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Abstract

Radiation and other hazards in nuclear environmental restoration and waste management
work necessitate the use of remote operations to protect human workers. In order to increase
the productivity and reduce the workload of operators, the execution of telerobot tasks
needs to be automated as much as possible. This thesis develops a framework to allow the
operator to interactively generate a sequence of computerized action commands that will be
automatically accomplished by a telerobot. Microsoft® Visual C++® is used as the main
development software to build the system including the design of graphical user interface.
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Chapter 1

Introduction

The research and application of robots have been advanced greatly during the past years
since the occurrence of the first robot. Their application have been extended from simple
manufacturing to various areas like medication, transportation, épace exploration, enter-
tainment, and so on. Phillip John McKerrow gave a very brief and precise definition for
Robot [8]:

A Robot is a machine which can be programmed to do a variety of tasks, in the same
way that a computer is an electronic circuit which can be programmed to do a variety of
tasks. ‘

Radiation hazards in the nuclear industry led to the development of teleoperatofs for
remote handling of radioactive material. This thesis describes the development of a method-
ology to generate the telerobotic system commands in a dismantlement task execution. The
second chapter develops background information concerning the RTSA project and the pre-
vious work. The system configuration, including the major hardware and software, are
described in chapter 3. The fourth chapter explains the principle of task decomposition and
the algorithm developed for action generation. The graphical user interface structure used
for the entire task planning process is discussed in the fifth chapter. Chapter 6 presents

conclusions and suggestions for future work are given in Chapter 7.



Chapter 2

Background

2.1 Overview

Many environmental restoration and waste management (ER&WM) challenges involve radi-
ation or other hazards which will necessitate the use of remote operations to protect human
workers from dangerous exposures. However, the remote operation are inherently far less
productive than direct human operation since task operations are slow and tedious. As a
result, the remote work systems are far more costly than direct human workers. There-
fore, improving the productivity of combined human operator/remote equipment systems
becomes a main issue. One promising avenue is to supplement conventional remote work
systems with robotic planning and control techniques borrowed from manufacturing and
other domains [3]. A more efficient telerobotic work system will be yielded through this
combination.

That task is actually very difficult because of some formidable technical challenges.
Almost always the geometry of the task environment is highly unstructured and uncertain.
In many cases, the precision and accuracy of the geometric knowledge are not adequate. All
of these factors add difficulties to the mission. Due to the limitations of current technology,
the full automation of ER&WM cannot be realized for the time being. However, there

are still certain subtasks in which automatic planning and execution can be utilized. The
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Table 2.1: Modeled Pipe Fittings

Component | Schedule Size Connection
Type (Nominal)
4001b Flange N/A 3/4,11/4,11/2,2,21/2,3,4,5,6, 8 inch Bolted
6001b Flange N/A 3/4,11/4,11/2,2,21/2,3,4,5,6, 8inch Bolted
9001b Flange N/A 3/4,11/4,11/2,2,21/2,3,4,5,6,8inch Bolted
15001b Flange N/A 3/4,11/4,11/2,2,21/2,3,4,5,6, 8inch Bolted
45° Elbow 10-160 21/2,3,4,5,6, 8 inch Welded
90° Elbow 10-160 |3/4,11/4,11/2,2,21/2,3,4,5,86,8inch Welded
90° Elbow 10-160 2 and 3 inch Screwed
Tee 10-160 |3/4,11/4,11/2,2,21/2,3,4,5,6,8inch Welded
Tee 10-160 2 inch Screwed

Straight Pipe | 10-160 | 3/4,11/4,11/2,2,21/2,3,4,5,6, 8 inch N/A

RTSA uses three algorithms to construct the 3D geometrical model of the task scene.
(see Figure 2.3) Among them the manual mode is the most robust and reliable {9]. With
the stereo camera images, the operator’s experience can be employed to specify the type
and the size of objects. The location and the orientation information can be obtained from
the laser range sensor and the computer a.lgorithni. Then the appropriate models (from
pre-constructed model library) can be placed at the right place in 3D space referenced to
the mobile robot. The two auto scan algorithms, stereo auto scan and range image auto

scan, can be run in the background to search for those indicated objects of interest.

2.3 Subsequent Task

Once the geometrical information of the task scene have been obtained, the plan for the
motion of the robot becomes the key to the accomplishment of the automation of the task.
As will be discussed later, the robot task will be decomposed into actions and then those

actions will be implemented in the programming language.






Chapter 3

System Configuration

3.1 Hardware

3.1.1 Schilling Manipulator

The Schilling Titan II shown in Figure 3.1, is a six-degree-of-freedom hydraulic manipulator
weighing 225 pounds, with a reach of approximately 76 inches and a payload at full extension
of 240 pounds [1]. It incorporates a two-finger gripper with a maximum opening of 5
inches. It is securely mounted on the floor of the Robotics and Electromechanical Systems
Laboratory (Room M7 in the Dougherty Engineering Building) and is used to test RTSA

and the telerobotic system in typical remote operations task.

3.1.2 Stereo Sensor Head

As illustrated in Figure 3.2, the stereo sensor head consists of two Panasonic® CCD cameras,
a SICK laser range pointer, and a drive which can rotate about pan and tilt axes. The two
digital cameras can produce black and white images with 640 x 480 resolution. The laser
range finder is capable of measuring distances up to 16 meters at a re§olution of 1 mm at

a rate of about 30 Hz. A tripod is also used to mount the sensor head.
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3.2.2 Microsoft Visual C++

Microsoft Visual C++® 6.0 is chosen as the development software environment. This
version includes the Microsoft Foundation Classes and Templates, which is composed of the
Microsoft Foundation Class Library (MFC) and the Active Template Library (ATL) [4].
Most classes in the RTSA code are inherited from MFC, a set of C++- classes tha.tAtogether

form the skeleton of a 32-bit application for Windows NT.

3.2.3 ControlShell

ControlShell® is the development tool created by Real-Time Innovations (RTI) [10] used
to implement the telerobot controller. It allows users to create continuous flow diagrams
graphically and link them with finite state machines to dictate the behavior of the system.
It is installed on the near real time control computer to receive the commands from the

task planner and parse those commands for execution.



Chapter 4

Task Planning

4.1 Planning and cbntrol configuration

The execution tasks of a robotic system involve multiple sequences of actions, which are
connected or dependent upon each other logically and temporally [12]. The basic structure
of the task planning and control system [11] is organized in layer hierarchy as shown in

Figure 4.1.

4.2 Task Decomposition

Robots are designed to perform tasks. We use them instead of other machines because
they are flexible. Robot task planning is in essence the planning of robot motion sequences
to execute tasks. As mentioned in last section, the whole planning structure is a sort of
layer hierarchy. Our objective is to tackle the problem of task planning using the tool of

hierarchical decomposition. The decomposition hierarchy is:
e Task level
e Action level

e Robot level

11
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Figure 4.1: Planning and Control of Robotic Systems
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o Joint level

Each of these hierarchy levels will be described in detail.

4.2.1 Task level

The user has to specify, in detail, what he wants the robot to do in this level. In remote
dismantlement (the focus of RT'SA), the principal task of it is to remove objects in the work
scene. Examples of objects include pipes and pipe fittings like tees, elbows and flanges etc.

Some custom objects, for example, vessels and tanks, also often exist in the work area.

4.2.2 Action level

Tasks can be decomposed into a sequence of primitive actions. A robot performs its task
by executing those actions in the proper sequence. Action-level planning requires a model
of the world in the domain of the task, which is the main research issue of the first phase of
RTSA. Based on the model information and the features of tools and the robot, the operator
uses his experience and expertise to identify the key points in the model, to specify tools
and to provide cut angle and via point information. All these data are used to determine

the sequence of primitive actions. Current actions considered in the work are:
e Move
e Pick tool
e Put back tool
e Change tool
e Cut

Among them, change tool is actually the combination of putting back the held tool and

picking the expected tool.
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4.2.3 Robot level

A robot can execute a set of low-level primitive operations to accomplish actions. Each
action must be mapped into a sequence of these operations. Thus, the robot-level planner
deals with the motion of the end effector. From the perspective of the programmer, these
operational primitives define the robot in the same way as machine code defines a computer.
For this reason, the set of such operations is sometimes referred to as robot machine code.
Lots of information, like the location and characteristics of tools, size of the model objects,
are needed to decompose the primitive actions into primitive operations. Decomposition of
the primitive actions is shown below:

e Move

(not decomposed)

e Pick tool
(1) Move to the above point of the tool
(2) Open gripper
(3) Move down to the tool
(4) Close gripper to grasp the tool

(5) Move up back to the above point

e Put back tool
(1) Move to the above point of the tool
(2) Move down to the tool rack
(3) open gripper to release the tool

(4) Move up to the above point

e Change tool
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Combination of pick tool and put back tool

Cut

(1) Turn on cut tool

(2) Move along the cutting track to cut
(3) Turn off cut tool

(4) Back out along the original track to the start point

4.2.4 Joint level

A robot can be thought of as a set of links connected by joints. At this level, posi-
tion, velocity, and force control systems regulate the actuators to control the robot
dynamics. A near real-time computer in RT'SA is responsible for receiving the robot

machine code and converting those code into joint parameters versus time.

4.3 The flowchart of action-generating code

The code to generate the robot action is the core of the entire task planning code. The
flowchart of action-generating part in Figure 4.2 illustrates how the finally planned

action is created.

First, three linked lists — the end point list, the action list and the action description
list are created. There are two kinds of end points — cut point and via point. Via
point is a point that the end effector goes through in order to avoid obstacles. The
end point list contains the position and orientation information of all the end points in
a task. Those data will determine the position and orientation of the start point and
final point of the end effector in each movement operation. The tool used at each end

point is also specified in this list. Both the action list and the action description list
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initialize the end point list (EndPtLIst)

initialize the action list (ActList)

v

initialize the action description list (ActDscptL.ist)

v

for loop to traverse the end point list

yes . Ccreate the action--teleoperation
< attach the action to the action list

& action description list

e

teleoperation?

no

holding a tool?

is held tool the expected tool?

no

create the actions--go to the too! rack
pick the expected tool

attach the actions to the action list &
action description list
update the held tool

yes

create the actions --- go to the tool rack
release the held tool
pick the expected tool
attach the ‘actions to the action list &
action description list
update the held tool

o P

N

create action--- move to the end point
attach the action to the action list &
action description list

is this point a via point?

no

~ L
Y

create cutting actions
attach the actions to the action list &

action description list
o

/
A

Figure 4.2: Flowchart of action generation
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—> node value
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Figure 4.3: The Structure of Doubly Linked List

are derived from the end point list. From the hierarchical point of view, the action list

is a level below the action description list since the action list actually encompasses

the needed data for each primitive operation whereas the information involved in the

action description list is primitive action data. However, they are the same thing

in essence. The main purpose of the action description is to give the operator an

oversight view of the plan without getting into too much detail.

All the lists mentioned above are doubly linked lists [5] (see Figure 4.3) in which

each node has two pointers — one to the next node, and one to the previous node.

This is important because one can not only traverse lists forward and backward but
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also insert and delete nodes anywhere in the list easily. This convenience allows the

operator to insert and delete end points and actions directly.

The program uses a for loop to traverse the end point list. If the robot is not holding a-
tool, then it must obtain a tool from the tool rack to do the cutting task. Two actions
— “go to the tool rack” and “pick the expected tool” are generated and appended to
the action list and action description list. But if the robot is holding a cut tool at
the moment, the task planner checks to determine if the tool is the expected tool. If
the answer is yes, the task can proceed. If the currently held tool is not the required
tool, the robot has to go to the tool rack to change cut tool. Similarly, “go to the tool
rack”, “release the held tool” and “pick the expected tool” are created at this point.
After all the work associated with the tool are completed, the robot moves to the end
point which can be either via point or cut point. If the end point is a cut point, the
robot turns on the tool and moves forward to cut. After cutting, it turns off the tool
and returns along the original track. All these operations are included in the “cut
actions”. If the end point is a via point, the robot does not do any operation except
for proceeding to the via point to avoid obstacles. The end point list is traversed until
all the end points have been visited and then a complete action list is made to cover

all the necessary steps to accomplish this segment of mission.



Chapter 5

The Graphical User Interface
Design

The GUI (graphical user interface) design is one of the most important aspects of the
planner. The GUI ﬁses windows and menus with common graphic symbols instead of typed
system commands to provide an intuitive environment. It is an interactive tool which not
only provides a means for the user to input data but also displays some updated data.
During the planning procedure, the operator has to understand and evaluate the display,
formulate goals and provide command inputs through the mouse or joystick. The task
planning code behind the GUI is like a black box, or processor, which reads in commands
and data from the operator, manages the data, creates the proper plan based on the RTSA

model.

5.1 The Overview of GUI

The GUI of task planning is structured like a tree, which has a root and a couple of branches.
The root window contains six options which can invoke a branch window. individually. As
shown in Figure 5.1, five of these six options are in parallel. From the selection' order
point of view, each branch window is independent. That is to say, the operator can select

any of them in any order without confusing the regular execution of the program. These

19
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Also assembly can increase the productivity in that the robot can remove larger quantities
of equipment with fewer operations.

When assembly is the object type, the operator has to open the other windows from
the task planner window to provide cut points, cut tools and insertion of. via points and
teleoperation because those are necessary information. To streamline the GUI, this window
also contains process component options like pipe, elbow and tee. The operator does not
need to supply other cutting information since the computer can automatically calculate
those parameters based on the stored data for the pipe or pipe fitting models. After con-
sidering the specific conditions of the scene and the tradeoff between efficiency and burden
on teleoperation, the operator has the freedom to go either way he thinks the best from his

experience.

