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Research on power line communication optimization algorithm based on improved random forest

XIE Wenwang, SUN Yunlian, HUANG Yaxin
(School of Electric Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: Aiming at the defect that traditional channel estimation technology will occupy spectrum resources, an
improved algorithm based on improved random forest is proposed. Firstly, the improved SMOTE algorithm is
preprocessed according to the inherent imbalance of the source data. Based on the characteristics of the power line
channel, the synthetic rules of the minority data are determined, and the performance of the subinterval error rate of the
mapped module is analyzed as the evaluation index. A broadband power line communication system model is built, and
the actual meter data is used as the source data to carry out the simulation test under 500 m 18 path power line channel
model. The experimental results show that the algorithm can make up for the influence of the inherent imbalance of the
meter data on the performance of the random forest, and greatly reduce the fluctuation of the bit error rate. In all kinds of
signal to noise environment, the improved random forest algorithm can well optimize the performance of the module,
improve the quality of broadband power line communication and reduce the bit error rate.
This work is supported by Science and Technology Project of China Southern Power Grid (No. 035300KK52150007).
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Fig. 1 Optimization principle of broadband power line communication based on random forest algorithm
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Fig. 2 Original source data
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Table 2 Parameter identification results of a 500 m

18 path power line channel model
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Fig. 3 Fading curve of the 500 m 18 path channel model
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Fig. 4 Constellation of the receiving signal of the demap module
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Fig. 5 Bit error rate of data in different mapping intervals



-26- @A &R B R

&l 5 A W, {5 SNR=15 dB (PR T, 7Efme
SRS | NBEHLARAR SR G, A AR [ B ARG
RIFLR 5% /At, WEMEARET EERS.
P 1 R AR 2 40 U A A B ) T AT (AN
P, SFEUEREIE R R T 2R s, 5
e G S T) (91 4 DX 1] 9) R A S L IR B 1 AR
PR =L B L, ERELLRRIS AR kil
5 ARG RV FEbR B AT R R k. RIE SRS 5
TRAR, RIELE A7 IS TA] N S 1) DR 2R AT AR A v, DA
R T 5 I A DX RS RAE A F PP FR bR . 7%
JERAT X RGN, EET | NBENLARM G
BT AR, FE TR 1 1)
Bt K, 2 S EBELARMIIPERE A TR
M, AT BUR 2 728K 8] 17 X (AR A R AR R
TR R 1y o 1 S B AR R A T KR
— AR R EARE T, SEFRAE R TR
PR ZE , IO T5 5 B AR AL S0 FEdk A T ik

3 M SMOTE L &%

3.1 SMOTE &f& N
SMOTE(Synthetic ~ Minority ~ Over-sampling
Technique) & — 7 HL I (RN i E i Ab BRETYE:, 7E4K
WAL FRATIRIRAS T )2 R0, A TR
A N T o R S 2 Bt 1) 7 5k 30) ok R
f H R, AT S 3 B2 A et 4R AN v AR D
SMOTE 53k N T8 B (R an (5)=XP 7
Simewy = i +1and(0,1) x (x; — f) 5)
K e U =12, ,m) A m NN
s [ =1,2,,n) NPRFEAR, n FRHLEAD
B x;(j=12,--,m) WIREA f, B BREA
SMOTE $3: 45 1% 0 1 Job 54l 53 1) 51 AR AN 1Y)
R BAT A5 R ERe, BT ATS
BCEE AN SR FEAC I R LA o, TR AEREA S
SWHPEL LRI A8, e BB AT 1k
PR TR IS, T o ) 7 9 ) 5 R AS R I R o >
G FAT DLgE P 4 v BN L AR AR SV R 1 e AU
JEP22, SMOTE STIA AR AT H A B 1 1
RREARZ I IREAATIIR I R, E0 T H ) Zeidi 5
M5, AW EERARIN, AN [ Bl S X )3 5 10 2
SR ERREAR S, WILEX g ErEdE S
Fr A8 LR BRI M 2 N LA X |), 27
BT IR SMOTE 5%, W< FBeHE A
T REAEAEAE ORI (AL o AR e, RIS
I BRI AL A B . BRI, A T AR
Pt B AN R () [ I R AUE R R AR T B, 37522

