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Cell Networks

We export both a daily snapshot of the entire cell network collection as well as hourly differential updates. File

names contain either the word diff or full to specify their type. The full cell export is limited to those cell
networks whose position has been confirmed in the last 12 months.

Full Cell Exports

I o MLS-full-cell-export-2023-02-19T000000.csv.gz (225361kB)| CSV-gZ ST /f J l/% & '7 v H— l\ l-/ i —3_0
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Differential Cell Exports

e MLS-diff-cell-export-2023-02-19T230000.csv.gz e MLS-diff-cell-export-2023-02-18T110000.csv.gz
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4 import os
{x} import sys
moduleList = sys.modules

ENV_COLAB = False —AH>AE7Y vy L TET

] if 'google.colab' in moduleList:
ENV_COLAB = True
# print("google_colab") L/ 33 —g_o
if ENV_COLAB:
from google.colab import drive
drive.mount('/content/drive")
gdpath = "/content/drive/MyDrive/"
else:
gdpath =

RAM
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Mounted at /content/drive

<>
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[5] # print("google_colab" N
if ENV_COLAB: 77ANEBELTWET,

e

from google.colab import drive
drive.mount('/content/drive")

e|3ed;path = "/content/drive/MyDrive/" EE\ :.\\ ﬁj\bi‘ &“ ,—7 \/ O — l\\‘ l./ 71—: 7 5 /r )l/
. BICEETWMZTERITLET,

Mounted at /content/drive
RVIR N = I - BN |

© # Google Drive DRARSATETFICT7 MV ETYTA—RL TS,
# gz R TEMSNET7MIVET7YyTO—RUIEBEIL LUTOXSBIT /R THRATEEXT,
# | gunzip /content/drive/MyDrive/MLS-full-cell-export-2023-01-31T000000.csv.gz

! gunzip /content/drive/MyDrive/MLS-full-cell-export-2023-02-19T000000.csv.gz

O # TARSATETDCesvI7 MV EHHAAT, DataFrameERICTS (BB~ 15Eh0HSEED)

import pandas as pd
df = pd.read_csv(gdpath + 'MLS-full-cell-export-2023-01-31T000000.csVv")

