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Abstract - Modern medical immaging systems based on up to date motion control technology enable faster, more accurate and safer immaging as a main benefits to the patients. Investment in motion control equipment as a fraction of total price of the device is justified especially in the case when digital radiography is an option. Also, such a device becomes trully useful if the detector and the x-ray tube are both supported by two mechanical arms. When used in a constrained radiography room, few serious problems in motion planning while automatic execution of immaging occur. These motions must be safe for both, patient and equipment. However, protecting equipment from inner colision and from hitting fixed obstacles is done by motion planner which is a main contribution of this paper. This motion planner is developed to be implemented on a standard PC that hosts the motion controller cards and uses only limit switches and joint position sensors on each of the controlled axes. The geometry of the system is assumed and identified by a calibration procedure. The motion planner is implemented and experimentaly verified on an immaging device developed in colaboration with JRdigitalX-ray and Jugorendgen Nis.

1. INTRODUCTION

Up to date complex robot systems used in medicine are often based on a powerful motion control structures to execute complex motion plans. One of the demands, besides simple path following, is to avoid a collision. Collision is defined as a physical impact between the device and an obstacle. The obstacle can be static or dynamic, as well as it can be the device itself (to avoid inner collision). When the environment varies, the planner have to solve for a collision-free path, by knowing physical characteristics of the system, the obstacle, as well as timing of the task. In the Sections 2 and 3, we describe the mechanical design of the system, followed by description of the fast planning path algorithm to fulfill different operation modes of the medical robot. Section 4 presents the MATLAB simulator of the motion planner. Finally, Section 5 gives discussion, application modes, and the conclusions for future research.

2. MECHANICAL DESIGN OF THE SYSTEM

The mechanical design of a standard medical imaging device  can be considered as two-arm multiaxis robot system. Both arms are placed on ceiling-supported guide rail system to move in x and y direction, sharing the workspace. Each arm has additional three degrees of freedom (one prismatic for z-axis, and two revolute joints, over z axis, and over x axis), Fig 1. The revolute joints are designed to support all necessary clinical imaging procedures. A patient table resides under the guide rail. It has variable height and can slide forward/backward and left/right, along x and y axes. Although the patient table is integral part of the system, the planner treats it like an obstacle. Standard operation modes do not allow the arms to be moved  while the patient table is operational. After the positioning of the table is finished, the data are transmitted to the planner for further processing. 
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Fig 1. Schematics of the mechanical design and
degrees of freedom

The two arms of the system carry digital detector approxi​ma​tely 0.65×0.6×0.15m and x-ray tube with collimator. Each arm weights close to 200kg. The workspace is irregular shape, approximately 2.1×2.1×1.1m (length×width×height).

3. MOTION PLANNING ALGORITHM

Motion planning algorithm, in general, deals with both, spatial and temporal, aspects of motion. To plan a safe path of the system, the planner should take care of manipulator geometry as well as of the surrounding environment. The temporal aspect of the motion planning, on the other hand, takes into consideration manipulator kinematics and dynamics during the motion. The temporal requirements are difficult to meet in a dynamic environment. The system is further elaborated as two initially independent, master and slave, arms. The slave arm moves within the motion range of the master arm for which the motion planning is primarily done. Successful motion planning requires the definition of precise position timing relationships for all of the moving parts of the system. 

The algorithm assumes that a set of various types of points can be defined in a workspace. If a point can be reached by exercising an appropriate sequence of transitions from arbitrary initial point, it will be called ROOT point. It also assumes that the velocity, acceleration and deceleration of the movements between the points are known in advance. It also assumes that the arms can either move or wait for the next command. For collision testing purposes the arms geometry as well as geometry of static environment could be approximated by standard geometrical primitives. Axis-aligned bounding box representation is used.

Based on assumptions above, the two problems can be solved: (1) Using as few points as possible, move the arm from the current position to a desired position without collision with the static environment or with the other arm, and (2) reconstruct state of the motion planner, in case of user termination of the planned motion during execution.

