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Research on remote calibration method of electrical parameters based on
modern communication technology

Wang Siyun  Chen Mingming Li Zhixin Lu Shufeng Bao Jin
(Marketing Service Center of State Grid Jiangsu Electric Power Co. ,Ltd. » Nanjing 210000, China)

Abstract: On the basis of existing ways of realizing remote calibration and traceability of measuring instruments, a
remote calibration method of electrical parameters based on modern communication technology is proposed. The
calibration method combines the remote calibration method with non-physical standards as the transmission object and
the standard source method of DC voltage source calibration, which places the standards in the laboratory rather than
transmitting them to the field, solving the problems of long calibration period and difficult to measure additional errors
of the traditional electrical parameter calibration method. Based on the principle of time-frequency calibration by the
satellite co-vision method, the standard voltage source and the calibrated electrical parameters are converted into
reliable digital quantities for the remote transmission of the electrical parameters, and the transmission and traceability
chain of the electrical parameters is established; the reference voltage remote calibration module of the AD conversion
module is designed, and a model of the remote self-calibration of the AD conversion module is established, and the
remote calibration algorithm of the electrical parameters based on the satellite co-vision is investigated, and the remote
self-calibration algorithm of the A/D conversion is also investigated. The remote self-calibration algorithm of analog-to-
digital conversion is studied, and the conversion results of high-precision electric parameter acquisition module are
corrected. After data analysis, its accuracy is 0. 1 level.

Keywords: satellite co-vision; AD conversion;reference voltage;remote calibration
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Fig. 1 Structure of electrical parameter remote calibration

system based on modern communication technology
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Fig. 2 Flow chart of remote calibration of electrical parameters

based on modern communication technology

2 ETHREGRANESHZERERRIZIT

ETHNBGHANESELBRRERETENA &
AD R H Y v 2 BOR SRR 43 30 0B T A HE 2 4 = R
B HEBL I, R 5 B BT RS B R S BCR R A OF
HoA T ARIE B S HOR 8 PR 0% 58 Wit R o AR , 75
AT 4B M 0 3 0SS o S B 2 V9 i ) FL S BMOR AR B e 1) — B
PEIRIE . I HOA T R UE AL S HOR SRR AR 8 [R] I 32 42 T[]
—ANE A BB 58 AR ] I [l % | PR 7 S e A 3 1%
T3 58 AT BEABEAE AR AS 18 W] 45, L RE 6 [ B 5 Jli A o 52
s ML R AME L i S EOR I R iR e . TR &
HSHCR BRI E, Bt TE T EERA M S Zh
A AR BRI, AT LAXT AD % i i5E e rb (9 B ol B R AT
R g IR e . 3 BT R O e S B B AR U R SR RE 1 I
VES

TEIT5 Z8 6 T v, 2 B0 A I 1 58 15 2l i R
FEARAT HL I K v SR AT W 20 A B, T 28 3ot U g o, 9 0 /D>
HL SRR AR L 32 B A1 S PR 5 1 B2 W), B O Ao o R R A
B 0 N S e R R AR N 5 T AR R (S
S BT B E S % 8 B 50 TR T (microcontroller

e« 55



T # K

AT W a
"
‘méﬁmA}a{%ﬁm% }a{ﬁﬁm% }a{ﬁ&@%l 5
; #
B F— .
F1§% MCU I
R5232$D}<—> B
; i

e
A Heds %
‘lEB%D }ﬂksxz$u‘ﬁ f %E
o R s | |aR
o 8y 2 |

= % BrERE

B 3 HSHEERGHE RS RIT L
Fig. 3 Hardware design scheme of electrical parameter

remote calibration system

unit, MCU) H', 78 MCU " 45 & 5 i i 98 % 5 vk X i 5
BOBU T AT — A g A B 5 RAG v T ZR R A R APLAS
HYIRE NI B AN SR B R A S A TR B 52
k5 4 0 A S o o A v B B N B AR v S A A B
TS, X BR B, FIRE S O ERERSECRE
B, 5 MCU 34 $2 50005 38 1L 5 He 8 Bds %, x5 5%
P, 28 R A AT e 3 5l AT 5 e 2 5 L TR A 4 O R A
5 foft P R [ 5 3R R A ME G GPS A 1k TR B RN 5 3 L
7 e o PR Y R 22 (R R A

3 ERRAEREZERERHR

ETIEXNMNESHZRRAREZ

GPS ik i S AR JFF 2 — 0 GPS DR A W,
AV T 32 B 5 VP e ) D T e () — e 2 i 3 e T
(R I 4 5 5 B AT I 8] A1 3R B X, 38 A v S R A v S 1
S AR 4350k 24 R GPS JRFHRET RN 26055 R
i AP R Bk ol 5 GPS A2 bk vh 59 B 22 58 B0 R At ages F
At yops s WA

3.1

At agps = La — Leps D
At yops =t — taps (2)
At pgps — Dt pops = ta —tp = Dfyp (3

20 RO i 5 1) 22 4 DT I 18] 0 22 8 A2 o+ 7T 75 T35
U S B Y 9 25 R iz L

Af  fa— S At apie — D ap

I @

Horbrs fas f s 53 000 by A oA i R0 ASE o S Ji T P 1 AL
B, o T2 B[] E) B

A ST WX G A AN 5 B A AR A ISR bR o 2 B )
i 5 7 2 i AL HE I 2 25 B DR IR HE R R X I
LU HL T TR Y A S o IR R T T A% 388 114 S W) s A T A
Sy AR 92 W) b IR AT AR E A R A% 3 S R E Y
AU .

