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Background Motivation: Sparsity & Stiffness Problems &% Totoro’s Guide to LocDiff: Finding Places with Hilbert Space Magic!
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1. (Spherical Harmonics Dirac Delta)

Hello! Totoro here! Humans want
to know where photos are taken.
It’s hard! But LocDiff uses spherical
magic to find the spot. Let’s go!

Don’t use sharp pins!

Turn the location into a smooth,
'\ glowing cloud in ‘Hilbert Space’. It’s
_\_dense and easy to travel through!

Raw coordinates are
slippery and empty near
the poles! Too hard

Gallery only knows old places.

Grids are too boxy! What about new ones?

Miss fine details.
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Goal: Latent (Location Encoding) Diffusion
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Based on the paper ‘LocDiff: Identifying Locations on Earth by Diffusing in the Hilbert Space'.

Solution: SHDD Encoding, Learning & Decoding Advantages: Multi-Scale, Dense, Smooth & Stable Experimental Results

Spherical Harmonics Dirac Delta-function (SHDD) Representation Spherical Harmonics Dense & Smooth SHDD Encoding Space Geo-localization Accuracy Improvement

PEL 0 Qb _ Uoo Ul Y, ( (9 ¢ ) Coordinate Space C | __ Im2GPS3k __ YFCC26k ___ Gwslsk
SHDD( 0> O) =0 Um=—11LIm Y0, Y0 Model Street City Region Coun. Cont. |Street City Region Coun. Cont. |Street City Region Coun. Cont.
LocaiiF:::lell:rlzl\a,:;ding 1km 25km 200 km 750 km 2.5k km|1 km 25 km 200 km 750 km 2.5k km|1 km 25 km 200 km 750 km 2.5k km
. [LIKNN, o=4[46] [72 194 269 389 559 |- - - - -
SHDD Distributions (Felld(64,00) PlaNet [47] 8.5 248 343 484 646 |44 110 169 285 477
CPlaNet [38] 102 265 346 486 646 |- - - - - - - - -
L l ISNs [30] 105 280 366 497 660 |53 123 190 319 507 [005 06 42 155 385
Translocator [32] |11.8 31.1 467 589 80.1 |72 178 280 413 606 |05 11 80 255 483
e(U,v) :=exp S: S: eimYim(u,v) | /Z(e) GeoDecoder [6] |12.8 335 459 610 761 [101 239 341 496 69 (07 15 87 269 505
=) =] GeoCLIP [45]  [14.1 345 507 69.7 838 |1L6 222 367 575 760 |06 31 169 457 741
PIGEON[10]  [11.3 367 538 724 853 [105 258 427 632 790 |07 92 312 657 85.1
L l LocDiff (L=47) [109 340 533 725 852 [96 228 375 586 768 |21 124 337 670 850
LocDiff-H (L=23)[153 365 564 752 874 [132 260 419 645 803 [09 74 335 662 850
P(6,6)(u,v) ==exp [ D " Vip(8,8)Yim(u,v) | /Z(PEsupp(6, 4))
=0 m=—1 Spatial Generalizability Improvement
SHDD KL-divergence Loss Function Model | Gallery/Anchor | Size Street City Region Country Continent
- 97 1 km 25 km 200 km 750 km 2500 km
Je (u7 fU) MP16 100 k 14.11 34.47 50.65 69.67 83.82
L (e (9 ¢)) - — q (u ’U) lOg dudv 1M | 0.03(199.79%) |9.18 (173.37%) | 33.47 (133.90%) | 55.32 (120.63%) | 75.34 (110.11%)
SHDD-KL\ %, 9 y e\ ( 1 ”U) GeoCLIP Grid 500k | 0.03 (199.79%) |7.17 (179.21%) | 29.40 (141.96%) | 52.29 (124.94%) | 73.11 (112.80%)
0 0 p (0,0)\ Y " 100 k | 0.00 (1100.00%) | 2.67 (192.25%) | 22.39 (155.81%) | 47.35 (132.05%) | 68.77 (117.94%)
: i : 21k |0.00 (J100.00%) |0.87 (197.48%) | 19.55 (161.41%) | 43.78 (137.17%) | 64.33 (123.26%)
SHDD Mode-seeking Location Decoding MP16 100 k 0.57 11.1 44.42 68.35 82.50
O+p rotp L l : ; ; : 1M | 0.01(198.25%) |4.37 (160.63%) | 43.04 (13.10%) | 68.30 (10.07%) | 81.66 (11.02%)
. o e ' Sk LocDiff (L=23) . 500k | 0.07 (187.72%) | 447 (159.73%) | 43.18 (12.79%) | 68.36 (10.01%) | 81.65 (11.03%)
IEDID)mode(e7 p) .= argmax CXp Sj S: elelm(uv v) dudv 2251 217 TEE TTT— am mm X Grid 100k | 0.07 (187.72%) |4.04 (163.60%) | 42.91 (13.40%) | 68.34 (10.01%) | 82.18 (10.39%)
(0,0) O0—p Jo—p [—0 m=——1I (48.51, 2.17) ] 21k | 0.03 (194.74%) |4.90 (155.86%) | 43.44 (12.21%) | 68.29 (10.09%) | 81.68 (10.99%)




