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无线智能传播模型

摘 要：

程

号 5G 文 学

号 程

号

号

华 RMSE 9.07421 文

名

Cost 231-Hata
学 号

1) 2) 号

- 3) 号 4)
17 18

号 号

程

大 CatBoost

名

名 号
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1.

1 . 1

5G NR 5G 大

5G 程

程 5G

大

Cost 231-Hata Okumura
Volcano

参

Standard Propagation Model SPM
大

程参 校 LTE
大

大 AI 学

学

程

程参

RSRP
学 学

号
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1 . 2

1:
学

程 参

参 学

Cost 231-Hata

2:
学

3: RSRP
RSRP

赛 AI
RSRP

1. (PCRR : Poor coverage recognition rate)
2. (RMSE : Root mean squared error)

2. 模型

1. 号 (RSRP) 程参

学

2. 号

3. 号 Clutter In-
dex 学

4.
5. 号

5



1 文 号

号

hca (Cell X, Cell Y)
hcb (Cell X, Cell Y)
ha (Cell X, Cell Y)
hb (Cell X, Cell Y)
hc

∆h

dh
d

α Azimuth
βh 号 -
β 号 -
θ

CV (Coefficient of Variation)
PCC (Pearson Correlation Coefficient)
MIC 大 (Maximal Information Coefficient)
RF (Random Forest)

3.

4.

4 . 1

4 . 1 . 1

参 Cost 231-Hata [1]
程

Cost 231-Hata :

RSRP = Pt − PL (1)

PL = 46.3+ 33.9 log10 f − 13.82 log10 hb−α(hr) + (44.9− 6.55 log10 hb) log10 d+Cm (2)

Pt PL(
1) PL (2) f (MHz) hb

(m) hr (m) α(hr) (dB) d
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海平面

𝜃

ℎ𝑏

ℎ𝑐a

ℎa

𝑑ℎ

ℎ𝑐𝑏

信号线

ℎ𝑐

Δℎ

𝛽

阻挡
建筑

站点
A

𝐵

𝑧

𝑥

𝑦

1 号 号

(km) Cm (dB) 1)
log 2)

log 3) 号

号

号

4 . 1 . 2

学 0
号

号

号

1 号

{(x, y, z)|z = 0} θ Mechanical Downtilt
Electrical Downtilt θ = θMD + θED 号 hca

(Cell X, Cell Y) hcb (Cell X, Cell Y)
hc ∆h

dh ;d B
号 A 3D ha (Cell X, Cell Y) hb

(Cell X, Cell Y) α β 号 AB
号
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1 A (x0, y0, h0), B (x1, y1, h1)

x0, y0 h0 = hc + hcb + hca x1, y1

h1 = hb + ha

号 Azimuth 1
号 AB Cost

231-Hata B
z 大

4 . 1 . 3

号

4 号

1.
号 大 A B d

A B ∆h a b dh

d ∆h dh

dh =
√

(x1 − x0)2 + (y1 − y0)2, (3)

d =
√

(x1 − x0)2 + (y1 − y0)2 + (h1 − h0) (4)

A B
(x0, y0, h0)

(x1, y1, h1) (α) (θ)
2. 号

号 号

号 号 号 AB 大

AB 号 β B 号 2
号 号

号

Azimuth α Y
大 X 大 α′:

α′ = (2π − α) + π/2 (5)

8



基站

x
y

B1

B2

信号线B3

2 号 号
- 号 大 号 (B1 > B2 >

B3)

号 v⃗1 AB v⃗2 :

v⃗1 = (cosα′, sinα′,− tan θ), (6)

v⃗2 = (x1 − x0, y1 − y0, h1 − h0) (7)

号 v⃗1 AB v⃗2 3D β

cos β =
v⃗1v⃗2

||v1|| · ||v2||

v⃗1 v⃗1 βh x, y

3D β βh 号

程

3.

