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Project framework: support development through processing of imagery
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Street view panoramas

* High-level visual detail of urban
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- Learn street view panoramas representations

* Contrastive self-supervised
learning:

* Similar objects: learn to map
them close-by

* Dissimilar objects: learn to map
them far apart




Learn street view Panoramas representations

* What is similar and dissimilar in
geographical space?
* Tobler’s first law of geography:
“Everything is related to
everything else, but near things

are more related than distant
things”

>

geographical distance

@ sbsc



% XY/ n sl L Y
R B & A5203 ; : o N g
% ) Y ‘%’ - p Z MUSetm bf.the Home. Hackney-CitysFarm Y:
-o ¥ {+
i Q L Y & é.J 7
o ( \The g:rgkems,_, > e PENTQNVILLE Vieloramino € H z- g haaog
] ¢ i Sty ~ % © The British Dibrary e
} E = Y CollmbazRoad
\ 4 @ ) M Your
& g5 ) 3 % City) 23 FlowerMarke Temporari
PondorCentral|MoSque R'obe‘t-St—é P Un‘iv%féity 7 |
\ A S Y o of London < - Gosset-St @, r
) X S - ! - & 2 Ballle-Ballersonii-onden 2
e e\ © o e © 2 P He.Fotndling Museur A % 2 2 - )
o Ye\ /o) |2 - & C DistrogmiShoreditch MZ
<002 . e 9 [M] =8 -
A ‘Qb - & The'Rostal Museum :
TheiSherlockyy = = PGrant Museum o ' SIPCUKE'S <
Holmes Museum “rMadame =y Yo Z00loy v, o A
e Tlssauds:Fondon/ - ©'Charles,Dickens Museum Fkyard Gol.CIlb | =
= B0 ; Crazy-Golf Shoreditch
\ ITZROVIA ‘Ru sell Square. ' ’
8524 Y ~ SmithfieldMarket : g Barbican.Centre'
e § & & 4 -
(o) FIN R
b E < g -,
ARY. éeo Jhe BritishjMuse ! Y o Ea ‘
v ) = : Museumn of-London & 3\
[M] ™
The.caftoonMuset rimarkds e
ey : SirJohn Spane’s Museum A JCuildRall Whitechapel\Gallery §; 3
Geod RS20 40 - Temporanly closed
\ o S gy < > HITECHAP
D, P‘RK ‘vs AS'ZM w ldbeny‘ \Q do: Royal Opera ouse Fleet'st (The She r? (@/(/ . '.
STATE - hAD OHG@ ST.GILES = Y 53
St . = > -
HySﬂeP,mkP\ % 0% v SomersetiHouse [ gTYogN Sky.Garde = (U1 A
3 MAYFAI COVENT/GARDEN = : >
‘© L= h3200 o cableSt—
— 1 na72S
NMillengiUm:Eridoede, M 0
- o =S
‘th National, Gallery e '_/ S %
Ve R \ 725 e Uondon, Bndge &
7. 3 0 o
', WO ZST JAMES ~ % < — S “SToweP6f London STAKAT
Hyde Park DG ES’ v/ /8 N e AT
_ yce | A F-\JAMES, S I{, -%Southbaik Centre L RO £V
N =[S Borough Market Tower»Bmidgg -
A : S i \ SIF
h&v \/ ' o 23 /i ‘ 43 B
~ |/ < P ' '‘ATERLOO 209 N * SIS 3
— T mperialWarMuselms, : A AN |
e » e Green Rark: Chirehill'War.Ro0 Se / l@ 3 - 2o, SR Wapp, o
. s o la tmmme com 2 s o R S g H
SO UBndoRE S SIS
il ? S
e s (=} " NS N AV /SN
o\ %\’ BuckinghamjPalace” __,gewalk - & Maltby S}ree \Market o
% i Ben ! o \ ‘
arrodsg % 2= 0’@ emporarily closed MercatgiMetropolitano
%) N N ©, :
c " BELGRAVIA . f I
S Uliio 2 WES TMINSTER

