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End-effector Position Control System using the Cooperative Reel Unit
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Takuma NISHIMURA, Inst. of Science Tokyo , nishimura.t.ap@m.titech.ac.jp

Gen ENDO, Inst. of Science Tokyo

At disaster sites and steep slopes, transporting heavy objects is difficult without large machinery.
This study focuses on ReelBot, a cooperative reel unit using a parallel wire mechanism. ReelBot’ s small
reel robots wind and feed ropes to transport objects efficiently. To control its end-effector position, we
experimentally derived the relationship between PWM duty ratio and rope speed. Using three ReelBots,
we attempted end-effector movement on a standing tree. A 3D laser scanning system measured positions,
and control was adjusted with tension data. The end-effector moved about 4 m, reaching within 0.30 m

of the target.
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Fig.1: Conceptual diagram of ReelBot.

WEHT 22T, Rkun—7EZIRL2D, 2K0HERE 2R
2L TW3. v—1h»2RIOHE X, [LHES [5] H342
RL7270— T4 77 L 0w VBN L2 SRR LT
%. [X31Z ReelBot Z##h 5 H-ROME2HBINIRS. v A4
F DY =LY — VAR OIS BIRRE T X 2 L 5 I
BORT Y VI THAHWEICKR->TWD., v—7IZiRI T [N]
PE V) — L DI ML 7 LTmEE NS, U — Ll
DITIAIDETL, K3 DFEVWRDOEHDH e — Rl (RSt
I— 7> F 54 :LCCU21-KN001) Z# L FiF3 2T, #il
HFN2LTe—FelmZdnsd. a— KRBT 3l
EfEIZ USB 7 — 74BN LT PCIIEEEINS. 22T, BhH
T [N} ZX 3 @ r [mm], [ [mm], B&Fr—FELIZBIT3H
HFN] VT, UFoRTRkDHN 2.

T:éF (1)

412 ReelBot DOHllfHIRDREIEX %7773, ReelBot D A ~
FIEDCE—XEHAWTED, XAh=HLVL—%NLTEHR
HEPERT 2 THENTS. U4 v FOREERIZ, XH
=AY L —® ON/OFF Z2Y)h &2 %5 Z L THEIh, 20D
ON/OFF #fEld~ 41 avh o1& N5 PWM (550 Duty kb
KXo Thlfixns. Zofliaick b, U4 ¥ FORELHE
EHI L, n—7OBREMOFEE XD H USE EH
B2 AJRETH 3.



Fig.2: Photograph of the ReelBot

Fig.3: Mechanism of the torque sensor
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Fig.4: Schematic diagram of ReelBot electrical connec-

tion
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Fig.5: Experimental setup for measuring winding speed.
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Fig.6: Average winding speed from experiments 1, 2, and
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Fig.7: Graph of the approximation function based on the
results from Fig.6
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Fig.8: (a) Diagram showing how the coordinates of the
ReelBots determine the velocity of the end effector.(b)
Schematic illustrating the amount of rope extension Aly
by ReelBot 1 during a small time interval At.
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Fig.9: Aerial view of the experiment with three ReelBots
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Fig.10: Relationship between actual feed speed command

and tension
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Fig.11: Snapshots of the experiment of transporting the marker using three ReelBots

Fig.12: Trajectory of the marker and the positions of the
ReelBots.
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Fig.13: Trajectory of the marker in the experiment using
three ReelBots.
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