站点

相对次高的阻挡

𝐵

相对最高的阻挡

目标栅格

A

3 号 -
号

号

9



号 号 号

号 程

AB 号

学

3 号 号

A B AB
AB

A,B a, b r(x) a AB a
r(a) > r(b), a b

AB

4.
Clutter Index 号

号

学 学

Cost 231-Hata 10
log10 d log10 dh

学
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2 文

名

Cell Index -
Cell X X m
Cell Y Y m
Height m

Azimuth Deg
Electrical Downtilt Deg

Mechanical Downtilt Deg
Frequency Band MHz

RS Power dBm
Cell Building Height (Cell X, Cell Y) m

Cell Altitude (Cell X, Cell Y) m
Cell Clutter Index (Cell X, Cell Y) -

X X m
Y Y m

Building Height (X,Y) m
Altitude (X,Y) m

Clutter Index (X,Y) -
RSRP (X, Y) 号 dBm
dis_2d m
dis_3d m

dis_2d_log dis_2d log Deg
dis_3d_log dis_3d log Deg
hori_beta 号 - 号 Deg

beta 号 - 号 Deg
obstacle_num - -

worst_obstacle_height - m
worst_obstacle_delta_d - m

worst_obstacle_height_rate - -
worst_obstacle_y - X m
worst_obstacle_x - Y m
clutter_frequency -

delta_height m
abs_height m

cell_abs_height m
downtilt 号 Deg

frequency_band_log log -

17 1 18
名 ’_’ 大 ’ ’

4 . 1 . 4

文 2
17 1)

2)
RSRP

11



号

18 1)
2) 号 号

- 3) 号

4)
号 log 号

号 号 -
号 号 号 号

- (0∼180◦) 大 号 号

号 大 号 程

4 . 1 . 5

4 1021701
1030301 号 RSPR

号 ( ) RSPR ( ) RSPR
号 α

1021701 1030301 RSPR

1. 号 号

号

2. 号 号 1021701 1030301
号 号 - 号 大

号

1) - dis_2d dis_3d
2) 号 - beta hori_beta

4 . 2

4 . 2 . 1

1. 程

2.

12



391800 392000 392200 392400 392600 392800 393000 393200 393400

X

3394400

3394600

3394800

3395000

3395200

Y
1021701,  = 120

-120

-110

-100

-90

-80

-70

427600 427800 428000 428200 428400 428600

X

3381900

3382000

3382100

3382200

3382300

3382400

Y

1030301,  = 200

-120

-110

-100

-90

-80

-70

4 号 RSRP α(
) a. 号 RSRP 大 b.
RSPR 大

大 (filter) (wrapper)
(embedding) [2]

1. 名 名

大 程 学

T (t-test) [3], (χ2 test) [4],
(Pearson Correlation Coefficient PCC) 大 (Maximal Information

Coefficient, MIC) [5]
2. 学

(GA)
[6] (PSO) [7]
学 大

3. 学 程 程

程

学

学

大

13



3 大 100

PCC MIC RF CatBoost CV

dis_2d_log -18.692 11.356 9.637 6.399 0.055
dis_2d -10.244 11.287 9.635 6.923 0.464
dis_3d_log -18.559 3.214 9.556 3.023 0.052
hori_beta 7.162 6.872 3.233 7.829 0.543
dis_3d -10.211 3.204 9.556 2.037 0.461
cell_clutter_frequency 3.416 5.344 4.605 10.146 3.689
beta 7.405 3.914 2.395 3.976 0.503
worst_obstacle_height_rate 0.078 5.957 2.590 4.702 59.559
worst_obstacle_height 3.409 3.942 3.475 3.079 0.128
obstacle_num -2.828 4.737 2.921 3.200 0.655
Clutter Index 0.449 1.044 3.646 4.974 29.410
Building Height -2.565 2.221 1.864 3.917 0.940
Y -0.702 3.237 1.294 4.317 0.229
X -0.608 3.355 1.251 4.129 0.226
Height -0.098 2.122 1.215 5.451 0.108
Cell Altitude 0.440 1.719 1.199 4.800 0.006
worst_obstacle_delta_d -1.448 2.830 3.936 0.000 0.392
Cell Y -1.198 1.940 1.930 2.920 0.215
Cell Index -0.070 3.193 4.481 0.181 0.151
Cell X -0.837 1.945 1.895 2.887 0.215
delta_height -1.721 2.626 1.219 0.991 0.227
RS Power -0.785 1.242 1.207 3.130 0.058
worst_obstacle_y -1.193 2.477 2.170 0.000 0.238
Cell Clutter Index -0.975 0.960 1.204 1.928 0.121
worst_obstacle_x -0.776 2.347 1.918 0.000 0.231
Azimuth 0.172 1.522 1.196 1.968 0.157
abs_height -1.838 1.069 1.341 0.412 0.009
Altitude 0.387 1.288 1.219 1.366 0.006
cell_abs_height 0.202 1.069 1.173 1.600 0.009
Cell Building Height -0.007 0.629 1.234 1.406 0.524
Mechanical Downtilt 0.255 0.421 1.241 0.724 0.184
Electrical Downtilt -0.491 0.218 1.285 0.582 0.122
downtilt -0.146 0.568 1.262 0.562 0.115
frequency_band_log -0.316 0.065 1.008 0.222 0.000
Frequency Band -0.316 0.066 1.008 0.219 0.001

