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Abstract

Aiming at the pain points of closed experimental equipment and opaque core algorithms in current
robotics teaching, this paper designs and implements an open teaching experimental system based
on a motion controller. The system adopts a master-slave computer cooperative architecture, with
the LBC BAC632E motion controller as the core, and connects SCARA and Delta manipulators via
EtherCAT to form a real-time control network. The core innovation of the research lies in the “migra-
tion” of the robot kinematics algorithm from the host computer to the controller kernel. Through
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algorithm refactoring and the development of custom function libraries, the limitations of the control-
ler’'s BASIC language environment were overcome. Experimental results show that the migrated ge-
ometric analytical method achieves a computational efficiency approximately 4.3 times higher than
the Jacobian numerical method running on the host computer, with better stability. This paper also
designs multi-level teaching experiments, verifying the system’s effectiveness and teaching value in
helping students intuitively understand D-H parameters and kinematics algorithms, providing an ideal
open platform for robotics practical education.
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Figure 1. Core architecture diagram
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Figure 2. Hardware scheme

2. AR

2.2. R

ARG PATZER R A BN AL R 7 A kv, B2 7 DhRE)E IR EAIHLE 4T 5T Python (1)
FERIAET, ARSI AT, R IS 302 FIR M T 07 BIGAE . HLASAL s A B (B8R ) 5 T IR
PR5E), LLA IS TCP/IP 551845 Prs a4z i 25 K0k B bRdR 2 M 12 RG0RE . X — it 84 FIH T Python
FEMBET RS REEE, @ T T EE R R 5 #K. T AHLN LA 38 BAC632E 1l #% 4
#HAk, EHELHM Basic Studio RIS H, M BASIC iE 5 K& IIEIE s # AL SCARA 5
Delta [11112 2 ) 2w 5 BT F (0 D REAS B o 1% SRS HRAE 5 1) 88 I A% Sm s 4T, BEERYCKk B EAIL
(G R R A (A1 AA AR, FF RPN AR SR DG LIS 4R 4, i8I EtherCAT SR IKBIPATHLN . IEAREEHY
¥ LAV RIENE S AL SR EAHLES &, BEORIE 7 BRI R IR, Sl 1 HLas Nis shfzi
(RS 5 P 4E .

3. ZIUIhEEF A 5K
3. EETRANLEMSSIMAR

gL, B EEE E _ EAALE R, 8 LTSS, AR I AL DL s s
B4 18T TCP/AIP Vil A& B FALNL, FANL iz RPUT EANUE R BI4E S, BT E T ERNE
e 2 b5 A EAIHL CPU, B0 FEIEENEUEE 2, SEHIESER &, Tz kit
W, ARG S EAHLIE S WA RS 3 I, A RS SR A AT, DUCRARYR CPU
FA CA KB v 85

3.2. BRIFREEERISRTHSKAAR

Bt EATHLEGAIE I8 B2 5L A 1 21 75 9% BACG632E i@ shim il 28 WAZ, R AWF 7% D3R,
— IR EHK . PRERTE T, BAC632E 3l 4 I A2 S FF I BASIC i 5 (£ Basic Studio 58 H) & —Ff i 1]
TREMBEESES, EAELIRELIES AN Python 8 C+H)FAIZS(Class). FE Mg B (U1 NumPy)ZE
FRTE . MR OX — PR, AHF ORI T DL N EE P R TE S S SRR

3.2.1. HERBNEHUSES
FATH SCARA Fl Delta HL&E AN RIS E) FAERLHEAT TEXERE . B, X+ RAEBIER S,

DOI: 10.12677/m0s.2025.1412655 29 e RSE TR


https://doi.org/10.12677/mos.2025.1412655

TR, Fig

FRATIRE S 1 3 AR P S A S, TREARIE LA NS E 1) D-H 24, K AERESRIEEIT I It 59 — &
PR = AR B PINEH A A . LA SCARA ML A A, HIFIZah 25 an X
cos(a+b) —sin(a+b) 0 [ +1,cosa+lscos(a+b)
sin(a+b) cos(a+b) 0  Lsina+/sin(a+b)
0 0 1 d
0 0 0 1
AT IR ARG T AT IR AR R, (B4 X 1 shis il 88 ok 5E UK RS B DA K n) BB 5
B A AR o e 428 ) 85 S AR SEHRF A = A eR B DA S DU M8 SRS BE AR M i, PTAROR B3R THRAT R
A3 0 mT FE4E

3.2.2. BEXEMRBENF R

NSEBARES R B AL 5 T P, RATIAE BASICESHE T, HEIFKR T —ER TS NEsET
SRR R B o 12K B Y R B B ) 2R Ok ST ) 1R P (Subroutine) B bR 5 (Function), 5] 415k
BT v S PR T i 1 ATAN2(y, X)BREL, BLRCET X 4 x 4 TR RERT 3 > 1 o7 B 1) 2 O 4 e 48 1
REBFARGASRE “27 , AH@ X P )l R AR B 2%, [FIRESTIL T 5005 T % 10 175 I R 25 AN
F, AFAIE 7 ACRD AT ek

3.2.3. LU HREIIEIETRTE

NEARAE PRI SE B RE BRI, BRATES T — B i FRAER AR . Bk, & LAHl
Python M85 rh, AT N B ISATARAE S, 19 BIEUESE B . SR, WA IR] A% N0 ik 2y il 2%,
1217 BASIC JRAMEE, FHREFELS R @ x e B pLas 258, BPal5eiE B 2 X BASIC &
RAEBE RS B AZ E E e R e . JRAR M 3 B

()

r—— T T T |
| .
! !
! : = e |
| -7 §lPython |
| bl S5 !
! KT a !
| m)\iﬂwﬁl NzHLBasic| |
| AT HIE A |
! !
| i : |
| PR AT
| |
| 4 |
| SR |
| | |
| |

Figure 3. Verification flowchart
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Figure 4. Robot structure schematic diagram
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Figure 5. Comparative experiment diagram
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