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NcTOUYHNKN AaHHbIX

Q SHpexc Kaptbi

Google Maps

OpenStreetMap
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‘ OSM: nodes, ways, relations

. I
Relations

e Konnekuuna nodes, ways n apyrmx
relations

)
~

Ways

e OnucbiBaeT nHuM (closed / open
polylines) u nonuroHsbl (areas)

%
\
Nodes
e OnucbiBaeT TOYKU Bonee
CNOXKHbIX FEOMETPUN
%
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Pabora c reogaHHbIiMu Ha ctopoHe python:
GeoPandas un shapely

GeoFandas — pacluvpeHue ons 6onee yoobHoro
aHanmM3a reogaHHbIx. [JobaBnaeT HoBble TUMb
[OAHHbIX K p8ndas vi Mo3BOJAET NPON3BOOUTb
NPOCTPAHCTBEHHbIE OnepaLun.

L1na reomeTtpuydeckmnx onepauun GeoFandas
Ncnonb3yeT shapely
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NMpeacraenenna reomerpun B WKT

Point Linestring Polygon Polygon w/ Hole(s)
Multi Point Multi Linestring Multi Polygon Multi Polygon w/ Hole(s)

Npumep Tekcta B WKT | E

POINT(1 2)
LINESTRING(1.5 2.45,3.21 4)
POLYGON((12,14,34,32,12))

POLYGON((0.5 0.5,5 0,5 5,0 5,0.5 0.5), (1.5 1,4
3,41,1.51))

MULTIPOINT(0 0,1 1)

MULTILINESTRING((0 0,-1 -2,-3-4),(2 3,3 4,6
7))

MULTIPOLYGON(((0 1,30,43,04,01)), ((34,6
3,55,34)),((00,-1-2,-3-2,-2-1,00)))

GEOMETRYCOLLECTION(POINT(5 8),
LINESTRING(~1 3,1 4))
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‘ 3arpy3ka n3 Overpass API =

..--""'_"—'"""'—._._-_-_"'_':___-—;
p—— s —
features = osmnx.features from bbox ( —_— ——
bbox=(59.9355, 59.9259, 30.3798, 30.3461), __——-:::;'r_________._"".-'__;______
tags={ "_'::._-ﬁ
. ——
"amenity":["cafe", "pub", "restaurant"], fﬁ
.-—-—-"_______:___._-—-_'_'_-_-
’ ——
—
’ —
features.head (3) = -
amenity check date contact:vk cuisine name opening_hours payment:jcb payment:maestro payment:mastercard payment:unionpay ... J
element type osmid
node 444776758 cafe  2022-12-09 wahaha.tea.coffee  chinese Wahaha 09:00-22:00 yes yes Ves yes
455297491 pub NaN  https://vk.com/thepub NaN g:ﬁﬁ 2417 NaN NaN NaN NaN
497695708 restaurant MaM MaM japanese Muco MNaM MNaM NaM MaN MNaN
' .- L ] .. L]
! . ’ o« ¢ . ° ) °
59.934 ° : :: .. . ; .. . .
..' . - , L] . . * -. . [}
® e "Q . ". . " LI
. * °e ....':’ o o° ? ., * 'S * .
s o4 ® . °
] ‘ ¢ Se :. ; H .'. :ﬁt" .
59.930 .; R . :'; o ¢ o.'.. . .. ®e ':. . v .
: . [} 8 . .. ‘l ° . ~..
. ..l. o *° .o . e, e °
59.928 4 [} : ° °e .'.
<X - o
¢ ° e - e * o : «
| . . (] .‘ e oo

30.345 30.350 30.355 30.360 30.365 30.370 30.375 30.380

WWW.cinimex.ru




Neokoau POBaHUE

import geopandas as gpd
df adresses = gpd.GeoDataFrame (

{

"addresses": [

"CaHukT-lleTepbypr, yi. TamkeHTCKadg, X.