4 . 2 . 2

程 (Coefficient of Variation ,
CV) CV X σX µX ( 8)

程 [8]

cv =
σX

µX

(8)
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4 名

PCC 名 MIC 名 RF 名 CatBoost 名 CV 名

dis_2d_log 1 1 1 4 28
dis_2d 3 2 2 3 9
dis_3d_log 2 11 4 16 29
hori_beta 6 3 10 2 6
dis_3d 4 12 3 19 10
cell_clutter_frequency 7 5 5 1 3
beta 5 8 13 11 8
worst_obstacle_height_rate 33 4 12 8 1
worst_obstacle_height 8 7 9 15 22
obstacle_num 9 6 11 13 5
Clutter Index 23 28 8 6 2
Building Height 10 18 18 12 4
Y 20 10 20 9 14
X 21 9 23 10 16
Height 32 19 28 5 26
Cell Altitude 24 22 31 7 32
worst_obstacle_delta_d 13 14 7 33 11
Cell Y 14 21 15 17 18
Cell Index 34 13 6 32 21
Cell X 17 20 17 18 17
delta_height 12 15 26 25 15
RS Power 18 25 29 14 27
worst_obstacle_y 15 16 14 34 12
Cell Clutter Index 16 29 30 21 24
worst_obstacle_x 19 17 16 35 13
Azimuth 30 23 32 20 20
abs_height 11 26 19 29 30
Altitude 25 24 27 24 33
cell_abs_height 29 27 33 22 31
Cell Building Height 35 30 25 23 7
Mechanical Downtilt 28 32 24 26 19
Electrical Downtilt 22 33 21 27 23
downtilt 31 31 22 28 25
frequency_band_log 27 35 35 30 35
Frequency Band 26 34 34 31 34

PCC 大 MIC PCC
程 ρ X, Y

cov(X,Y ) σX σY -1 1 ρ 大

( 9) MIC 2011 Science

大 [9, 10]
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5 100

名

1 dis_2d_log 11.406
2 dis_2d 9.432
3 dis_3d_log 8.503
4 hori_beta 6.217
5 dis_3d 6.194
6 cell_clutter_frequency 5.856
7 beta 4.383
8 worst_obstacle_height_rate 3.894
9 worst_obstacle_height 3.443
10 obstacle_num 3.394
11 Clutter Index 2.797
12 Building Height 2.625
13 Y 2.366
14 X 2.315
15 Height 2.201
16 worst_obstacle_delta_d 2.037
17 Cell Altitude 2.019
18 Cell Y 1.979
19 Cell Index 1.963
20 Cell X 1.874
21 delta_height 1.625
22 RS Power 1.576
23 worst_obstacle_y 1.448
24 Cell Clutter Index 1.255
25 worst_obstacle_x 1.250
26 Azimuth 1.204
27 abs_height 1.154
28 Altitude 1.054
29 cell_abs_height 1.001
30 Cell Building Height 0.816
31 Mechanical Downtilt 0.655
32 Electrical Downtilt 0.639
33 downtilt 0.629
34 frequency_band_log 0.399
35 Frequency Band 0.398

ρ =
cov(X,Y )

σXσY

(9)

(Random Forest, RF) [11] CatBoost
[12] bagging

CatBoost 2017 boosting
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CatBoost
5 (

