p, v' Solve the problem via rank minimization St R 0.5 oo /1 ]2 .o d1c0s/0288s //
— = — — = * % X : can = 0.4 7 = 0.4
= 7= ~ = s 0oy e, = argmin rank(A) : / : P //
: : : g(B>) I ctp,(n’l) P2 91, 92 gQ} — V. E 0.3 7/ E 03 —
o Major contributions 191,92--9Q} _ Z 02 2 Z 02 7
_ _ _ . . . . . . ) “ 3 . 4 /// P
v Solved: Simultaneously calibrate radiometric camera properties v Pairwise optimization - select two rows of A as "base” image pair and = p—— ! -
for a set of Internet images align all the other rows to the base in an incremental manner 4 R R e A B P T U
v Potential: Bring photometric techniques (3D modeling, scene o Output: Ir?verse r.esp-)onse functions of all images up to the same [Diaz13] M. Diaz, et al., Estimating photometric properties from image collections, JMIV13
analysis, etc.) from lab setup to big and wild data on the Internet exponential ambiguity [Lin04] S. Lin, et al., Radiometric calibration from a single image, CVPR04