G 4

White Cube_

o

4\'900

weps:




’\SJ\.Q 2, °\ / = ' -'{ - -
- 657 % & 3y — z MuUSet bf-the Home HacKney.CitysFarm Y;
o A o % - @
% C 1 Z e
1 The]Regent's —r YA \ AT 3 »
Pargk = z e e hieh b %/ PENTONVILLE Victoria\Miro & 2. oy A1208
fud B P” X % © The British Library D P
5 N\ /7 2 v Colymbia:Road Youn
A & 2 :: B S, %) FlowerMarket Tepcrai
; 3 i 7
1 |IMoSque Robert-St=2 Univer:
X n(<1‘;ra ¢ =i - of Londo : ~ Gosset S IJ
%o G - . 3 A Ballie-Ballersonii-onden 2 Ay
“%., NP B =120 2 D He.Fo ndhng‘se 2 3 2 2 s *
Fon T S0 N o \ o ¢ 5 = DistrogmiShoreditch A
3 <08 He . = e
A Qb & 5\ &Y The'Rostal Musetim =
The her ocker =2 e SGrant Museum - / SIT*CUKE'S Z
Holnes MoseUmaw “Madame =2 YRof Zooloy oY Ve 5 A
* e i ek Y15 <
A e Tlssauds:Fondon o, ©Charles,Dickens Museum 3 Qk;yar Golf. ;%IL b hl -
N . razy- oreditck
\ ITZROVIA ‘Ru sell Square. oAS YN
S eld;Marke i
a524 g ~ m{ ,,l - Barbican.Centre'
© 3 . FINSBUR
7 - ; The BritishjMuse E Ea
ARYLEED, 1 “-e
v ) = : Museurn of-London &
[M]
The EartoonNMuseum rimarkis 7 : / -
oSt ' SirJohn Spane's Museum = _Guildhall Whitechapel\Gallery
Geod RS20 40 - ;Temporarily/closed :
\ ¥ A s o > HITECHAP
0 The Gherkin HIF A
DE\PARK s, 5204 =l liberty londor Royal OperalHouse Tk Ly ( /.) (@/(/ :
ST ‘E et A0 N OHO ST.GILES : /o) 4 ’»)% &
. 2 ,
e Parke 2 B1o% ’ SometsetiHouse [ ITY O Sky.Garden! = (U} N -
b % ONDON : .
2 . =
Y.FAI COV.ENTGARDEN = =
¥ © e h3211 GableSt=
- =R -0, i 4 H N\Q.Q?'
- Millenpium:Bridge 0
= The National Gallery 32\ 2 \ — — — —J o= 2
: = S \\.£‘~~. % ”
Ve PP SEXGTE LondonBridge
- - K2y “ST JAMES: o JATAN SR — & (o)
s \\V%: ) = [/ 0106 Lojel STFKAT
< ES’ W ~~ . A
yde 2 I ! F-\JAMES, S J{ -$Southbafik Centre R & WA
: ] A/ o BoroUgh Market Tower|Bridge [l
AR o ey |1/ / ; S/
e =~ S WATERL00 43209 SN SIS i
e . ImperiakWarMuselms, b/ - = -8 S ,
—~—— oot Green Park, Chiirehill'War.Ro0, S / l@ / - Y RN Wa“,,-”H‘
P AT A lastminiite.com 2 Bi OUTHWARK SRR S
=R L /liér)xdoﬁ-.l_iye 3] 2 ST
f (=) ) 2 NS N AT/ OS.
Y %\’ Buckin@hg-lP lace” . osgenal - m i & Maltby S}ree \Market o
3 ig'Ben [| . : ;
arrods % 2= 0’)9‘ Temporarily closed MercatgiMetropolitano
2 VY 0\ S ' f White Cube._ %
00
By BELGRAVIA N of | . N~ 9 sJ-SAVIOURS “—“_\_
g Ligaio 4 WES TMINSTER o5 7 ESTATE
\\ ) ; : w™ O 490@,[}‘5145»: NT
./ o b ELEPH/AN;