1) CV

CV 大 CV 0.01
(w5) PCC MIC RF CatBoost

Score = w1 · SPCC + w2 · SMIC + w3 · SRF + w4 · SCatBoost + w5 · SCV (10)

4 . 2 . 3

5 3
100

大

3 PCC 号

dis_2d_log dis_2d dis_3d_log dis_3d 4
号 RSRP 号

号 beta hori_beta cos
0 180 大 号

4 名 4
PCC MIC RF CatBoost 名

名

名 2D
dis_2d 名 3 2 2 3

号 Frequency Band log frequency_band_log
3 CV 0

4 名

10 5
名 5

名 5
- 2D 3D dis_2d_log dis_2d dis_3d_log

dis_3d 号 号 beta hori_beta
号 - 号

17



cell_clutter_frequency
号 程 号

号 程 obstacle 名

obstacle_num worst_obstacle_height 号 程 大

号 大

4 . 3 RSRP

4 . 3 . 1

RSRP
学 f : Rn → R

大

华

Tensoflow
学 学 McCul-

loch Walter Pitts [13]
5 n 号 z

a = f(x)

[14]
学

大 1986 Rumelhart Werbos
[15] 1989 Yann LeCun

[16]
ART Elman

2012 AlexNet
参 Dropout

2014 Oxford VGG research group
VGG16/19[17] Google GoogLeNet

Inception[18] 2016 ResNet

18



5

[19]

Hornik
[20]

大

参

学 大 学

1963

4 . 3 . 2

学 参

学 RSRP

19



4000
2 号

程参

17
79

12011833
100

RSRP RSRP RMSE

RMSE

学

学

X =
X −Xmin

Xmax −Xmin
(11)

Cell Clutter Index, Clutter Index
one-hot 20

12011833
号

(RSRP) RSRP 6
大

RSRP RSRP < −130dB
号

程 清

ReLU

g(z) = max(0, z)

20



-140 -120 -100 -80 -60
0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

RSRP

-140 -120 -100 -80 -60

RSRP

6 号 RSRP

7 ReLU

7 ReLU z = 0

1 sigmoid
tanh

参

(11) 12 13 14

m < N − 1 (12)

m = log2 n (13)

m =
√
n+ l + a (14)

m =
√
nl (15)
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N m n l

a 1 10
参 6 7

参 参 学 learning rate
学 参 大 batch size

epoch num

6

input layer 79 ReLU
layer1 2048 ReLU
layer2 1024 ReLU
layer3 256 ReLU

output layer 1 ReLU

7 参

参 名 参

learning rate 2e-5
batch size 1280
epoch num 100

学 学

Wide and Deep [21] DCN[22]
LR Clutter Index Cell Clutter Index

学

程 程 8

学

MSE Mean Squared Error

22



8

MSE =
1

N

N∑
i=1

(yi − ŷi)
2

MSE 参 参 学

程 参 参 参

程 参

4.1 程

Catboost Catboost
参 8

23



4.1 1
: D = {(xn, yn)}Nn=1 V 学 α λ L

m(l) 1 ≤ l ≤ L
: W b

1: W b
2: repeat
3: for all(x(n), y(n)) ∈ D do
4: ŷk = f(βj − θj)
5: δ(l)

6: 参
7:

∂L(y(n), ŷ(n))
∂W (l)

= δ(l)(a(l−1))T

∂L(y(n), ŷ(n))
∂b(l)

= δ(l)

8:
W (l) ← W (l) − α(δ(l)(a(l−1))T + λW (l))

b(l) ← b(l) − αδ(l)

9: end for
10: until V

8 Catboost 参

参 名 参

iterations 10000
depth 10
learning rate 0.02
verbose 100
loss function RMSE
eval metric RMSE
early stopping rounds 100
random seed 2019
bootstrap type Poisson
devices 3

4 . 3 . 3

(RMSE : Root mean squared error)

RMSE =

√√√√ 1

N

N∑
i=1

(
P (i) − P̂ (i)

