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Vision tasks in ADAS
m Low-level 3D reconstruction (SfM, stereo)
m Drivable region/obstacle detection from geometry (obstacle, ground, facade...)
m Lane detection
m Object detection and recognition (pedestrian, vehicle, traffic sign...)

m Tracking (obstacle, lane, vehicle...)

References (Surveys)
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Focus of interest: wide-baseline stereo

Properties of wide-baseline stereo

MOTION

m stereo = instantaneous depth capture

m more suitable for far-range than single-view SfM
m difficult matching problem

[ — ] m accurate calibration is crucial at any time
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Typical calibration s today

Offline intrinsic calibration (lens, sensor) < planar pattern
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ypical calibration steps today

Offline intrinsic calibration (lens, sensor) < planar pattern

(

) < planar arrangement/pattern

Plane of calibration

Offline pose estimation (position, orientation
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Max. likelihood solution of pose estimation
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Intrinsic calibration

Camera model: pinhole projection + radial lens distortion model
Intrinsic calibration <= checkerboard dataset (16 poses per camera)

Min. reprojection error w.r.t
9 intrinsic params & 6-DoF board poses

; b N
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Pose estimation: an ML approach

Camera poses w.r.t. vehicle <= far range arrangement: X-markers dataset
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Requirement: error covariances o, X
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Pose estimation: an ML approach

Camera poses w.r.t. vehicle <= far range arrangement: X-markers dataset
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Pose estimation: an ML approach

Residual errors in the images and in 3D
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Improve inter-camera pose
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Extension: Decoupled pose estimation

Problem: small number of features = likely to overfit

Key ideas
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Extension: Decoupled pose estimation

Problem: small number of features = likely to overfit

Key ideas
m use many stereo matches from on-line videos = new dataset
m validation: use the new dataset to evaluate earlier results

m decoupling: inter-camera pose {R,t} vs. rig pose {R,,t,}
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Extension: Decoupled pose estimation

Problem: small number of features = likely to overfit

Key ideas
m use many stereo matches from on-line videos = new dataset

validation: use the new dataset to evaluate earlier results

decoupling: inter-camera pose {R,t} vs. rig pose {R,,t.}

new dataset = {R,t} up to scale
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Extension: Decoupled pose estimation

Problem: small number of features = likely to overfit

Key ideas

m use many stereo matches from on-line videos = new dataset
validation: use the new dataset to evaluate earlier results
decoupling: inter-camera pose {R,t} vs. rig pose {R,,t.}
new dataset = {R,t} up to scale

X-markers = global scale A and rig-to-world pose {R;,t.}
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Computing inter-camera pose

Inter-camera pose from new on-line dataset
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)

Automatic stereo matching
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)
Automatic stereo matching
Outlier removal (RANSAC)
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)
Automatic stereo matching
Outlier removal (RANSAC)

Remove all residual outliers manually = 2000 good matches in total

Auto matches.
Manual matches
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)

Automatic stereo matching
Outlier removal (RANSAC)
Remove all residual outliers manually = 2000 good matches in total

Compute: F = E = inter-camera pose {R, t}

Auto matches.
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)

Automatic stereo matching

Outlier removal (RANSAC)

Remove all residual outliers manually = 2000 good matches in total
Compute: F = E = inter-camera pose {R, t}

Triangulate = min. reprojection errors w.r.t. {R,t}

Auto matches.
Manual matches
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Computing inter-camera pose

Inter-camera pose from new on-line dataset

Feature detection (SIFT of A. Vedaldi)

Automatic stereo matching

Outlier removal (RANSAC)

Remove all residual outliers manually = 2000 good matches in total
Compute: F = E = inter-camera pose {R, t}

Triangulate = min. reprojection errors w.r.t. {R,t}

Result: {R,t} up to scale, ||t]| = A unknown

Auto matches.
Manual matches
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Validation of inter-camera pose fi method with new dataset

Validation: Epipolar errors in the SIFT-dataset (2000 matches)

F from SIFT /stereo dataset F from X dataset (ML)
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Outline

Rig pose estimation
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}

Method 1: reprojection error 3, ||m; — f;||> — minr, ¢, 2z}

Method 2: 3D registration error > ||M; — M2 — mingg, ¢, A}
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}

Method 1: reprojection error >, ||m; — fy;||> — minr, t, 2}

Method 2: 3D registration error 3, |[|[M; — M;||> — MingR, ¢, A}
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Result (Method 1): Residuals are +8 pixels = too high!
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}

Method 1: reprojection error >, ||m; — fy;||> — minr, t, 2}

Method 2: 3D registration error 3, |[|[M; — M;||> — MingR, ¢, A}
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Result (Method 2): residual errors 1.0 meters RMS (1.4 meters max)
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}

Method 1: reprojection error >, ||m; — fy;||> — minr, t, 2}

Method 2: 3D registration error 3, |[|[M; — M;||> — MingR, ¢, A}

Result (Method 2): residual errors 1.0 meters RMS (1.4 meters max)
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}

Method 1: reprojection error 3, ||m; — f;||> — minr, ¢, 2z}

Method 2: 3D registration error ). ||M; — M; |2 — mingg, ¢, A}

Potential causes for structural inconsistency
B inaccurate measurements in the X-dataset
m inaccurate inter-camera pose

m inaccurate intrinsic parameters
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Rig pose from far range arrangement

Fixed: inter-camera pose {R,t} up to scale, (||t|| = A unknown)
Estimate: scale A and rig pose {R,,t.}

