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Abstract: The electromagnetic radiation prediction method of 5G base station is studied. A General
Regression Neural Network(GRNN) model-based electromagnetic radiation environment representation
method for base station is proposed, and the instantaneous broadband electric field strength at the ground
plane of the theoretical maximum radiation point around the base station is predicted. 80% of the data is
taken as the training set and 20% as the test set. Given the antenna transmission power, the distance
between the 5G base station and its theoretical maximum radiant point, the data transmission time, the
obtained Mean Absolute Percentage Error(MAPE) is 0.087 1, and the operating time is 3~5 min. The
method shows good prediction accuracy and fast running speed. At the same time, by comparing with
other models, the superiority of the method is verified, which is manifested in the substantial
improvement of prediction accuracy and efficiency. With the increase of the prediction range around the
base station, the advantages become more obvious, and the method has good applicability to different
scenarios.
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Tablel Input feature parameters and output feature parameters

symbol description property
P, transmitted power of antennas belonging to China Mobile input
P, transmitted power of antennas belonging to China Unicom input
P, transmitted power of antennas belonging to China Telecom input
D distance between 5G base station and its theoretical maximum radiation point input
T data transferring time between 5G terminal and 5G base station input
t moment in the test duration (0 <7<360 s) input
|E| instantaneous electric field intensity at the given time ¢ output

FEALTDMETE . Bril . S, BEOFSEHLIX, ff F 5 4% BF0691 K £k 1) Narda NBMS50 Z5 5 ¥ 504, %1%t 5G 33k
P RN 1) Z A s b AT I, AR BUECHE 10 800 4% .

ZIERI LA I A B Beoom AR VB R ), A R ) RS BAE MR E, BRE R BR AF R T AT
A A B EE R, BB SR SR A A, T LUK A ST B B R 22 MR B B I R I AR S o) R i A S 9 ()
L, R ST 28 ) 4% (GRNN) ALY, DL G b 00000 SG G sl 77 AR 1 FRLRG R 55, 0% L5 BP il 28 I 45 17 i)
15 4% B 15 Bl 442 M 4% (Backpropagation Neural Networks, BNN)#& % Fl % 45 [1] & 1] J5 (Support Vector Regression, SVR)
TSR T 25 SR AT XS b, i LA T AR .

1.1 BP#HZ M KEAR
BP M & MR AR . BE 2 M )2 . BP &M

BB SR~ RR LR, MM F 22 &2 BP
22 190 45 0 41 41 25 AT 1 T .
BP i 2 [0 2% (1) i A J2 O REAS B 36 06 22 595 90 5% P (B0 8 oh :
B 8 KLk & S o Py ol BRI K 28 K B 2R P, LB N\ T

5 R R TF P, 5G W 5 H I e Kig i =z

LGB0 D O £ 0 B T 7 0 0 5 5 00 5t ) ¢ Fi | Block dagram f 5P neual nctwork mode
Tixx/ ;EL N UREE 3
St 2 T 2 vl B (. WA SR B N B R I BP IR BRI e

AR SR, il IR RO A T S . —BOREL, Z2ARE R T RIS AR E L s, HEZ R
BOE Sy e A U TR, SR ufEBE , I, 38 7 ZLAR R O A 2 6 ok A B o & R S
B2 F 119 e 22 o0 B A 22 6 2 5O 93 Pl P B B, O T A 22 6 2 508

n,=2\/n,+n, +m 4)

A o, NMERGZEMZE TR n MR AR ITTE; no M EME T m EE, Hme [1,10],
R A NS Rl O 7 = = - Qe (N T = b i OB e i i =0 0 I - SR TTINE i/ W ) B WS R el |
—1fk.

X—X

_ i +ymin (5)

y: (ymax_ymin)xx _
A x EPRAE 5 v T X0 9 BCHE HHY  ANMEL A B KA sy A — BB 5 o Ty I — AR B AN X ]

([ Vunia Ve ) EIFFAR BB B 2 X090 [ 3 Ve | 2 o
1.2 SVRiEH

SVR H I 2 3 [ 2% # Corinna Cortes Fl Vladimir Vapnik T° 1995 4F #& Hy iU, JH: 3= 2 J5 9 2 i oo 26 56 vE £ i 3
AR e v 5, B A ) B A B N S AR AR S ) b, E e as ) AP Y LR R B R £k e S R T, AT
FRIUE W 2% LA 35 i W2 AL BE 71 . SVR AT 2 fi AR 5 218 - 1 A9 I 2 T BB /0N, M 8 4% 4% 2 % 0 /Y 191 U3 1f
2 iR .