wepis



NN % AW rup i
& ! - ) wa AP
o2 D -
(o] i (o) L. ¥
The]Regent's e g ¥
ki Park ‘%
J 2
'\: A @ £ p( \;\‘
PendonCentralMoSque Robert-St=% ¥
L o S Jo=
s, SN =
79, ) o )it o0 a " y .
LSS S *
'Q S - -
g ;%) o '!” &f‘ =
Thelshe rlo‘l‘< o N & : ;
Holmes Mselm " -Madame —
~ Tlssauds:ondon/ -
= - -
N
\ IGZROVIA .Russell Square:
>
B524 2 .
I . o
2 MARYLEBONE The BritishjMuse
? r‘ [M] Q'
. g ™ |
ThHe:Gartoon*Museum \ \Rrimarkds
Mges‘ = =~
Ge 5208 M m - B st
h N\ 180 il
DE\PARK Tsd—=r3Z = lliberty;[londor Royali 11T 3 0
ik A.T"E o AT oy s\ OHO ST.GICES
g Lydepmk"" E; B10% ’ .
' 3 M AYFA( COV.ENT/GARDEN
© 0= h3200
S The National GalleryRChf~F—3¢Z A & \— — e
oo 7 5 o 2 .:“/1,,
5 5% v’o‘J ~ST JAMES.S = /£ R 2 -
Hsenark A\ SUWANMESS ¥ ”‘- i =¥Southbank Centre
S M o “g’\? i
= : Wl X/ WATERLOO
' > . ImperialWarMuseums, !
e e S ~— Green Rark Chiirehill'Wa, o'o?%& ,’/@ / T
, S & Iastmlnute com =\
S e ; / bdon'Eye
- (=)
A S, Buckin@hgm Palace” . Jsgewalk I3
2 g S B@ Ben 1
HarrodsG 5 = 2. Temporarily closed
@ 3> N - :
L -~
eum BELGRAVIA ) f |
g Lo Y WES TMINSTER e
\\ &, 7 %

%

) ..m“e\““t¢ 9

I ~ MUselm of.the Flome Hackief..Citys£arm Vi
T / ‘ o 2_‘ o
3 2 2
ILL Ftoria\Miro %7 1\ 5* § A1208
£ Colymbia:Road
Youn
City) B FlowerMarket N eaari
50;. 1"
Umversuty ‘
of Londan @ - GossetSt o, r
z Ballie-Ballersonli-ondon 2 5
| > 8 DisHosmiShoteditehit =12
- e Iz
‘ ST*LUKE'S J
) —e
(o] = ke k(;’hesh\te St 8135 k
~JUnKyard Golf.Club [ i X -
Crazy-Golf Shoreditch 'Ijhe~TrumarLk : :E{
Smit field;Market Batrbican.Centre Brewpiy Mariets
="
FINSBURY,
/ East London Mosqu
) o= » A
Museum of-L'ondon & M
© -
G =)
= WhitechapelGallery 1
”
* =7 80U/ St Mary Axe,
(The Gherkin) /W HITECHAREL
, - >
= % =
OF Sky.Garden! "5‘ [} N
ONDON - .
= ==
GableSt=
20%
__M_'“.e_nnl_um_B_r_ldge [ —nT o
= NS o
& London Bridge g . ’ o
., e _I'Eo.weﬂ& London STFKAT
e & WA
Bor\ough Market sTower Bridge H
43200 N S / \:‘\\:\\\ %
== B, 4 “C\:\\\ |
9’5‘[ b S \\\\ o W:’i[_ Dl'nql -H[ X
by SOUTHWARK \\\‘\\\\ .
= To, \\‘::::—- _____
Maltby S}reet\Market Al
MercatoiMetropglitano

N\~

/77
“)"’QL\ ELEPHANT

White Cube_

o

ST-SAVIOURS
ESTATE"

42, )