"CaukT-IlleTepbypr, yJi. CrapromBas, 6,
"CaHukT-lleTepbypr, HeBCKMM NOpPOCHIEKT,

}
)

df adresses

addresses

CaHkT-leTepbypr,
yA. TallKeHTCKada, A. 4

CankTt-leTepbypr, yn.
CraptoBas, 6, antepa A

CaHKT-lNeTepbypr, HeBckumn
npocnekT, 85

4",
auTepa A", )
85"’

—=
— =
df geocoded = gpd.tools.geocode ( - ) ﬂ_—gg
df adresses|["addresses"], §§
provider="nominatim", gg
user agent="piterpy test", —
timeout=10 ;;
df geocoded
address
geometry
POINT TawkeHTCKaAa yanua, banxkHaa
0 (30.31496 PoraTka OKp’yI' Mock
59.89188) ’

—)

1 | POINT EMPTY

None

POINT
2 (30.36098
59.92974)

CbepbaHk, 85 nntB, HeBckumn
NPOCNeKT, OKpyr Jiur...
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Pacuer nJiaHapHbIX paCCTOHHMﬁI —

“’%§§§>\ 7:::::::::t:::::

TR T e ——

RO TR =

S \“‘w“ \||.“‘“‘==/ e
— Ny

» “‘ ““.!;’/ —

df buildings mercator = df buildings.to crs(3857)

train station centroid = df buildings big.query (
"osmid == 2404499",

\7 AN
) .geometry.centroid.values[0] T
train station centroid.wkt
POINT (3379907.3673304603 8384099.920298464) E I S G

df mercator amenities = features nodes.to crs(3857) GEODETIC PARAMETER DATASET

df distances = gpd.GeoDataFrame () Managed by I0OGP’s Geomatics Committee

df distances["planar mercator"] = df mercator amenities.distance (
train station centroid

)

N E——

SRID — lNos3BonaeT onpenennTb YHUKanbHYH KOMBUHaUMID CUCTEMY
KOOpAMHAT, OMNyCcKa, pa3peLleHns 1 egnHnuy namepenma. 3Hasa SRID
MO>XHO MPOU3BECTM MNEepexoq U3 OAHOW NMPOEKUNU B OPYryHO.
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‘ Pacuer nyiaHapHbIX pacCTOAHUNA —

Kak npocTo 06bACHUTD, YTO TaKoe —
npoekuusa Mepkartopa E

F r ) .
> \
g S 8
N\ -
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‘ Pacuer nyiaHapHbIX pacCTOAHUNA

import pyproj
from shapely.ops import transform

pulkovo = pyproj.CRS(20006)
mercator = pyproj.CRS (3857)

project = pyproj.Transformer.from crs (mercator, pulkovo,

always xy=True) .transform
train station centroid pulkovo

df distances["planar pulkovo"]

transform(project,

df mercator amenities.to crs(20006) .distance (

train station centroid pulkovo

BriBepute nexoanyro CK

WG5S 84

l r.rer’ ‘ oMM MM’ ‘ rromm'cc” l

1 59.929686259298926 | 30.362224465811263
2 | lWwpota lonrota

CI'EHE[CJH POBaTE KaTanor KoopAWHaT

Katanor v B

BeiBepute uenesy: CK
K - Mynkoso 95

r.rrr’

npoekuua laycca-Kprorepa Mynkoeo S5 2oHa 6
N2 X Y

1 6649288.444 6352646.593

[ MepecuntaTh

https://geoproj.ru/
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‘ Pacuer nsaHapHbIX PacCTOAHN

N<SCHVWIPOUOZEr R—=IOTMMUOAPBH>IOUMMOI—-—RrS20T0IT0n-HCN

!
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Neope3nyveckue PAaCCTOAHNA: NABEPCUHYCHOE pacCcTosAsHUe ——

from sklearn.metrics.pairwise import haversine distances
from math import radians

def calculate_haversine distance (first, second):

first in radians = [[radians( [0]) for in first.xy[::-1]]]
second in radians = [[radians( [0]) for in second.xyl[::-1]]]
result = haversine distances(first in radians, second in radians)

return result[0][0] * 6371000

df distances["haversine"] =
df mercator amenities.to crs(4326) .geometry.apply (
lambda x: calculate haversine distance(x, train station centroid wgs)

)

3onotau fnobyc!