RAF AR pR Y, BN A1 AN .

f(x)=wx+b 6)



1360 ABEH PSR TFERSRE 521 %

A o R XSHG b A E

B fe AR B R 26, e WA B WZ2E, @R AN AT
BOE B R, B BTN & 00N f(x) —e F
f(x) +eo HEEARBNEADBFRBEE R T e, 42
TR AR AR RN, WA TR BK,
O REA T IE 1

IR (6), AR ST B0 R pR B A

o optimal margin
/N

) optimal hyperplane

Fe)= 3@ =a, ), b ™
N . R R Fig.2 Schematic diagram of SVR model
e a, Ma; A5IARIPAE B H T bR M S K2 SVR L&A
SVR AL H bR R A -
R= o] +cz ®)
K o BREU XSHG BRI ARSI 5 ShRash N+
2 (7) By P9 B E B G A pR B K (o) ) AR, AR SO R AR 2 85000 A e 1 e BB 1 AT Sl A 9 1) 48 1) A
PR %{(Radial Basis Function, RBF), Bfl:

K(x,x;)=exp(g| x,—x; |)* ©)
P g WS, %S BORIE ST 200 SRR 00 65 0 BE
1.3 GRNN I
GRINN #1280 5 7 i) 4 28 [ 46 (1) — Fh 0. GRNN BT AR . B3R . SRANZ A HUZ 0. M A .
X= (%20 x,) (10)
B 10
Y= (yl,yz, ~~-,yp)T )

A, BAZ AT p A ARHIES B AR, W p=5. B2 B9 20800 i AR %A
M. R L8 ek K

_ (x_xi )T (x_xi)

2 2 }71.:1727"'7M (12)
g

pi:exp[

K o BV T x MG AR x, 955 i D2 AR LY 2 > BEAR
KAZEA 2 MR EIT., —R N RHIT, FEATRARRM, LR

Sp= Zpi (13)
F—ZE R Fn, XA SR A S T INABGR A, AL pR R
Sy= 2y G=1.2,+k) (14)

Ay, FAE R A A A TSR MR 38 A 23 1 22 8] IR HE AU
AR SO T D S vl L R R AT SR S s B BAEL, Bl A=1, BeERisaUh .

Sy
;= S*Z,j=1,2,---,k (15)

1.4 EEIEHR
g 30 5 (R S B A 22 ) B 25 5, SR SR 48 X T 3 G R 25 (MAPE)E S 3445 F500AS 5 22 A0 35 4



5511 1 BREH#SE: —ME T GRNNEER) 5G Bl B RZ 4R S /7 3% 1361

100% || E| = | E
SR

(16)

i=1

A n IR R R R 5 | E | SERR N
VEAG SR AR, B AT I 1R BEA T PFA

2 HEROW 30

E| T i .

actual values

A SCRUHE R 10 800, T 80% i B4 7 31 2} —— ook
YRAE, 20% MY ECHEME NI AL, BP 28 ) 45 B A
SVR #4278 Fl GRNN 5 7 B B A il ik A — 3, oir
T AE uf i 4k B 48 4 Intel(R) Xeon(R) Bronze 3104
CPU@1.70 GHz, %% N 1F(RAM) N 32.0 GB.
YN s R .

2.1 BPHZMEEEE RS

MR VR, BEE A 10,
BP il 28 W 25 A AT 25 SR & 3 fr s o M 3 Hror]

20

electric field intensity/(V-m™")
O

200 400 600 800 1000 1200 1400 1600 1800 2000

LA, 2 ki e ih il & B 22, o Y i Bk index number

1000 B, T &5 R 5 Sz B ) 45 SR R A T ok Fig.3 The predicted result of BP neural network model(/=1)
o o 12 O 445 R 0 45 S 1 =

2% . A BB O BUR 5225 ) 0,230 4. 13 BRI =)

M RBE O 20, BCES VR RO 13, 2R BN 14, (] BP 22 [ 2 45 F5TI 45 28 4 ] 4 P
Ao W4l RIE Y, 2 A B 2 B0 B0 45 R AR A 1 A a5 2 A T 45 R B Ol o o RS TR 10 T
IR 254 E\ypp=0.166 8