{900

weps:



s AN

Pa\y

N 44 W

ey il :
\ = w ~ MUseum of.the Home Hackiey.Citysarm Y;
g ] == £ / ol < 2.1 v
N @ = )
f 1 An c h o r ( a ) : L ftoriaMiro &7 1\ 5* 2 haaop
/s De g
y — = 12 Columbia:Road
7 )\/ &7 E a [T ety » FlowerMarket Tem}o&r’;n
PondonCentraliMosque ‘ Robert-St=5 P University 20} L
\ AT ; _g L of London @ ~ Gosset St = a, r‘
;%,4 % o A ! Mso 2 ‘ O /A N AL 7 ’~.* - X ‘%{_ Ballie-Ballersomil-onden 2 B
R, e e .. o : o BT S R s | < AN DistioomeShiorediteh Aa0d
4 < ~ by :;‘ —«,1’.:' % 2 o~
The Shérloek o Qb | Pos Itlve (p 5 : SITALUKE'S 2
Holmes MaSeum M. . o) o eheshire St £ a8 ’9‘:
\) 1 - 5 .
) 9\ Tlssauds:Fondon , ,,uqk;yar? thlf‘(;l;bl = 1 | -
Ny Crazy-Golf Shoreditch - -
IBZROVIA Russell Square ;?he anmﬁ!}.k_ i
% it . reweny Markets
8524 2 3 LRI ket Barbican.Centre
e § A =1 ‘ R
(e} FINSBURY,
) MARY.LEBONE JThe Britis M}se / 4. o East London Mosqu
? ) M « Museurm of-'ondon $2 T Y
. " [M] 2
3 The:€artoon*Museum Pgrimark - - : > WhiteShabelCaliely G E)
Ge0fa® h520% /!_!b - - = ‘ 1
i NElN E z o A WHITECHAPEL
EPARIRTY, s Negative (n) oA Y-t L i
STATE - A 180 o > Q%
¥y . 4 &
ﬂw/&e parkP! 3 P10 y s Y OFASky.Garden b2 ©) -
: () HONDON - S .
MAY.FA[ COV.ENTGARDEN = =
©.5or321 o GableSt=
: Millengium:Bridgedyg [t .
- The National Gallery% e — Y . %
] - e e ey S S0
: 7’% “ST JAMES)S f= /47 \P ~—_London B Ld‘g‘e‘ —
Hyde Park R STAJAMES:S y Y lie
3 : & oL =Southbank Centre
N s Borough' Market
= ! o 2 )
= et a X [/ WATERLOO 9209
. ImperialtWarMuselims, ]
et =8l Green Rark: Chirehill'War. ob%s‘ / l@ =
A f lastminiite.com ~ ' .
e L /ll'olrb!don'Eye ) g J SOUTHWARK
—T f 0=
3 %& Buckin@hQM)Pa{@ce aracTge oK mnm, JS¢ §
Harrodsg ES 9 N
ol Triplet loss f
% ripiet 1oss 1or
53,
9,

— [ o ? i

embedding:




StreetView2Vec - Idea

-y

S TSR
I

EH™ @l




- StreetView2Vec — Visualisation of embeddings

* 64-dim embedding learned
through Tobler’s triplet loss

* Semantics assessed through
clustering

* k-means with 3 clusters

(better visualization using t-SNE
or UMAP ongoing work)
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- Model has no knowledge of
absolute locations, only knows
about relative visual cues!



StreetView2Vec — Some interesting findings
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StreetView2Vec — Some interesting findings
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StreetView2Vec — Measuring Change

72 Changed areas
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StreetView2Vec — Measuring Change
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Learn street view panoramas representations

* Contrastive self-supervised * What is similar and dissimilar in
learning: geographical space?
- Similar objects: learn to map * Tobler’s first law of geography:
them close-by “Everything is related to
. Dissimilar obi N everything else, but near things
Issimilar objects: learn to map are more related than distant
them far apart things”

* What are we learning?

-~ We train a ML model that maps geolocated images in a simpler,
semantically meaningful, latent space.

— Other methods could use this representation better than raw images

@ sbsc