KHEGE SMOTE SL:b 4T ik
3.2 i SMOTE &% [RI18
FETAL8: SMOTE Sy iy 2R3 45 A5 1) sl
B, ASCHEH TR SMOTE 3k, TR
1N A AR ALE N S ) (P R b BB A LR AR
PIPERE, WA ORUEXT T R — SRR AR I A AT 8K
J& TAZZ0M o [ R T 3 AT AR MO B i A £ s
P20, NEFEAHR N REREE SRR EA L
I ZE e R RODERINE RS, ANEEBILT
fA LS BT T B B (P)AE 5 X RS SR AR, AF
WaLLAG miy, XSS NEERRAERLE, X4
A LA, ARG 5 X 2 R A SRR
WA T ARUE FRFEAR G A, ASmit )
N T8 I P R X R A A g DX S AT R T, ek
SMOTE 532 e & ot an =6)—=X(8) .
f/(new) = fi trand(4, ) x(f,. = /) (6)

fo=> S ™)
A

= L fic min 8

= ®

X f, R REdR s ol FerH S s
(DR y, M ARG NAEBMER L MR,
il R 1 AR B I, ARSI B R, 2,
150 2l y, ZIRBEATHUH, A4, 5y, AZEHOR, AZIX
OB, (H 2 2, BUE /N, s A X el T4
A L, S BEARBEA LR & it 157 > e
T30 BIE_EBR y, B4R X 0] 130 S8l i 7 Sl
HL RS S TR IX A R b g, nsl(8) P
me L fU=1,2,,m) TR 5 HIEXRALITI
DRI P IEE, ny FoR L X BN o
NTTREL O BRAIE & R E 10 5 5 4RI X
8] Z [ B AT E IR Dok, Wil e, <10 B5IA L
BHE SMOTE Sk LUR,  Blifs 5 (1 2 E i i
6 7o

Hilsl 6 T, SIASEE SMOTE 5k LUG, B
B R SR EE T AR B SR A AP i
1 1A DL SREE (b0 o R bty HAERE
AR A B T e T Y R R B R AR
TR il w04 €711t G o e o LTI (11 1 s R RS T WO
P K. R, 5 AHARIX IR 2 FNDCTa] 5 6
K A S SART N, PADRIUE & ot 2 5 B
AR GRA AT RPTHIREY, L5 22 3 2 (i 57 X ]
YRt E B DA R, BAERAIE 5 Je i X it
PUBRMR S ST REIIIGETT . AEBENLARMR AT 5T
Bt SMOTE AN Al gt A T WAL #E LR, i



WO, 45

BT IS EALARAR 1 1 ) Sl 5 DL A 9T

- 27 -

IR R AR 5 5 DX )RR 0t EE ] 7 s
03 E j | E |
110 | —_—

ik,

=, (.3

il | PR (L

0.4 i i i i i i i
04 03 02 0.1 ] 01 02 03 04

Bl 6 2 SMOTE 4325 i 2 FE
Fig. 6 Constellation after processing of improved
SMOTE algorithm

04

03

TR

R [5G

7 4 6 8§ 10 12 1 16 18
T A4 5 (SVR=15 dB)

B 7 FXERBENLLE

Fig. 7 Comparison diagram of bit error rate in subinterval

HIE 7 WL, SIASEEBENUARM A US, 5
ZHUAHEL, SRR A SRR, 02 d A
SASEEROR, B E B A B LR MRS A L fE
TR AT AT A SMOTE H3% LU,
FARIN) 7 X R BRAS AR EG 2 T ARG A PRAE, TIX

) ) P o A s b L e

15 . ——
=
= === ST i L2
= 108
b}
# 35
o o )

200 40 60 80 100 120 140 160 180 200

RAEFE

Tl M AR S i R e

R e (A

IR e I

BETEIhIhE kW

()55 2 5 5 6 2 T 1) 2 S e 38 T ARAR IR K
ey ARUFHUAR R T AT EE SR N BEA LR RE
R P e A, RS LSS S S A RS PEREDT
Wiabs LA BRI B, ASTEARFIMIE
Mg Lb R S SOk B AR MRSV AT T PR REIIAR, i &
g5 8 s