5.5 Select Cut Point

Because of the complexity of typical work scenarios, the selection of cut point locations and
cutting angles may be limited in some extent. The cut point selection window shown in
Figure 5.5 provides the operator the ability to define these parameters. First an item of
the model built previously is chosen from the “Part Selection” drop down list. The selected
part is also highlighted in the Envision window and a red cutting plane which defines the
cutting position and direction will also appear and be attached to the base frame of the
model of the selected part (See Figure 5.6).

In the cut point selection window, four translate and rotate buttons can be used to move
and rotate the cutting plane along the center axis of the part until a satisfactory cutting
location and direction is determined. For each cut point, the cut tool to be used at that
point can also be specified through the “Tool Selection” radio button. The “Store Point”
button is pressed to save all the data associated with this cut and x, y, z coordinates of

the approach point (the point the robot begins to turn on tool and goes forward to cut)
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will be displayed by edit box to provide a reference. If the operator is not content with the
| selection, he can go back to those points by clicking “Previous Point” button and modify
the cutting plane. Even in the worst case — all the former selections are not acceptable, the
“Cancel” button can be used to overturn previous decisions. Or the user can press “Finish”

button to complete the cut point selection task.

5.6 Insert Via Point

Sometimes the robot cannot move from a cut point to the next cut point, or between the
cut point and the tool rack directly, as there are 6bstacles in the way. With path obstacles,
extra points must be inserted in the robot’s trajectory. These points are called via points
that the end effector of the robot will pass through to avoid obstacles.

After the selection of the cut points, the drop down list in the insert via point window
in Figure 5.7 will contain a list of the cut points. Then the operator can select the proper
point for insertion of a via point. Currently this window is missing the functionality to
specify the position of via points. A promising way to solve this problem is to model a tiny
object or specify a point on an object as marks. Then these marks can be moved to the

proper position in which the via point should be.

5.7 Insert Teleoperation

The insert teleoperation window shown in Figure 5.8 is similar to the insert via point window
shown in Figure 5.7. It also has a drop down list that contains previous operations. The

operator uses this window to specify the operation after which the teleoperation will be

inserted.
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5.8 Inspect Plan

After the task plan has been completed, the operator needs a way to easily inspect it. To
inspect the plan, the “Check Plan” button in the task planner window is clicked to display
the summary action plan window shown in Figure 5.9. The task plan elements are displayed
in that window. The task plan elements are written in a condensed style so that the operator
can efficiently check what the robot will do for the next sequence of operations. If the task
plan is acceptable, the “Download Plan” button in the task planner window is pressed to

save all the robot commands to a command file which will be discussed below.

5.9 Command File

An example of a command file produced by the task planner is shown in Figure 5.10. It is a
text document containing the detailed operations that are to be performed by the telerobotic
system. Each primary operation is a standard C structure composed of ten elements which
are information regarding the opening and closing of the gripper, toggling of tool power,
desired final position and orientation of the gripper for the movement operation, and a flag
to identify teleoperation. This is a format that can be easily interpreted by the control
computer. This command file will be downloaded by file transfer protocol(FTP) over the

Ethernet to the telerobot control computer.
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-3 Operation 1:

teleop = 0 L# not teleoperation

move = 1 #a movement operation

gripAct = 0 #the gripper remains the original status

toolAct = 0 #the toolremains the original status

PtX = 10.000000 #the x coordinate of the final point

PtY = 20.000000 #the y coordinate of the final point

fPtZ = £0.000000 # the z coordinate of the final point

fPtPitch = 0.000000 #the pitch angle of the final point ’

fPtYaw = 0.000000 # the yaw angle of the final point

fPtRoll = 0.000000 #the roll angle of the final.point
Operation 2:

teleop = 0 #not teleoperation

move = 0 #not a movement operation

gripAct = 1 +#open gripper

toolAct = 0 #the tool remains the original status

fPtX = 0.000000 # the x coordinate of the final point

fPtY = 0.000000 #the y coordinate of the final point

Ptz = 0.000000 +#the z coordinate of the final point

fPtPitch = 0.000000 #the pitch angle of the final point

fPtYaw = 0.000000 #the yaw angle ofthe final point

fPtRoll = 0.000000 +#the roll angle of the final point
Operation 3:

teleop = 0 #not teleoperation

move = 1 #a movement operation

gripAct = 0 #the gripper remains the original status

toolAct = 0 #the toolremains the original status

fPtX = 10.000000 #the x coordinate of the final point

Pty = 20.000000 #the y coordinate of the final point

fPtZ = 30.000000 # the z coordinate of the final point

fPtPitch = 0.000000 #the pitch angle of the final point

fPtYaw = 0.000000 #the yaw angle of the final point

fPtRoll = 0.000000 #the roll angle of the final point
Operation 4:

teleop = 0 #not teleoperation

move = 0 #not a movement operation

gripAct = 2 #close gripper

toolAct = 0 #the tool remains the original status

fPtX = 0.000000 ##the x coordinate of the final point

Pty = 0.000000 #the y coordinate of the final point

fPtZ = 0.000000 #the z coordinate of the final point

fPtPitch = 0.000000 #the pitch angle of the final point

fPtYaw = 0.000000 # the yaw angle of the final point

fPtRoll = 0.000000 #the ro!l angle of the final point -
Operation &:

teleop = 0 # not teleoperation

move = 1 #a movement operation

gripAct = 0 #the gripper remains the original status

toolAct = 0 #the toolremains the original status

PtX = 10.000000 #the x coordinate of the final point

Pty = 20.000000 #¢the y coordinate of the final point

Ptz = §0.,000000 # the z coordinate of the final point

fPtPitch = 0.000000 #the pitch angle of the final point

fPtyaw = 0.000000 #the yaw angle of the final point

fPtRoll = 0.000000 #the roll angle of the final point
Operation 6:

teleop = 0 #not teleoperation

move = 1 #a movament operation

gripAct = 0 +#the gripper remains the original status

toolAct = 0 #the toolremains the original status

PtX = 2867.258878 #the x coordinate of the final point

Pty = 708.430948 #the y coordinate of the final point

Figure 5.10: An Example of Executable Task File



Chapter 6

Conclusions

Planning and scheduling technology offers considerable promise in automating telerobot
operations. Planning and scheduling telerobot operations involves generating a‘ sequence of
low-level robot commands from a set of high-level goals. A task planning framework for
robot operations utilizing extensive operator interaction was constructed in this thesis. The
commands are in a simple format that can be easily parsed and processed by the real time
control system of the robot. The working efficiency is increased since the human worker can

command the robot to execute the planned actions and work on the other subtasks himself

at the same time. The enhancement of productivity will result in greater economical benefit.
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Chapter 7

Future Work

There are still some aspects of the task planner discussed here that need to be improved in
the future. First, the layout of the user interface could be more graphical and streamlined.
For example, it would be more intuitive if the position and order of cut points could be
displayed in the Envision window when the operator selects them. This will enable him to
have in mind an approximate picture of the operation trajectory that the manipulator will
go through and benefit subsequent cut point selection.

Second, the work to provide the functionality to cut a particular pipe fitting automat-
ically has to be completed. This is viable since the parameters of those pipe fittings are
already known in the database. The cutting position and orientation can be calculated from
those parameters. The monotonous cut point selection work can be reduced in this way.

Another remaining problem is the determination of via points. Via points are not easy
to specify because they exist in “free” space. A useful approach is to attach an auxiliary
point or object in “free” space and then move it to the proper position to repfesent the via
point.

Lastly, there are currently too many windows in the RTSA user interface. This is against
the rule of GUI design and should be avoided. The number of windows needs to be reduced

by combining some small windows and optimize the structure of the GUI in the future.
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Appendix A

Selected Software Listings

A.1 dllist_struct.h

typedef struct dllist {
struct dllist =flink;
struct dllist *blink;
void = val;

} *Dllist;

A.2 MyList.h

// MyList.h: interface for the MyList class.

1/
rruiaiiiaiigaigaiigauuuiaguan
#include "dllist_struct.h”

#1f )defined (AFX_MYLIST_K__F700E411_3856_11D3_872E_00CO4FA35F00__INCLUDED_)
#dofine AFX_MYLIST.H__F700E411_3856_11D3_872E_00CO4FA35F00__INCLUDED.

#if _MSC_VER > 1000
#pragma once

_ tendif // MSC_VER > 1000

class MyList
{

pudblic:
MyList(;
virtual “MyList();

Dllist List; // the pointer to the head of the linked list
Dllist tempList; // to store thke pointer to the head of the linked list temporarily

Dllist new_dllist();
void dll_insert b(Dllist node, void * v);
void d1l_insert_a(Dllist n, void = val);
void dll_append(Dllist 1, void = val);
void dl1l_prepend(Dllist 1, void = val);
void d1l_delete_node(Dllist node);
int dll_empty{(Dllist 1);
void free_d1llist(Dllist 1);
Dllist dl11_first(Dllist d);
Dllist dll_last(Dllist d);
Dllist dll_nil(Dllist 1);
Dllist dll_next(Dllist d);
Dllist dll_prev(Dllist 1);
void = dll_val(Dllist 1);
};

#endif // !dofined(AFX_MYLIST H__F700E411_3866_11D3_872E_00CO4FA35F00__INCLUDED_)

37




APPENDIX A. SELECTED SOFTWARE LISTINGS 38

A.3 MylList.cpp

// Wylist.cpp: implementation of the MyList class.
/"
JHIIIIIIIIIIIE0E20000700700000101001071001071110010111111111111111111 ,
#include "stdafx.h"

#include "Rtsa2.h”

#include "MyList.h"

#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

t#define new DEBUG_NEW

#endit

JITI7EHII0I0 000000 000700000000007000000010000711107117101111117171117

// Construction/Destruction

JIIHIIIIIIIII0 000 0000000000000000007100000007100001107107101117111117

MyList::MyListQ
{

3
MyList::"MyList()
{

}
// the member functions
Dllist MyList::new_dllist()
{
Dllist 4;
d = (Dllist) new dllist; |
d->f1ink = d;
d->blink = d;
roturn d;
}
void MyList::d1ll_insert_b(Dllist node, void * v) /e Inserts before a given node s/
{
Dllist newList;

newList = (D11ist) new dllist;
newList->val = v;

noewList->flink = node;
newList->blink = node->blink;
nevwList->f1link~>blink = newList;
nowlList->blink->f1ink = newlList;
}
void MyList::dll_ insert_a(Dllist n, void * val) /= Inserts after a given node »/

dll_insert_b(n->flink, val);

void MyList::dll_append(Dllist 1, void » val) /* Inserts at the end of the list =/
{

dll_insert_b(l, val);

void Mylist::dll_prepend(Dllist 1, void » val) /* Inserts at the beginning of the list »/
{

dll_insert_b(l->flink, val);

void MyList::d1l_delete_nodo(Dllist node) /» Delotes an arbjtrary item =/
{
node->f1link->blink = node->blink;
node=->blink->flink = node->flink;
delete (node); .

int MyList::d1l_empty(Dllist 1)
{

return (1->flink == 1);
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void MyList::free_dllist(Dllist 1)
{
vhile (!dl1l_empty(1)) {
dll_delete_noda(dll_first(l));
}
delete(l):
Dllist MyList::dll_first(Dllist d)
{

return d=->flink;
}

Dllist MyList::d11l_last(Dllist d)
{

roturn d->blink;

Dllist MyList::d1l_nil(Dllist 1)
{

return 1;

}

Dllist MyList::dll_next(Dllist d)
{ roturn d->flink;

Dllist MyList::dl1_prev(Dllist 1)
{ roturn (Dllist) (1->blink);

}

zoid » MyList::d1l_val(Dllist 1)

retura l->val;

A.4 EndPt_Action_Struct.h

struct End_point {
bool telop; // 1: teleoperation

int is_via; // tlag; O:this is a cut point 1: this is a via point
int hold_tool; // 0: empty 1: saw 2: scissors 3: drill
double coord_x;

double coord.y;

double coord_z;

double xoll;

double pitch;
double yaw; };

struct action {

bool teleop; // flag to judge if the action is teleoperation 1: this action is teleoperation
bool move; // flag 1: this action is just a movement

int gripAct; // 0: remain 1: open gripper 2: close gripper

int toolAct; // 0: remain 1: turn on tool 2: turn off tool

int holdTool;

double IPtX; // the x coordinate of the final point

double fPtY; // the y coordinate of the fimal point

double fPtZ; .// the z coordinate of the final point

double fPtPitch; // the pitch angle of the final point
double fPtYaw; // the yaw angle of the £inal point
double fPtRoll; // the roll angle of the final point

// double maxSpeed; // the maximun speed of the movement
} .