)2

24



0 5 10 15 20 25 30 35

9.5

10.0

10.5

11.0

11.5

12.0

RM
SE

9

0 200 400 600 800 1000 1200 1400

7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

RM
SE

10 Catboost

9 10
RMSE RMSE 9.57

RMSE 9.35
RMSE 9.07421

文 名
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5. 模型

5 . 1

学

2D 3D 号

大 学

大

CatBoost 5
名 5 名

名

LR
学

参

5 . 2

程

大

one hot
大 程

26



赛

参
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A PYTHON

import pandas as pd
import numpy as np
import math

file_path = ’ ./ train_set ’
eps = 1.

def parse_file (file_name , train_flag =True, save_h5py=True):
data = pd.read_csv(os . path . join (file_name) )
del data [ ’ Cell Index’]

x_min = min(data[ ’X’].min() , data [ ’ Cell X’ ][0])
y_min = min(data[ ’Y’].min() , data [ ’ Cell Y’ ][0])
data [ ’X’] −= x_min; data[’ Cell X’] −= x_min;
data [ ’Y’] −= y_min; data[’ Cell Y’] −= y_min;

cell_x , cell_y = data [ ’ Cell X’ ][0], data [ ’ Cell Y’][0]

data [ ’ abs_height ’ ] = data [ ’Building Height’ ] + data [ ’ Altitude ’ ]
data [ ’ cell_abs_height ’ ] = data [ ’Height’ ] + data [ ’ Cell Building Height’ ] + data [ ’ Cell Altitude ’ ]
cell_height = data [ ’ cell_abs_height ’ ][0]
data [ ’ delta_height ’ ] = data [ ’ abs_height ’ ] − data[ ’ cell_abs_height ’ ]

# log height
data [ ’ abs_height_log ’ ] = np.log10(data [ ’ abs_height ’ ] + eps)
data [ ’ cell_abs_height_log ’ ] = np.log10(data [ ’ cell_abs_height ’ ])

# angle to pie
data [ ’ Electrical Downtilt’ ] = data [ ’ Electrical Downtilt’ ] / 180 * np.pi
data [ ’Mechanical Downtilt’ ] = data [ ’Mechanical Downtilt’ ] / 180 * np.pi
data [ ’Azimuth’] = data [ ’Azimuth’] / 180 * np.pi

data [ ’ downtilt ’ ] = data [ ’ Electrical Downtilt’ ] + data [ ’Mechanical Downtilt’ ]
data [ ’ downtilt_pi_cos ’ ] = np.cos( data [ ’ downtilt ’ ])
data [ ’ downtilt_pi_sin ’ ] = np. sin (data [ ’ downtilt ’ ])

data [ ’elec_down_cos’] = np.cos( data [ ’ Electrical Downtilt’ ])
data [ ’elec_down_sin’] = np. sin (data [ ’ Electrical Downtilt’ ])

data [ ’mech_down_cos’] = np.cos(data[ ’Mechanical Downtilt’ ])
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data [ ’mech_down_sin’] = np.sin( data [ ’Mechanical Downtilt’ ])

data [ ’azimuth_cos’] = np.cos(data [ ’Azimuth’])
data [ ’azimuth_sin’ ] = np. sin (data [ ’Azimuth’])

# distance
data [ ’dis_3d’ ] = np. sqrt (
( data [ ’X’] − cell_x) ** 2 + ( data [ ’Y’] − cell_y) ** 2 + ( data [ ’ abs_height ’ ] − cell_height ) ** 2
)
data [ ’dis_2d’ ] = np. sqrt (
( data [ ’X’] − cell_x) ** 2 + ( data [ ’Y’] − cell_y) ** 2
)

# log distance
data [ ’dis_3d_log’ ] = np.log10(data [ ’dis_3d’ ] + eps)
data [ ’dis_2d_log’ ] = np.log10(data [ ’dis_2d’ ] + eps)

# log frequency
data [ ’frequency_band_log’] = np.log10(data [ ’Frequency Band’])

cell_emission_angel = (2.0*np.pi − data[ ’Azimuth’]) + np.pi /2.0
p1_0, p1_1 = np.cos( cell_emission_angel ) , np. sin ( cell_emission_angel )
p2_0 = data [ ’X’] − data[ ’ Cell X’]
p2_1 = data [ ’Y’] − data[ ’ Cell Y’]
data [ ’ hori_belta ’ ] = (p1_0 * p2_0 + p1_1 * p2_1) / np. sqrt (p2_0 ** 2 + p2_1 ** 2)
data [ ’ hori_belta ’ ] = data [ ’ hori_belta ’ ]. fillna (1)

