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Research Background

많은회사들이공장에서로봇그리퍼를사용한자동화물류시스템에투자하며
제품파손을최소화하고물류운영비용을절감하려고시도함

이를위해서는
1. 다양한크기, 강도, 형태의물체를안전하게잡을수있어야함.
2. 파지력과파지점을실시간으로측정하여, 적절한힘과자세로제어할수있어야함.

[16]

[15]
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[로봇피킹시스템]
(ChatGPT 그린그림)



Research Background

위파지력과파지점센서들은복잡하고고가이며부품이많이필요하고, 실시간주문변화대응이어려움.

Difficult to manufacture

[1]

[2]

[7]

[4]

[8]

High cost

Large number of sensors

[3]

[5]

[6]
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Research Background

센서 파지력 파지력오차 파지점 파지점오차 Sampling Rate

1~10N 0.3N
X:20
Y:20
Z:10   

최대 1mm 40Hz

0~50N
0~25N: 2.5N 오차
25~50N: 3.75N 오차

18mm x 36mm
(2차원)

1.1~1.4mm 20Hz

힘 
Fz: 32N, Fx/Fy: 15N
토크
Tz: 250N-mm, 
Tx/Ty: 300N-mm

힘 
Fz: 1N, Fx/Fy: 0.5N
토크
Tz: 2.45 N-mm
Tx/Ty: 8.64 N-mm

2000Hz

0.0021N~25N 0.4 N
60mm 
(1차원)

최대 2.5mm 50Hz

18mm x 18mm 
(2차원)

최대 0.35mm 1000 Hz

0.5N~3N
중심 부분: 0.09 N
끝부분: 1.5 N

153mm 
(1차원)

최대 0.2mm 25Hz

0~3.2N 0.025 N
100mm x 100mm
(2차원)

최대 1.5mm

현재파지력과파지점을파악하는센서들의성능은위와같고, 특히낮은 Sampling Rate는제어시스템의
응답속도저하, 노이즈처리어려움, 동적시스템모델링부정확등의문제를초래할수있음.

▪ 파지력파지점센서스펙 
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제어종류 원리 선행연구

Force
Control

작용과반작용힘의
균형을맞추는제어

Compliance
Control

접촉이일어났을때
포지션을조절하여

외부힘을줄이는제어

Adaptive
Control

제어대상의수학적모델을
만들기어려울때
제어기의구조나

매개변수를변경하는제어

Research Background

그리퍼로물체를잡을때진행하는제어로는힘제어, 순응제어, 적응제어가주로사용되며
안정적인그리핑제어를진행하기위해선실시간성능과파지력및파지점파악이필수적임.

[9]
[10]

[11]

[12]

[13] [14]

▪ 센서를사용한그리퍼제어
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Research Background

▪ 본연구에서제안하는 Lever mechanism contact sensor module(LMCSM)

Reference sensors Lever Mechanism Sensor Module

복잡한구조와어려운제조과정 간단한설계와쉬운제조과정

고가의재료및장비로인한높은가격 FSR센서를사용한낮은가격

많은수의센서로인한낮은실시간성 적은수의센서로높은실시간성을통한제어

8/20

[Design of the Lever mechanism contact sensor module]



2. FSR Sensor
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FSR sensor

FSR sensor characteristics

Hysteresis Drift

가압/감압경로에따라출력이달라지는현상 일정한하중을가해도출력이시간에따라변동

모델기반알고리즘보정 데이터기반보정

Modified Prandtl-Ishlinskii(MPI model) TCN(Temporal Convolutional Network)

Preisach hysteresis operator LSTM(Long Short-Term Memory)

Closet Match Algorithm (CMA) Neural ODE

10/20

[Force-Voltage Hysteresis Loop] [Sensor Output Baseline Drift Over Time]
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FSR sensor 

FSR sensor experimental setup

Sensing
Zone

- 센서별로측정되는전압차이가다름

- 가하는힘이클수록기울기가낮아지는
비선형성보임

- 로딩및언로딩곡선을평균화하여피팅
곡선으로활용함

FSR sensor calibration curve

Test result
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[Experimental setup: Loadcell on linear stage pressing FSR]

[FSR Sensor 1 Calibration Curve]

[FSR Sensor 2 Calibration Curve]



