Event-aided Direct Sparse Odometry

University of | | |
Zurich*™ Javier Hidalgo-Carrié?, Guillermo Gallego?, Davide Scaramuzza’
.Dept. of Informatics, Univ. of Zurich and Dept. of Neuroinformatics, Univ. of Zurich and ETH Zurich
Jg,ff;;:;;gf' 2Technische Universitat Berlin, Einstein Center Digital Future and SClol Excellence Cluster, Germany. ks N
Berlin [Paper and code] https://rpg.ifi.uzh.ch/eds
!EDS: .Event-aided Dirgct Sparse Odometry) (What is an event camera? Experiments Sensitivity Study
's a direct monocular visual odometry method sariod 1l : » Test on sequences from the standard RPG DAVIS stereo dataset [3] Front view Top view frajectony: top view
using events and frames. Our algorithm camera @00@00 bin Biies ek monitor e [

leverages the event generation model to track

the camera motion in the blind time between =
frames. The method formulates a direct S
probabilistic approach of observed brightness ||« Transmits brightness changes
increments. = Qutputs asynchronous events
Methodology o
Events-to- Imdge Alignment (Tracker) %
AL{u) = Z wppECo(u — ug) E::uh:lﬁul In:'31?'?11;:*1;([1“:l'mr Dcl'l:}i{mf.'mm'm @
ke o5 (k=Nes2 T(A e = | S0 O IDelta
Events Events I W = € "|Pose
—} ‘/ —_— e ,;
I(u) 0T; <
IIHH’F;E { 'L]]-lillliiilti" Brightness Kevirame g
— > Intensitv(l)  Log (1) Gradients ints Selection Inerement model Selection a}
du il::l » R ’ ’ ’rr ) = Vig HiH New =
Map 1111 e Kevyframe
— = v -
EF =bxb Ff-r; v-g
S
Photometric Bundle Adjustment ;
Optimized _ 2
Poses Z Z Z H“?:i-.-{u] —FLJ(H’} < r%
e F ueF; JEFnr(u) ) Q
= The camera tracking problem is a joint optimization of the normalized = EDS w. rt event based (|eft) and frame- based (rlght) methods
brightness increment error over the camera motion parameters (6DoF BV USLAM  EVO  EDS (Ours) ORBSLAM  ORBSLAM SO DSO! EDS (Ours
pose and Ve|OCity): Input E+E E+F+] E E+F Input F+F F F E+F
R E bin 2.8 7.7 13.2: 1.1 g bin 0.7 2.4 1.1 i, 1.1
- AL AL q dat 32 o8 52 15 iy S 100 16 s :
((ST:'}:) T:IC) — aI‘g IIllIl ~ ;‘3 monitor 3.3 6.5 7.8 1.0 é jwrfitor (1)2 g? 1(390 ;(15 }g CO"CIUSIO“
5T, T H ALHQ H AL HQ N = bin 7.61 7.18 50.26* 0.99 = bin 0.58 0.84 212 - 0.99
< boxes 9.46 8.84 170.36* 1.83 < boxes 4.26 2.39 2.14 - 1.83 . . . . _
S desk 725 32.46 825 187 < desk 281 252 635 180 187 EDS is the first direct visual odometry method combining events & frames.
S monitor 274 701 777 0.60 & monitor 3.70 1.77 033 1.54 0.60

= AL is the event generation model (EGM) and AL the events

EDS produces more accurate results than previous event-based methods.

= Low frame rate experiments
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e :I:: EDS opens the door to low-power motion-tracking applications.
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