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Abstract

This work presents a reinforcement learning-based approach to target-oriented dexterous grasping using a
multi-fingered robotic hand integrated with a redundant industrial manipulator. Unlike many existing
methods, the proposed framework does not rely on visual input during policy training. Instead, grasp
configurations, including the end-effector pose and finger joint positions, are generated by an external
grasp synthesis module and used as target states for goal-conditioned reinforcement learning. This
separation between grasp generation and execution simplifies training and reduces computational
requirements. Domain randomization is applied to object pose and robot configuration to improve
robustness and generalization in simulation. The approach enables functional grasping, allowing objects
to be grasped in configurations suitable for subsequent tool use rather than only achieving stable contact.
Experimental evaluation in simulation demonstrates successful grasping and lifting of objects with
different geometries and scales. The framework can be integrated into long-horizon manipulation
pipelines requiring object reorientation and regrasping.
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AHHOTanUA

B pabore mnpencraBmeH MeTo[ IENEOPHUEHTHPOBAHHOTO MYIBTHIIAJIOTO 3axBara, OCHOBAaHHBIA Ha
00yUeHNN C TIOAKPEIUICHHEM W pPealM30BaHHBIM Ha POOOTH3MPOBAHHON KHCTH, YCTAaHOBJICHHOH Ha
M30BITOYHOM TPOMBIILICHHOM MaHHUMYJIATOpPe. B oTinuue oT OONBIIMHCTBA CYIIECTBYIOIIMX MOIXOAOB,
IpeJyIaraeMblii METOJl HE HWCIONb3yeT BU3YAIbHYIO HH(POPMAIUIO B Mpolecce OOyYeHUS IOIUTHKU
yrnpasieHns. BMecTo 3Toro KoHGUTypauu 3axBara, BKIIOUAIONINE TIOJI0KEHNE U OPHEHTAIMIO CXBaTa, a
TaK)Ke€ YIIBl CYCTaBOB MalbIleB, (HOPMHUPYIOTCS BHEITHUM TEHEPATOpOM M HUCIOIB3YIOTCS B KauecTBE
LIENICBBIX COCTOSIHUW JJIsi OOyuYeHHs C TOJKPEIUICHHEeM. Takoe pa3/eieHHe NpPOIECCOB T'eHEpaluu M
WCTIOMTHEHHS 3aXBaTa YIMPOIAeT MNpoIlenypy OOy4deHHsS M CHIDKAaeT BBIYMCIUTENbHBIC 3arparbl. s
TIOBBLINICHUS yCTOMYMBOCTH M OOOOIIAIOIIEH CIOCOOHOCTH TPUMEHSETCS JOMEHHAs pPaHIOMH3AIUS
HauaJbHBIX MOJOXKECHUN 00bEeKTa W KOH(UTypaumuu poOoTa B cpeie MoxeiupoBanus. [IpemiokeHHbIN
IOJTX0J] OPUEHTHPOBAH Ha Peau3auio QyHKIMOHAIHHOTO 3aXBara, P KOTOPOM OOBEKT YIEep:KUBAETCS
B KOH(MUTYpaIruy, NPUTOTHOW JUISI TOCIEAYIOIIETO WCIONB30BaHUSA 110 HA3HAYCHHIO. Pe3ynmbTrarhbl
MOJICIMPOBAHUS JICMOHCTPHUPYIOT YCICIIHBIM 3aXBaT M IOABEM OOBEKTOB DPA3JIMYHON TI'EOMETPUU HU
Macmitaba. Pa3paboTaHHBIN MeTOJ] MOXET OBITh WHTETPUPOBAH B MHOTOATAITHBIC MaHUIYISIMOHHBIC
CIIEHAPHH, BKJTIOUAs IEPEOPUSHTAITHIO U TTIOBTOPHBIN 3aXBaT 0OBEKTA.
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OO0yueHue ¢ MoJKpEeTICHHEeM, MYIIBTHITATIbINA 3aXBaT, PYHKIIMOHATHHBIN 3aXBaT.

Robotic grasping is a fundamental skill that a robot must perform. Many studies have
addressed this problem using parallel-jaw grippers, achieving significant success in grasping a
wide variety of objects. The use of reinforcement learning has further enabled generalization to a
large number of objects, including previously unseen ones. However, grasping a tool or
instrument is meaningless unless the grasp is functional. A functional grasp allows the robot to
use the tool according to its intended purpose, such as operating a drill or swinging a hammer.
Most existing work on dexterous grasping relies on visual data as input during training, which
significantly increases computational cost. The proposed approach introduces an RL-based
dexterous grasping framework that utilizes grasp poses and configurations generated by an
external generator. UniDexGrasp tackles universal dexterous grasping through a two-stage
pipeline. The first stage generates grasp poses from point cloud data, capturing object geometry
and decoupling translation, orientation, and finger articulation. The second stage uses a
goal-conditioned reinforcement learning policy to execute grasps in simulation, adapting to
object pose and perception noise [1]. DexGraspNet is a large-scale dataset containing over 1.3
million stable grasps with the ShadowHand across 5,000+ objects. Built using a fast
force-closure estimator and physics validation [2].

The proposed approach consists of two main components: the generation of grasp
configurations and reinforcement learning-based execution. In the first stage, Grasping
configurations (i.e., the gripper pose and finger joint positions) are generated using an external
grasp generator. The quality of the generated grasps can be controlled through different energy
functions that evaluate grasp effectiveness. In the second stage, the generated configurations are
used to train the robot to grasp objects. A dexterous robotic gripper mounted on a robotic
manipulator is trained using reinforcement learning to grasp objects of varying scales without
relying on visual information about the object’s shape. To improve training efficiency and
robustness, domain randomization is applied to both the object’s initial pose and the robot’s
initial configuration. For evaluation, the robot is required to successfully grasp and lift at least
three different objects of varying scales with different grasping poses off the table.

The proposed approach enables robotic grasping in the absence of visual input. When
combined with a functional grasp generator, it facilitates functional grasping capabilities.
Moreover, it can be incorporated into long-horizon manipulation pipelines, enabling the system
to grasp an object from an initially functionally ungraspable configuration, reorient it, and
subsequently perform a functional regrasp.
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