40

T T
. : : | [
G 1Y) TV (NP SRR RO WOTOTY: OROR OO I Lo o
: | —4— St RF

30t

R %

0

05 10 15 20 25 30 35 40 45 50
fEHELE /dB

& 8 REMEME: L T BIIRAGZR ST LLE
Fig. 8 Comparison diagram of bit error rate under

different signal to noise ratio

K 8 WL, SIS AL LU, 1E
ANFPEEE LA R, W5 RAE RIS R IR T
WAL, SO, R gk T Mo
B, JUHAEARAE e LU IS (K A28 5 I fI ik .
S LG BENLARMEVEAMI L, S5 5 ik T DL A
H R B AT A PR I, E B R s A5 R
TIX AR R A, SRRt — e R
FRAG, MORIRTE T I0ME RA AT RE . SEH 25 R
LW, 1 SNR>10 dB I, 5IAMSCHBENLARME L]
B SR TS RGP AD R FLE] 10% LT, Y4
SNR>20 dB i, AP RAGRFECE] 1%L, L
FEAG TR 5 H EL B B 9 BT, (s nl
DUAR Gk 5 2850 W AR s IR 5 o

B e e Bl b e e 4

0 40 60 B0 100 120 140
Rfr
BREIFE R EEE SRR ch = IR

& 9 {ETE1E{E S HI*T ELEI(SVR=20 dB)
Fig. 9 Contrast diagram of the signal received by sink (SNR=20 dB)



-28 -

@A &R B R

4 Lig

ARSCER T —Fh et B BE ML AR AR SR A T

P ) S A R G R E REERPE RE . 1 el 2

HE SMOTE S8 Yl it B b i) Dy se el kAT 1t

AbEE, DA S S AT . BT 2k

AR E SREE A A O, SIS N

(B T Sl A X TR] A R T X TR RS R

B, TR R IRIG IR T AR

F BSCGAEBEA URARAR SRS i 7 23845 AR S A B

PEREEATIUAL . SRR, AER PG LIRS

N, BOEBEHUARAR I BEAT R i v ) 2t A o

i, HARHLH Bk SR S (A e P TP A 3 i

[ I A2 S A GG TE A TR LEAS 7 5 51 0

B BE YR LS8, 152 F AR PR 45 T R RE S

P PRI SRR I Y e R, O HL ) 2l A

ARG R AR SR X

SE 3k

(17 fTEty, XB, A S0 al fd Rl i B ) il

PR VEA[T]. ) RGO S5, 2017, 45(14):
64-69.
HE Yujun, LIU Yi, ZHOU Shengping. Risk evaluation for
electric power communication network based on matter-
element extensible model[J]. Power System Protection and
Control, 2017, 45(14): 64-69.

(2] PR, RN, 0k, 55 BT BP A2 LSRR H

PO ) S 1 DR IR R 3 R U BT VE ], R RS
i, 2017, 45(19): 71-77.
TIAN Hongxun, WANG Honggang, WAN Tao, et al. A
methodology of computing sensitivity of distribution
system reliability with respect to driving factors based on
a BP neural network[J]. Power System Protection and
Control, 2017, 45(19): 71-77.

(3] 2RI, A%, X/NRE, 45 B AR MRS T i mk
MR RBTOE ). T4, 2017, 30(12): 7-14.
PENG Xiangang, LI Zhuangmao, DENG Xiaokang, et al.
Research on advanced metering infrastructure under
smart grid framework[J].
2017, 30(12): 7-14.

(4] FRw], §ImEE. F TR i EIEAS I 52 1 R G
B AR TEAG VSR I]. ) B s, 2013,
33(4): 135-141.

CHEN Ke, HU Xiaoguang. Improved channel estimation

Guangdong Electric Power,

algorithm based on virtual carriers of low-voltage power

(5]

[6°

[7

(8]

[9°

[10]

(11]

line OFDM system[J].
Equipment, 2013, 33(4): 135-141.

JESEN, I HE, LR, 55 ST IR R 2k
ff] CO-OFDM ZZE AL i AME STVE[T]. D624k,
2017, 37(9): 47-58.

TANG Yingjie, DONG Yuejun, REN Hongliang, et al.

