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Comparative Analysis of Fractional-Order Sliding Mode and Pole Placement

Control for Robotic Manipulator

BoWen Feng, SiYu Liu*
School of Science, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China

Abstract: Fractional-order sliding mode control (FOSMC) is benchmarked against pole placement control (PPC)
on a nonlinear two-link manipulator subjected to identical trajectories and 10 N-m square disturbances. Quantitative
head-to-head evidence against industrial PPC is scarce, leaving engineers uncertain when fractional designs justify their
added complexity. We derive the plant via Lagrange dynamics, implement both controllers in Python, and evaluate
tracking and torque effort using SciPy-based simulations. Under the adopted fractional derivative approximation,
FOSMC attains RMSEs of 0.458 rad (q1) and 0.453 rad (q2) whereas PPC limits the errors to 0.365 rad and 0.337 rad.
The fractional design, however, requires lower mean torques of 69.2/29.0 N-m compared to PPC's 86.1/41.4 N-m,
exposing a precision-energy trade-off that now favours PPC on accuracy and FOSMC on actuation effort. The
benchmark delivers deployable evidence that fractional sliding surfaces shift torque demand even when their tracking
performance lags, and it motivates hardware-in-the-loop validation to close the identified accuracy gap.
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Table 1 Controller and Numerical Parameters with Associated Rationale
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Table 2 Performance Comparison of FOSMC and PPC
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PPC 0.365 0.337 86.1 414

FORIETH O BHR PR LA A T 5 R G R A R, RO E AT R 7 B B & e A )i
54N RHEME b BT AT #5006 . TSI ) 5 RMSE BIfE. sisEEkimn s, 45 REW: HEARNR &M~
3| PPC Znl RS FE, 75 X4 MU S HOEAUEBE — P B sE s 1V 55 R 138 3 1 5= U ] # By FOSMC HIl k24
15%—30% 11 3R 2 T4 -

ST SUAE R A SCER T B AL 5 28000 B AR AR E B AR PID B H 5 B R 2 1 chuidk- . A
SOE T AE PR A L B —BAERT B PEAh. SRIBAS B S REEMA, $RAL T IBLESRIR Froa th 10, BLRTHE
MmT IS . Rk, RS FE—JF8Y fh 2623 Tl PPC #8038 M Ah s i JEAIR &A% BL4E (9 Python TAF it th A A
FEH RENSAE 58 4 A R O BUE AR B R H N BAT K AR 2 P B T2 ST AR e

AR TE AT AEASCEE RILRE B = AR I 38—, EHlgsert-E T AP A AR, FOSMC
5 N EE IR S W B AR, &, RN BL PPC A NS HALE, JIRIEATFE AT A R BT T SR MRS
Pk B, REH TR ATINAAT 3L 5 AR, A BT 5 A 1% 70 8 BRI A Dy v e 10 4 A o Jo 30
Weahe B8=, LIEUMESGMRNUME KB 7 T - B A vt 3 i 22 58 v B el B DA SR AL
), FEIX LS 376 51 R 7048 B b BR R S 52 AL

THEO B AT O AT E 1 LRSS, HATIE R =00 (1) SISl e S 5T 28 A
(IR AE PR AR TR, DL T 7 SIS A SR 73 B0 B 7 2 5 BT B B kG BEAS R A ARAAEAE s (2D SRS R
B, FERSRIEE M SRR R, DUEEATR S 1) RMSE /- B 2IHE A % B, (3) fEREE 45
iR & _EIFRAEFERH T, LA FOSMC 5 PPC FEARERIE LARIEIA T i)4 2k dn A WIRCE 5IRTH4]. ez =
TS K $a 7R SR BAEREAE EOR TAKIR R, IF4R SR EAT 58 B T ils f 2 de B R E .

. &R

AW G PEFTHUME X2 B0 b (FOSMC) 5% e B2 (PPC) JFIE T 40BN L 20T
FOSMC R 43 B A B0 T, DASR AL BE R 4% i) RIS TE I % R AN PPC MR AL SEME . P fhds
il % Y 56 A R R R A B LB BY L Bads 54l 4k A R e Bl,  DAR IR LLAL AP

EEME, Al o524 1 ql () RMSE N 0.458 rad. g2 N 0.453 rad, 7% J5 T PPC ] 0.365 rad 55
0.337 rado 3X— & P 22 B A AR A T2 F1 0 BRI+ 69.2/29.0 Nom X PPC 1] 86.1/41.4 N-mo XTI, 24 /14EFR
il Ry LY BN, T EEUE Y FOSMC J7 R SR S] 7y T 2400 A0 b ARAIE BRERAS FE IS, PPC A2 SEAR I F5

RAEBA BRI, ARSTHIVFR AT BR T BRARNIR S 702 . 4 30 5 500 v 1 2 0L 5 17 A% IR 2 s
RPN EESE . ORI SN BRI AE, AT RE @il 7 Ars B & e AR s TR SEIIE P e 28 BE AT 2Rl
TR ARINKLEAR L, AR =INTLE: (1D & ESAT 35 A0 30 5 o e R ks (2)
PGSR SH M SRR B I (3 SRR RS IKE) M REFER 1F, LLE AN PPC 4 A Ji
PUpYE

SIS, DR RAUESE: X HTINKR AR U 1S, PPC ERSBE L ORFFOULE, MAEPATEITH N
YRS AFRS, FOSMC ReWs i R ml BE S (M 056158« BT TF (005 B AR R T 1) SRR B0 I L SR ¥ 2 5 5 v | e
FEY R B Fu s SR T R IR, IS SR AU e TR L T TN R AR L
DOIL: https://doi.org/10.61784/mea2024 90 MR TSN




s, xR

S35 30

(1] BE4En. RRTEM SIS, ki, 2022, 41(04): 361-368.

[2] Miiller P C. Book review: Robot dynamics and control by Mark W. Spong and M. Vidyasagar. Automatica, 1992,
28(3): 655-656.

[3]1 W A RS E AR R R, IR 4R, 2020, 25(02): 305-314.

[4] ZE8. EHEOCHEE B HEAR. WL, 2022, 51(04): 437-446.

[5] CraigJ J. Introduction to robotics: mechanics and control. 4th ed. Upper Saddle River: Pearson, 2021.

[6] Slotine JJE, Li W. Applied nonlinear control. Upper Saddle River: Prentice-Hall, 1991.

[7] RGP TUE MR ERE = HOR. Al Rk, 2022, 43(04): 511-520.

(8] SHtS]. KRS BB Y T2, Tk TR 244K, 2024, 29(04): 1-8.

[9]1 FZL. WIRHAEHRZ st P E AR, 2022, 35(04): 1-14.

[10] EAHE. b AL HE SR B AS IR B 2 S B B4k 244k, 2022, 48(06): 1105-1116.

[11] ARFE. EREBH 7= B LRI e 25 W . Hh BRI 524K, 2025, 65(05): 1921-1932.

[12] Rahmani M, Komijani H, Rahman M H. New sliding mode control of 2-DOF robot manipulator based on
extended grey wolf optimizer. International Journal of Control, Automation and Systems, 2020, 18(6): 1572-1580.

DOL: https://doi.org/10.61784/mea2024 91 WA LTSRN