o« 56

3 BT T Y S HOR SRR HOKE b o 3R R IR A L D
B L S B ST BB IR R L AT 2 AT A v L B BUR fH
TRIEMR M, 05 T % 22 o BE A v VR A9 HL R S i o
HF U, » HSHCRFEB BT R A B Y 55 50 % 2 D) A5 i R
B HRAE R U, s 35 10045 f 2 50R S 103 7 5R 48 31 ) 1 A%
WEFL S B EIE S U, » P I AT 25 A o f 2 80
S o i R R

U =U., +U,—U (&Y

& 8] 5 A o Hl S B i R R (B UL, T AR ARG o . 2
R ERE AR,

A=U, —U, 6)

Hrp, U, o e S 800y i s 8, X GO A
K6 IR ERSEA R EIRZEATN

A=U,—U, —U,+U., (7
3.2 A/DEBREFREARAERZE

DADC fith RS HE R ER

ADC RIS SR ER ARG TN EEFEN,
B AR AR B 5 AL 20, I HL 25 SR nT DA A6 RS
BN P e BRI B AR . B Ok, T S R BT
T IE W 5 B AT s B 5 B S 0GB

w, N E I, D O 3 g HLAS S o
D AV R4 FER, BB AR A RUAL (least significant bit,
LSBY WK, — i 5, ADC Hiy A HL R 58 5o 7 B0 00 6 &
i AR A OC , X (8) B

u, = D X AV (8

SE L ADC 53 )5 . 8 i tL A A5 1 - i ) {8 9fe L) LSB
KN HF AR . LSB K /N AR A Al e FE 22 8] 5% 46 1)
Ko, K (OFHIE LSB Kb,

FSR
o

ZE B H ADC 897 & 2 B R (full scale range,
FSR), AR ADC B ARFF) FSR. FSR &UZ 5
H B IE FE At AT BE B T AT 4] P 38 35 L s (10D F R
mV,,

AV = 9

FSR = = =V,,(8m = Gain = 1) (10)
Gain
D XV,
w, = < an
o

MSEEIEAE ADC 1317 7 h & 3R 25 B, ADC
V0 6 R R L 2 B 2 2 B I G SR AS T 2 ) fofF R AR
BE L e iy A B (LSB) , 5t 4 3 A 1 45 SR B it
JniRZE . WE 4 B R L3 4 AD S, B R S % T
AD B3 iR 22 B R

2)ADC 12 % B A

Z% R AD FH S R E S R S R
B B U T AD B 345 i I 2 0 B 0K o BE .
BT AD H it oM BB AR5 55 % B KT
JEBE FL I 40 S R L ) B A5 5 S 5% U R B AR E PR RIS B



ITE%E F ATHARBEHANE A ERERET EFHR

5013 W

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FSR+
111 I T T T T T
.

Y=

s

a
|
4l ‘
- v
u

[ -
7/8 FSR

T T T T T T T T T 1

|
|
J

1 1 1 1 1 1 I~ | 1 1 | 1 1

1/8 2/8 3/8 4/8 5/8 6/8
LSB: BA&H AL

B4 3T 347 ADC iS5 i KR 22 0 I

Fig. 4 3-bit ADC-based reference voltage error analysis plot
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Table 1 Calculation error of the input voltage when the actual value of the reference voltage generates

an error from the rated value

. S R UE N SHBIELIRE  WARIEIF By AR 2
V., /V u, /V Viyk, /V VA% | Au, | /V
1 5. 00 3. 00 4. 90 3.061 2 0.061 2
2 5.00 3. 00 4. 80 3.1250 0.1250
3 5.00 3.00 4.70 3.1915 0.191 5
4 5.00 3. 00 4. 60 3.2609 0.260 9
5 5. 00 3. 00 4.50 3.333 3 0.333 3
6 5.00 3. 00 4. 40 3.409 0 0.409 0
7 5. 00 3. 00 4. 30 3.488 4 0. 488 4
8 5. 00 3. 00 4. 20 3.571 4 0.571 4
9 5. 00 3. 00 4.10 3.658 5 0.658 5
10 5. 00 3. 00 4.00 3.750 0 0.750 0
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X2 SEREXRERERMNBANEBENITEIRE

Table 2 Calculation error of the input voltage calibrated to the actual value of the reference voltage

g | BERIERER Ho A LI (A SERESE B EBIERER AR B2
V. /V u, |V V/,“, /V Ve /V | Au, | /V
1 5. 00 3. 00 4. 96 4.995 2 0.002 9
2 5.00 3. 00 4.97 5.003 1 0.001 9
3 5.00 3. 00 4.98 4.999 5 0. 000 3
4 5.00 3. 00 4. 99 5.001 2 0.000 7
5 5. 00 3. 00 5. 00 4.998 0 0.001 2
6 5.00 3.00 5.01 5.000 1 0.000 1
7 5. 00 3. 00 5.02 4.994 6 0.003 2
8 5.00 3. 00 5.03 4.996 5 0.002 1
9 5.00 3.00 5.04 4.999 2 0.000 5
10 5.00 3. 00 5.05 4.995 8 0.002 5
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