df

[1 stat_vall = df.describe(include="all')
v 16  TETEM: 9:07
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TPl BE BT BA SYILh Yl AT IRTOBEERELEUL ZIhuld, IBR, EITLEHERD
+ 3R+ FEZE EBmEcE Y 9, apd =S PN
1*2 ° # TARSATETDcsvI7A IV E5EHIAA T, DataFrameeRCT 2 (BT~ 19 HB25EED) &
import pandas as pd
df = pd.read_csv(gdpath + 'MLS-full-cell-export-2023-02-19T000000.csVv")
df
g radio mcc net area cell unit lon lat range samples changeable created updated averageSignal ?:
0 GSM 202 O 25 12852 NaN 23.800216 37.994988 0 1 1 1657960739 1657960739 NaN
1 GSM 202 O 27 18263 NaN 23.791401 38.054497 57 10 1 1659027120 1659027313 NaN
2 GSM 202 O 27 53076 NaN 23.771893 38.020783 251 22 1 1673005956 1673006345 NaN
3 GSM 202 O 38 5942 NaN 23.730197 37.967260 5 2 1 1664896047 1664896069 NaN
4 GSM 202 O 38 27851 NaN 23.740069 37.957128 13 3 1 1664893942 1664894123 NaN
9004717 LTE 748 10 29240 1314310 455.0 -122.398675 47.585079 0 20 1 1580020567 1648509556 NaN
9004718 LTE 748 10 29400 1298444 NaN -56.142933 -34.866093 2 9 1 1668718930 1676672461 NaN
9004719 LTE 748 10 29400 5129220 NaN -56.142931 -34.866092 3 12 1 1651361767 1675304555 NaN
9004720 LTE 748 10 29730 683523 NaN -57.851620 -34.470681 0 2 1 1638065422 1652998809 NaN
9004721 LTE 748 10 29730 1294595 NaN -53.454918 -33.690997 0 1 1 1672764366 1672764366 NaN
9004722 rows x 14 columns
[1 stat_vall = df.describe(include="all')
stat_val1
v 17%  ZETKE: 911 ® X
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h % » 0@
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: ° stat_vall = df.describe(include="all")
@ stat_val1
radio mcc net area cell unit lon lat range samples changeable
count 9004722 9.004722e+06 9.004722e+06 9.004722e+06 9.004722e+06 2.445510e+06 9.004722e+06 9.004722e+06 9.004722e+06 9.004722e+06 9004722.0
unique 3 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
top GSM NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
freq 3509248 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
mean NaN 4.080228e+02 7.253158e+01 1.898268e+04 4.151380e+07 2.280386e+02 -1.213643e+01 2.522748e+01 4.796682e+03 1.403937e+03 1.0
std NaN 1.770020e+02 1.501781e+02 1.690214e+04 6.316237e+07 1.437231e+02 7.688108e+01 2.556888e+01 1.090369e+04 1.993935e+04 0.0
min NaN 2.020000e+02 0.000000e+00 1.000000e+00 1.000000e+00 0.000000e+00 -1.753443e+02 -8.215183e+01 0.000000e+00 1.000000e+00 1.0
25% NaN 2.600000e+02 2.000000e+00 4.003000e+03 2.946200e+04 1.020000e+02 -8.358330e+01 1.084153e+01 1.660000e+02 6.000000e+00 1.0
50% NaN 3.340000e+02 1.000000e+01 1.407000e+04 8.970770e+06 2.220000e+02 -4.693037e-01 3.289076e+01 9.610000e+02 3.500000e+01 1.0
75% NaN 5.200000e+02 4.000000e+01 3.080000e+04 5.709570e+07 3.460000e+02 3.437945e+01 4.577043e+01 4.030000e+03 2.470000e+02 1.0
max NaN 7.500000e+02 9.990000e+02 6.553300e+04 2.684355e+08 5.110000e+02 1.785150e+02 8.287881e+01 1.802190e+05 1.748846e+07 1.0
2
O # fEemULT
stat_val1.loc['mean']['mcc']
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# [EZRUEY
stat_val1.loc['mean']['mcc']

408.02278382386487

# BSA(E
df_mode = df.mode()
df_mode

radio mcc net area cell unit lon lat range samples changeable created updated averageSignal ?:

0 GSM 334 1 101 65535 0.0 39.99083 43.403799 0 1 1 1676353618 1676630758 NaN

# [EZRYHT
df_mode.loc[0]['lon']

39.99083

# HR(E
df_median = df.median()
df_median

<ipython-input-12-5066631b7aaa>:2: FutureWarning: Dropping of nuisance columns in DataFrame reductions (with 'numeric_only=None") is deprecated; in a future version this will raise TypeError. Select only valid columns before calling the reduction.
df_median = df.median()