Phase noise compensation algorithm based on Kalman

Electric Power Automation

filtering in time and frequency domains for CO-OFDM
system[J]. Acta Optica Sinica, 2017, 37(9): 47-58.
BXAR, KA. — AT Lloyd-Max FIfEIEAY
THEE]. R&HIEERR, 2017, 43(3): 56-59.

GU Shuangchun, ZHANG Runsheng. A new channel
estimation method based on improved Lloyd-Max[J].
Radio Communications Technology, 2017, 43(3): 56-59.
MG, AR, GAEME, E BTN IR AT
ISFA [t CO-OFDM {5t 777 [0). Bk, 2015,
42(12): 145-151.

LIU Jianfei, SHI Huimin, ZENG Xiangye, et al. Channel
estimation method based on wavelet and improved ISFA
for CO-OFDM system[J]. Chinese Journal of Lasers,
2015, 42(12): 145-151.

EAFAE, UL, TRiE. BT BENULRMSIE R & XA B
LR A IAD] B Ak, 2017, 37(11):
39-45.

WANG Shouxiang, ZHOU Kai, SU Yun. Line loss rate
estimation method of transformer district based on random
forest algorithm[J]. Electric Power Automation Equipment,
2017, 37(11): 39-45.

TS, MV, Xik. FeTREHLARBK 1 L) R GE N i
TR SE[I]. R 7, 2018, 46(5): 8-14.
HUANG Han, SUN Kun, LIU Da.
forecasting of power system based on random forest[J].
Smart Power, 2018, 46(5): 8-14.

HIER. BN EVEAGEEFID]. dbat: EHETF
U5 K, 2014,

CAO Zhengfeng. Study on optimization of random

Hourly load

forests algorithm[D]. Beijing: Capital University of

Economics and Business, 2014.

PIERE, FYA, PSSR I RBELAR bR 1
Wi ) v 4 SR [I]. m R HR, 2017, 43(11):
3705-3711.

LI Junfeng, WANG Qinruo, LI Min. Electric equipment
image recognition based on deep learning and random
forest[J]. High Voltage Engineering, 2017, 43(11):
3705-3711.



WO, 4%

BT IS EALARAR 1 1 ) Sl 5 DL A 9T

- 29 -

[12]

[13]

[14]

[15]

[16]

[17]

Xk, PhVEE, BilS. T EEMD FIREHLARMRI F 5
I, B F, 2018, 46(6): 12-18.

LIU Da, SUN Kun, HUANG Han. Monthly load
forecasting based on EEMD and random forest[J]. Smart
Power, 2018, 46(6): 12-18.

RHET, K, BRSNS R FEA
T S R AT N S [T]. A R G IR 4%
i, 2017, 45(4): 121-125.

SUO Chaonan, ZHANG Hui, ZHAO Xiongwen.
Research on the application of wavelet basis functions on
modeling of colored background noise for low-voltage
power line channels[J]. Power System Protection and
Control, 2017, 45(4): 121-125.

ANV, IR, AT, S ICE HL D A Bl A E
TEPRAT PN B 5 0T B RGO 54, 2018,
46(4): 99-106.

LI Songnong, HU Xiaorui, ZHENG Ke, et al. Measure
and research on attenuation characteristics of voltage
power line communication channel[J]. Power System
Protection and Control, 2018, 46(4): 99-106.

HHER, TR, W, AF 2R i)
2L 3O A AF R R IT (0], AL TR AR,
2017, 37(4): 1136-1142.

CAO Wangbin, YIN Chengqun, XIE Zhiyuan, et al.
Research on broadband MIMO power line communications
model[J]. Proceedings of the CSEE, 2017, 37(4):
1136-1142.

Sk, ekl ER, S BT S SR
RrEs A RII]. T4y, 2018, 31(3): 115-119.

YI Lin, QIN Xiaoke, WANG Gang, et al. Path planning
for electric power patrol based on improved ant colony
algorithms[J]. Guangdong Electric Power, 2018, 31(3):
115-119.

JRERE, SRALTE, BV AT b R AL R

(18]

[19]

[20]

[21]

[22]

L 2 A 2 AR AR MR Y 2 5O IR (D], A EOR,
2009, 33(1): 75-79.

