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peyclon Motivation

e Tracking setups tend to become more and more
complex...
e Ubitrack middleware
- Separates applications from tracking
- Many sensors / algorithms out-of-the-box
e AR applications...
- ...don't know any longer about sensors

- ...thus cannot be responsible for registration
problems

=> Need for generic tools on middleware layer
- Setup
oy, —— - Registration
- Runtime
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p Mﬁgﬂ Outline

1. Calibration and registration
1. General types
2. Generic implementation in trackman
3. Abstraction by meta-patterns

2. Tools for more robustness and tracking quality
1. Planning/setup: Monte-Carlo simulation
2. Registration phase: Observe...

v ...availability of tracking data
v' ...algorithm convergence

3. Runtime: Plausibility checks
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p yCIOn 1. Calibration and Registration
nfegmnc:-n
1.1 General Types

e Important algorithms for AR
- 3D-3D pose estimation (absolute orientation)
- Hand-eye calibration
- Tip calibration
- HMD calibration (SPAAM)

e Measurement data
- Points, orientations, poses
- Correspondences

e @General treatment possible?

- Continuous measurements vs. user-triggered
measurements

ey, —— - Simultaneous vs. sequential measurement of
| correspondences
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pe M%Qnﬂ 1. Calibration and Registration
1.2 Generic Implementation in trackman

Tip Calibration

Single source of continuous measurements
= One-step approach

= No synchronization needed

Sensor N

A
Tracker Input IROSE_ED][PUSH]

Tip Calib.

Calib. File

Tip Position [POEITION_2D][FULL]
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p Mgggﬂ 1. Calibration and Registration
1.2 Generic Implementation in trackman

Hand-Eye Calibration

e Two sources of continuous measurements
= One-step approach
= Synchronization needed

e Hand-Eye calibration in indirect tracking (demo!)

Sensor A Sensor B

y

Interpol.

=
J Fand pose_[RIZE E2][AUTO]

,- - Fland-1y= (ISl BT 8010

-

» HE Calib.

Calib. File -

t r EI. l'."! k Zzlibratizn objet pose [POSS_GD][AU e
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p M%Qnﬂ 1. Calibration and Registration
1.2 Generic Implementation in trackman

Absolute Orientation
—— e Two-step approach (sequential measurements)
e User-triggered measurements

e Absolute Orientation Faro — A.R.T. in indirect tracking
(demo!)

: Fesulting Fase—ROSE_SD][AUTO]
\— | 2
|
[ i e

\ ya
I1. .
Input A [FOSITION_ZD][AUT O] #
\ .

~
Input B [POSITION_3D][AUTO]
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p Mgggﬂ 1. Calibration and Registration
1.2 Generic Implementation in trackman

Absolute Orientation
—— e Two-step approach (sequential measurements)
e User-triggered measurements
e Absolute Orientation Faro — A.R.T. in indirect tracking

(demo!)
Sensor A Trigger Stage 1I
F—— Split
. — Logfile Sensor B Trigger
Gate - y y
, Dissection Split
Aggregation —
Gate
= Logfile —
» Abs.Orient. [«
track |
frame Stage I | Calib.File




pe Mgﬁﬂ 1. Calibration and Registration
1.2 Generic Implementation in trackman

Absolute Orientation

e Two-step approach (sequential measurements)
e User-triggered measurements

e Absolute Orientation Faro — A.R.T. in indirect tracking
(demo!)

A (node_5)

Stage 11

."—» -
Positio List [POSTION_LISTI[PUSH] ealli 3 2e . T{FASE_SDLAL 75 PIRH,
I -‘--‘-H—
Pose Input [POSE_SD][PLUSH] - I',I -
. | g
Event [BUTFON]PUSH] | -
\ -

P drast e ars FIRL DM_IFD FHII r
Point Cloud Fik Sl . .