3. Lever mechanism contact sensor module

12/20



Lever mechanism contact sensor module

෍ 𝐹 = 2 × 𝑆 + 𝐹𝑆𝑅𝐿 + 𝐹𝑆𝑅𝑅 − 𝑃 = 0

෍ 𝑀 = 𝑆 × 𝐿 + 𝐹𝑆𝑅𝐿 × 𝑥1 + 𝐹𝑆𝑅𝑅 × 𝑥2 − 𝑃 × 𝑥𝑓 = 0

평형방정식

힘위치방정식

𝑃 = 2 × 𝑆 + 𝐹𝑆𝑅𝐿 + 𝐹𝑆𝑅𝑅

𝑥𝑓 =
𝑆 × 𝐿 + 𝐹𝑆𝑅𝐿 × 𝑥1 + 𝐹𝑆𝑅𝑅 × 𝑥2

𝑃
S =  𝑘 × 𝑑 × 2: 스프링 힘

𝑘 = 0.559 𝑁/𝑚𝑚 스프링상수

δ = 0.36𝑚𝑚 스프링눌린깊이

𝑥𝑓 = 힘이작용하는 위치까지 거리

𝑥1 = 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑥𝑖𝑠에서 𝐹𝑆𝑅𝐿까지거리=10.25

𝑥2 = 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑥𝑖𝑠에서 𝐹𝑆𝑅𝑅까지거리=46.75

F.B.DModel
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Lever mechanism contact sensor module

Pressing position & Experemental setup
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[Experimental setup: 
Loadcell on linear stage pressing LMCSM]

[Test points on the contact surface]

[Evaluation test result]

Force distribution result by position



4. Grasp force control
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Soft robotic Gripper Cylindrical object picking demo

Force Graph

Grasp force control
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[Force Graph Measured by LMCSM During Grasping of a Cylindrical Object][Soft robotic gripper]

[Cylindrical object picking demo video]



5. Future Works
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Future Works

- Neural Network를사용하여 FSR센서의히스테리시스및드리프트현상보정

- 히스테리시스및드리프트현상을표현할수있는데이터수집

- Lever mechanism contact sensor module을사용한그리퍼제어알고리즘개발

18/20



Reference

[1] W. Xu, H. Zhang, H. Yuan and B. Liang, "A Compliant Adaptive Gripper and Its Intrinsic Force Sensing Method," in IEEE Transactions on Robotics, vol. 37, no. 
5, pp. 1584-1603, Oct. 2021, doi: 10.1109/TRO.2021.3060971.

[2] C. Tang, X. Chang, J. Wang, Y. Peng, H. Wu and H. Wang, "A Nonarray Soft Capacitive Tactile Sensor With Simultaneous Contact Force and Location 
Measurement for Intelligent Robotic Grippers," in IEEE Transactions on Instrumentation and Measurement, vol. 73, pp. 1-9, 2024, Art no. 9503509, doi: 
10.1109/TIM.2023.3343795.

[3] M. A. Kalafat and A. F. Yildiz, "Development of a Soft Tactile Sensor Array for Contact Localization Estimations," in IEEE Access, vol. 10, pp. 112053-112065, 
2022, doi: 10.1109/ACCESS.2022.3216316.

[4] S. Park and D. Hwang, "Three-Axis Flat and Lightweight Force/Torque Sensor for Enhancing Kinesthetic Sensing Capability of Robotic Hand," in IEEE 
Transactions on Industrial Electronics, vol. 71, no. 10, pp.

[5] T. De Clercq, A. Sianov and G. Crevecoeur, "A Soft Barometric Tactile Sensor to Simultaneously Localize Contact and Estimate Normal Force With 
Validation to Detect Slip in a Robotic Gripper," in IEEE Robotics and Automation Letters, vol. 7, no. 4, pp. 11767-11774, Oct. 2022, doi: 
10.1109/LRA.2022.3205768.

[6] A. Pagoli, F. Chapelle, J. A. Corrales-Ramon, Y. Mezouar and Y. Lapusta, "Large-area and low-cost force/tactile capacitive sensor for soft robotic 
applications", Sensors, vol. 22, no. 11, Jun. 2022.

[7] A. J. Fernandez, H. Weng, P. B. Umbanhowar and K. M. Lynch, "Visiflex: A Low-Cost Compliant Tactile Fingertip for Force, Torque, and Contact Sensing," in 
IEEE Robotics and Automation Letters, vol. 6, no. 2, pp. 3009-3016, April 2021, doi: 10.1109/LRA.2021.3061378.

[8] S. Park, S. -R. Oh and D. Hwang, "MagTac: Magnetic Six-Axis Force/Torque Fingertip Tactile Sensor for Robotic Hand Applications," 2023 IEEE International 
Conference on Robotics and Automation (ICRA), London, United Kingdom, 2023, pp. 10367-10372, doi: 10.1109/ICRA48891.2023.10161042.

[9] W. Zuo, G. Song and Z. Chen, "Grasping Force Control of Robotic Gripper With High Stiffness," in IEEE/ASME Transactions on Mechatronics, vol. 27, no. 2, 
pp. 1105-1116, April 2022, doi: 10.1109/TMECH.2021.3081377.