[lorpewHoOCTb  U3MEpPEeHUA 0KOJOo
1-2%
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PacyeTt reogesn4yeckoro paccTtoaHus

import geopy.distance

def calculate_geodesic_distance (first, second):
first list = [ [0] for in first.xy[::-1]]
second list = [ [0] for in second.xy[::-1]]
return geopy.distance.geodesic (first list, second list).m

df distances["geodesic"] = df mercator amenities.to crs(4326) .geometry.apply (
lambda x: calculate geodesic distance(x, train station centroid wgs)

)

= 18
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CpasHeHue pacctoaHnn: MAE paccTtoaHuM =

[lceBaoO- [lynkoso 1995. [aBepCUHYCHOEe

MepKaTop 30Ha 6 paccToaHue
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PacyeTt pacctoAHMA mapLlipyTa

import osmnx

graph = osmnx.graph from bbox (bbox=(59.9355, 59.9259, 30.3798, 30.3461))
graph pulkovo = ox.project graph(graph, to crs=20006)
osmnx.plot graph (graph pulkovo)

21 WWW.cinimex.ru



‘ PacueT pacctoaHUA mapLipyTa

df pulkovo amenities = df mercator amenities.to crs(20006)
df pulkovo amenities.geometry

element type osmid

node 444776758 POINT (6352761.318 6649373.312)
455297491 POINT (6353232.484 6649361.587)
497695788 POINT (6353183.312 66408568.888)
6541a584a POINT (6352985.622 6649355.153)
992368955 POINT (6352392.477 6648974.327)

11747735387 POINT (6352199.516 66496528.318)

11747735389 POINT (6352815.731 6649387.394)

11928137698 POINT (635222@.188 6649518.3566)

119385817914 POINT (6351961.475 6649222.176)

11932151847 POINT (6352382.227 6648948.671)
Mame: geometry, Length: 388, dtype: geometry

node train station, dist train station = osmnx.nearest nodes (
graph pulkovo,
train station centroid pulkovo.xy[0],
train_ station centroid pulkovo.xy[l],
return dist=True,

. )

Eﬁ. node amenities, dist amenities = osmnx.nearest nodes (
5555; graph pulkovo,
EEEEEi~ df pulkovo amenities.geometry.apply(lambda x: x.xy[0][0]),

55555551 df pulkovo amenities.geometry.apply(lambda x: x.xy[1][0]),

——————— _—— return dist=True,
— —

—e _____—-—-—'-"

e _—-—'__—‘-_‘

—
_—
—
——
e

—_— ———
B —
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PacyeTt pacctoAHMA mapLlipyTa

import numpy as np

route = ox.shortest path(
graph pulkovo,

np.repeat (node train station, len(node amenities)),

node amenities,
weight="1length"

def calculate_route_length (routes, graph):
route length = []
for route in routes:
route length.append (
ox.routing.route to gdf(
graph,
route,
weight="1length"
) ["length"] .sum/()
)

return route length

route length = calculate route length (route,

graph pulkovo)

23
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‘ MapLpyT 1 KpatyaunLliee paccToasHUe —

————

————
df distances["route pulkovo"] = route length %
df distances["route pulkovo"] += dist train station[O] "___;:__,...;“:_::_______;-——-——-—'_'___
df distances["route pulkovo"] += dist amenities ﬁ
df distances["route to planar"] = df distances["route pulkovo"] / *‘"',..:-——-‘—;
df distances["planar pulkovo"] E

df distances["route to planar"].describe()

10
70 .
s | |
O 60
count  308.000000 > 1 8-
mean 1.539978 =
o
std B.562641 fEU I e
min 1.877376 o 401 5 6
25% 1.342892 = I o
50% 1.443546 0 30 o
75% 1.5526886 S l A
max 9.582337 S 207 .
aw
Mame: route to planar, dtype: floated l_
10 - % 4 e
0. b | . . “--ﬁ&‘ LT TN NS
. 2 4 6 8 10 % !.-)&..‘.Ll!l“li [N
— 0 200 400 600 800 1000
__ : OTHOwWweHne paCCTOFlHVIﬁ planar_pulkovo
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NMepebi 3aKoH reorpachum Tobnepa