A.5 Rtsa2.h

// Rtsa2.h : main header file for the RTSA2 application
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//

#if !defined (AFX_RTSA2_H__9BDE196F_F4D7_11D1_A767_006008179102__INCLUDED_)
#define AFX_RTSA2_H__9BDE196F_F4D7_11D1_A767_006008179102__INCLUDED_

#if _MSC_VER >= 1000

#pragma once
#ondif // _MSC_VER >= 1000

#ifndef __AFXWIN_H__
#error include ’stdafx.h’ before including this file for PCH

ttendit

#include <afxtempl.h>

#include "resource.h" // main symbols

#include "C:\mil\include\mil.h" // Matrox Image Library headers

#include "C:\mil\include\mwinmil.h" //
#include "C:\mil\include\milsetup.k" //
#include "C:\mil\include\milerr.h" //

#include "pan_tilt.h" // Pan tilt header

#include "servo_lemns.h" // Servo lens header
#include "lagser_range.h" // laser range finder header
#include "StereoDlg.h" // Stereo dialog header

#include "object_model.h"
#include "PopUpDlg.h"
#include "ObjectDlg.h"
#include "CutSelect.h"
#include "PartiApprovalDlg.h"
#include "MyList.h"

#define CCD_0ffset_X 250 // x~offset of CCD from sensor head base frame in sens head coors (mm)
#define CCD_Offset Y -5 // y-offset of CCD from sensor head base frame in sens head coors (mm)
tdefine CCD_Offset_Z =30 // z-offset of CCD from sensor head base frame in sens head coors (mm) -12

#define Lrf_(ffset_X 100 // x-offset of LRF from sensor head base frame in sens head coors (mm)
#define Lrf_Offset_Y -12.15 // y-offset of LAF from sensor head base frame in sens head coors (wm)
#define Lrf _Offset_2 65 // z-offset of LRF from sensor head base frame in sens head coors (mm) =12

#defino LrfPan0ff 0.019 // Pan misaligoment of LRF from camera gaze vector (previously -0.0056)
#dofine LrfTilt0Off -0.01 // Tilt misaligmmwent of LRF from camera gaze vector (previously -0.0244)

#define Lrf_Offset 0 // Laser range finder roll-over offset (mm)
// Desired smount depends om object of imterest location
// ome rollover = 2047 mm for old LRF

#define Radius_1 16.7005 // Radius of 1’ pipe (mm) (actually 1.315" outer diameter)
#define Radius_2 30.1625 // (actually )

tdefine Radius_25 36.5125 // (actually )

#define Radius 3 44.450 // (actually )

#define Radius_4 57.150 // (actually 4.5" outer diameter)

//#detine Z_World 1495.6

#define 2_World 1486//1487 // Height of sensor head base frame above world coor sys in Emvision
#define X_Camera 300 //x position of camera frame in the Pan Tilt Frame

tdetine Y_Camera 10 //y position of camera frame in the Pan Tilt Frame

#define Z_Camera =100 //z position of camera frame in the Pan Tilt Frame

//Cameras should be set with tilt of -3.3 dogrees as measured by physical scale to be level with the floor

uiuuuiuuaainaio
// Declare Globals

/7

void OnAutoApproved();

/» Sterao autoscan client »/
exteorn unsigned __stdcall StereoASClient(veid »);

/* Range autoscan clieant »/
extern unsigned __stdcall RangeASClient(void #);

yraiiiguuuiiiaa
// Set ENVISION mode

//tdefine NOENVISION

#define ENVISION

yugiaiiinnnnnnnin
// CRtsa2App:

// Sea Rtsa2.cpp for the implementation of this class

/7

class CRtsa2App : public CWinApp
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{ .
public:

Cstring FileToOpenAtStartup;

CString UndoFileName;

BOOL FileToOpenFlag;

void ASClient();

CRtsa2App();

long NumberOfDigitizer; // Number of digitizers available on the system
long SizeX; // Buffer Size X

long SizeY; // Buffer Size Y |
long Band; // Number of input color bands of the digitizer

long BufferAttributes; // Buffer attributes that will be allocated
long int »*nPT_Stat; // Pan--Tilt status array

int »nLSL_Stat; // LeftServolLens status array

int *nRSL_Stat; // RightServolens status array

long int alRF_Stat; // Laser Range Finder status value
pan_tilt »nPT_Control; // Pan--TIlt class pointer

servo_lens *nLSL_Control; // LeftServolens class pointer
servo_lens saRSL_Control; // RightSexvolens class pointer
laser_range *nLRF_Control; // Laser Range Finder class pointer
float nPanAngle; // Pan angle .
float nTiltAngle; // Tilt angle

float nZoomN // Zoam b

float nF N // Focus di

float nApertureNum; // Aperture number

int nScheduleNum; // Enum value of _Schedule_ from Combo

int nSizeNum; // Enum value of _Size_ from Combo

int nTypeNum; // Enum value of _Type. from Combo

int nAutoScanNum; // Enum value of _Type. from Combo

int nMethod; // Manual=0, AutoScan Stereo=1, Range=2, Approve=3

int nUserView; // Left stereo=0, Right=1, Range=2, Intensity=3

CStereoDlgs pStereoNode; f
int nSocketDesc; // This is the socket descriptor for CLI commands
charss cCliInit; '
int oRoiNumber;

CPoint CalPoint{2];

float CalZoom[2];

long int CalPointRange; '
float CalPanAngle; '
float CalTiltAngle;

float ssCameraCal;

CObjectDlg* pManualModeless; .
CCutSelects pCutSelectModeless; )
CPartApprovalDlgs pPartAprModeless;

int seq; // Used to keep track of the envision part name

int AprMethod; // O is manual, 1 is AutoScan

float PVPanAngle; // Pan angle vhen the PV image is captured

float PVTiltAngle; // Tilt angle vhen the PV image is captured

int holdTool; // label to show what tool the robot is holding mow: used to generate the actions
// 0: holding mothing 1: holding a saw 2: holding a scissors 3: holding a drill
int RealholdTool; // the real status label .
bool  firstcheck; // flag to indicate if this is the first time to check the plan
// int bavelist; // flag to show if a EndPtList has been created
MyList EndPtList; // the linked list of the end point information
MyList Actlist; // the linked list of the (struct) action informatiom
MyList ActDscptlist; // the linked list of the strings to describe the action
struct Ster d Sender;

struct StereoSendStruct spSender; .
//struct objectInfo ManualPart;
struct objectInfos pHanualPart;
//struct objectInfo* pObjListEl;

struct objectInfo» pSASPart;
struct objectInfo SASPart;

struct objectInfo» pRASPart;
struct objectInfo RASPart;

int PipeCnt, ElbCnt, TeeCnt, CustCnt;
int LeftImgCoords{4], RightImgCoords{4]; // Pixel coordinates of image fragments chosen for stereo

// autescan

CList< int, int> ManualSendList;
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CList< objectInfo, objectInfo> ManualPartlist;
CList< objectInfo, objectInfo> AutoscanPartList;
CList< objectInfo, objectInfo> spAutoscanPartlist;

CList< objactIpto. objectInfo> StereoAutoscanPartList;
CList< objectInfo, objectInfo> RangeAutoscanPartList;

CList< objectInfo, objectInfo> MasterPartlList;

int AutoWaitFlag;
CPopUpDlg* pPopUpMode;

MIL_ID EventId;

MIL_ID MilApplication; // Display identifier.
MIL_ID MilSystem; // System identifier.
MIL_ID MilDisplay; // Display identifier.
MIL_ID MilDisplayl; // Display identifier.

MIL_ID Millmage;
MIL_ID Millmagel;
MIL_ID Millmage2;

MIL_ID Millmageleft; // Small left image idemtifier
MIL_ID MilImageRight; // Small right image identifier
MIL_ID MilDigitizer; // Digitizer idemtifier.

MIL_ID BuffID; // Image buffer ID(color).

MIL_ID BuffID1; // Image buffer ID(momochrome).

MIL_ID BuffID2; // Image buffer ID(wmonochrome).

MIL_ID BuffIDLeft; // Image buffer ID(monochrome).
MIL_ID BuffIDRight; // Image buffer ID(monochrome).
MIL_ID MainBuffLeft; // Image buffer ID(monochrome).
MIL_ID MainBuffRight; // Image buffer ID(momochrome).
MIL_ID BuffIDLoftSmall; // Image buffer ID(monochrome).
MIL_ID BuffIDRightSmall; // Image buffer ID(monochrome).

MIL_ID MainBuffLeftSmall; // Image buffer ID(monochrome).

MIL_ID MainBuffRightSmall; // Image buffer ID(monochrome).
MIL_ID LeftSASImgFrag; // Image fragment from left stereo image
MIL_ID RightSASImgFrag; // Image fragment from right stereo image

// Overrides
// ClassWizard generated virtual function overrides
//{{AFX_VIRTUAL(CRt3a2App)

public:

virtual BOOL InitInstance();
//Y}YAFX_VIRTUAL

// Implementation

//{{AFX_MSC(CRtsa2hpp)

// NOTE -

the ClassWizard will add and remove member functions here.
7/ DO NOT EDIT what you see in these blocks of gemerated code !

//Y}AFX_KSG
DECLARE_MESSAGE_MAP()

};

JIIIEITI00 0000000000000 00 0000021000000 0010000000011000000710100000000111101011

//{{AFX_INSERT_LOCATION}}

// Microsoft Developer Studio will insert additional declarations immediately before the previous line.

tendif // !defined(AFX_RTSA2_H__SBDE196F_F4D7.11D1_A767_006008179102__INCLUDED_)

A.6

// Rtsa2.cpp : Defines the class behaviors for the application.

1

#include
#include
#include
#include
#include
#include

Rtsa2.cpp

"StdAfx.h"
"Rtsa2.h"
"Rtsa2Dlg.h"
*SterecDlg.h"
“ghlibdefs.h"
*SendCliCommnand.h"

/e»»STEREQ HEAD INCLUDE FILESwss/
#include<process.h>

#include"rtsa.h"

/

// Image buffer idemtifier(color).
// Image buffer identifier(monochrome).
// Image buffer identifier(monochrome).
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// WE NEED TO PUT THIS SOMEWHERE
extern unsigmed __stdcall ApprovalCheck(void sparams);

#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;
#ondif

JI11100010000000000100001000710100000000000000000080001000010711000010111001171117
// CRtsa2App

BEGIN_MESSAGE_MAP(CRtsa24ipp, CWirApp)

//{{AFX_MSG_MAP(CRtsa2App)

// NOTE - the ClassWizard will add and remove mapping macros here.
/7 DO NOT EDIT what you see in these blocks of generated code!
//Y}AFX_MSG

ON_COMMAND(ID_HELP, CWinApp::OnHelp)

END_MESSAGE_MAP()

JI1112E01000007107007001111700000000000000000001100011801120711011117111171117
// CRtsa2App comstruction

CRtsa2App: :CRtaa24pp()
{

// TODO: add comstruction code here,

// Place all significant initialization in InitInstance
nUserView = 0;

nMethod = 03

pStereoHode = NULL;

// pPopUpMode = NULL;

}

JIIIIIIIIEIII2E000100000000000000000000710000000000000000000000010100011011
// The one and only CRtsa2App object

CRtsa2App theApp;

JIII000L01 00710 000010007000000020001007007010070110010001110110071001711017
// CRtsa2App initialization

BOOL CRtsa2App: :InitInstance()
{

if (lAfxSocketInit())

{

AtxMessageBox(IDP_SOCKETS_INIT_FAILED);
return FALSE;
}

// Initialize OLE libraries \
iz (1AfxOleInit())

{

AfxMesasageBox (IDP_OLE_INIT_FAILED);

roturn FALSE;

}

AfxEnableControlContainer();

// Standard initialization

// If you axe not using these foatures and wish to reduce the size
// of your final executable, you should remove from the following
// the specitic initialization routines you do not need.

#ifdef _AFXDLL

Enable3dControls{); // Call this when using MFC in a shared DLL
selse

Enable3dControlsStatic(); // Call this when linking to MFC statically
geondif

// Parse the command line to see if launched as OLE server

i? (RunEmbedded() || R ted())

{

// Register all OLE server (factories) as rumning. This enables the
// OLE libraries to create cbjects from other applications.
COleTemplateServer: :RegisterAll();

}

else

{

// When a server application is launched stand-alone, it is a good idea
// to update the system registry in case it has been damaged.
COleObjectFactory: :UpdateRegistryAll();
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}

// Allocate an application

MappAlloc (M_DEFAULT,&MilApplication);

// Allecate a system
MsysAlloc(M_SYSTEM_SETUP,M_DEF.SYSTEM_NUM,M_COMPLETE, éMilSystem);

// Allocate a display

MdispAlloc(MilSystem, M_DEFAULT, M_DISPLAY_SETUP, M_DEFAULT, &NilDisplay);
// Allocate a second display

MdispAlloc(MilSystem, M_DEFAULT, M_DISPLAY_SETUP, M_DEFAULT, &MilDisplayl);

// Inquire mumber of digitizers available or the system
MsysInquire(MilSystem,M_SYS_DIGITIZER_KUM,&NumbexOfDigitizer);
// Digitizer is available
if (NumberOfDigitizer)
{
// Allocate a digitizer
MdigAlloc(MilSystem,M_DEFAULT ,M_CAMERA_SETUP,M_DEFAULT, 2MilDigitizer);
// Stop live grab when window is disable
MsysControl (MilSystem,H_STOP.LIVE _GRAB_WHEN_DISABLED,M_ENABLE);

// Inguire digitizer informations

SizeX = MdigInquire(MilDigitizer,M_SIZE_X,M_NULL);
SizeY = MdigInquire(MilDigitizer,M_SIZE_Y,M_NULL);
Band = MdigInquire(MilDigitizer,M_SIZE_BAND,M_NULL);
}

// This is vhere to change the input ch 1 that is sy i since the
// master sync may mot come from the frame grabber.
MdigChannel (MilDigitizer, M_CH1);

BufferAttributes=M_IMAGE+M_DISP+M_GRAB;
// Allocate a buffer
BuffID = MbufAllocColor(MilSystem, Band, 640L, 480L, 8+M_UNSIGNED, BufferAttributes, &Millmage);

BuffID1 = MbufAlloc2d(MilSystem, 640L, 480L, 8+M_UNSIGNED, BufferAttributes, &MilImagel) ;
Buff£ID2 = MbufAlloc2d(MilSystem, 640L, 480L, 8+M_UNSIGNED, BufferAttributes, 2MilImage?2) ;

BuffIDLeftSmall = MbufAlloc2d(MilSystem, 320L, 240L, 8+H_UNSIGNED, BufferAttributes, &Mi1Tmageloft);
BuffIDRightSmall = MbufAlloc2d(MilSystem, 320L, 240L, 8+M_UNSIGNED, BufferAttributes, &MilImageRight);

MainBuffLeft = MbufAlloc2d(MilSystem, 640L, 480L, 8+M_UNSIGNED, BufferAttributes, &Millmagel);
MainBuffRight = MbufAlloc2d(MilSystem, 640L, 480L, 8+M_UNSIGNED, BufforAttributes, &MilImage2);

MbufAlloc2d(MilSystem, 320L, 240L, 8+M_UNSIGNED, BufferAttributes, &MainBuffLeftSmall);
MbufAlloc2d (MilSystem, 320L, 240L, 8+M_UNSIGNED, BufferAttributes, &MainBuffRightSmall);

// Allocate a temporary memory space for image fragments to be sent to the
// stereo autoscan server

MbufAlloc2d(MilSystem, 160L, 160L, 8+M_UNSIGNED, BufferAttributes, &LeftSASImgFrag);
MbufAlloc2d(MilSystem, 160L, 160L, 8+M_UNSIGNED, BufferAttributes, &RightSASImgFrag);

/we»STERED HEAD LOCAL VARIABLESwss/

struct pt_stat_struct »pt_struct;

struct sl_stat_struct *1sl_struct,*rsl_struct;
struct lxf_stat_struct slrf_struct;

unsigned int pt_id,lsl_id,rsl_id, lxf_id;

int pt._flag,lsl_flag,rsl_flag,lrf_flag;

/ /

/e»»ENVISION LOCAL VARIABLESs»»/
CString CliCmd;
CString CliRsp;
/ /
f/ !

