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L SCAN® Guardian

= Fast auto capture for
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lightweight
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1| B YRR = B3 PrE2 (Mot ion and Tracking)

2 N PudsHl(Pedestrian Recognition)
3| Byl BV (Features)

4 | =78 E (Single-View and 3D Reconstruction)
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5 WE’E? =258 (Learning and Classification)

6 ﬁ'[@%ﬂ[@?[’ﬁﬂﬂﬂ@attern Recognition and Estimation)

7| VEEE ) ERYIRETE (Stereo and Multi-view Reconstruction)

8 | BYf#oi T (Image analysis)
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° Eﬁiﬁﬁﬁiflﬁi 7 1) W B ELRERVIEI MEEE R | (Localised Mixture Model in
Region-Based Tracking)

¢)ﬁ,57u?1/iﬂlri'ﬁa&' Saarland University fiv Christian Schmaltz == Joachmi Weickert
Leibniz University fi Bodo Rosenhahn I'] = 5 g U.C. Berkeley f Thomas Brox [ﬁj
g T PRI SRR IR RY 2 P [ (object) s kLR 1o gk
(region of interest, ROI)E”"“FJ(background)n e I[_'f:l]ﬁglﬂlﬂ IR > PERIHN RS i

SRS T T BE T TSP AUEER Y e B A AR o B s T
2L Tl PR TRI PR WW'J? VIR TR TR [ RN -
FIYFSABLE A (IR S iﬁjﬁﬁbﬂ D> HEGRI P =7 7 4805 (gaussian mixture
models, GMM) 1" I'| KT FHIRE - (EDRLANIME + S eyt » PRl bt dof
EJFIELF'J(lOCB.'IZEd mixture models, LMM)}=S. ’;-H?JFF@"“}FJf JAFT R EE 2N i
(subregion) - f{f |2V H 0F IR o PRSP ISR | S E I AR A o
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R PR EIIRLE g e w5 FEAmER T forfie it — SRRyl RL Ay E |
7o TR~ G B (cost function) e 4/ > hTEEYT

Z / (2) log j.h‘_\(;t‘))(h‘

i

Hp g 3~ ANEIIRD > RS SRR SRR - Bl - AR 2R 1R

Ry [ o ELES SR FB (probability density function, PDF) . 52 A 7 {11124

flogss o LN T S LA I - B P
PRSP RIB OB - B0 ) U B @ RS T -

p -

B R IUTIRE > R TRI TR EE 2 B ¢ TII#TUIEII K-means '] = Level set

based fi* %5 5~ Jr[ﬂ(multl-reglon segmentatlon)ﬁfﬂ? » ) »]Eﬁi@iﬁl??] i FISRpuES

FHE R

o 42
pi;mealls(s) x exp (_(S Qauj') )

Z{x Y)ER; d(s, (i*y))

pe’»elaet )_If *

FIRIEsF ?%?[E‘Euﬁ FELREf P"HE'%EJFET VAR P PR Es  prRe
E‘IJﬁﬂ:ri—;P IREY R B 5 RSN I A [ TR S A g
PRI T N PR T IR PR AP ERETH O RIS S B TR ST R e
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VIR ESEH
e mﬁﬁw LT VR 0 R B B T TR i

rp £

ARG *‘infﬂ e T e e e ﬁ’FTFJE%[%JE‘J’IﬁW[’\ » ELISRIRI
[ LR T 8 -
* HIFSHHN P
|Model HBG ima.ge‘ Avg. er1‘01“Va1‘iance|IvIax.| Time ‘
Parzen model + BG subtraction yes 46.16| 276.81{104.0{ 4h 31m
LMM (K-means) ves 49.63| 473.90(114.2| 4h 34m
LMM (level set segmentation) ves 42.18| 157.31| 93.6| 4h 22m
BG subtraction + LMM (K-means) yes 42.96| 178.19| 92.6| 4h 27m
BG subtraction + LMM (LS segm.) ves 41.64| 153.94| 83.8| 4h 29m
Parzen model 1no 451.11|24059.41|728.4| 5h 12m
LMM (K-means) no 52.64| 588.66(162.7| 9h 19m
LMM (level set segmentation) no 49.94| 168.61|111.2{19h 9m

(2) Byiiess ey

® Boosting Shift-Invariant Features (*@ﬁp;'*ﬁ ;Erbj\%’ﬁ‘[gbj/ﬁjfg@

Pl ENA 225 (University of Heidelberg)fY (H s Fl ¥ &2 iy Thomas Hornlein
I} % Bernd Jahne M3 # pu T 57 9 &

Shift-Invariant Features) %?1/ SR ) ITHIREHE

& El*"

E R @F—ﬁ EINZ ﬁj & (Boosting
SR - =
RIFETHT ~ F o 55 2200 - B R N - R R L Tk P P E R Y Tk
AR A R 2 i pa rame ters YR DT ASUSTIRER R 1 7