Method 1: reprojection error 3, ||m; — f;||> — minr, ¢, 2z}

Method 2: 3D registration error ). ||M; — M; |2 — mingg, ¢, A}

Potential causes for structural inconsistency
m inaccurate measurements in the X-dataset =NO
m inaccurate inter-camera pose =NO

m inaccurate intrinsic parameters =YES
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Proposed far-range pose estimation method

Result: far-range 3D registration very sensitive to intrinsics
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Proposed far-range pose estimation method

Result: far-range 3D registration very sensitive to intrinsics
Idea: fine-tune intrinsics to far range for better 3D registration

Andras Bédis-Szomort (TU Budapest) Far-range stereo camera calibration I2MTC Graz, May 14, 2012 17 / 24



Proposed far-range pose estimation method

Result: far-range 3D registration very sensitive to intrinsics
Idea: fine-tune intrinsics to far range for better 3D registration
Joint optimization: rig pose {R,,t,} , scale X and intrinsics {f, xo0, yo}
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Proposed far-range pose estimation method

Result: far-range 3D registration very sensitive to intrinsics
Idea: fine-tune intrinsics to far range for better 3D registration
Joint optimization: rig pose {R,,t,} , scale X and intrinsics {f, xo0, yo}

Method 3 (Modified, iterative 3D registration)

Radial correction using {f, xo, yo }

SIFT matches = inter-camera pose

3D registration = rig pose {R,,t;} and A

Change {f,xo0, o} and go to Step 1 until convergence of

Can(f, %0, %0 | Reitr, A) = > [[M; — Ni[|> = min

— {f,x0.y0}
i=1
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Proposed far-range pose estimation method

Result: far-range 3D registration very sensitive to intrinsics
Idea: fine-tune intrinsics to far range for better 3D registration
Joint optimization: rig pose {R,,t,} , scale X and intrinsics {f, xo0, yo}

Method 3 (Modified, iterative 3D registration)

Radial correction using {f, xo, yo }

SIFT matches = inter-camera pose

3D registration = rig pose {R,,t;} and A

Change {f, xo0, o} and go to Step 1 until convergence of

Can(f, %0, %0 | Reitr, A) = > [[M; — Ni[|> = min

— {f,x0.y0}
i=1

Method 4 (Max. Likelihood for fixed-inter-camera pose)

Cue(Rrytr, A, M) = L||@ -l + [M-M|z — min_
{Rr,tr,A,M}

error in the images  error in 3D space
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Results (Modified 3D registration)

Optimal changes (left,right):

f:-5.8,-5.2 xo : +0.6,—1.9 Yo :+1.6,+2.8
Effect of these changes to 3D reconstruction
45 457
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Results (Modified 3D registration)

Optimal changes (left,right):

f:-58,-52 X0 : +0.6,—1.9 vo: +1.6,+2.8

Residual reprojection errors

Reprojection errors in the right image Reprojection errors in the right image
0.8 0.8
0.6 0.6
@ ]
204 204
a a
0.2 0.2
[ 0
1234567 89101112131415161718192021222324 12834567 89101112131415161718192021222324
Marker index Marker index
3 T T T T T = left camera, 1190 features right camera, 1232 features
2
2
1
0
-1
-2
o -6 -4 -2 [ 2 -20 -18 -16 -14 -12
3 mean (~2.676,4.843) mean (~16.244,-6.527)
2006 004 002 0 002 004 006 std. 1.26801 pixels std. 1.38639 pixels
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r increased checkerboard reprojection errors

Problem: we changed intrinsics = not optimal for checkerboard dataset
Correction: optimize checkerboard poses (intrinsics fixed)

left camera, 1190 features right camera, 1232 features left camera, 1190 features right camera, 1232 features
2
8 4 4
6 2 R 2
-2 - -2
2
-4 -4
% -4 -2 0 2 20 -18 -16 -14 -12 -4 - 2 4 -4 -2 2 4
mean (-2.676,4.843) mean (~16.244,-6.527) mean (-0.000,0.000) mean (-0.000,-0.000)
std. 1.26801 pixels std. 1.38639 pixels std. 0.30867 pixels std. 0.26421 pixels

Result: successful compensation via repositioning, while poses are of no interest!
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Comparison

RMS of residual error norms in the different datasets for datasets x methods

| «——inter-camera pose from matches— |
ML reproj. 3D reg. intr-to-X ML rig
checker,left (pixels) 0.300 0.300  0.300 0.309* 0.309*
checker,right (pixels)  0.256 0.256  0.256 0.264** 0.264**

X 3D (meters) 0.091 O 0.952 0.144 0.089
X images (pixels) 021  3.60 0.44 0.38 0.39
SIFT ,epipolar (pixels) 0.90  0.42 0.42 0.49 0.49

*5.7 and **17.3 before optimized repositioning of the checkerboards
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Summary
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Far range stereo calibration

o[ <o~ I o I - I~ I I |

B

Far-range setup for full pose estimation (ML method)

Problem: few points for pose < many for intrinsic

stereo matches from on-line videos (new dataset)

Decoupling: inter-camera pose + rig pose

Rig pose estimation: (1) reprojection, (2) 3D registration

Inconsistency < inaccurate intrinsics

(3) Iterative 3D registration: fine-tune intrinsics based on far-range arrangement
(4) ML rig pose (fixed inter-camera pose)

Good consistency over all datasets

Useful to evaluate on-line pose/autocalibration methods...
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Optimization methods to calibrate a stereo rig with increased accuracy

for vehicular applications
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