/#»sSTEREQ HEAD--MEMORY ALLOCATION#s»/

/» Allocate memory for status array »/

oPT_Stat=(long int s#)calloc(3,sizeof(long int »)); .
oPT_Stat [0]=nPT_Stat[1)=(long imt *)calloc(13,sizeof(long int));
nPT_Stat[2])=nPT_Stat[1]+6;

/* Allocate memory for left lems status array =/
nlSL_Stat=(int »)calloc(6,sizect(int));

/* Allocate memory for right lems status array »/
nRSL_Stat=(int *)calloc(6,sizeof (int));

/% Allocate memory for pan/tilt status structure »/
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pt_struct=(pt_stat_struct #)calloc(1,sizeof(pt_stat_struct));

/* Allocate memory for LSL status structure =/
181_struct=(sl_stat_struct s)calloc(1,sizeof(sl_stat_struct));

/* Allocate memory for RSL status structure =/
rsl_struct=(sl_stat_struct *)calloc(1,sizeof(sl_stat_struct));

/* Allocate memory for LRF status structure =/
1rf_struct=(1rf_stat_struct »)calloc(1,sizeof(1rf_stat_struct));

/»#»STEREO HEAD--SERIAL PORT ALLOCATION AND INITIALIZATIONsws/
/= Open/Initialize the pan/tilt unit =/

pan_tilt pt_control(2,3,nPT_Stat);

nPT_Controle&pt._control;

/# Open/Initialize the left servo-lems »/
servo_lens 1sl_control(4,nLSL_Stat);
nLSL_Control=&lsl_control;

/* Open/Initialize the right servo-lens =/
servo_lens rsl_control(5,nRSL_Stat);
nRSL_Control=&rsl_contrel;

/» Open/Initialize the LRF s/
laser_range 1rf_control(l);
nLRF_Control=&lrf_control;

/* Clear status thread termination flags »/ .
pt_flagelsl_flag=rsl_flag=lrf_flag=1; .

/#ssSTERED HEAD--ASSIGN STATUS STRUCTURE MEMBERS »ws/
/» Assign status structure class pointers =/
pt.struct->pt_stat_class=nPT_Control; i
151_struct->sl_stat_class=nlSL_Control;
rsl_struct->sl_stat_class=nRSL_Control;
1rf_struct->1rf_stat_class=nlRF_Control;

/* Assign status structure status matrix pointers =/
pt_struct->pt_stat_array-nPT_Stat;
1sl_struct->sl_stat_array=nlSL_Stat;
rsl_struct->sl_stat_array-mRSL_Stat;
1rf_struct->lrf_stat_val=tnlRF_Stat;

/# Assign status structure throad termination flags =/
pt_struct->pt_tern_flag=tpt_flag;
1sl_struct->sl_term_flag-tlsl_flag;
rsl_struct->sl_term_flagebrsl flag;
1rf_struct->1rf_term_flag=81rf_flag;

// Yust be before status monitor threads
// Initiallize the socket for sending CLI commands to Envision
nSocketDesc = InitCliSocket();

/wa»STERED HEAD--THREAD OFF STATUS MONITORe»s/

/» Pan/Tilt status thread =/

_boginthreadex(NULL,0,get_pt_status, (void *)pt_struct,0,zpt_id);

/» Loft Servolens status thread s/
_beginthreadex(NULL,0,get_sl_status,(void »)1sl_struct,0,&lsl_id);
/= Right ServolLens status thread »/
_beginthreadex(NULL,0,get_sl_status,(void *)xsl_struct,0,&rsl_id);
/= Laser Range Finder status thread »/
_beginthreadex(NULL,0,get_1rz_status,(void »)1lrf_stxuct,0,&lrf_id);

// Initialize cameral calibration memory
CamoraCal=(float *=)calloc(2,sizeof(float »));
// Set the envision name counter to zero

//(Someone changed this to a 2, I changed it back (?)) SEE 5-21-99
seq = 0;

// Pipe, elbow, and tee rumning counts, used for username
PipeCat = 0;
TeeCnt = 0;
ElbCnt = 0;
CustCnt = O;

RealholdTool = 0; // at the very beginning, the robot is holding mothing
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tirstchock = 1; // will bo the first time to check the plan

17/
/// »» File Open Engine w»
17/

// Popup Filename

// Parse d line for dard shell ds, DDE, file open
CCommandLineInfo cmdInfo;
ParseCommandLine(cmdInfo) ;

CString CommandFeature = cmdInfo.m_strFileNawse;
if(CommandFeature = "")

FileToOpenFlag = TRUE;
FileToOpenAtStartup = CommandFeature; B

alse . B
{
}

/// wewseens END Filo Open Engine
// Point the AutoScan Parts list pointer

P artList PartList;
pSender = &Sender;

// *+STEREO HEAD--START CONTROL DIALOG#e
pSterecMode = nev CStereoDlg;
pStereoMode->Create(IDD_STEREO_DIALOG,NULL) ;

// modaless dialog box -- stereo head control window

// #»Main Program Windouws (With Menu)=e
CRtsa2Dlg dig;

m_pMainWnd = &dlg;

int nResponse = dlg.DoModal();

if (nRespomse == IDOK || nResponse=IDCANCEL)
{

// sssssans Code here to handles when the dialog is dismissed with OK

/#»sSTERED HEAD--RETURN TO HOMEsw»/
nPT_Control->pan_vel_scale(1);
nPT_Contrel->tilt_vel_scale(1);
nPT_Control->pan_abs(0,nPT_Stat);
nPT_Control->tilt_abs(0,nPT_Stat);
nLSL_Control->zoom(Def_Zoom,nLSL_Stat) ;
nLSL_Control->focus(Def_Focus,nLSL_Stat) ;
nLSL_Control->iris(Def_Yris,nLSL_Stat);
nRSL_Control->zoom(Def_Zoom,nRSL_Stat);
nRSL_Control->focus(Def_Focus,nRSL_Stat) ;
nRSL_Control->iris(Def_Iris,nRSL_Stat);

// Destroy Stereo Control Window
p ModecSD e O;

/»*sSTEREQ HEAD-~FREE MEMORYass/

free(nPT_Stat[0]);
free(nPT_Stat);
free(nLSL_Stat);
free(nRSL_Stat);
free(pt_struct);
free(lsl_struct);
froo(rsl_struct);
freo(lrf _struct);
free(CameraCal(0]);
tree(CameraCal[1]);
froo(CameraCal);

net_close_socket( nSocketDesc );
}
else

{
AfxMessageBox("I should have Quit by Now®, MB_OK, NULL);
}

// Since the dialog has been closed, return FALSE so that we exit the
// application, rather than start the application’s message pump.
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return FALSE;
}

void CRtsa24pp::ASClient()
{

A.7 CutSelect.h

#if !defined (AFX_CUTSELECT_H__129F4F8F_2D7D_11D3_8718_00C04FA35F00__INCLUDED_)
#detine AFX_CUTSELECT_H..129F4F8F_2D7D_11D3_8718_00C04FA35F00__INCLUDED_

#include "EndPt_Action_Struct.h"
//#include "dllist_struct.h"

#if _MSC_VER > 1000

#pragma once

#ondif // _MSC_VER > 1000
// CutSelect.h : header file
/7

uguuiiaanianinnninnniiina
// CCutSelect dialog

class CCutSelect : public CDialog
{

// Construction

public:

struct End_point = ptr_EndPt; // pointer to the newly created end point
CString promptMsgStr;

int selectedCutPntNo ; // to judge how many cutting points have been selected
char MsgStr[256]; // to store the prompt information

char MsgStri[40);
char MsgStr2[30];
char MsgStx3[30];
char MsgStr4[30];
CCutSelect(CWnde pParent = NULL); // standard conmstructor

// the position and oriemtation of the base frame of the model
double baseX;

double baseY;

double baseZ;

double baseR;

double baseP;

double baseYaw;

double rii1;
double ri2;
double ri3;
double ri4;
double r21;
double r22;
double r23;
double r24;
double r3i;
double r32;
double r33;
double r34;
double all;
double al2;
double a13;
double ai4s; // start point
double aldf; // tinal point
double a21;
double a22;
double a23;
double a24s;
double a24f;
double a31;
double a32;
double a33;
double a34s;
double a34f;

CString ENVpartname;
CString devName;
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float tramsPosSel; // Translation along x-direction of cutting plane frame
// from original pipe base frame

float rollPosSel; // Roll around x-direction of cutting plane frame

// from original pipe basa frame

float pipelen; // Selected pipe length

void » ptr; // used to traverse the linked list

int firstPat; // a label to judge if the selected point is the first cutting point
char buffer([20]; // used for test

int flag; // used for test

// Dialog Data
//{{AFX_DATA(CCutSelect)

onum { IDD = IDD_CUTPNTSELECT };
int m_PartSelection;
CString m_CutPtNo;
int m_ToolRadio;
CString m_PointInfo;
CString m_xCoord;
CString m_yCoord;
CString m_zCoord;
//YYAFX_DATA

// Overrides

// ClassVWizard generated virtual function overrides

//{{AFX_VIRTUAL(CCutSelect)

public:

virtual BOOL Create(LPCTSTR lpszClassNams, LPCTSTR lpszWindowName, DWORD dwStyle, comst RECT& ract,
CWnd» pParentWnd, UINT nID, CCreateContext* pContext = NULL);

protected:

virtual void DoDa hange (CDataExch pDX); // DDX/DDV support

//YYAFX_VIRTUAL

// Implementation
protected:

// Generated message map functions
//{{AFX_¥KSG(CCutSelect)

afx_msg void OnClosoupPartselect();
atx_msg void OnDropdownPartselect();
virtual void OnCancel();

virtual void OnOK();

virtual BOOL OnInitDialog();
afx.msg void OnTranspos();

afx_msg void OnTransneg();

afx_msg void OnRotcw();

afx_msg void OnRotcew();

afx_msg void OoNextptButton();
afx_msg void OnPrevpntButton();
//YIAFX_NSG

DECLARE_MESSAGE_MAP()

b

//{{AFX_INSERT_LOCATION}}
// Microsoft Visual C++ will insert additional declarations immediataely before the previous line.

#tendif // !defined (AFX_CUTSELECT_H__129F4FS8F.2D7D_11D3_8718_00CO4FA35F00__INCLUDED.)

A.8 CutSelect.cpp

// CutSelect.cpp : implementation file

#include "stdafx.h"
#include "Rtsa2.h"
#include "CutSelect.h”
#include "SendCliCormand.h"
#include "math.h"

#include "offset.h"

#ifdef _DEBUG

tdefine new DEBUG_NEW

tundef THIS_FILE

static char THIS_FILE(] = __FILE__;
#endif

J1117070002070070010000071000700700010010070771110711701110117117011111177111177
// CCutSelect dialog
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CCutSelect: :CCutSelect(CWnde pParent /#=NULL*/)
: CDialog(CCutSelect::IDD, pParent)
{ .