[10] Chen, K.; Li, T.; Yan, T.; Xie, F.; Feng, Q.; Zhu, Q.; Zhao, C. A soft gripper design for apple harvesting with force feedback and fruit slip 
detection. Agriculture 2022, 12, 1802.

19/20



Reference

[11] G. Gorjup, G. Gao, A. Dwivedi and M. Liarokapis, "A Flexible Robotic Assembly System Combining CAD Based Localization, Compliance Control, and a 
Multi-Modal Gripper," in IEEE Robotics and Automation Letters, vol. 6, no. 4, pp. 8639-8646, Oct. 2021, doi: 10.1109/LRA.2021.3113626.

[12] W. Zhu et al., "A Soft-Rigid Hybrid Gripper With Lateral Compliance and Dexterous In-Hand Manipulation," in IEEE/ASME Transactions on Mechatronics, 
vol. 28, no. 1, pp. 104-115, Feb. 2023, doi: 10.1109/TMECH.2022.3195985.

[13] Zhangchi, D., Amirhossein, J., Al-Mohammed, M., & Aman, B. (2025). End-to-end intelligent adaptive grasping for novel objects using an assistive robotic 
manipulator. Machines, 13(4), 275. doi:https://doi.org/10.3390/machines13040275

[14] R. Sui, L. Zhang, Q. Huang, T. Li and Y. Jiang, "A Novel Incipient Slip Degree Evaluation Method and Its Application in Adaptive Control of Grasping Force," 
in IEEE Transactions on Automation Science and Engineering, vol. 21, no. 3, pp. 2454-2468, July 2024, doi: 10.1109/TASE.2023.3261403.

[15] RoboticsTomorrow. (2024, September 17). Pickommerce secures $3.4M investment to advance innovative robotic piece-picking technology. 
https://www.roboticstomorrow.com/news/2024/09/17/pickommerce-secures-34m-investment-to-advance-innovative-robotic-piece-picking-
technology/23174/

[16] Barr, A., & Kim, E. (2025, February 28). How Amazon used Oreos and dog toys to develop an army of robots to grab what you buy. Business Insider. 
https://www.businessinsider.com/amazon-warehouse-robots-picking-challenge-2025-2?utm

[17] Association for Advancing Automation. (2025, March 11). ABB expands robotic item picking family with new AI-powered functional modules to transform 
fashion and logistics industries. Association for Advancing Automation. https://www.automate.org/robotics/news/abb-expands-robotic-item-picking-family-
with-new-ai-powered-functional-modules-to-transform-fashion-and-logistics-industries?utm

[18] D. Kim and Y.-L. Park, “Contact localization and force estimation ofsoft tactile sensors using artificial intelligence,” in Proc. IEEE/RSJ Int.Conf. Intell. Robots 
Syst. (IROS), 2018, pp. 7480–7485

[19] D. Kim and Y. -L. Park, "Contact Localization and Force Estimation of Soft Tactile Sensors Using Artificial Intelligence," 2018 IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS), Madrid, Spain, 2018, pp. 7480-7485, doi: 10.1109/IROS.2018.8593440. keywords: 
{Sensors;Force;Hysteresis;Microchannels;Estimation;Wires;Real-time systems},

[20] Wang, W.; Zhang, J.; Xu, M.; Chen, G. Hysteresis Characteristics and MPI Compensation of Two-Dimensional Piezoelectric Positioning 
Stage. Micromachines 2022, 13, 321.

20/20

https://www.roboticstomorrow.com/news/2024/09/17/pickommerce-secures-34m-investment-to-advance-innovative-robotic-piece-picking-technology/23174/
https://www.roboticstomorrow.com/news/2024/09/17/pickommerce-secures-34m-investment-to-advance-innovative-robotic-piece-picking-technology/23174/
https://www.businessinsider.com/amazon-warehouse-robots-picking-challenge-2025-2?utm
https://www.automate.org/robotics/news/abb-expands-robotic-item-picking-family-with-new-ai-powered-functional-modules-to-transform-fashion-and-logistics-industries?utm
https://www.automate.org/robotics/news/abb-expands-robotic-item-picking-family-with-new-ai-powered-functional-modules-to-transform-fashion-and-logistics-industries?utm


Reference

[21] Tianyu Wang, Mohammad Noori, Wael A. Altabey, Zhishen Wu, Ramin Ghiasi, Sin-Chi Kuok, Ahmed Silik, Nabeel S.D. Farhan, Vasilis Sarhosis, Ehsan 
Noroozinejad Farsangi,From model-driven to data-driven: A review of hysteresis modeling in structural and mechanical systems,Mechanical Systems and 
Signal Processing,Volume 204,2023,110785,ISSN 0888-3270,

20/20



Thank you for your attention
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