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Demand Analysis and Technical Solution of
Astronaut Localization on Lunar Surface

Di Kaichang

(Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences,Beijng 100101)

Abstract: Astronaut navigation and localization on lunar surface is crucial to safe and efficient accomplishment of
science and engineering tasks and coming back to the lunar module. Based on systematic demand analysis of lunar
astronaut localization, this paper proposes a sensor network based methodology for integrated, seamless and high —
precision localization, combining earth — based radio tracking and sensors from orbiter, lunar module, lunar surface
beacons, lunar vehicle and space suit. Key techniques for astronaut — centered localization and earth — moon collab-
orative localization service are also discussed in this paper.

Key words: human lunar exploration ; astronauts navigation and localization; sensor network



A Vision — based 3D Grasp Planning Approach
for the Space Robot with a Simple Gripper

Liu Chuankai'?, Su Jian hua', Qiao Hong’

(1. Science and Technology on Aerospace Flight Dynamics Laboratory , Beijing 100094 ;
2. Beijing Aerospace Control Center, Beijing, 100094 ;

3. Institute of Auto mation,Chinese Academy of Sciences, Beijing 100190 )

Abstract: Stable grasp is a basic capacity for a space robot to implement satellite rescue, spacecraft rendezvous

and docking, and other space tasks. Usually, the grasping operation of a space robot is guided by visual
information of the target object. In traditional works, visual information is used to construct the full or
partial 3D shape models of the object, from which the grasping positions for the placement of gripper fin-
gertips could be determined by a complex computation. However, the uncertainties on the reconstruction
of 3D models and the determination of the grasping positions could lead to an unstable grasp. In this pa-
per, the problem of vision — based 3D grasping from one object image is investigated, and the “attrac-
tive regions” proposed in our previous works ] is introduced to analyze the 3D grasping process. (1) It
is proven that a form closure grasp can be achieved if the state of 3D object is in an attractive region
formed in the 3D grasping process. (2) Meanwhile, the initial contact regions, from which the object
can be grasped to a 3D form — closure state, are computed from the contour of the object. (3) A practi-

cal grasping system with four — finger gripper is designed, and a vision — based grasp planning approach

is formulated. Finally, an experiment is conducted to show the efficiency of the proposed method.

Key words: Vision — based grasp, attractive region, 3D grasp, form — closure

1. Introduction

Sace robotics has been considered one of the most
promising approaches for on — orbit services, such as
docking, berthing, refueling, repairing, upgrading,
transporting, rescuing, and orbit cleanup. For each of
these tasks, the space robot must grasp the target ob-
ject and then operate it according to the system com-
mand. Thus, how to grasp a 3D object stably should
be paid enough attentions for successful actions of
space robots during the execution of space tasks. Form-
closure grasp is usually used to address the stable

grasping problem and has drawn lots of attentions. Bic-
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chi et al. ' defined form closure as the ability of a
gripper to completely restrain the motions of the manip-
ulated object, relying only on unilateral contact con-
strains. Markenscoff > pointed out that a grasp is form-
closure if the entire wrench space can be positively
spanned by the primitive contact wrenches generated.
Kao'*' discussed the form — closure from the viewpoint
of potential energy by replacing the gripper and object
configuration with under — constrained elastic mecha-
nism. It was shown that the grasp is in a stable config-
uration if and only if the potential energy attach to lo-
cally minimum at the equilibrium state.

Analysis of keeping the grasped objects in their

stabilities attracted many researchers’ attentions, and