//{{AFX_DATA_INIT(CCutSelect)

m_PartSelection = ~1;

m_CutPtNo = _T("Please select cutting point 1");
m_ToolRadio = -1;

o _PointInfo = _T("");

m_xCoord = _T("");

m_yCoord = _T("");

m_zCoord = _T("");

//Y}AFX_DATA_INIT

}

void CCutSelect::DoDataExch (CDataExch POX)
{

CDialog: :DoDataExchanga(pDX);
//{{AFX_DATA_MAP(CCutSelect)

DDX_CBIndex(pDX, IDC_CUTPART_SELECT, m_PartSelection);
DDX_Text(pDX, IDC_CUTPTNO_EDIT, m_CutPtNo);
DDX_Radio(pDX, IDC_SAV_RADIO, m_ToolRadio);
DDX_Text (pDX, IDC_POINTINFO_EDIT, m_PointInfo);
DDX_Text (pDX, IDC_XCOORD_EDIT, m_xCoord);

DDX_Text (pDX, IDC.YCOORD_EDIT, m_yCoord);

DDX_Text (pDX, IDC_ZCOORD_EDIT, m_zCoord);
//YYAFX_DATA MAP

}

BEGIN_MESSAGE_MAP(CCutSelect, CDialog)
//{{AFX_MSG_MAP(CCutSelect)
ON_CBN_CLOSEUP(IDC.CUTPART_SELECT, OnCloseupPartselect)
ON_CBN_DROPDOWN (IDC_CUTPART_SELECT, OnDropdownPartselect)
ON_BN_CLICKED(IDC_TRANSPOS, OnTranspos)
ON_BN_CLICKED(IDC_TRANSNEG, OnTransneg)
ON_BN_CLICKED(IDC_ROTCW, OnRotcw)
ON_BN_CLICKED(IDC_ROTCCW, OnRotccw)
ON_BN_CLICKED(IDC_NEXTPT_BUTTON, OnNextptButton)
ON_BN_CLICKED(IDC_PREVPNT .BUTTON, OnPrevpntButton)
//Y}AFX_MSG_MAP

END_MESSAGE_MAP()

i

// CCutSelect message handlers

BOOL CCutSelact::Create(LPCTSTR 1pszClassName, LPCTSTR lpszWindowName, DWORD duStyle,

const RECTZ rect,

CwWnde pParentWnd, UINT nID, CCreateContexts pContext)

{
return CDialog::Create(IDD, pParentWnd);
}

BOOL CCutSelact::OnInitDialog()
{

CDialog: :OnInitDialog();

2irstPat = 1; // will select the first point
m_ToolRadio = 0; // Set the default cutting mode as saw
UpdateData(FALSE) ;

transPosSel = 0;
rollPosSel = 0;

flag = 0;

// Fill listing in combo box of all parts in MasterPartList database
POSITION SearchPos;

struct objectInfo ObjListEl;

struct objectInfo *pObjListEl;

SearchPos = ((CRtsa2Apps)AfxCetApp())->NasterPartList.GetHeadPosition();

while(SearchPos !=NULL)

{

ObjListEl = ((CRtsa2App*)AfxGetApp())->HasterPartList.GetNext(SearchPos);

PObjListEl = &0bjListEl;
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CComboBoxs pPartBox = (CComboBoxe) GetDlgltem(IDC_CUTPART_SELECT);
pPartBox->AddString(pObjListEl->Username) ;

}

// XFU adds on 07/06/99: to axhib.‘.'t the prompting words

salectedCutPatlo = 1; // the next selected cutting point will be point (1+1)=2
UpdateData(FALSE) ;

return TRUE; // returz TRUE unless you set the focus to a control
// EXCEPTION: OCX Property Pages should return FALSE
}

void CCutSelect::0OnCloseupPartselect()
{

int %;

char cliMsg(50], coordStr(60], seqNo[10];
struct objectInfo ObjListEl;

struct objectInfos pObjListEl;

POSITION SearchPos;

CString cliCmd, xesp;

// Got user selected device from combo box (unless no parts are shown in list)
UpdateData(TRUE) ;

if(m_PartSelection != -1)

// Count up to the "m_PartSelection" element in the master part list to get selected part

SearchPos = ((CRtsa2ipp*)Af pp())->H artlist.GetHeadPosition();
for (i=0; i<m_PartSelection; i++) .
E(thsmPp-)MxGetApp() )~>HasterPartList.GetNext(SearchPos) ;
ObjListEl = ((CRtsa2App+)AfxGetApp())->HasterPartList.GetNext(SearchPos);
pObjListEl = 20bjListEl;
ENVpartname = pObjListEl->ENVpart;
pipelLen = pObjListEl->len;
// Indicate to user which part vas selected (by rendering red)

sprintf(cliMsg,"SET ’" + ENVpartname + "’ COLOR TO $RED");
SendCliCommand (cliMsg, ( (CRtsa2Apps)AfxGetApp())->nSocketDesc);

// Detormine what the mame will be when the cutting plane is inserted into Eavision
// (Equivalent to first unused "Dummy®")

((CRtsa2Apps)AZxGetApp())->seq = 0;
do

{
(((CRtsa2App»)ALxGetapp())->seq)+;
sprintf(seqNo,"%d", (( (CRtsa2Appe*)AfxGatApp())->seq));

if (((CRtsa2Apps)AfxGetApp())->seq t= 1)
devName = "Dummy#"+(CString)seqNo;

else

devName = "Dummy”;

sprintf(cliMsg, "INQUIRE DEVICE 1 nsdevName+™ ! RENDER") ;
resp = SendCliCommand(c1iMsg, ((CR App*)At pp())->nSocketDesc) ;

// while test for device existence is true, continue in loop
// (existence tested by inquiring repmder property, assumes part default rendering as ’$flat’)

' } while(!resp.Compare("0: $flat;"));

// Retrieve cutting plane, position it coincident to the pipe frame, and make it red, transparent

sprintf(cliMsg, "RETRIEVE PART ’templates/cutPlane’");
resp = SendCliCozmand(cliMsg, ((CRtsa2App*)AfxCetApp())->nSocketDesc);
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eliCmd = "SET PART ’" + devName + ":cutPlane’ RENDER TO $TRANSPARENT";
resp = SendCliCommand( cliCmd, ((CRtsa2Apps)AfxGetApp())->nSocketDesc);

cliCmd = "SET PART ’'" + d:;vNams + ":cutPlane’ COLOR TO $RED";
rosp = SendCliCormand( cliCmd, ((CRtsa2App*)AfxGetApp())->nSocketDesc);

sprintf(coordStx,"%.2f, %.2f, %.2¢, %.2f, %.2f, n.2f°,

pObjListEl->pos.x, pObjListEl->pos.y, pObjListEl->pos.z,0,0,0);

¢1iCmd = "PLACE PART ’" + devName + ":cutPlane’ AT COORD " + CString(coordStr);
resp = SendCliCommand( cliCmd, ((CRtsa2Apps)AfxGetApp())->nSocketDesc);

sprint?(cooxdStr,"%.2f, %.2f, %.2f",pObjListEl->ornt.y, pObjListEl->ornt.p, pObjListEl->ornt.x);
¢1iCnd = "ROTATE PART ’" + devName + ":cutPlame’ TO " + CString(coordStr) + " IN 1";
resp = SendCliCommand( cliCmd, ((CRtsa2Apps)AfxGetApp())->nSocketDesc);

¢liCmd = “UPDATE GRAPHICS";
resp = SendCliCommand( c1iCmd, ((CRtsa2App*)A£xGetApp())->nSocketDesc);

baseR = pObjListEl->orant.x;
baseP = pObjListEl->ornt.p;
baseYaw = pObjListEl->ornt.y;
baseX = pObjListEl->pos.x;
baseY = pObjListEl->pos.y;
baseZ = pObjListEl->pos.z;

}

UpdateData(FALSE) ;

}

void CCutSelect::OnDropdownPartselect()
{

int i;

POSITION SearchPos;
char cliMsg[50];
struct objectInfo ObjListEl;
struct objectIntox pObjListEl;
CString resp;

UpdateData(TRUE) ;
transPosSel = 0;
if (m_PartSelection != -1)

{
SearchPos = ((CRtsa2App*)ALxGetApp())->H PaxrtList.GetHeadPosition();

for (i=0; i<m_PartSelection; i++) i
{

((CRtsa2App*) AfxGetApp())->} artlist Next(SearchPos) ;
}

.

ObjListEl = ((CRtsa2Appe*)AfxGetApp())->M Partlist Next( chPos) ;
PObjListEl = &0bjListEl;

ENVpartname = pObjListEl->ENVpart;
// Turn off selection indicator (returm to yellow rendering)

sprintf(cliMsg,"SET ’" + ENVpartmame + "’ COLOR TO $YELLOW");
SendCliCommand (c1iMsg, ( (CRtsa2Apps)AL pp())->nSocketDesc) ;

// Delete cutting plane object from Envision model

sprintf(cliMsg, "DELETE PART ’" + devName + ":cutPlame’");
xe8p = SendCliCommand(cliMsg, ( (CRtsa2App*)ALxCetApp() )->nSocketDesc) ;

}
}

void CCutSelect::OnCancel()
{

char ¢liMsg([50];
CString resp;

// Delete cutting plane object from Envision model

sprantf(cliMsg,"DELETE PART ’" + devName + ":cutPlane’");
resp = SendCliCommard(cliMsg, ((CRtsa2App*)AfxCetApp())->nSocketDesc);
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//AtxMessageBox(zresp) ;
// Turn off selection indicator (retura to yellow rendering)

sprintf(cliMog,"SET ’" + ENVpartname + "’ COLOR TO $YELLOW");
SendCliCommand(c1iMsg, ((CRtsa2App*) AfxGatApp())~>nSocketDesc);

CDialog: :OnCancel();
}

void CCutSelect::0n0K() // it the "Finish" buttom is pressed (Be careful: mot the "OK® button),
{

char cliMsg[50];

CString resp;

if (!firstPnt) // if there are some end points in the list

( ((CRtsa2hppe)AfxGetApp())->EndPtList ).List = ( ((CRtsa2App*)AfxGetApp())=->EndPtList ).templist;
// the operator hits the "Finish" button--
// that is to say: the oparator is satisfied with the selected points, then the temporary
// list is used as the formal list

((CRtsa2App*) AfxGetApp())->Lirstchock = 1; // vill be the first tima to check the nev plan

// Save cutting plane location informationm...
// Delete cutting plane object from Envision model

sprintf(cliMsg,"DELETE PART ’" + devName + “:cutPlame’");
resp = SendCliCommand(cliMsg, ((CRtsa2App*)ALxCetApp())->nSocketDesc);

// Tuxn off selection indicator (return to yellow remdering)

sprintf(cliMsg,"SET *" + ENVpartname + "’ COLOR TO $YELLOW");
SendCliCommand(cliMsg, ((CRtsa2App*)AL: App())->nSocketDasc) ;

PP

CDialog: :0n0K();
}

void CCutSelect::OnTranspos()
{

char cliMsg([B0];
CString resp;

// Send command to translate cutting plane in Envision (uses a 10zm translation)
// Limit motion so cutting plano remains on pipe

if (transPosSel<=pipeLen)
{

sprintf(cliMsg,"TRANSLATE PART ’" + devName 4 ":cutPlame’ BY 0,0,10 IN 1");
resp = SendCliCommand{cliMsg, ((CRtsa2App*)AL pp())->nS e);

sprintf(cliMsg,"UPDATE GRAPHICS");
resp = SendCliCommand(cliMsg, ( (CRtsa2App*)AfxCetApp())->nSocketDesc) ;

transPosSel+=10;

}

void CCutSelect::0OnTransneg()
{

char cliMsg[§0];
CString resp;

// Send command to translate cutting plane in Envision (uses a 10mm translation)
// Limit motien so cutting plane ramains on pipe

if (transPosSel>=0)

sprintf(cliMsg,“TRANSLATE PART ’" + devName + ":cutPlame’ BY 0,0,-10 IN 1%);
resp » SendCliCommand (cliMsg, ( (CRtsa2App*)AL App())->nSock c);

sprintf(cliMsg, "UPDATE GRAPHICS");
resp » SendCliCompand(cliMsg, ((CRtsa2App*)ATxGetApp())=->uSocketDasc); |

transPosSel-=10;

}
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void CCutSelect::OnRotcw()
{

char cliMsg[50];

CString resp;

// Send command to translate cutting pleme in Envision (uses a 10mm translation)

sprintf (cliMsg, "ROTATE PART ’" + devName + “:cutPlane’ ABOUT Z_AXIS BY 5 IN 1");
resp = SendCliCommand(cliMsg, ((CRtsa2Appe*)AfxGetApp())->nSocketDesc);

sprintf (c1iMsg, "UPDATE GRAPHICS"); i
resp = SendCliCommand (c1iMsg, ((CRtsa2Appe*)AfxGetApp())~>nSocketDesc);

rollPosSel+=5;

void CCutSelect::OnRotcew()

char cliMsg[50];
CString resp;

// Send command to translate cutting plano in Envision (uses a 10mm translation)

sprintf (cliMsg, "ROTATE PART ’* + devName + ":cutPlane’ ABOUT Z_AXIS BY -5 IN 17);
resp = SendCliCommand(cliMsg, ( (CRtsa24pp*)AtxCGetApp())->nSocketDesc);
//AtxMessageBox(resp) ;

sprintf(cliMsg, "UPDATE GRAPHICS");
resp = SanqCMComand(cliHsg. ( (CRtsa2App*)AfxGetApp())->nSocketDesc) ;

rollPosSel-=5;
}

// XFU added .on 07/06/99

void CCutSelact::OnNextptButton()

f/ save the selected cutting point position and orientation information to the linked list
UpdateData(TRUE) ;

if (firstPat)
( ((CRtsa24ppe)AfxCetApp())->EndPtList ) .tempList = -
( ((CRtsa2App*)ALxGotApp())=->EndPtList ).new_dllist(};
// create a new linked list: End Point List

tirstPat = 0; // the subsequent points are not the first point any more

// Enable the " < Provious point " button
GetDlgItem( IDC_PREVPNT._BUTTON )~>EnableWindow( TRUE ); i

r11 = cos(baseR)*cos(baseP);

r12 = cos(baseR)»sin(baseP)#sin(baseYauw) - sin(baseR)scos(baseYaw);

r13 = cos(baseR)*sin(baseP)»cos(baseYaw) + sin(baseR)*sin(baseYav); |
r14 = baseX; :

r21 = sin(baseR)*cos(baseP);

r22 = gin(baseR)*sin(baseP)ssin(baseYaw) + cos(baseR)*cos(baseYaw);

r23 = sin(baseR)*sin(baseP)*cos(baseYaw) - cos(baseR)*sin(baseYaw); !