# belta
p1_0, p1_1, p1_2 = p1_0, p1_1, − 1 * np. tan ( data [ ’ downtilt ’ ])
p2_0, p2_1, p2_2 = p2_0, p2_1, data [ ’ delta_height ’ ]
data [ ’ beta ’ ] = (p1_0 * p2_0 + p1_1 * p2_1 + p1_2 * p2_2) / np. sqrt (p1_0 ** 2 + p1_1 ** 2 + p1_2 ** 2) /

np. sqrt (p2_0 ** 2 + p2_1 ** 2 + p2_2 ** 2)
data [ ’ beta ’ ] = data [ ’ beta ’ ]. fillna (1)

# delta x, delta y
data [ ’ delta_x ’ ] = p2_0
data [ ’ delta_y ’ ] = p2_1

# obstacle
obstacle_num = []
worst_obstacle_height = []
worst_obstacle_height_rate = []
worst_obstacle_delta_d = []
worst_obstacle_type = []
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worst_obstacle_x , worst_obstacle_y = [], []
cell_x , cell_y , cell_height = data [ ’ Cell X’ ][0], data [ ’ Cell Y’ ][0], data [ ’ cell_abs_height ’ ][0]
for j in range( len (data ) ) :

x_0, y_0 = data [ ’X’][ j ], data [ ’Y’][ j ]
abs_height_0 = data [ ’ abs_height ’ ][ j ]
dx_0, dy_0 = x_0 − cell_x , y_0 − cell_y

x_1, y_1 = data [ ’X’], data [ ’Y’]
dx_1, dy_1 = x_1 − cell_x , y_1 − cell_y

the_cos = (dx_0 * dx_1 + dy_0 * dy_1) / np. sqrt (dx_0 ** 2 + dy_0 ** 2) / np. sqrt (dx_1 ** 2 + dy_1 **
2)

cos_simi = ( the_cos >= 0.99)

between = ((x_1 − x_0) * (x_1 − cell_x) ) <= 0
height = np. sqrt (dx_1 ** 2 + dy_1 ** 2) / np. sqrt (dx_0 ** 2 + dy_0 ** 2) * (abs_height_0 −

cell_height ) + cell_height
height = height . fillna ( cell_height )

too_height = data [ ’ abs_height ’ ] >= height
too_height_rate = ( data [ ’ abs_height ’ ] − height) / height

num = np.sum(cos_simi & between & too_height)
if num == 0:

num = 1
heightest = j

else :
heightest = too_height_rate . loc [cos_simi & between & too_height ]. argmax()
obstacle_num.append(num)

worst_obstacle_height .append(data[ ’ abs_height ’ ][ heightest ])
worst_obstacle_height_rate .append( too_height_rate [ heightest ])
worst_obstacle_delta_d .append(np. sqrt (dx_1 ** 2 + dy_1 ** 2)[ heightest ])
worst_obstacle_type .append(data[ ’ Clutter Index’ ][ heightest ])
worst_obstacle_x .append(x_1[ heightest ])
worst_obstacle_y .append(y_1[ heightest ])
data [ ’obstacle_num’] = np. array (obstacle_num)
data [ ’ worst_obstacle_height ’ ] = np. array ( height )
data [ ’ worst_obstacle_height_rate ’ ] = np. array ( worst_obstacle_height_rate )
data [ ’ worst_obstacle_delta_d ’ ] = np. array ( worst_obstacle_delta_d )
data [ ’ worst_obstacle_type ’ ] = np. array ( worst_obstacle_type )
data [ ’ worst_obstacle_x ’ ] = np. array ( worst_obstacle_x )
data [ ’ worst_obstacle_y ’ ] = np. array ( worst_obstacle_y )

for j in range (1, 21):
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if j in [1, 3, 4, 9, 19, 20]:
continue
data [ ’ Clutter Index_{}’. format( j ) ] = (data [ ’ Clutter Index’] == j ) . astype ( int )
del data [ ’ Clutter Index’]

