WO 2006/112967 PCT/US2006/008421
1/14




WO 2006/112967 PCT/US2006/008421
2/14

Té)p of heads

FIG. 3

FIG. 4



WO 2006/112967

3/14

PCT/US2006/008421

520

PANORAMIC
PAII\IMOARé\éV"C » IMAGE PIXEL
COORDINATES *
HORIZONTAL 510

/__.

505

FEATURE |
GEOMETRY I l

REAL-TIME PANORAMIC IMAGE CORRECTION SYSTEM 500A

WARP TABLE
GENERATION MODULE
1540
WARP TABLE \}/_ 550
N REAL-TIME IMAGE 560
WARPING SYSTEM N
CORRECTED PANORAMIC

IMAGE L~ 530

FIG. 5A



PCT/US2006/008421

WO 2006/112967

4/14

€79 F— 8¢9
SWVYO0OHd 4— pe9 N v.Lva
NOILYOITddY 0v9 %J NV4O0Ud .
i \ sainaow T 99 O 9Ol
0 A Y
| scg T W \, [Nwa90ud d3HLO
I P oo omeTnaz o v29 029\ Sivyo0ud T 7¢°
099 A NOYOI1ddY
b o cvo - \ 2£9
Y31NdNOD NIAON @/ _ _ \ NILSAS
ONILVYIdO
LONTY ‘ 229 219 Hh V9 \5 L
[——=— p— aa.MA LY 7!
v.iva A aco
| L INVYOONd n
FOv4YIINI | | Iov4u3iN || Fovauain || Fov4uaing
FOVIIINIH - 1304 sama || 3aa vsia eI s3INAON  ~H- oo
vso | AHOMLAN 11 qviyas voiLdo || owanovw || dsia advH WYHOOHd |3HI0 }1]
| [ 79 .\3 0€9 .\D 829 \3 929 3 SNVHO0dd N I
859 | | | , I I NOWYOddY iy v&9
_ SNg WILSAS >
L C N C v WILSAS |
—— == 000 ONUWHIMO - €9
| | ¥oLdvav L1INN z19 4— WY _
| L_o3an ONISSI00Yd H
Sy = Soid A~
9%9 | N ( 7
o . 8v9 209 019 +— WNOY [
| 565 voo -  AdomanwaLsas ||




WO 2006/112967

5/14

HORIZONTAL
FEATURE GEOMETRY

505

v

PCT/US2006/008421

Y

IMAGE PIXEL
COORDINATES FOR
PANORAMIC IMAGE

w520

IMAGE PIXEL
COORDINATES FOR
IMAGINARY STITCHED

PANORAMIC IMAGE — 222

WARP TABLE GENERATION MODULE 540

INPUT MODULE - 700
VERTICAL SCALING MODULE
L 710
HORIZONTAL SCALING MODULE - 720
HORIZONTAL DISTORTION 230
CORRECTION MODULE ~
A 4
OUTPUT MODULE 740
WARP TABLE - 550

FIG. 7



WO 2006/112967

6/14

PCT/US2006/008421

- 520

IMAGINARY IMAGE PIXEL
SET OF INPUT STITCHED | COORDINATES
IMAGES PANORAMIC 7| FOR IMAGINARY
IMAGE STITCHED IMAGE
512
HORIZONTAL
FEATURE 7
| GEOMETRY
r \
505 REAL-TIME PANORAMIC IMAGE CORRECTION SYSTEM 5008
WARP TABLE
GENERATION MODULE
4~ 540
WARP TABLE 4550
CONCATENATED WARPING | sz
AND STITCHING TABLE ]
REAL-TIME IMAGE
WARPING SYSTEM 1260
v
CORRECTED PANORAMIC
IMAGE L~ 530

FIG. 5B



WO 2006/112967 PCT/US2006/008421
7/14

-------------------------------------------------------------------------------------------------------

REAL-TIME PANORAMIC IMAGE CORRECTION METHOD 500A

INPUT
PANORAMIC IMAGE PIXEL COORDINATES| _ gg
OF PANORAMIC IMAGE AND Y
HORIZONTAL FEATURE PARAMETERS

v
GENERATE WARP TABLE TO

DETERMINE LOCATION OF
PANORAMIC IMAGE PIXEL
COORDINATES IN CORRECTED
PANORAMIC IMAGE

!