ZHANG Xuhui, ZHANG Liyong, LIANG Xiao.
Parameter identification of multi-path transmission model
for power line communication based on improved
particle Power
Technology, 2009, 33(1): 75-79.

WEISS G M. Mining with rarity: a unifying framework[J].
SIGKDD Explorations, 2004, 6(1): 7-19.

BREIMAN L. Random forests[J]. Machine Learning,
2001, 45(1): 5-32.

VO], R, AR, . BT REEEA
S 5 1) A P e B B U R R R LT
FEZAR, 2017, 37(11): 3099-3107, 3365.

HUANG Jianming, LI Xiaoming, QU Hezuo, et al

Method for fault type identification of transmission line

swarm  optimization[J]. System

considering wavelet singular information and unbalanced
dataset[J]. Proceedings of the CSEE, 2017, 37(11):
3099-3107, 3365.

QUINLAN 1J R. Induction on decision tree[J]. Machine
Learning, 1986, 1(1): 81-106.

FEE. ARG LR AR EE AL S B T [D].
UM WK, 2016.

WANG Yuheng. Improvement and application of random
forest algorithm in recommender systems[D]. Hangzhou:

Zhejiang University, 2016.

Yrfs HER: 2018-07-05;

{&El HH7: 2018-10-13

EEEIT:

WXIE(1993—), F, MEHARAE, HARF @A NE

BH AR, oA LKA HAK; E-mail: xiewenwang_sz@163.com

IpEE(1962—), %, #ix, HEAFIF, Hriah

W A2 EHK. FEE e M. E-mail: ylsun@whu.edu.cn

(3% R &)



	DOI: 10.19783/j.cnki.pspc.180814 
	基于改进随机森林的电力线通信优化算法研究 
	Research on power line communication optimization algorithm based on improved random forest 
	1.1 决策树和随机森林原理 
	2.1 电力线通信系统模型的参数选取 
	图2 原始的信源数据 
	对于PLC系统，在数据传输前还需要对原始数据进行相应处理形成待传输数据，本文对数据的处理依据《中国人民共和国电力行业标准(DL/T 645-2007)》中对智能电表与集中器之间的数据通信时的长度规定，具体的参数规定如表1所示。 
	表1 各项电能数据项的长度规定 
	Table 1 Length of the electrical energy data items 
	由表1可知，不同的电能数据项在传输过程中所占的字节数和精度是不同的。按照规定，电能数据和电压数据分别占用4个字节和2个字节长度，电流和瞬时功率则均占用3个字节长度且具有更高的精度。因此原始的信源数据经过表1所示的处理转换为 的二进制数据用于传输。对于电力线信道模型的搭建，本文的模型参数选取文献[17]中利用改进粒子群优化算法对实际500 m电力线信道的18径参数辨识结果，具体参数如表2所示。信道模型搭建后，通过仿真得到其在1~20 MHz的频率范围内的衰减特性如图3所示。 
	表2 500 m的18径电力线信道模型的参数辨识结果 
	Table 2 Parameter identification results of a 500 m 
	 18 path power line channel model 
	[1]  何玉钧, 刘毅, 周生平. 基于物元可拓模型的电力通信网风险评估[J]. 电力系统保护与控制, 2017, 45(14): 64-69. 
	HE Yujun, LIU Yi, ZHOU Shengping. Risk evaluation for electric power communication network based on matter- element extensible model[J]. Power System Protection and Control, 2017, 45(14): 64-69. 
	[3]  彭显刚, 李壮茂, 邓小康, 等. 智能电网框架下的高级量测体系研究述评[J]. 广东电力, 2017, 30(12): 7-14. 
	[6]  谷双春, 张润生. 一种基于改进Lloyd-Max的信道估计算法[J]. 无线电通信技术, 2017, 43(3): 56-59. 
	GU Shuangchun, ZHANG Runsheng. A new channel estimation method based on improved Lloyd-Max[J]. Radio Communications Technology, 2017, 43(3): 56-59. 
	谢文旺(1993—)，男，硕士研究生，研究方向为电力信息技术、电力线通信技术；E-mail: xiewenwang_sz@163.com 