for j in range (1, 21):
if j in [1, 3, 4, 9, 19, 20]:

continue
data [ ’index_{}_sum’.format(j ) ] = data [ ’ Clutter Index_{}’. format( j ) ]. sum()

data = data . fillna (0)
data [ data==float ( ’ inf ’ ) ] = 0

if save_h5py:
h5 = pd.HDFStore(’/home1/xie/shuxue/’ + file_name . split ( ’ / ’ )[−1][:−3] + ’h5’ , ’w’)
h5[’ data ’ ] = data
h5. close ()

if train_flag :
target = data [ ’RSRP’]
data = data .drop([ ’RSRP’], axis=1)
return data , target

else :
return data

import os
import matplotlib . pyplot as plt
import numpy as np
import pandas as pd

# CV ranking
cv_feature_impotance = [(column, np. std ( data [column])/abs(np.mean(data[column]))) for column in features ]
cv_feature_impotance . sort (key=lambda x: x [1], reverse =True)
cv_sorted_attrs = [item[0] for item in cv_feature_impotance]

cv_ranking = [ cv_sorted_attrs . index(x) + 1 for x in features ]
print (”# CV result”)
print (cv_ranking)
print (cv_feature_impotance)

# Pearson ranking
from scipy . stats import pearsonr
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y_values = data [ target ]
pearsonr_feature_impotance = [(column, pearsonr ( data [column], y_values) [0]) for column in features ]
pearsonr_feature_impotance . sort (key=lambda x: abs(x [1]) , reverse =True)
pearson_sorted_attrs = [item[0] for item in pearsonr_feature_impotance ]

pearson_ranking = [ pearson_sorted_attrs . index(x) + 1 for x in features ]
print (”# Pearson result ”)
print (pearson_ranking)
print ( pearsonr_feature_impotance )

# RF (Random Forest) feature ranking
from sklearn .ensemble import RandomForestRegressor

rf = RandomForestRegressor(n_estimators=500, n_jobs=−1)
rf . fit ( data . ix [:, features ], y_values)
rf_scores = rf . feature_importances_
print ( rf_scores )
rf_result = sorted ( list ( zip ( features , rf_scores ) ) , key=operator . itemgetter (1) , reverse =True)
rf_sorted_attrs = [x[0] for x in rf_result ]

rf_ranking = [ rf_sorted_attrs . index(x) + 1 for x in features ]
print (”# Random forest result ”)
print ( rf_sorted_attrs )
print ( rf_ranking )

# MIC (Maximal Information Coefficient ) feature ranking
from minepy import MINE

mine = MINE()
mic_scores = []
data_s = data .sample( frac=0.001)
print ( data_s .shape)
for attr in features :
print ( attr )
mine.compute_score(data_s . loc [:, attr ], y_values)
mic_scores .append(mine.mic())
mic_result = sorted ( list ( zip ( features , mic_scores) ) , key=operator . itemgetter (1) , reverse =True)
mic_sorted_attrs = [x[0] for x in mic_result ]

mic_ranking = [ mic_sorted_attrs . index(x) + 1 for x in features ]
print (”# MIC result”)
print ( mic_sorted_attrs )
print (mic_ranking)

# Catboost feature ranking
import catboost as cat
crf = cat .CatBoostRegressor(
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iterations =10000,
depth=10,
learning_rate =0.02,

verbose=100,
loss_function =’RMSE’,
eval_metric=’RMSE’,
early_stopping_rounds =100,
random_seed=2019,
task_type=’GPU’,
bootstrap_type =’Poisson’ ,
devices=’3’
)
crf . fit ( train_data , eval_set =eval_data )
cat_ranking = [(y, x) for x, y in zip (data .columns, crf . feature_importances_ ) ]
cat_ranking . sort ()
print ( cat_ranking )

import tensorflow as tf
import pandas as pd
import numpy as np

import util
import tf

def calRootMse(pre, label ) :
pre = pre . reshape(−1)
label = label . reshape(−1)
return np. sqrt (np.mean((pre − label ) ** 2))

def calPcrr (y_pred, y_true ) :
y_pred = y_pred. reshape(−1)
y_true = y_true . reshape(−1)
t = −103
tp = len ( y_true [( y_true < t )&(y_pred < t ) ])
fp = len ( y_true [( y_true >= t )&(y_pred < t ) ])
fn = len ( y_true [( y_true < t ) & (y_pred >= t ) ])
try :