124 = baseY;

r31 = -sin(baseP);

r32 = cos(baseP)#sin(baseYaw);
r33 = cos(baseP)»cos(baseYaw);
r34 = baseZ;

all = rilecos(rollPosSel);
al2 = -riissin(rollPosSel) + ri2ecos(rollPosSel);
a13 = r13;
alds = ri1s(cos(rollPosSel)sTOOLEE_X - sin(rollPosSel)»TOOLEE.Y + CENTERTOTOOL*cos(rollPosSel))
+ r12#(sin(rol1PosSel)*TOOLEE_X + cos(rollPosSel)sTOOLEE_Y + CENTERTOTOOL*sin(rollPesSel))
+ r13+(TOOLEE_Z+transPosSel) + rid;
a14f = r11*(cos(rollPosSel)*TOOLEE_X - sin(rollPosSel)=(TOOLEE_Y-CENTERTOTOOL))
+ r12+(8in(rollPosSel)»TOOLEE X + cos(rollPosSel)»(TOOLEE_Y-CENTERTOTOOL)) -
+ ri13s(TOOLEE_Z+transPosSel) + ri4;
a21 = r2iscos(rollPosSel) + r22+sin(rollPosSel);
a22 = -r21#sin(rollPosSel) + r22#cos(rollPosSel);
a23 = r23;
a2ds = r21s(cos(rollPosSel)»TOOLEE_X - sin(rol1PosSel)sTOOLEE.Y + CENTERTOTOOLwcos(rollPosSel)) -
+ r22%(sin(rol1PosSel)*TOOLEE_X + cos(rollPosSel)*TOOLEE_Y + CENTERTOTOOL*sin(rollPosSel)) |
+ r23=(TOOLEE_Z + transPosSel) + r24;
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224t = r21»(cos(rollPosSel)*TOOLEE X - sin(rollPosSel)=(TOOLEE_Y-CENTERTOTOOL))
+ r22+(3in(rollPosSel)*TOOLEE X + cos(rollPosSel)s(TOOLEE_Y-CENTERTOTOOL))
+ r23=(TOOLEE_Z + transPosSel) + r24;
a31 = r31scos(rollPosSel) + r32esin(rollPosSel);
a32 = -r31ssin(rollPosSel) + r32scos(rollPosSel);
a33 = r33;
a34s = r31#(cos(rollPosSel)*TOOLEE_X - sin(rollPosSel)sTOOLEE_Y + CENTERTOTOOLscos(rollPosSael))
+ r32e(3in(rollPosSel)sTOOLEE X + cos(rollPosSel)sTOOLEE_Y + CENTERTGTOOLesin(rollPosSel))
+ r33s(TOOLEE_Z + transPosSel) + r34;
a34f = r31%(cos(rollPosSel)»TOOLEE_X - sin(rollPosSel)s(TOOLEE_Y-CENTERTOTOOL))
+ r32«(sin(rol1lPosSel)*TOOLEE_X + cos(rollPosSel)=(TOOLEE_Y~CENTERTOTOCL))
+ r33+(TOOLEE.Z + transPosSel) + r34;

ptr.EndPt = nev End_point; // croato a now end point
ptr_EndPt->telop = 0; // not a teleoperation
ptr_EndPt->is_via = 0; // this is a cut point, not a via point

ptr_EndPt->hold, tool = m_ToolRadio + 1; // the appropriate tool for this cut point

ptr_EndPt->coord_x = alds;
ptr_EndPt->coord_y = a24s;
ptr_EndPt->coord_z = a3ds;

ptr_EndPt->roll = atan2(a21, all);
ptr_EndPt~>pitch = atan2(-a31, sqrt(a32ea32 + a33#a33));
ptr_EndPt->yaw = atan2(a32, a33);

( ((CRtsa2App*)AfxCetApp())->EndPtList ).d11_append( ( ((CRtsa2ipps)AfxCetApp())->EndPtList ).tempList,
(void ») ptr_EndPt); // append this end point to the End Point List

// update the text (prompting words)

selectedCutPntNo++; // update the cutting point number
sprintf(MsgStr, "Please selact cutting point #i*, selectedCutPntNo);
m_CutPtNo = (CString)MsgStr;

UpdateData(FALSE) ;

// update the point coordinate information
sprintf(MsgStrl, "Poiant %i information:®, selectedCutPntNo-1);
m_PointInfo = (CString)MsgStrl;
sprintf(MsgStr2, "¥8.11f", ptr_EndPt->coord_x);
m_xCoord = (CString)MsgStr2;
sprintf(MsgStx3, "¥8.11f", ptr_EndPt->coord.y);
m_yCooxd = (CString)MsgStr3;
sprintf(MsgStr4, "%8.112", ptr_EandPt->coord.z); '
m_2Coord = (CString)MsgStr4;
UpdateData (FALSE) ;

void CCutSelect::CnPrevpatButton() // the "< Previous Point" button is hitted
{
// tirst destroy the last selected End_point

delete ( (struct End_point *) ((( ((CRtsazApp-)A!xcetAyp())->EndP:List ).d11_last
( ( ((CRtsa24pp»)AfxGotApp())->EndPtList ).tempList ))->val) );
// destroy the End_point structure of the last node

¢ ((CRtsa2app=)AfxCotApp{))->EndPtList ).d11_delete_node( ¢ ((CRtsa2App*)AfxCGetApp())->EndPtList ).d1l_last
( ¢ ((CRtsa2App*)AfxGetApp())->EndPtList ).tempList ) ); // destroy the last node itself

// update the text (prompting words)

seloctedCutPatNo--~; // update the cutting point number: selaect the deleted point again
sprintf(MsgStr, "Please select cutting point %i", selectedCutPntNo);
m_CutPtNo = (CString)MsgStr;

UpdateData(FALSE) ;

// update the information of the last selected point

11 ( !( ((CRtsa2Apps)AfxGetApp())->EndPtList ).dll_empty
( ( ((CRtsa2Appe)AfxGetApp())->EndPtList ).tempList ) )
// if the list is not ampty--there is at least ome cut point in the list
{
sprintf(MsgStr1, "Point /i information:®, selectedCutPntNo-1);
m_PointInfo = (CString)MsgStri;
sprintf(MsgStr2, "%8.11f", ((struct End_point #)(( ( ((CRtsa2ipp=)AfxGetApp())->EndPtList ).dll_last
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¢ ( ((CRtsa2ippe)AfxGetApp())->EndPtList ).tempList ) )->val))->coord.x );
m_xCoord = (CString)MsgStr2;
sprintf(MsgStr3, "%8.11¢", ((struct End_point #)(( ( ((CRtsa2Appw)AfxGetApp())->EndPtList ).dll_last

¢ ¢ ((CRtsa2Appe)AfxGetApp())->EndPtList ).tempList ) )->val))~>coord.y);
m_yCoord = (CString)MsgStr3;
sprintf(MsgStrd, "¥8.112", ((struct End_point »)(( ( ((CRtsa2Appe)AfxCetApp())->EndPtList ).dll last

¢ ¢ ((CRtsa2Apps)AfxGetApp())->EndPtList ).tempList ) )->val))->coord_z);
m_zCoord = (CString)MsgStrd;

UpdateData(FALSE) ;

}

else // there is mo cut point left -- so delete all the information exhibition
{
sprintf(MsgStrl, "*);
sprintf(MsgStr2, "");
sprintf(MsgStz3, "");
sprintf(MsgStrd, "");
m_PointInfo = (CString)MsgStrl;
m_xCoord = (CString)MsgStr2;
m_yCoord = (CString)MsgStr3;
m_zCoord = (CString)MsgStrd;
UpdateData(FALSE) ;

// disable the " < Previous point " button
GetDlgItem( IDC_PREVPNT_BUTTON )->EnableWindow( FALSE );
}

A.9 InsertTeleopDLG.h

#if !defined (AFX_INSERTTELEOPDLG_H__B64269D8_5116_11D3_8749_00CO4FA35F00_ INCLUDED. )
#tdefine AFX_INSERTTELEOPDLG_H__B64269D8_6116_11D3_8749_00CO4FA36F00__INCLUDED_

#if _MSC_VER > 1000

#pragma once

#endit // _MSC_VER > 1000

// InsertTeleopDLG.h : header file
/7

oo
// ClasertTeleopDLG dialog

class CInsortTeleopDLG : public CDialog
{

// Comstruction

public:

CInsertTeleopDLG(CWnds pParent = NULL); // standard constructor

int ViaPtIngd; // the index mummber of the via point

int CutPtInd; // the index mummber of the cut point

void ®» ptr; // the pointer used to traverse the linked list

char » ProPntMessage;
char PtIndex[5];
struct End_point » pEndPt; // pointer to the newly created end point

// Dialog Data
//{{AFX_DATA(CInsertTeleopDLG)

enun { IDD = IDD_INSERTTELEOP_DIALGG };
int m_preTeleop;

//}YYAFX_DATA

// Overrides

// ClassWizard generated virtual function overrxides
//{{AFX_VIRTUAL(CInsertTeleopDLG)

protected:

virtual void DoDa ango (CD: PDX); // DDX/DDV support
//Y}YAFX_VIRTUAL

// Implementation
protected:

// Generated message map functions
//{{AFX_¥SG(CInsertTaleopDLG)

afx_msg void OnCloseupInserttelecpCombo();
virtual BOOL OaInmitbDialog();

virtual void OnOK();

virtual void OnCancel();

//}YYAFX_¥SG

DECLARE _MESSAGE_MAP()
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b H

//{{AFX_INSERT_LOCATION}}
// Microsoft Visual C++ will insert additional declarations immediately before the previous lime.

#ondif // !defined (AFX_INSERTTELEOPDLC_H._B64269D8_5116_11D3_8749_00CO4FA3SF00__INCLUDED_)

A.10 InsertTeleopDLG.cpp

// InsertTeleopDLG.cpp : implementation file
/7

#include "stdafx.h*
#include "Rtsa2.h"
#include "InsertTeleopDLG.h"

#ifdet _DEBUG

#detine new DEBUG_NEW

tundef THIS_FILE

static char THIS_FILE([] = __FILE__;
#ondif

JII712120211702001000002012010700010707780007100000770000001010007110001001717
// CInsertTeleopDLG dialog .

CInsertTeleopDLG: :CInsertTeleopDLG(CWnd* pParent /»=NULLs/)
: CDialog(CInsertTeleopDLG::IDD, pParent)

{
//{{AFX_DATA_INIT(CInsertTe}eopDLG)
m_preTeleop = -1;

//}Y}AFX_DATA_INIT

}

void CInsertTaleopDLG:: h (CD: hangoe pDX)
{

CDialog: :DoDataExchange (pDX) ;
//{{AFX_DATA_MAP(CInsertTeleopDLG)

DDX_CBIndex(pDX, IDC_INSERTTELEOP_COMBO, m_preTeleop);
//}Y}AFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CInsertTeleopDLG, CDialog)
//{{AFX_HSG_MAP(CInsertTeleopDLG)
ON_CBN_CLOSEUP(IDC_INSERTTELEOP_COMBO, OnCloseuplnsertteleopCombo)
//YIAFX_MSG_MAP

END_MESSAGE_MAP()

HIIIII110100002000002070710010000717707700177007070100007171107111071110071071
// CInsertTeleopDLG message handlers

BOOL CInsertTeleopDLG::OnInitDialog()
{
CDialog: :OnInitDialog();

ViaPtInd = 0;
CutPtInd = 0;

CComboBoxs pPreTelecpBox;

for ( ptr = (void #) ( (( ((CRtsa2Apps)AfxGetApp())~>EndPtList ).List)->flink);
ptr 1= (void ») (( ((CRtsa2App»)AfxGetApp())->EndPtList ).List);
ptr = (void ) ( ((Dllist)ptx)->flink) ) // for loop to traverse the end point list

{
if ( ((struct End_point =)(((Dllist)ptr)->val))->telop ) // if it is teleoperaticn herae
{

PrePntMessage = strdup("teleoperation");
pPreTeleopBox = (CComboBoxs) GetDlgltem(IDC_INSERTTELEOP_COMBO);
pPreTeleopBox~>AddString(PrePntMessage) ;

}
else if ( ((struct End_point =)(((D1list)ptrd->val))->is_via ) // this is a via point
{ .

