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1 How well compact binary landmark representation

works in mobile robot localization?

(a) Experimental environment and robot’s trajectory. (b) A high-speed car-like mobile robot. (c) Binary landmark representation
using the semantic hashing technique. (d) Sequences of images and binary codes. Top, Middle: Two similar locations. Bottom: A
dissimilar location. Note that the codes are similar/dissimilar only at a few bits.
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2 Compressed Gist sequence.
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3 Binary landmark map.
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(d) Belief distribution.

4 Self-localization process.
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(a) Success examples.

| U o | | :
10000 100000 8 bit 16 bit 32 bit
vs #bits

100 1000
vs #samples

(c) Success rate.

5 Localization accuracy.
Localization errors for 5 success examples (top) and for 5 failure
examples (bottom), randomly sampled from the 100 localization
tasks. Vertical axis: location error [m|. Horizontal axis: location
ID. Successful task is defined as such tasks where the
localization error finally becomes smaller than 200m, about 1%
of the entire trajectory length. The length of localization
trajectory corresponds to 100 viewpoints.
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6 Success rate.
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Left:test data. Right:”LabelMe”.

7 Word frequency.
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8 Word histogram.
Frequency of visual words. Top: Average number of landmarks
per word. Words are sorted in terms of the number of
landmarks they contain and then grouped into 7 groups. Each
datapoint from left to right respectively corresponds to the word
as well as their near neighbors in terms of Hamming distance 1,
2 and 3. Bottom: Images corresponding to the central words
(ID: 1, 5, 50 and 500) of each group. There is a large difference
of frequency between individual visual words. For instance, the
top 100 most frequent words are 10-100 times more frequent
than the other words. Small number of such frequent words
correspond to the most useful landmarks in our system.
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FEEHEES A7 O DO#EIT —4 & LT, "mapping”
L"localization” & IIAMNLIZ, MAEAT—Z &> F &
BLTHL. £, 100 @Y OBERREIZOWT, K48
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9 Localization performance.

(a) SH
(a) The semantic hashing localization. Left: The random
sampling strategy. Right: The planned sampling strategy.

Vertical axis: success ratio. Horizontal axis: the number AK of
removed binary maps. (b) The LSH-based localization [13]. In

some settings (e.g. {AK:22,”random”}, {L:20,K:20}), the
success ratio is unreliable (due to low convergence rate) and
omitted.

0
(b) LSH

B 9(a)”selection” (2, FEIEIG Z il ~7of R 2w
TR LY T TR SRR, By MEREIC
L7 ) RINEIE OIS TH DL I ERbnD.
ZOMEE, By MBS AL 2N 12-15 BREICE DL ET
<. HriZ, By MHIEEL Ak 28 5-15 BREOHA, 32
bit @ 2 fEHIXZ FHWZGE L0 b, @mWHEEMERE L 2o
TWa. Zhuk, Jox® 32 bit HIKIZEEN TV, R
W) - R0 OERAE, YIal—TarE@mL T, Bl
REcE-Zbicks.

By bR EHNWAZ LIZED, S Yoy b
BEHNTHZENTE D, 2&21E, 12 bit Z[51<
Bhr, % OFFIE 32-12=20 bit L7275,

4.2.6 JERIE([13] & DLk

LSH (Locality Sensitive Hashing [24]) (255 < B &L
EH#EE (LSH localization [13]) Z g FiE L L, MREL
WA1TS. ZOREFEL EEON[13] TRELLF
ETHY, WoHIEHENE LT, B~ T oy o2y
VTR, LSH #HWa. AEBRIZEBWT, LSH
1%, Gist ¥ — VIR T 512 kG~ 7 LA AN E L,
LrID 214 %. 72385, [13] TiE, v Rvw—2 &L
T, AP (shape context Lk 1) & FHWTWDHAR,

LD LSH localization T, K4 (Gist > —v
LR T) ZHVWDEVIIEWRHD.

K 9(b)"LSH” 2R A~ HMHicks T, KBX
WL L, LSHORTCHEBIONy V2T —T NV ETH
D, TAEh, ERRKEWVIEE, e X0
EMHIT RN KREL 2D KLY, BvrT v 7
Ny NE, TRWGEIPH DT A—2 2O T, LSH &
RS OMEREEZ TR LT D,

NIA—HFREITHEFELT, LSH 2 SH kv b
BUVWEREZ R L TCWA T —ANnNH 5. ZOHEMEE LT,
LSH 1%, Gist > — Y FRik 7 3507 ID ~EHIC G4 T 5
7o, WULIRZORBELZ TR EnFFond. £
OfiE, LSH X, #5#% V 40Byte DK & 72222 A k
MWIPIND NS RENR D 5.

ZHUCKEL, REIFEOREIL, R4 Y 0% 2 A
FRFEFIIRVRICH D, REFIEOZER 2 X ME, &
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W2, BT v IS (BETT T 4 IVET
V) BIUOBRRHEESO LD, HRBMESD A
ME, BB LUEHY Y Oy MRICHHITS. &
2T ANy T DA R M, NS MLDEE
F—FTHDH., RERIZBWT, Eio= X MI, 8KB
(FFE4 0 32 bit, 2,000 F5#0) B L U5.3 MB (R
WEBT—E) ThY, @23 Ry eI K
~— MK EEDLZ LN TE .

5. & 9 U

AR LT, EEtEl LOREELT Rt s 35, Rk
BIEAE Gist IZEDS< BOMEHEE S AT L ARE L.
WEITIEL, Gist V—r Rk 1%, E~vrTa4v 7y
7 & HWT 32bit DBy REIANERMEL, 87 b
IR S LCRIHT 5. EBRIZBWT, 432 bit
EHNLr—Z, BLY, Kb uney ML (B 20
bit) ZHNWD 7 —2A, OWGIZENT, [EifE Gist 238
CANEHEICEN TH D Z PRI, 5k, KHHE
K OIA - FIH AL S, RIHIXYE (long-term map
learning) RfFHILA Ry 87— (information sharing
networks) 72 EDT Y r— 3 B WT, AKIFEED
Ko7, EADOBERT v R~ — 7 Hiind, BEER
HEZHS LB 2D,

6. Ht 2

AWFFRIE, H21-22 SCHRHFA RV AR E MBS 1B
Fo Ry MZE D ERICHRE Y 5 & 72 KA
) O—BELTEM L. RFEO—EIT, A @
A ESEE4A, BLO, SEaREh iR B AT 2R Bh Ak
DX E =TT,
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