Py —— (node_4) | iz AEN |ECEDNUET
| .
track
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1. Calibration and Registration

1.2 Generic Implementation in trackman

Summary of Registration Types in our Demos

 Odometric tracking
e Indirect tracking

User-triggered

Immediate

Continuous

eCamera
calibration

eAbsolute
Orientation
(Stage 1) (3)

eAbsolute
Orientation
(Stage 2) (1)

eHand-Eye (2)

eHand-Eye (Rot.
only)

eAbsolute
Orientation (2)

1 Sensor
2 Sensors
| ' Sensor /
Static List
track Logs
f rame

eAbsolute
Orientation
(Stage 2) (2)




pe M%Qnﬂ 1. Calibration and Registration
1.3 Abstraction by Meta-Patterns

Workflow in trackman

e Add meta pattern to SRG

e Integrate with sensor pattern(s)
e Adapt parameters

e Instantiate dataflow
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p Mﬁgﬂ Outline

1. Calibration and registration
1. General types
2. Generic implementation in trackman
3. Abstraction by meta-patterns

2. Tools for more robustness and tracking quality
1. Planning/setup: Monte-Carlo simulation
2. Registration phase: Observe...

v ...availability of tracking data
v' ...algorithm convergence
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p M%Qnﬂ 2. Tools
2.1 Planning/Setup

Monte-Carlo Simulation: Overview

e Goal: Estimate accuracy of the result of a setup
based on the accuracy of the input data
e Functional principle:
- Input data (ground-truth):

v Measurements
v  Assumed setup

- Perturb input data using assumed / known PDF
- Run algorithm many times
- Obtain PDF of result

e Problem: Noise in registration results in
¥ R — systematic error during runtime.
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peyclon 2. Tools
2.1 Planning/Setup

Monte-Carlo Simulation in Ubitrack

e Ground-truth data:

- Synthetic list of measurements
(e.g. corners of a cube)

- Log of movement in real

environment Ground-truth
e Perturbation: Add gaussian :
—— noise to points, orientations Perturbation
~—  Or poses ,
e Algorithm (any SRG!) Algorithm
e Obtain covariance matrix of = 'E
> ov. Est.
“-—" result |
| ‘ 3
track Renderer Output
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integration 2.1 Planning/Setup




p J/(,-'lqn 2. Tools
integration 2.2 Registration Phase

Availability of Tracking Data

Fesulting Fose TRESE_GD][AUTO_PLSH]

Sated Position [POSTION_ZD][E ]

Translatiof Fart [FOS

CEITIOM_LIST][PLML]
\D][FPLL]

Transformation

IOM_2D][FE5H]

Measurament ﬁ'
Mext Coordinate [FOSITIO

FOSE_GD]PUSH]

ATION_3D][PUSH]

track

frame



p yclon 2. Tools
infegration | 2.2 Registration Phase

Algorithmic Convergence: Overview
e Mapping f(P)>X
e Assuming MLE:

A

res

2 2 1 A —
~X| /IN| =o(l-d/N) gestzE[ =

e Example: 3D-3D Pose Estimation
- Error in second frame only: 6 DoF :
- Error in both frames: 3n+6 Dg ;

00014} : .
: 08 b .
0.001z [ i
0.0010 — 06 -
e, —— 0.0008 [

| 0.0006 | =
track oo i
: w0z b
frame - '




peyclon 2. Tools
2.2 Registration Phase

Monte-Carlo Simulation of Alg. Convergence

e Example: 3D-3D pose estimation (according to
Horn, using unit quaternions)
e Assumptions:
- Error in left frame only
- Isotropic error

track | T TS
frame |
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2. Tools
2.2 Registration Phase

Algorithmic Convergence in trackman
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Example: 3D-3D pose estimation (according to
Horn, using unit quaternions)

Estimate of effective accuracy
Immediate feedback in case of error
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p J/CIQ” 2. Tools
integration 2.3 Runtime Phase

Plausibility Checks
e Idea: Make use of cycles in SRG!
e Comparison of alternative dataflows

— B




p M%QQ Conclusion

e Meta-Patterns provide simple and e
generic solutions to most L
registration problems @ L CED

e Monte-Carlo simulation helps to plan
new and understand existing
tracking environments

e Tools increase efficiency of [EEEEE=CECE
registration procedure iSgemssssssg

e Use SRG cycles for runtime

track consistency checks
frame et




peyclon

238

ntegr_ana

— Thank you for your attention.
— Questions?

f_I‘Ef.IllE www.trackframe.de