ViaPtInd+;

PrePntMessage = strdup("via point ");
_itoa(ViaPtInd, Ptlmdex, 10);
strcat (PrePntHessage, Ptlndex);
pPreToleopBox = (CComboBox+) GetDlgItem(IDC_INSERTTELEOP_COMBO);
pPreTelaopBox->AddString(PrePntMessage) ;
}
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olse // this is a cut point
{
CutPtInd++;
ProPntMessage = strdup(“cut point ");
~itoa(CutPtInd, PtIndex, 10);
strcat(PrePntMessage, PtIndex);
pPreTeleopBox = (CComboBoxs) GetDlgItem(IDC_INSERTTELEOP_COMBO);
pPreTeleopBox->AddString(PrePatMessage);
}
}
roturn TRUE; // return TRUE unless you set the focus to a control
// EXCEPTION: OCX Property Pages should return FALSE
}
void CInsertTeleopDLG::0OnCloseupInsertteleopCembo()
{
UpdateData(TRUE);
if£(w_preTeleop != -1)
{
ptr = (void ») ( (( ((CRtsa2Apps*)AfxGetApp())~>EndPtList ).List)->flink);
for (int 1=0; i<m_preTeleop; i++)
{
ptr = (void =) ( ((Dllist)ptr)->flink);
} .
PERdPt = nev End_point; // exeato a new end point
PEndPt->telop = 1; // this is a teleoperation
PEndPt->hold_tool = ((struct End_point #)(((D1llist)ptr)->val))->hold_tool; // the expacted tool keeps unchanged

( ((CRtsa2Apps)AfxGetApp())->EndPtList ).dll_insert_a( (Dllist)ptr, (void #) pEndPt);
// add this end point right after the specified node in the End Point List

}

}

void CInsertTeleopDLG::0nOK() // the "Finish" button is clicked

{

((CRtsa2Appe)At pp())->24 k = 1; // will be the first time to check the new plan

CDialog: :000K(Q);
}

void CInsertTeleopDLG::OnCancel()}

{
if(m_preTeleocp != =1)
( ((CRtsa2App#)AfxGetApp())->EndPtList ).dll_delete_node( ((Dllist)ptr)->flimk );

CDialog: :0nCancel();
}

A.11 ObjectType.h

#if tdefined(AFX_OBJECTTYPE_H__D930D371_33D6_11D3_8723_00C04FA3SFOO_ INCLUDED_)
#define AFX_OBJECTTYPE_H__DS30D371_33D6_11D3_8723_00CO4FA35F00__INCLUDED_

8if _HMSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000

// ObjectType.h : header file
/7

I12000000020010010010070000707700070007000071000107111711177101101071101171017
// CObjectType dialog

clas..a CObjectType : public CDialog

{

// Construction

public:
CObjectType(CWad* pParent = NULL); // standard constructor

// Dialog Data

//{{AFX_DATA(CObjectType)

enun { IDD = IDD_SELECTOBJECTTYPE_DIALOG };
int m_cutlbjt;

//Y}AFX_DATA
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// Ovexrides

// ClassWizard generated virtual function overrides
//{{AFX_VIRTUAL(CObjectType)

protected:

virtual void DoDatak: ge(CDataExch j209H // DDX/DDV support
//YYAFX_VIRTUAL

// Implementation
protected:

// Generated message map functions
//{{AFX_MSG(CObjectType)

virtual BOOL OnInitDialog();
//Y}AFX_MsSG

DECLARE_MESSAGE_MAP()

}

//{{AFX_IKSERT_LOCATION}}
// Microsoft Visual C++ will insert additional declarations immediately before the previous linme.

tendif // !defined(AFX_OBJECTTYPE_H__D930D371_33D6_11D3_8723_00C04FA35F00._ INCLUDED_)

A.12 ObjectType.cpp

// ObjectType.cpp : implementation file
/7

#include "stdafx.h"
#include "Rtsa2.h"
#include "ObjectType.h"

#iftdef _DEBUG

#idatine new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;
Sendit

yrriaaaaaiiaguaaauuauauaaonninaas
// CObjectType dialog

CObjectType: :CObjectType(CWnde pParent /»=NULL»/)
: CDialog(CObjactType::IDD, pParent)
{

//{{AFX_DATA_INIT(CObjectType)
m_cutObjt = ~1;
//YYAFX_DATA_INIT

}

AlS! )

void CObjectType: :DoDatakE (CDataExch pDX)
{

CDialog: :DoDataExchanga(pDX) ;
//{{AFX_DATA_MAP(CObjectType)
DDX_Radio(pDX, IDC_ASSEMB_RADIO, m_cutObjt);
;/))nrx,mm_mp

BEGIN_MESSAGE_MAP(CObjectTypa, CDialog)
//{{AFX_MSG_MAP(CObjectType)
//Y}YAFX_MSG_MAP

END_MESSAGE_MAP()

iauagannniiiiioi
// CObjectType message handlers

BOOL CObjectType: :0OnInitDialog()
{
CDialog: :OnInitDialog();

m_cutObjt = 0; // sat the default cut object as "assembly"
UpdateData(FALSE) ;

return TRUE; //':eturn TRUE unless you set the focus to a contzol
// EXCEPTION: OCX Property Pages should return FALSE
}
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A.13 ViaPntDlg.h

#if !defined (AFX_VIAPNTDLG.H__52E3C589_3AB2_11D3_8730_00CO4FA35F00__INCLUDED_ )
ttdefine AFX_VIAPNTDLG_H__B62E3C589_3AB2_11D3_8730_C0C04FA35F00__INCLUDED_

// #include "EndPt_Action_Struct.h" // added by XFU on 08/13/99

#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000
// ViaPntDlg.h : header file
Vs

Nunauanagiuuinnny
// CViaPntDlg dialog

class CViaPntDlg : public CDialog

{

// Construction

public:

CViaPutDlg(CWnde pParent = NULL); // standaxd constructor

void = ptr; // used to traverse the linked list

char »PrePtMessage;

char PtIndex[6];

struct End_point » pEndPt; // pointer to the newly created end point
char test[20];

int CutPtIndex; // the index of the cut point
int ViaPtIndex; // the index of the via point

// Dialog Data
//{{AFX_DATA(CViaPntDlg)

enum { IDD = IDD_VIAPNT_DIALCG };
int m_PreViaPt;

//YYAFX_DATA

// Overrides

// ClassWizard generated virtual function overrides
//{{AFX_VIRTUAL(CViaPntDl1g)

protected:

virtual void DoDataExchange(CDataExchanges pDX); // DDX/DDV support
//YYAFX_VIRTUAL

// Implementation
protected:

// Generated message map functions
//{{AFX_MSG(CViaPntDlg)

virtual BOOL OnInitDialog();
afx_msg void OnCloseupViaptCombo();
virtual void OnOK();

virtual void OnCancel();
//}YTAFX_¥MSG

DECLARE_MESSAGE _HMAP ()

+

//{{AFX_INSERT.LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.

#ondif // !defined(AFX_VIAPNTDLG H__S2E3C589_3AB2_11D3_§730_00CO4FA35F00__INCLUDED_ )

A.14 ViaPntDlg.cpp

// ViaPatDlg.cpp : implementation file
1/

#include "stdafx.h”
#include "Rtsa2.h”
#include “ViaPntDlg.h"

#ifdef _DEBUG

#define new DEBUG_NEW

#undof THIS_FILE

static char THIS_FILE[] = __FILE__;
#ondif

L11771177111212710772101018701011071711071712110110110111111111111111111111117
// CViaPntDlg dialog
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CViaPntDlg: :CViaPntDlg(CWnds pParent /e=NULLw/)
: CDialog(CViaPntDlg::IDD, pParent)
{

//{{AFX_DATA_INIT(CViaPntDlg)
m_PreViaPt = =-1;
//YYAFX_DATA_INIT

}

void CViaPntDlg: :DoDataExch (CDataExchange* pDX)
{

CDialog: :DoDataExchange (pDX) ;
//{{AFX_DATA_MAP(CViaPntDlg)

DDX_CBIndex(pDX, IDC_VIAPT_COMBO, m_PreViaPt);
//YIAFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CViaPntDlg, CDialog)
//{{AFX_MSG_MAP(CViaPntDlg) '
ON_CBN_CLOSEUP(IDC_VIAPT_COMBO, OnCloseupViaptCombo)
//YYAFX_KSG_MAP

END_MESSAGE_MAP()

augauuinuguaaaaaai
// CViaPntDlg message handlers

BOOL CViaPntDlg::OnInitDialog()
{
CDialog: :0nInitDialog();

ViaPtIndex = 0;
CutPtIndex = 0;

CComboBox* pPreViaPtBox;

for ( ptr = (void =) ( (( ((CRtsa2App*)AfxGetApp())->EndPtList ).List)->flink);
ptr t= (void ») (( ((CRtsa2Apps»)AfxGatApp())->EndPtList ).List);
ptr = (void ») ( ((Dllist)ptr)->flink) ) // for loop to traverse the end point list

if ( ((struct End_point »)(((Dllist)ptr)->val))->telop ) // if it is telecperation here
{

PrePtMessage = stxdup("telecperation");
pProViaPtBox = (CComboBox*) GetDlgItem(IDC_VIAPT_ COMBO);
pPraViaPtBox->AddString (ProPtMessage);

}
else if ( ((struct End_point »)(((Dllist)ptr)->val))->is_via ) // this is a via point
{

ViaPtIndex++;
PrePtMessage = strdup("via point ");
-itoa(ViaPtIndex, Ptindex, 10);
strcat(PrePtMessage, PtIndex);
pPraeViaPtBox = (CComboBoxs) GetDlgItem(XDC_VIAPT_COMBO);
pPreViaPtBox->AddString (PrePtMessage);
}
alse // this is a cut point
{
CutPtIndex++;
ProPtMessage = strdup("cut point ");
_itoa(CutPtIndex, PtIndex, 10);
strcat(PrePtMessage, PtIndex);
pProViaPtBox = (CComboBoxe) GetDlgItem(IDC_VIAPT_COMBO);
pPreViaPtBox->AddString (PrePtMessage);
}
}

return TRUE; // return TRUE unless you set the focus to a comtrel
// EXCEPTION: OCX Property Pages should return FALSE
}

void CViaPntDlg::0nCloseupViaptCombo()
{
UpdateData(TRUE) ;

12 (m_PreViaPt != -1)
{

ptr = (void ) ( (( ((CRtsa2App*)AfxGetApp())->EndPtList ).List)->flink);
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for (int i=0; i<w_PreViaPt; i++)

{
ptr = (void ») ( ((Dllist)ptr)->flink); |

}

pEndPt = new End_peoint; // create a new end point
pEndPt->telop = 0; // not a teleoperation
pEndPt->is_via = 1; // this is a via point

pEndPt->kold_tool = ((struct End_point »)(((Dllist)ptr)->val))->beld_tool; // the expected tool keeps unchanged,

// dummy parameters, need to change in the future
pEndPt->coord_x = 2;
pEndPt~>coord.y = 3;
pEndPt->coord_z = 4;

pEndPt=>roll = 5;

pEndPt->pitch = 6; '

pEndPt->yaw = 7; |
1/ |

( ((CRtsa2Appe)AfxGetApp())->EndPtList ).d1l_insert_a( (Dllist)ptr, (void =) pEndPt);

// add this end point right after the specified node in the End Point List

}
}

void CViaPntDlg::0n0K()
{

((CRtsa2App»)AfxGetApp())->firstcheck = 1;  // will be the first time to check the new plan

CDialog: :0n0K();
} .

void CViaPntD1g::OnCancel()
{

if (o _PreViaPt != -1)
( ((CRtsa2App*)AfxCetApp())->EndPtList ).d11_delete_node( ((D1list)ptx)->flink );

CDialog: :0nCancel();
}

A.15 ActDscDLG.h

#if !defined (AFX_ACTDSCDLG_K__EEF96489_6569_11D3_874D_00COAFA35F00__INCLUDED_)
#define AFX_ACTDSCDLG_H__EEF96489_5569_11D3_874D_00CO4FA36F00, INCLUDED_

#if _MSC_VER > 1000

#pragma once

#ondif // _MSC_VER > 1000
// ActDscDLG.h : headex file
1/

I111000001000001000100100000000000100000000000000000000100000110000000011110 1
// CActDscDLG dialog

class CActDscDLG : public CDialog

// Construction
public:
CActDscDLG(CWnde pParent = NULL); // standard constructor

// Dialog Data
//{{AFX_DATA(CActDscDLG)

enum { IDD = IDD_ACTDSC_DIALOG };
CString m_actl; h
CString m_actl0; 1
CString m_actll;

CString m_acti2;

CString m_actl3;

CString m_actld;

CString m_actih;

CString m_acti6;

CString m_acti?;

CString m_actis;

CString m_actl9; .
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CString m_act2;
CString m_act20;
CString m_act21;
CString m_act22;
CString m_act23;
CString m_act24;
CString m_act25;
CString m_act26;
CString m_act27;
CString m_act28;
CString m_act29;
CString m_act3;
CString m_act30;
CString m_act31;
CString m_act32;
CString m_act33;
CString m_act34;
CString m_act35;
CString m_act36;
CString m_act37;
CString m_act38;
CString m_act4d;
CString m_act$5;
CString m_act6;
CString m_act7;
CString m_act8;
CString m_act$;
//YYAFX_DATA

// Overrides

// ClassWizard generated virtual function overrides
//{{AFX_VIRTUAL(CActDscDLG)

protected:

virtual void Dol (CD PDX); // DDX/DDV suppoxt

//Y}AFX_VIRTUAL

// Izplementation

protected:

// Generated message map functions
//{{AFX_MSG(CActDscDLC)

// NOTE: the ClassW d will add ber functions here
//YYAFX_HSG

DECLARE_MESSAGE_MAP()

¥

//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.

#ondif // !defined(AFX_ACTDSCDLG_H__EEF96489,_5569_11D3_874D_00CO4FA35F00_ _INCLUDED._)

A.16 ActDscDLG.cpp

// ActDscDLG.cpp : implementation file
//

#include "stdafx.h”
#include "Rtsa2.h"
#include “ActDscDLG.h*

#ifdef _DEBUG

#dofine new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;
tendit

uuunniniugng

// CActDscDLG dialog

CActDscDLG: :CActDscDLG(CWnde pParent /#=NULLe/)
: CDialog(CActDscDLG::IDD, pParent)

{
//{{AFX_DATA_INIT(CActDscDLG)
m_actl = _T("");

m_acti0 = _T("");

m_actil = _T("");
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m_acti2 = _T("");
m_actl3 = _T("");
m_actid = _T("");
m_actis = _T("");
m_acti6 = _T("");
m_act1? = _T("");
m_acti8 = _T("");
m_actl9 = _T("");
m_act2 = _T("");
m_act20 = _T("");
m_act2l = _T("");
m_act22 = _T("");
m_act23 = _T("");
m_act24 = _T("");
m_act25 = _T("");
m_act26 = _T("");
m_act2? = _T("");
m_act28 e _T("™);
m_act29 = _T("");

m.actd = _T("");
m.act30 = _T("");
m_act31 = _T("");

m.act32 = _T("");
m_act33 = _T(*");
m_act34d = _T("");
m_act35 = _T("");
m_act36 = _T("");
m_actd7 = _T("");
m_act38 = _T("");

m_actd = _T("");
m_actb = _T("");
m_acté = _T("");

m_act?