REF SO BAS (trained classifier) HFEE -
FERY i35 KTHIREH ,sl (R (i R SRS AT B~ AP FEE f«cg\[ﬁﬂtj ’g‘_;};—ti
SYIRFVEEH > 2 IZ"‘?%“‘\ RRIHIRY Vel (R AR PRy ot o (RS

1nvar1ance)% E3E Jqfljf!%?‘a P RLAES
FE(subsampl ing ) GH [l B K RIS E PRIIECE )

%16 | > =

PR A (shift
?‘flﬂ_ﬁalocal convolutmn)“fET' | W Y
TPVTHIRE > BTOE = iRy,




Qe o3 S - e T IASGEY e vkl 6 E A o TR el - BEIR 7 [IRY ol oy
B A ) DR T (ERLETRG SRR R PR B
NIRRT R R 5 R AR TR B

f(x) = sub(P(x, p) » K)
HHp=leo ro w, h] » co ro EEPIFFAEL B fEL > w, b SRPIFF PR W i S P(x, p)IETE
FER PR X pIUEEVEN p pOeeR] > KRR BE BTFAS 3l (kernel) > sub( )[R
NIVERRELET > T T AR T (0 I R6EAS 3 (fixed kernel) » 5 RL 7 AGH
%rllﬁ;ﬁﬁﬁl‘“\%ﬁﬁﬁl%ﬁﬁtumd kernel) > fjlr = | [l <45 < ET o PR oR L v 7 A l&ﬁ‘f
R RO D SRR o AR R 67
RSP STES C S e AL 1 VEUSRE P RS 7 5T (P RLAPSEfe
ARG e o Sp G FIORLFIP A w5 Y e 00 o i B
[i# Boosting-based 1 "t iUk g - F L RUARAVEIAF TS T o R AR
PR B IS 9 IRLER S (R B R - POPTRIREIR
ERVERRRCE R - R ARV R A S - AP R B
73 T N T (Algorithm 131 Fifif DU < i S R B 5 PR B
73 FISEIRI

local patch ,__base classifier
—_— i filter output o
E crop patch g @_)' 1 | ‘é
Input image oonvolutlon subsampling :
kernel

W = B T



Algorithm 1. Boosting of local convolution features

Input. Training samples {x,y}:, i=1,..., N
Input. Number of boosting rounds 7T’

Input. Smoothing parameter A

Input. Feature-geometry

1 holx)=T

2dort=l,..., T do

3 ci — e ViHED ¢ (.',-/(Z:\;l c)

4 €Emin — OC

5 for all positions p do

6 [nitialize convolution kernel K «— N(0,1)

7 repeat

8 z; = sub(P(xi, p) * K)

9 Fit base-classifier h(z) to {zi,yi,ci}
10 Calculate kernel gradient AK using back-prop
11 Update kernel K (e.g. using Levenberg Marquardt)
12 until convergence or maxrimum number of rounds reached
13 € — Z,\:] ci (yi — h(sub(P(x,p) * K)))?

14 if € < €min then

15 ‘ €min — €, pt — p, Kt — K

16 end

1T end

18 Fit base-classifier h¢(z) to {zi,yi,¢i}, zi = sub(P(xi, pt) * Ki)
19 Add h: to ensemble
20 end

Output. Classifier: H(x) = 3] he(sub(P(x, pe) * K¢))
[t P~ FIHER Bl o0 TS T PR
&40 &= B R (handwritten digit) ) > HidF(car side-view) & 7 55 HIH[E
> WP FPTRL T e S U oS T TRARIES o A R R ¢ﬁ¢?ﬂ“' JH
1%%‘%? USPS(United States Postal Service)= Fiijy= v Fia i~ 55 Jre= £ 74 5k Pk
e NI RN T: ‘if‘ iV RS R SRR E R & PSP ik
= RSN

method error [%] error ext. [%]
human performance ([12]) 2.5 -
neural net (LeNetl [13]) 4.2 -
tangent distance ([12]) - 2.5
kernel densities ([11]) 3.3 2.4

this work 3.1 2.6



B S e T
0.1 y

0.05¢

error rate

0 200 400 600 800 1000
number of boosting rounds

i = R P B
AL il B ﬁdf L 7\97%‘ &3 UIUC(University of Illinois at Urbana
Champaign) e i £ 03 R B B 1 D VAl TR D T e
RO SRR T E R O i

FPH > PRETHR LA

method error (single-scale set) [%] error (multi-scale set) [%)]
Lampert et al [15] 1.5 1.5

