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Platform improvement and key technologies of multi-functional measurement and
control equipment based on domestic chips

LIN Li', CHANG Naichao? LIU Zhiyuan', WEI Yanwei', MU Tao'
(1. XJ Group Corporation, Xuchang 461000, China; 2. State Grid Dispatch & Control Center, Beijing 100031, China)

Abstract: Multi-functional measurement and control devices are key equipment in a power automation system. Its core
chips rely on imports. This threatens the safety of the power grid. The current situation is that few domestic chips suitable
for a power automation system and some peripheral chips do not have suitable models, and this is combined with the
demand for multi-service integration. This thus requires platform improvement and key technologies for multi-functional
measurement and control devices based on domestic ARM and FPGA. First, this paper designs a hardware platform based
on FPGA programming to replace chips without suitable models to fix intelligent I/O technology. Then, based on data
sharing and FPGA collaboration, a software platform is designed. Given the current situation of domestic chip
manufacture, improvement technologies are proposed to compensate for measurement accuracy and to reinforce reliability
and expand functions. Finally, the above platform designs and improvement technologies are integrated and the
multi-function measurement and control device is developed based on domestic chips. Its performance is verified by
third-party professional testing and meets the requirements of relevant standards, and it has been officially put into
operation in substations with good conditions.
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Table 1 Comparison table of nominal parameters of CPU chip
ZYNQ PowerPC

IRY XC7Z010  MPC8377 ARIE MIPS I ARM
i3 T 2/nm 28 90 40 40
45/ MHz 667 667 800 12
IHE/W <3 <21 <5 <2
%05 2 1 2 4
W% ARM €300C4s MIPS ARM
¥ 32 32 64 32
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Fig. 1 Hardware platform of multi-functional measurement

and control equipment based on domestic chips
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Fig. 2 Schematic diagram of smart I/O device based on MCU
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Fig. 3 Diagram of multi-service integration based on data sharing
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cPU usage checking, please wait...
CPU usage show (measurement accuracy 1.0%)

NAME TID PID PRI CPU
HTsSK6Prn 401006b 1 166 0.0%
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Fig. 6 Schematic diagram of sequential cooperation for control

mutual checking based on multi-core and multi-task
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Fig. 7 Schematic diagram of memory critical data verification
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Fig. 8 Schematic diagram of simulating for CAN controller
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Fig. 10 Schematic diagram of simulating for comm-module
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Fig. 11 Schematic diagram of simulating for small-scale switch

3 {AEIE
3.1 BERENWIE

I IZ4T FFT MIFERT 1 DLPEA E 72 ARM AL 2R
BHisHEAE ). ] FPGA SRS Seit,
% [EBAR K e Y RE IR, kA K
By 6 Ao FANERE—RRIEEFER R, TR




- 184 -

W) &Gk B

M BAROA 5 PR DB DA 1 4652 10 A7
SRR S8, R/ T 522 i

HI 2 (B AMREE BT I, [/ ARM 343
HET 52 AR RV KCFE o FEF) OB FFT 3 S0 ER 3)
WeJE THET Zyng O EFSACELES, FC T LB E
75 ARM A4 HLSE Ak 1B R AR S T
Zynq HERALEES,

2 ZA FFT EEREIMIRERTBR

K A FRBS 16 -40~70 °C 0 [ N B RE i R 1R E A
KT 02%MER, HIMEHREESHBUE N,

3 S A 2 O R RO, AT
CAE i, SR M R0 B 5 2 70 PR S5 3R BE id va A
BRI B R IE R, B KR 22 BE B RARIE 0.2%
(A P LR AT R B B KR P

%3 2T E ADC I E/B NS4 T
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Table 2 Comparison table of FFT calculation ability test results based on domestic ADC
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Table 4 Table of eye pattern parameters comparison

R f=/uW AR % /ns X /%
PO 27.27 7.82 44.0
FPGA 4l 26.07 7.81 40.1

e ERREARER 5 uWidiv, HRFEALFR 1.34 ns/div

SR G A8 RS SO HE 2 A5 5 K. AR 4
IEEER02.3 FrifE s VFIAIME 5 R VG 40%~60%, 77
L &5 25 B 50%(5%) 37.5%(62.5%)~ 18.75%(81.25%)
AT, S5 aER 5 . BT FPGA B E
TEHAE 28445 5 7 B R L, 3R IR USRS,
HR Tk 0y S B I RS, Ik
A LI S e AR SC I 1E S R AN A B T REAE (S
5 R ELR R AR R E A ] FE .

=5 RBEMKITEER
Table 5 Table of bit error rate test comparison
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