precision =tp /( tp+fp)
recall = tp /( tp+fn)
pcrr = 2 * ( precision * recall ) /( precision + recall )

except :
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return 0
return pcrr

def linear_layer ( inputs , output_dims) :
x = tf . layers .dense( inputs , output_dims, activation =tf .nn. relu ,

kernel_initializer =tf . contrib . layers . xavier_initializer () )
return x

def network(x) :
y1 = linear_layer (x, 2048)
y1 = linear_layer (y1, 1024)
y1 = linear_layer (y1, 256)

y2 = tf . layers .dense(x, 256)
y = tf . concat ((y1, y2) , axis=0)
y = tf . layers .dense(y, 1)
return y

train_data_np = np. array ( train_data )
train_target_np = np. array ( train_target ) . reshape(−1, 1)

eval_data_np = np. array ( eval_data )
eval_target_np = np. array ( eval_target ) . reshape(−1, 1)

train_size = len ( train_target_np )
eval_size = len ( eval_target_np )
input_dims = train_data_np .shape[−1]

batch_size = 1280
epoch_num = 10000

train_size = train_size // batch_size * batch_size
eval_size = eval_size // batch_size * batch_size
train_data_np = train_data_np [: train_size ]
train_target_np = train_target_np [: train_size ]

eval_data_np = eval_data_np [: eval_size ]
eval_target_np = eval_target_np [: eval_size ]
print ( ’ train_size ’ , train_size , ’ eval_size ’ , eval_size )
input_pl = tf . placeholder ( tf . float32 , (None, input_dims) )
label_pl = tf . placeholder ( tf . float32 , (None, 1))
outputs = network( input_pl )

global_step = tf . Variable (0, trainable =False)
starter_learning_rate = 2e−5

learning_rate = tf . train . exponential_decay ( starter_learning_rate , global_step ,
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10, 0.8, staircase =True)
loss = tf . losses .mean_squared_error( labels = label_pl , predictions =outputs)
optimizer = tf . train .MomentumOptimizer(learning_rate=learning_rate , momentum=0.8)
train_op = optimizer .minimize(loss )

init = tf . global_variables_initializer ()
config = tf .ConfigProto ()
config .gpu_options .allow_growth=True
sess = tf . Session( config=config)

sess . run( init )
best_epoch_idx , best_loss = 0, 1e10
train_losses , eval_losses = [], []

for epoch_index in range(epoch_num):
print ( ’Runing’)
print ( ’ lf ’ , sess . run( learning_rate , { global_step : epoch_index}))
total_loss = 0
for i in range (0, train_size , batch_size ) :

datas , labels = train_data_np [ i : i+batch_size , ...], train_target_np [ i : i+batch_size , ...]
los , _, out = sess . run ([ loss , train_op , outputs ], feed_dict ={input_pl : datas , label_pl : labels })
total_loss += los / ( train_size / batch_size )

print ( ’ train epoch {} {}’ . format(epoch_index, total_loss ) )
train_losses .append( total_loss )
total_loss = 0
result = []
for i in range (0, eval_size , batch_size ) :

datas , labels = eval_data_np[ i : i+batch_size , ...], eval_target_np [ i : i+batch_size , ...]
los , out = sess . run ([ loss , outputs ], feed_dict ={input_pl : datas , label_pl : labels })
total_loss += los / ( eval_size / batch_size )
result .append(np.array (out) )

result = np. concatenate ( result , axis=0)
print ( ’ eval epoch {}: {}, rmse: {}, pcrr : {}’ . format(epoch_index, total_loss ,
calRootMse( result , eval_target_np ) , calPcrr ( result , eval_target_np ) ) )
eval_losses .append( total_loss )

if total_loss <= best_loss :
best_loss , best_epoch_idx = total_loss , epoch_index
tf .saved_model.simple_save(sess , model_save_path+’{}’.format( best_loss ) ,
inputs ={”myInput”: input_pl }, outputs={”myOutput”: outputs})

if epoch_index − best_epoch_idx >= 10:
break
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