mcc 3.340000e+02

net 1.000000e+01

area 1.407000e+04

cell 8.970770e+06

unit 2.220000e+02

lon -4.693037e-01

lat 3.289076e+01

range 9.610000e+02

samples 3.500000e+01

changeable  1.000000e+00

created 1.653812e+09

updated 1.669774e+09

averageSignal NaN

dtype: float64

rTrNeoB QT

# ([EZRUEY
df_median['lon']

-0.4693037
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=} » corr_matrix = df.corr()
corr_matrix
O
mcc net area cell unit lon lat range samples changeable created updated averageSignal
mcc 1.000000 -0.163985 -0.113574 -0.057634 -0.033202 -0.024885 -0.840090 0.017364 0.018980 NaN 0.089940 0.153629 NaN
net -0.163985 1.000000 0.148572 0.165785 -0.009199 -0.367975 0.170321 -0.015955 -0.016951 NaN 0.073363 -0.038294 NaN
area -0.113574 0.148572 1.000000 0.161958 -0.010102 -0.026101 0.048701 -0.016897 -0.023962 NaN 0.069568 -0.107968 NaN
cell -0.057634 0.165785 0.161958 1.000000 -0.012525 -0.004761 0.028700 -0.072359 -0.028481 NaN 0.086308 -0.136407 NaN
unit -0.033202 -0.009199 -0.010102 -0.012525 1.000000 -0.025226 0.025431 -0.015891 -0.005256 NaN 0.009263 -0.019226 NaN
lon -0.024885 -0.367975 -0.026101 -0.004761 -0.025226 1.000000 0.087587 -0.038818 0.000239 NaN -0.118712 -0.173809 NaN
lat -0.840090 0.170321 0.048701 0.028700 0.025431 0.087587 1.000000 -0.032327 -0.012895 NaN -0.107195 -0.178366 NaN
range 0.017364 -0.015955 -0.016897 -0.072359 -0.015891 -0.038818 -0.032327 1.000000 0.067035 NaN -0.259826 0.099469 NaN
samples 0.018980 -0.016951 -0.023962 -0.028481 -0.005256 0.000239 -0.012895 0.067035 1.000000 NaN -0.043391 0.055697 NaN
changeable NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
created 0.089940 0.073363 0.069568 0.086308 0.009263 -0.118712 -0.107195 -0.259826 -0.043391 NaN 1.000000 0.015905 NaN
L updated 0.153629 -0.038294 -0.107968 -0.136407 -0.019226 -0.173809 -0.178366 0.099469 0.055697 NaN 0.015905 1.000000 NaN
= averageSignal NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
>_| P
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) df.corr().style.background_gradient(cmap = "bwr", vmin = -1, vmax = 1)
{x}
mcc net area cell unit lon lat range samples changeable created updated averageSignal
O mcc iNeolo/olo]oN -0.163985 -0.113574 -0.057634 -0.033202 -0.024885 [EexLielelcloN 0.017364 0.018980 0.089940 0.153629

net -0.163985 pmMele[efeleloR 0.148572 0.165785 -0.009199 0.170321 -0.015955 -0.016951 0.073363 -0.038294
area -0.113574 0.148572 0.161958 -0.010102 -0.026101 0.048701 -0.016897 -0.023962 0.069568 -0.107968
cell -0.057634 0.165785 0.161958 pmNelelelelelen -0.012525 -0.004761 0.028700 -0.072359 -0.028481 0.086308 -0.136407
unit -0.033202 -0.009199 -0.010102 -0.012525 pmNelelelelolol -0.025226 0.025431 -0.015891 -0.005256 0.009263 -0.019226
lon -0.024885 -0.026101 -0.004761 -0.025226 gmMefeleleleleN 0.087587 -0.038818 0.000239 -0.118712 -0.173809
lat 0.170321 0.048701 0.028700 0.025431 0.087587 EEMelelelelelon -0.032327 -0.012895 -0.107195 -0.178366
range 0.017364 -0.015955 -0.016897 -0.072359 -0.015891 -0.038818 -0.032327 pMKee[eelsloN 0.067035 -0.259826 0.099469

0.055697

samples 0.018980 -0.016951 -0.023962 -0.028481 -0.005256 0.000239 -0.012895

0.067035 mKelele[0le]0] -0.043391
changeable nan nan nan

[Re[elelololol 0.015905

1.000000

nan nan

created 0.089940 0.073363 0.069568 0.086308 0.009263 -0.118712 -0.107195 -0.259826 -0.043391

updated 0.153629 -0.038294 -0.107968 -0.136407 -0.019226 -0.173809 -0.178366 0.099469 0.055697

averageSignal

[1 # #EETIOE—rTyTRR: seaborn 2EJ5E
[>_] import seaborn
import matolotlib.ovolot as olt
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v @ # ERASIOE—Ty TR seabomn EESHE TV 8 %iE
Q import seaborn
import matplotlib.pyplot as plt
x) seaborn.heatmap(corr_matrix,

vmin=-1.0, vmax=1.0, center=0,
annot=True, fmt=".1f",

(] xticklabels=corr_matrix.columns.values,
yticklabels=corr_matrix.columns.values
)
plt.show()
By mcc -10 B8 e
net 24 0.75
area
cell 0.50
i 025
lon
la 0.00
range
samples —0.25
changeable - -0.50
aeated
updated 48 -0.75
W6f3985'9n3| ) ' ] | ' 1 1 ' ' ' ' ' 1 1 ‘—1.00
S 8 3 F S R YL LT IDE
EEREE2 g8 825
5 26 8%
o o
<> S g
=
[1 df2 = df.copy() # df2 = df LEELBRITASK(BRIELUICAOTLED)
o= # L<DHDFIEEIRT S
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2