Agarwal et al [14] 23.5 60.4

Leibe et al [16] 2.5 5.0

Fritz et al [17] 11.4 12.2

Mutch et al [5] 0.04 9.4

this work (1.25) 1.55 (1.78) (2.9) 3.6 (4.0)

i+ ?ﬁ@“ﬂ¢ﬁ¢mﬁ“‘ﬁ&ﬂiﬁﬁwﬁﬁVﬁﬁo

[FH A FiE R e

® %'t [’Iiﬂ’ﬁj M %5]%%4‘ [fTEIF" Wk (Training for Task Specific Keypoint
Detectlon)

Z T” b RL 4 iﬁ%ﬁ’i‘ 55 [k & ﬁ"",fﬂ?? Hf & %' (CVLab EPFL, Lausanne

Switzerland)f¥ Christoph Strecha~Albrecht Lindner ~KarimAli I'] » Pascal Fua
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FHCATE # Tu@ fel R LA E 1] r“d ] ﬁ%ﬁ%%ﬁ?ﬂﬁﬂ(keypoint detection) LIk
A B (STFT)) | X 5t ) BB SURE) » BESORAESA  ~ £7%
TSR )2 R TS MY LR DR80T i
3 O B 0 R S8 [y A - B
ROSGE 71 SRR T R » IR (RIS T SR R
MR P G FIR (157 2 B ORI (keypoint
detector f=d. » ™ EIHZ/[IEJuquFeg"%IﬁL['%%%[ J’ﬁj & [Eé‘:ﬂj” DHEEE Ejf%?f”
FUAE S (training samples) TxE 7 ST MM (classifier) PUR s BRI 1
TR RS I S SRR I e A -
Qi UFTJ%%:EAﬂ A RS 22 P o L IRy R b g Ry

| - £
rjﬁs%.:aﬁu@ﬂ 5
I. - f[ﬁ@lﬁ@%ﬁ%&#ﬁi%ﬁﬁiu I=EY, aF [I?BF S LS T

(ORGSR s SIS A sk B R
B Pt sk RS (=5 R Bk B4 WaldBoos U RSB S
I M BRI R EEE R i >
ALGORITHM: WaldBoost Keypoint learning
Input: h € H, (x1,y1) ... (x1,y1),07,0"
initialize weights D(x;) = 1/N: mark all training examples as undecided {y; = 0}
Fort = 1...7T, number weak learners in cascade

sample training examples x; from undecided examples {y; = 0}

compute weights D(z;) wrt. Hy_;Y{y; = 0}

For s = 1... S, number weak learner trials

-sample weak learner h; € 'H

-compute response 7 (x; )

-compute domain partitioning and score Z [17]

End

-among the S weak learners keep the best and add h+ to the strong classifier Hp = >, hy
-sequential probability ratio test[3]
classify all current training examples into y; = {+1, —1,0}

End

A BRI T
HHTx PRy KU SRR - N LR BPE ! > h e AR A ) R
(weak classifier) » T [/ fOZET WGy D A 7R [ > 7 5l HITRLEV
Z[JF R [ (score Z) [ oI IR -
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Detection Based on Spatial Consistency in a Low Dimensional Space)

H,@Nfiﬂi e A SR 4 McGill University Center for Intelligent Machine fit
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consistency(g(Li), g(L;)) = wt{g(Li)} +wt{g(L;)}
1 (L) ERAEEERT R BRI (7 wit PO R SRR 0 2 (TR A
PoFFpo ] AR A Hi(score) » TR BPVEHET S

score(G) = Z consistency(g(Li).g(L;))
(g(Li)a(L;))€eG
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MIT _fergus [15] MIT_torralba [15] Liebelt et al. [9] Ours
AUC 76.3 74.5 89.2
AP 16.0 21.7 36.3 29.6
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Estimation of Pose and Motion at Highly Dynamic Turn Maneuvers)
%+ )ﬁ,gTu@ipwED R A [ (Daimler AG) %E’FPIZ[DEY'[ &2 fiY Alexander Barth ~ Uwe

Franke '] & P*H\gﬂi%?ﬁui'ﬁ’%fﬂg}’%ﬁlﬂiﬁ’?ﬂﬁ Jan Siegemund #! Wolfgang
Forstner rH [l 7 o e FRRETH IR el 1Fy~ SE o1 (SERLIN(R - (Y
PSR PRI - GeRLIR T 58 W T VRSB = s I g Tt ]
(adaptive cruise control, AGC) -7 » £t | AL A E 2] AR EEf F F i
R E S R~ i B REE A% (collision avoidance system) [ [RLAs FI ] #ris fiH=e
SELREE VAR (7 ST o o 2 BRI i SRR (R o -
o3 g e o 0 EF‘{[JFE??&ELJE*JF:'*’E'MEJ[F{ CHPRLA T F“W[‘ﬁj?m&{r' |13 (constant
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PIESEEET AT » R HIRLAD - (8 RO (Kalman filter) - 82 &R
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2=pose d=motion @=shape
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