30 T T T T T T T T 30

e BP neural network | | 25+ BP neural network

[oe]
[

= TE

E20F ‘

S <

z s Z

(é o =

= =

3 1] %,

2 B

87 3

[}

0
L L L L L L L L . . B 200 400 600 800 1000 12001400 1600 18002000
200 400 600 800 1000 1200 1400 1600 18002000 index number
index number
X . Fig.5 The predicted result of BP neural network model(/=3

Fig.4 The predicted result of BP neural network model(/=2) & % 5 BPHIZA M B BIILEE (1= 3) =3

P14 BP 22 MR T4 R (1= 2) TR IR

MR EREEGE N IN, WESE 1R AECN 13, 22 B8, B3R A 2, I ] BP M2 I 45 AR Y
T A5 SR E 5 s o IS T DU, R 3 S Be )2 0 I 4 2R 5 0 P 2 A4S B 2R 0 B 45 SR AR 22 A8 K
HEA T K A 0 T 1R 22 4 Ey0p=0.1695 ¢

R EAIAS, HEREEEGE (=20, MAPE /), LA . HES 280 1=2 1F, BP #i1 48 % £5 45 A 3
LRSS 2N
2.2 SVRIRB GRS

26 F WLEE N 43 AT AR AE S 8000 o A b, AR SCREBOR [a] A 511 TR 7 ¢ A% 2 500 g ofc VR 48 A5 760 1) T3 DR A 8, I
LAec=4, g=08MIELLT, M THRAMHI LGSR, f#H SVR BRI 925 5 an & 6 i .
FRAE SVR AR Y T 45 5L A7 0, AN 3 4 B9 F 12 25 R By = 0.091 7, 3247 HS ] 2 min 247 .



1362 KFZBRZ5EFEEER

30

= actual values
25+
20

151

10

electric field intensity/(V-m™)

5

0

200 400 600 800 1000 1200 1400 1600 1800 2000
index number

Fig.6 The predicted result of SVR model
K6 SRR FEs R

2.3 GRNN#ERIZE R 4547

21 5
30 T T T T T
= GRNN
25 F

electric field intensity/(V-m™)

200 400 600 800 1000 1200 1400 1600 1800 2000
index number

Fig.7 The predicted result of GRNN model
P77 GRNN AR 25 R

R 2 BR W0 B A R AR 28, BF GRNN B A i A E & oI B Hik e A 5, SRR s i 7 i o
FR A GRNN A5 S0 2% 5L ] i, 38 A~k 4 A8 T 4% 22 0 E,p = 0.087 1, iz 47 B [B] 24 3~5 min,

2.4 Houf R R 5 N 75 A Xt b

P& 8 Sk AN [R] AL Y (1% 1 00 A0 S B L 22 ) 1Y 25 S
100 -

RIE2.1, 2223 LR, niEE2.

B 8 AR 2 AT 45, Y%kl & o 10 800 i, 5 BP
Pl N 2 AL B, SVR A AL B AR /D T I B A
], (HREH R P s AN O, BRI 2 WK
BN OL R, i/ T S0 Al 24 0 445 455 TR SR A4 0 T 35
P2 R TR 8 4 ) 45 AUMEL O Ak I 28 2 ) 3 A

GRNN H55 10 750300 A% By B A0SR A 8 R M 0 v, A
i BP i 45 W 45 KL | GRNN #% %) MAPE 11 f5% /)M i U

0.1668 — 0.0871 o e
INT S e X 100% = 47.78%.

GRNN £ 81 5 SVR # B AH B, B AR 7 SR i 5 R
TFE AR, (BT3B A, GRNN R & T
SVR WAL I bl 5 X ek i AU K, A Bemn & 0

30

=——actual values

25k ====BP neural network
NN

comprehensive field intensity amplitude/(V-m™)

200 400 600 800 1000 1200 1400 1600 1800 2000
test points(PCS)

Fig.8 Comparison of three electromagnetic radiation prediction models
for base stations

P8 =ikl L R S P AR Py 225 SR L

2 LU AR S B R0 HE

Table2 Comparison of electromagnetic emission prediction methods of base stations

method MAPE runtime/min
the results of BP neural network model prediction evaluation (/=1) 02250 5~6
the results of BP neural network model prediction evaluation (/=2) 0.1583 5~6
the results of BP neural network model prediction evaluation (/=3) 0.1627 5~6
the results of SVR model prediction evaluation 0.193 5 about 2
the results of GRNN model prediction evaluation 0.087 1 3~5
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