{(x}

O

[

# LD DINZEHIFRTS

df2.drop('changeable', axis=1, inplace=True)
df2.drop('averageSignal', axis=1, inplace=True)

# df2 = df.loc[:,['mcc','cell','lon','lat']]

df_sub = df2[::1000] # 1/1000 TRE5IWE=RSAR
pd.plotting.scatter_matrix(df_sub, figsize=(15, 15))
plt.show()
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x}

+0—K + FERb

‘/z © df2 = df.copy() # df2 = df LBEHBITISE (BRELIEOTLED)
» # W<ODDINEHRT S
df2.drop('changeable’, axis=1, inplace=True)
df2.drop('averageSignal', axis=1, inplace=True)
# df2 = df.loc[:,['mcc’,'cell','lon’,'lat']]
df_sub = df2[::1000] # 1/1000 TM3IL\VERS4R
pd.plotting.scatter_matrix(df_sub, figsize=(15, 15))
plt.show()
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[] df3 = dfloc[:[on','lat']]
df3.plot.scatter(x=0, y=1, s=1, alpha=0.02, figsize=(12, 12))

[1 df4 = dfloc[:['mcc','lat']]
df4.plot.scatter(x=0, y=1, s=3, alpha=0.5, figsize=(12, 12))

[] import folium
map = folium.Map(location=[df['lat'].mean(), df['lon'].mean()], zoom_start=3)

df_sub2 = dff::10000] # 1/10000 IR5I<
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96

v 138 TR 9:27

®=tl0%ey @ 7 602 AL SJoJ8 -] | /1€




O
¢«

co

{(x}

oe
- C

L large_data_analysisl.ipynb ¢
771 RE KRR BA SVIIL
+ 3—K + FFZh

7 O
»

df3 = df.loc[:,['lon",'lat']]
df3.plot.scatter(x=0, y=1,

[» <matplotlib.axes._subplots.AxesSubplot at 0x7f688e92c160>
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s=1, alpha=0.02, figsize=(12, 12))
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Qo df3.plot.scatter(x=0, y=1, s=1, alpha=0.02, figsize=(12, 12))
o) > <matplotlib.axes._subplots.AxesSubplot at Ox7f688e92c160>
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Q u df4.plot.scatter(x=0, y=1, s=3, alpha=0.5, figsize=(12, 12))
x) > <matplotlib.axes._subplots.AxesSubplot at Ox7f688e2bfcd0>
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» df4.plot.scatter(x=0, y=1, s=3, alpha=0.5, figsize=(12, 12))

> <matplotlib.axes._subplots.AxesSubplot at Ox7f688e2bfcd0>
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bt © import folium
) map = folium.Map(location=[df['lat'].mean(), df['lon'].mean()], zoom_start=3)

df_sub2 = df[::10000] # 1/10000 [CR5I<
# T—H 7V —ADETICHLTHE LD —h—%ENTS
for index, row in df_sub?2.iterrows():
folium.Marker([row['lat'], row['lon']], popup = str(row['mcc'])+"' '+str(row['area'])).add_to(map)
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Q g map = folium.Map(location=[df['lat'].mean(), df['lon'].mean()], zoom_start=3)
df_sub2 = dff::10000] # 1/10000 (CRIZI<
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for index, row in df_sub2.iterrows():

(=) folium.Marker([row['lat'], row['lon']], popup = str(row['mcc'])+" '+su(row['area'])).add_tTmap)
map
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