Three arrays of points represented in internal coordinates of the arms are used for motion planning. First array, called PRESENT (Fig. 2), contains points required for manipulator to reach current position beginning from the ROOT. Another array, called GOAL, is filled with points describing safe move sequence from the ROOT to the desired final position. Solution motion sequence would be formed by selecting appropriate points from these arrays and will be written into the third array called TRAIL. Note that the longest possible solution would be formed of all points. 

Consider the simplest possible system consisting of only one manipulator and a static obstacle in the working environment. It is then sufficient to perform collision test for transition from each PRESENT point to each GOAL point and to select the shortest possible safe (collision free) sequence. To speed up process of collision testing for manipulator performing profiled motion from one point to another, the following approach is used. First, all transition times are calculated. Second, the time interval required for the move is binary split down to a predefined resolution. The resolution is determined by the maximal velocity expected or commanded during the motion. For each instant acquired by this procedure the direct kinematics is performed and collision test is performed. This binary scanning for collision can drastically reduce number of collision tests per unsafe (collision present) movement.

Now, consider more complex system that consists of previous configuration with additional arm included. The algorithm promotes one part of the system as the master. For the master, only collision with static environment is checked during motion planning. For the rest of the system, the slave part, the collision checking is by fare more complex. Besides with the environment only, the slave part of the system can collide with the master while it changes position in time. Similar inference as for the simple case can be adopted. Only for this case collision along the whole path, not just for transition between points of PRESENT and DESTINATON arrays, should be taken into consideration. Additional dimension in time could be enabled by introducing the “waiting” state for the slave arm. This state allows to the arm to wait for another moving object, within its motion range, to reach position required for the move to be safely continued.  
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Fig. 2. Three arrays of points in workspace

4.  SIMULATOR

The simulator of the planner is realized in MATLAB using available toolbox functions. The planer is based on algorithm given in the previous section. For the positioning problem of the robotic arms in the same workspace with five degrees of freedom each, five characteristic positions for patient recording are found on the X-ray based experience. Each position represent a specific operation mode. As shown on Fig. 3, there are five standard operation modes. 
Each operation mode assumes that different x-ray shots can be taken of the same patient, laying on a table. There is no need to move the patient on the table. Altogether, there are almost a hundred different projections for all of the operation modes of the robotized system shown in Fig. 1. Manipulator position in each of the operating modes is defined relative to location of a referent point in workspace. Trajectories for manipulator movement from one position to another are calculated by motion planner which contains algorithm described in the Section 3.  To calculate a collision free trajectory the axis aligned bounding boxes are used to describe the basic geometric shapes of the system, table and environment. Bounding boxes are chosen so that every manipulator link, x-ray detector and x-ray source, can fit accompanying box.
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Fig. 3. Robotized operation modes of the X-ray system

Examples of device translating from one recording technique to another are shown on the Fig. 4. 

This simple trailing example of the system while in transition from one point to the goal point, clearly shows that the transition has no collision between the arms and the patient table, or between the arms.   
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Fig. 4. a) Translating from table side to stand operation mode; 
b) translating from table top to stand operation mode

5. CONCLUSION

In this paper, we present a motion planner based on the cus​tom algorithm to solve for collision free trajectories in a x-ray medical imaging system consisting of two robotized arms and active patient table. Although specifically designed for this purpose, the algorithm can be used in many similar pro​​b​lems in industrial or mobile robotics where safe, colli​sion free paths are needed to be found in an low-cost way. Its major strength is the simplicity leading to short computation times. 
LITERATURE

[1]
The MathWorks, Inc. MATLAB, The language of technical computing, Version 6.5.0.180913a (R13).
[2]
B. Siciliano, and L. Sciavico, Modeling and Control of Robot Manipulators, Prentice Hall, 1996.

[3]
P. Corke. A robotics toolbox for MATLAB, Version RELEASE 6 (April 2001).
Nenad Vukic, Ivan Velickovic, Milan Rasic, and 
Goran S. Djordjevic,
383

_1203706194.unknown

_1203706120.unknown