"Bce cBA38aH0 CcO BCEM, HO BIIN3KUE BeLN =
CBA38Hbl CUITbHEE, YeM f[ariekue” =
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HPOCTpaHCTBEHHbIe obbegnHeHun

df amenities in buildings = df buildings mercator[["geometry",

"name"]].sjoin (

df mercator amenities|[["geometry",

how="1left",
predicate="contains",

Intersects

o @
o _0©
.0. o

Point & Multipoint Multipoint & Multipeint

(9]

Point & Linestring Multipoint & Linestring

Linestring & Linestring Linestring & Polygon

o

o]

Multipoint & Polygon Linestring & Multipolygon

"amenity"]],

within
"A is within B”

contains
"A contains B”

<
touches overlaps
"A and B touch at border” "A and B overlap each other”

2/

LEFT JOIN
LEFT JOIN FULL OUTER JOIN (if NULL)

@ @ ¢

RIGHT JOIN

RIGHT JOIN

4 BE _

INNER JOIN

(D

8.3855

8.3850

8.3845

8.3840

8.3835 1

8.3830 1

NTeAMMARO pyr

T T T T
3.3780 3.3785 3.3790 3.3795 3.3800 3.3805 3.3810 3.3815 3.3820

WWW.cinimex.ru
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3ayem Ham arperuposaTtb AaHHble? ..

df all amenities = osmnx.features from place (

"Caukr-IleTepbypr",
tags={
"amenity":
}
) .query ("element type ==
df all amenities.head(5)

LN i

‘node'")

.. “’.If
,/,./ -YI .’

L

["cafe", "pub", "restaurant"],

MY FACE

8.41 A

8.40

29

8.39 A

8.38

8.37

8.36

8.35

le6
kag
W Napronoso 'y
Armro-1
“Kond
L]
®
DCenbe 4«1? °g Uuaps) MeTann
[ |
%
%,
@ %
9
p “Hesa,,
(C) OpenStreetMap contributors, Tiles style by Humanitarian OpenStreetMap Team hosted by OpenStreetMap France
s T T T T T
3.35 3.36 3.37 3.38 3.39 3.40
1le6
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‘ AAMUWHUCTPATUBHOE AeneHue

df spb subdivision = osmnx.features from place ( df_amenities_by_subregions = df spb_subdivision]

"CaHkT-IleTepBypr", .[fname", "geometry"]
tags={ ].sjoin(
"admin level™: "5", df all amenities[["name", "amenity", "geometry"]],
) - how="1left",
) .query ("element type == 'relation'") predicate="contains",

rsuffix="amenity",
lsuffix="subregion",

df amenities by subregions.head(5)

element_type osmid name_subregu: geometry |ndex_amen|tz mdex_amenltI name_amenity amenity
relation 337424 POLYGON
KonnuHckuit ((30.44112
aiioH 59.82937, NaN NaN NaN NaN
P 30.44333
59.82980...
POLYGON
MyLWKUHCKNIA ((30.21822
338635 aitok 59.67307, NaN NaN NaN NaN
P 30.21918
59.67361...
POLYGON
MOCKOBCKUM ((30.19877
338636 aiion 59.80161, node| 1.890210e+09 NaN cafe
P 30.19901
59.80180...
POLYGON
MoCKOBCKUM ((30.19877
338636 altoH 59.80161, node| 1.156439e+10 MunoTax pub
P 30.19901
59.80180...
POLYGON
MoOCKOBCKUi ((30.19877
338636 aitoh 59.80161, node| 1.414117e+09 EBpasusa restaurant
P 30.19901
59.80180...



