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Figure 2 Estimation results of IEEE 30 with Gaussian noises
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Figure 3 Estimation results of IEEE 57 with Gaussian noises
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{H . e SRUPF J5 vk B9 35 J7 iR 25 1k Be 46 br W] &
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o B A RMSE/107 rad HLUEIE{E RMSE/107 p. u.
T ME B RME FHE R
UKF 1.795 4 210. 084 0.519 1 812.139
SRUKF 0.476 1 423.494 0. 301 1 345.965
UPF 1. 080 2 720. 253 0. 642 2 072. 465
SRUPF 0.105 565.378 0. 180 827.078
X2 BYERAETHIEEE 57 T EZKHARIEE

Table 2 RMSE of IEEE 57 bus system with

Gaussian noises

HLEAH M RMSE/107" rad  HLFENR{E RMSE/107 p. u.

FE T mAE PME R

UKF 92. 448 20 147.523 31. 649 7 236. 009
SRUKF 5.713 1 277.302 2.729 1 832.724

UPF 13.738 2 896. 673 9.439 3 588.059
SRUPF 2.663 999. 792 4.178 1 078.210
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BEEREHHEES BOGEDT2Z P =
107 Ly, REMEFH SIEH TH—8,0=10"1,, .,
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Table 3 RMSE of SRUPF
L EARF RMSE/107 rad HLJEMRE RMSE/107 p.u.
I EXA = . =
T ME 5PN I E ISON
IEEE 30 1.9 453.9 5.6 986. 6
IEEE 57 1.1 453.9 5.4 977.7
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Table 4 RMSE of IEEE 30 bus system with

non-Gaussian noises

L FEARf RMSE/107 rad - BURIR{E RMSE/107 p. u.

WETUEm T mm FEEm RAm

UKF 1. 840 4 060. 966 0.596 1 535. 144
SRUKF 0. 536 1 230.758 0.425 1 024. 583

UPF 1. 127 2 542.705 0.737 1 789.942
SRUPF 0.001 212.123 0.001 186. 921

x5 ESHESFTHIEEE 57T T A RSN ARIRE
Table 5 RMSE of IEEE 57 bus system with

non-Gaussian noises

HLEARA RMSE/107 rad  FLEBR{E RMSE/107 p.u.

FEOTU . mkl PmE Roe

UKF 91.023 20 331. 634 34. 068 7 277. 320
SRUKF 3.862 940. 854 4.207 1 076. 032

UPF 11.946 2 865.722 12. 355 3 037.291
SRUPF 0. 080 211.033 0.071 320. 641

x6 BEHRAETIRL SRS DAMAEEMNS TRFER
Table 6 The times of Gaussian noises conditions, non-

Gaussian noises conditions, and non positive test conditions

, s FER /s
T.M (=R7S % -
IEEE 30 54 IEEE 57 ¥ 4%
UKF 228. 584 498.275
N I SRUKF 232.236 479. 828
1 30 M 7 3
UPF 7 499. 253 66 116.270
SRUPF 6 324.241 34 912. 950
JEIEEMEMEE  SRUPF 3 438.041 65 613. 870
UKF 221. 456 560. 743
o . SRUKF 226. 382 550. 574
| e 57 M 7 ) 4k
UPF 6 865. 264 66 284. 063
SRUPF 6 132. 694 35 330.911
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Adsorption Characteristics of 4,4'-Thiodiphenol and Bisphenol F by Activated Carbon

Derived from Furfural Residue

LI Lin', LIU Chenglin', HAN Xiuli"?, CHANG Chun"?, SONG Jiande’

(1. School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Center for Outstanding Overseas Sci-
entists, Zhengzhou University, Zhengzhou 450001, China; 3. Henan Key Laboratory of Green Manufacturing of Biobased Chemicals,
Puyang 457000, China)

Abstract; The activated carbon derived from furfural residue using steam activation was investigated for the adsorp-
tion 4,4’-thiodiphenol(TDP ) and bisphenol F( BPF) from aqueous solution. Adsorption conditions including ad-
sorption time, FRAC dosage, pH value, temperature and initial concentration were discussed. The results showed
that adsorption equilibrium data of TDP and BPF onto FRAC were well described by the Sips and Koble-Corrigan i-
sotherm models. Thermodynamic parameters revealed that the adsorption process of TDP and BPF on FRAC was
spontaneous and exothermic process. The adsorption kinetics process of TDP and BPF conformed to the pseudo-sec-
ond-order kinetic model. Besides, the adsorption of TDP and BPF on FRAC were mainly influenced by the hydro-
gen bonding, hydrophobic effect, electrostatic interaction and m—m interaction. At 298 K, the maximum adsorption
capacities of FRAC for TDP and BPF were 5. 408 3 mmol/g and 3. 695 5 mmol/g, respectively, implying that the
FRAC had a good application in endocrine disruptors wastewater treatment.

Keywords: adsorption; 4, 4'-thiodiphenol; bisphenol F; activated carbon; furfural residue; adsorption mecha-

nism ; thermodynamics
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Robust Forecasting State Estimation of Power System Based on Square Root UPF

WANG Yaogiang'?, ZHAO Kai'?, WANG Yi'?, WANG Kewen"?, LIANG Jun'"’

(1. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Engineering Re-
search Center of Power Electronics and Energy Systems, Zhengzhou University, Zhengzhou 450001, China; 3. Cardiff University, Car-
diff CF243AA, U.K.)

Abstract: In order to solve the problem of poor estimation accuracy and even divergence coused by the covariance
matrix of state prediction error in iterative computation of forecasting-aided state estimators, in this study, a robust
forecasting-aided state estimation for power systems based on SRUPF (square root unscented particle filter) was
proposed. Two mathematical methods, matrix QR decomposition and matrix Cholesky factor update were adopted,
and square root technology were introduced to dynamically update the state covariance matrix, thereby maintaining
the positive definiteness of the state prediction error covariance matrix. The results of testing using MATLAB
showed that in the non Gaussian noise testing of IEEE 30 systems, the average root mean square error of the SRUPF
voltage phase angle was 0. 09% of the corresponding test value of UPF, and the average root mean square error of
the SRUPF voltage amplitude was 0. 14% of the corresponding test value of UPF. In the IEEE 57 system non
Gaussian noise test, the average root mean square error of the SRUPF voltage phase angle was 0. 67% of the corre-
sponding test value of the UPF, and the average root mean square error of the SRUPF voltage amplitude was 0. 57%
of the corresponding test value of the UPF. The SRUPF proposed in this paper had a good effect on solving the
problem of non positive of the covariance matrix of state prediction errors in auxiliary predictive state estimation,
with high estimation accuracy and robustness.

Keywords: power system; unscented particle filter; robust forecasting-aided state estimation; non-positive; SRUPF