INPUT PANORAMIC IMAGE 820
"

:

WARP PANORAMIC IMAGE IN REAL
TIME TO CREATE CORRECTED | _ g30

1~ 810

PANORAMIC IMAGE ™
OUTPUT CORRECTED
PANORAMIC IMAGE A4 840

------------------------------------------------------------------------------------------------------



WO 2006/112967 PCT/US2006/008421
8/14

------------------------------------------------------------------------------------------------------

REAL-TIME PANORAMIC IMAGE CORRECTION METHOD 500B

INPUT
PANORAMIC IMAGE PIXEL COORDINATES
OF IMAGINARY PANORAMIC IMAGE AND
HORIZONTAL FEATURE PARAMETERS

y
GENERATE WARP TABLE TO

DETERMINE LOCATION OF
PANORAMIC IMAGE PIXEL
COORDINATES IN CORRECTED
PANORAMIC IMAGE

!

CONCATENATE WARP AND 1+ 815
STITCHING TABLE

v

INPUT PANORAMIC IMAGE - 820

v

WARP PANORAMIC IMAGE IN REAL
TIME TO CREATE CORRECTED - 830

| 800

L- 810

PANORAMIC IMAGE N
OUTPUT CORRECTED
PANORAMIC IMAGE - 840

------------------------------------------------------------------------------------------------------



WO 2006/112967 PCT/US2006/008421
9/14

---------------------------------------------------------------------------------------

VERTICAL SCALING MODULE 71

INPUT PANORAMIC IMAGE
PIXEL COORDINATES - 900

l

SPECIFY SOURCE CURVES

1

SPECIFY WARPING FACTOR 920 |

COMPUTE TARGET CURVES

USING SOURCE CURVES
AND WARPING FACTOR J~ 930

L

COMPUTE MAIN SCALING FACTOR
USING SOURCE CURVES AND 940
TARGET CURVES 1"

l

SCALE PIXEL COORDINATES IN
VERTICAL DIRECTION USING 950
MAIN SCALING FACTOR A

- 910

----------------------------------------------------------------------------------------



WO 2006/112967 PCT/US2006/008421
10/14

t(x) e
| .
\ ) | ) N
/ S ! Sy { y
1410 1400 1420

FIG. 14



WO 2006/112967

p

11/14

PCT/US2006/008421

—  (W.L0)

FIG. 11




WO 2006/112967 PCT/US2006/008421
12/14

HORIZONTAL SCALING MODULE 720

INPUT VERTICALLY-SCALED
PANORAMIC IMAGE PIXEL
COORDINATES J~1200;

l

SCALE VERTICALLY-SCALED
PANORAMIC IMAGE PIXEL
COORDINATES IN HORIZONTAL
DIRECTION USING MAIN SCALING J—~1210

FACTOR

l

GENERATE PRELIMINARY WARP
TABLE CONTAINING PRELIMINARY
PIXEL COORDINATES

1220

---------------------------------------------------------------------------------------



WO 2006/112967 PCT/US2006/008421
13/14

-----------------------------------------------------------------------------------------------------------

HORIZONTAL DISTORTION MODULE 730

DIVIDE PRELIMINARY WARP TABLE
INTO SECTIONS

v

SCALE PRELIMINARY PIXEL COORDINATES
IN FIRST SECTION LOCATED BETWEEN
SOURCE CURVES IN VERTICAL DIRECTION |~ 1310

USING MAIN SCALING FACTOR

v

SPECIFY SECONDARY
SCALING FACTOR l— 1320

v

SCALE PRELIMINARY PIXEL COORDINATES IN
OTHER SECTIONS LOCATED OUTSIDE OF 1330
SOURCE CURVES IN VERTICAL DIRECTION Y~
USING SECONDARY SCALING FACTOR

;

CONNECT SECTIONS BY APPLYING
SMOOTHING FUNCTION 4~ 1340

}

GENERATE WARP TABLE CONTAINING
LOCATIONS OF PANORAMIC IMAGE
PIXEL COORDINATES IN A CORRECTED 1350

PANORAMIC IMAGE S

y

OUTPUT WARP TABLE FOR CONSTRUCTING
CORRECTED PANORAMIC IMAGE /_1360
FROM PANORAMIC IMAGE N

- 1300




PCT/US2006/008421

WO 2006/112967

14/14

FIG. 15