‘ AAMUWHUCTPATUBHOE AeneHue

fig, ax = plt.subplots(figsize=(15, 15))
df aggregated amenities.query("amenity == 'cafe'").to crs(3857) .plot (ax=ax, 8.42 |
column="count", alpha=0.5)
cx.add basemap (ax)

8.40

8.38

8.36

8.34

3.34 3.35 3.36 3:37 3.38 3.39 3.40

(C) OpenStreetMap contributors, Tiles style by Humanitarja’n OpenStreetMap Team hosted by OpenStreetMap France
T T T T T T

le6
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Teccenauuna Tannamm

from tesspy import Tessellation

spb_tesselation = Tessellation ("CaukT-lleTepbypr")
df spb squares = spb_ tesselation.squares (13)

df spb squares.head(5)

geometry quadkey
0 POLYGON ((30.05859 59.75640, 30.05859 59.77852... 1201212121213
1 POLYGON ((30.10254 60.02095, 30.10254 60.04290... 1201212103102
2 POLYGON ((30.10254 59.99899, 30.10254 60.02095... 1201212103120
3 POLYGON ((30.10254 59.97701, 30.10254 59.99899... 1201212103122
4 POLYGON ((30.10254 59.84481, 30.10254 59.86688... 1201212121102

32
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‘ Teccenauuna Tannamm

df_amenities_by squares = df spb_squares.sjoin(

df all amenities[["name", "amenity", "geometry"]],

how="1left",
predicate="contains",
rsuffix="amenity",
lsuffix="square",

df aggregated amenities_squares = df amenities_by squares.groupby (

["quadkey"]
) ["amenity"].value counts().to_frame ()

df aggregated amenities squares =
df aggregated amenities squares.reset index(

) .merge (
df_spb_squares|[["quadkey", "geometry"]],
how="1left",

on="quadkey",

)

df aggregated_amenities_squares = gpd.GeoDataFrame (

df aggregated amenities squares,
geometry="geometry",

fig, ax = plt.subplots(figsize=(15, 15))
df _aggregated amenities_squares.query("amenity ==

ax=ax,
column="count",
alpha=0.5,

)

cx.add basemap (ax)

—

- —
- —
—_— ———
e

—_— ———

B —

e T

'cafe'").to_crs(3857) .plot (

8.39

8.38

8.37 1

8.36

8.35 1

8.344

(©)

'fl,/J[hAt

Opensts

¥
¢
butors, Tiles style by
T

\
reetMap contri
T

L5

Manoe” . e y:
- lGap e ' e
Humanitarian OpensStreetMap Team hosted by 0
T

9
S Map France
T

-
——
-

S
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H3 nHpekc

import h3pandas

RESOLUTION = 7

df h3 amenities = df all amenities.h3.geo to h3 (RESOLUTION)
df h3 amenities.head(5)

amenity cuisine name  geometry brand brand:wikidata
h3_e7
Pvcckan POINT
87110614dffffff | restaurant fish b!rﬁana (30.23327 NEW MNaM
P 59.96932)
Mama POINT Mama
BY1106a96ffffff | restaurant italian;pizza;pasta Roma (-30.30667 Roma Q2109947131
59.96281)
POINT
B71106a96fffff | restaurant jewish CHexuHka  (30.301658 NEW MNaM
59.96316)
X340 1 POINT
B71106149fffff | restaurant georgian von (20.26602 NEW MahM
YPH 59 96669)
= POINT
— | 871106085ffffif cafe coffee_shop 50;';"’: (30.32051  NaN NaN
—t ®€ 59 95450)
——
==
-
T —
——
—_—
e —
—————
_
—= 34 WWww.cinimex.ru
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‘ H3 nHpekc

—
8.42 ____-__‘__________._._._-—-—”""-—--""‘"_____-_—_—_-———
’____:F_
———— —
df h3 amenities aggregated = df h3 amenities.groupby ( 155555:2555555
"h3 {:>02}".format (RESOLUTION) —fﬁ
) ["amenity"] .value counts().to frame () 8.41 - 'fEEEEEEEEE
fig, ax = plt.subplots(figsize=(15, 15)) TEEEEE
df h3 amenities aggregated.reset index () .set index( S
"h3 {:>02}".format (RESOLUTION) 8.40
) .h3.h3 to geo boundary () .query (
"amenity == 'cafe'"

) .to_crs(3857) .plot (ax=ax, column="count", alpha=0.5)
cx.add basemap (ax)
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— CUHUMEKC
= E-mail: amecheryakov@cinimex.ru
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