T

=
m_act8 = _T("");

m_act9

_T("™);

//Y}YAFX _DATA_INIT

}

void CActDscDLG::DoDataExchange(CDataExchange pDX)
{

CDialog: :DoDataExchange (pDX);
//{{AFX_DATA_MAP(CActDscDLG)

DDX_Text (pDX,
DDX_Text (pDX,
DDX_Text(pDX,
DDX_Text (pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text (pbX,
DDX_Text(pDX,
DDX_Text (pDX,
DDX_Toxt(pDX,
DDX_Text (pDX,
DDX_Text(pDX,
DDX_Text (pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text (pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Taxt(pDX,
DDX_Text(pDX,
DDX_Toxt (pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Toxt (pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text(pDX,
DDX_Text (pDX,
DDX_Text (pDX,
DDX_Text(pDX,

IDC_EDIT1,

IDC_EDIT10,
IDC_EDIT11,
IDC_EDIT12,
IDC_EDIT13,
IDC_EDIT14,
IDC_EDIT1S,
IDC_EDIT16,
IDC_EDIT17,
IDC_EDIT18,
IDC_EDIT1S,

m_actl);
m_acti0);
m_actil);
m_acti2);
m_acti3);
m_actld);
m_acti5);
m_actl6);
m_actl?);
m_acti8);
m_actl9);

IDC_EDIT2, m_act2);

IDC_EDIT20,
IDC_EDIT21,
IDC_EDIT22,
IDC_EDIT23,
IDC_EDIT24,
IDC_EDIT2S,
IDC_EDIT26,
IDC_EDIT27,
IDC_EDIT28,
IDC_EDIT29,
IDC_EDITS,

IDC_EDIT30,
IDC_EDIT3i,
IDC_EDIT32,
IDC_EDIT33,
IDC_EDIT34,
IDC_EDIT3S,
IDC_EDIT36,
IDC_EDIT37,
IDC_EDIT38,
IDC_EDIT4,

IDC_EDITS,

IDC_EDITG,

IDC_EDIT?7,

IDC_EDITS8,

IDC_EDITS,

//Y}AFX_DATA_MAP

m_act20);
m_act21);
m_act22);
m_act23);
m.act24);
m_act25);
m_act26);
m_act2?);
B.act28);
m_act29);
m_act3);
m_act30);
m_act31);
m_act32);
m_act33);
m_act34);
m_act35);
m_act36);
m_act3d7);
m_act38);
m_actd);
m_act5);
m_act6);
m_act?);
m_act8);
m_act9);

63



APPENDIX A. SELECTED SOFTWARE LISTINGS

BEGIN_MESSAGE_MAP(CActDscDLG, CDialog)
//{{AFX_HSG_HAP(CActDscDLG)

// NOTE: the ClassWizard will add message map macros here
//}YIAFX_MSG_MAP

END_MESSAGE_MAP()

JIIIIIIIEI I I 1200000000000 0000 00T T2 101010200000 00000001010010110017
//CActDscDLC message handlers

A.17 TaskPlan.h

8if !defined (AFX_TASKPLAN_H__D930D372_33D6.11D3,8723_00C04FA35F00__INCLUDED_)
tdefine AFX_TASKPLAN_H__D930D372_33D6_11D3_8723_00CO4FA35F00__INCLUDED_

#if MSC_VER > 1000
#pragma once

#endif // _MSC_VER > 1000
// TaskPlan.h : header file
//

JIIII11T11120010010000071010710071007170107717101117711177117100171111111111171
// CTaskPlan dialog

class CTaskPlan : public CDialog

{

// Construction

public:

CTaskPlan(CWnds pParent = NULL); // standard censtructor

struct action * pAct; // pointer to am action structure

void » ptr; // used to traverse the linked list

Dllist Dptr; // used to traverse the action description list

Dllist ptAct; // pointer to traverse the actien list

char » descPtr; // the pointer to the string which is used to describe the action
char »actPlan(38];

int CutPtho; // index to indicate the order(or sequence) number of the cut peint
int ViaPtNo; // index to indicate the oxder(or sequence) mumber of the via point
int optldx; // index of the primitive operaticn

char Buffer[20]; // used for debug

char test[40];

char EndPtIndex(5];

// Dialog Data

//{{AFX_DATA(CTaskPlan)

enum { IDD = IDD_TASKPLAN_DIALOG };

// NOTE: the ClassWizard will add data members here
//YIAFX_DATA

// Overrides

// ClassWizard generated virtual function overrides
//{{AFX_VIRTUAL(CTaskPlan)

protected:

virtual void Dolx hange (¢ ge= pDX); // DDX/DDV support
//}Y}AFX VIRTUAL

// Implementation
protected:

// Generated message map functions
//{{AFX_MSG(CTaskPlan)

atx_msg void OnObjectTypeBUTTON();
afx_msg void OnCutPointBUTTON();
afx_msg void OnCheckPlanBUTTON();
atx_msg void OnViaPointBUTTONQ);
afx_msg veid OnInsertteleopButton();
afx_msg void OnDownloadTrajectoxryBUTTON();
//3I}AFX_MSG

DECLARE_MESSAGE_HAP()

}

//{{AFX_INSERT_LOCATION}}

// Hicrosoft Visual C++ will insert additional declarations immediately before the previous line.
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#ondif // !definod (AFX_TASKPLAN_H._D930D372_33D6.11D3_8723_00CO4FA35F00__INCLUDED )

A.18 TaskPlan.cpp

// TaskPlan.cpp : implementation file
/7

#include "stdafx.h"
#include "Rtsa2.h”

#include "TaskPlan.h"
#include "ObjectType.h"
#include "ViaPantDlg.h"
#include "InsertTeleopDLG.h"
#include "toolRackPos.h"
#include "ActDacDLG.h"
#include "offset.h"
#include "math.h"

#ifdef _DEBUG

t#define new DEBUG_NEW

tundef THIS_FILE

static char THIS_FILE[] = __FILE__;
#ondif

JI111110070170100700202000000008008208000000000007000000100100007100010110101110117
// CTaskPlan dialog

CTaskPlan: :CTaskPlan(Cinde pParent /=NULL»/)
: CDialog(CTaskPlan::IDD, pParent)

{

//{{AFX_DATA_INIT(CTaskPlan)

// NOTE: the ClassWizard will add ber initialization here
//Y}AFX_DATA_INIT

}

void CTaskPlan: :Dol (CData PDX)

{

CDialog: :DoDataExchange (pDX) ;
//{{AFX_DATA_MAP(CTaskPlan)

// ROTE: the ClassWizard will add DDX and DDV calls herxe
//}IAFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CTaskPlan, CDialog)

//{{AFX_}SC_MAP(CTaskPlan)

ON_BN_CLICKED(IDC_ObjectType_BUTTON, OnObjectTypeBUTTON)
ON_BN_CLICKED(IDC_CutPoint_BUTTON, OnCutPointBUTTON)

ON_BN_CLICKED (IDC_CheckPlan_BUTTON, OnCheckPlanBUTTON)
ON_BN_CLICKED(IDC_ViaPoint_BUTTON, OnViaPointBUTTON)

ON_BN_CLICKED (IDC_INSERTTELEOP_BUTTOK, OnlInsertteleopButton)
ON_BN_CLICKED (IDC_DownloadTrajectory _BUTTON, OnDownloadTrajectoryBUTTON)
//}Y}IAFX_MSG_MAP

END_MESSAGE_MAP()

i
// CTaskPlan message handlers

// XFU added on 07/05/99

void CTaskPlan::0nObjectTypeBUTTON()

{

CObjectType ObjtType;

int nObjtTypeResponse = ObjtType.DoModal();

if (nObjtTypeResponse == IDOK)
{

}
if (nObjtTypeResponse == IDCANCEL)
{
}
3

void CTaskPlaun::0OnCutPointBUTTON()
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{ .
CCutSelect CPnt;

int nCutPntResponse = CPnt.DoModal();

if (nCutPntResponse == IDOK)

8

}

void CTaskPlan::0uCheckPlanBUTTON() .
{
((CRtsa2Apps)AfxGetApp())->holdTool = ((CRtsa2App*)AfxGetApp())->RealholdTool;

if (((CRtsa2App*)AfxGetApp())->firstcheck)
// if this is the first time to check the plan, traverse the end point list to gemorate the action plan

( ((CRtsa2App*)AfxGetApp())~>ActList ).List = ( ((CRtsa2ippe)AfxGetApp())->ActList ).neuv_dllist();
// create a new linked 1list: Action List
( ((CRtsa2App*)AfxGotApp())->ActDscptlist ).List = '
( ((CRtsa2App*)ALxCotApp())->ActDscptlist ).nev_dllist();
// create a nev linked list: Action Description List

}
// tirst traverse the End Point List to create tho Action List and the Action Description List

if ( ( ((CRtsa2App*)AfxGetApp())~>EndPtList ).dll_empty( ( ((CRtsa2ippe)AfxGetApp())->EndPtList ).List ) )
// if the end point list is empty

{ N

MossageBox("No EndPtList Right Now!!!");

}

else // there IS an EndPtList
{
if (((CRtsa2App*)AfxGetApp())->2irstcheck)
// if this i3 the first time to check the plan, traversae the end point list to gemerate the action plan
{
CutPtNo = 0; // the index number of the cut point
ViaPtNo = 0; // the index number of the via point

for ( ptr = (void #) ( (( ((CRtsa2App*)AfxGetApp())->EndPtList ).List)->flink);
ptr != (void ») (( ((CRtsa2App*)AfxGetApp())->EndPtList ).List);

ptr = (void *) ( ((Dllist)ptr)->flink) ) // for loop to traverse the end point list

{
it ( ((struct End_point »)(((Dllist)ptr)->val))->telop ) // if it should be teleoperation here
{
// generate the action description: teleoperation
descPtr = strdup("Teleoperation");

// append this action description to the acticn description list
( ((CRtsa2hpp*)ALxGetApp() )->ActDscptList ).dll_append( ( ((CRtsa2ipps)AfxGetApp())->ActDscptlist ).List, (void *) descPtr);

// generate the primitive op ion: teleop ion

pAct = new action;
PAct=>teleop = 1; // this action is teleoperation
PAct=>holdTool = ((struct action #) ((({ ((CRtsa2App*)AfxGetApp())->ActList ).dl1l last
( ( ((CRtsa2App*)ALxGetApp())->ActList ).List ))->val))->holdTool; // the held tool keeps unchanged

// append this action to the Action List
( ((CRtsa2App*)AfxGetApp())->ActList ).dll_append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (vold *) pAct);

b
olse // it is not teleoperation
CutPtNo++;
if ( ((CRtsa2App#*)AfxGetApp())->holdTool == 0 ) // the robot bas no tool in hand
f/ generate the action description: move to the tool rack ’
descPrr = strdup("Move to the tool rack");
// apl;end this action description to the action déscription list
( ((CRtsa2App*)AfxGetApp())->ActDscptlist ).d1ll_append
) ( ( ((CRtsa2Appw)AfxGetApp())->ActDscptlist ).List, (void ») descPtr);
// generate the action description: pick up the expected tool

descPtr = strdup("Pick up "); ' '
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if ( ((struct End_point *)(((D1list)ptr)->val))->hold_tool == 1 ) // the expected tool is saw
strecat(descPtr, "saw");
olse if ( ((struct End_point *)(((D1list)ptr)->val))->hold_tool == 2 )// the expacted tool is scissors
strcat(descPtr, “"scissors");
alse // the expected tool is drill
strcat(descPtr, "drill");

// append this action description to the action description list ‘
( ((CRtsa2App=)AfxCetApp())->ActDscptlist ).d11l_append( ( ((CRtsa2Appe)AfxGetApp())->ActDscptlist ).List, (void =) descPtr);

// generate the primitive operation: move to the above point of tha tool

PAct = new action;

pAct->teleop = O; // this action is not teleoperation
PAct->move = 1; // this action is a movement action
pAct->gripAct = 0; // the gripper remains the original status
pAct->toolAct = 0; // the tool remains the original status

pAct->holdTool = ((struct End_point »)(((D1list)ptr)->val))->hold_tool;
if ( ((struct End_point =) (((Dllist)ptr)->val))~>hold_tool == 1 ) // the expected tool is saw

PAct->fPtX = SAWABOVE X;
PAct->IPtY = SAWABOVE Y;
PAct->2IPtZ = SAWABOVE Z;
pAct->tPtPitch = SAWABOVE_PITCH;
PAct->IPtYav = SAWABOVE_YAW;
pAct->ZPtRoll = SAWABOVE_ROLL;

}
else if ( ((struct End_point *)(((Dllist)ptr)->val))->hold_tool == 2 )// the expected tool is scissors
{

pAct->fPtX = SCISSORSABOVE_X;
pAct->fPtY = SCISSORSABOVE.Y;
pAct=>IPtZ = SCISSORSABOVE_Z;
pAct->tPtPitch = SCISSORSABOVE_PITCH;
pAct->tPtYav = SCISSORSABOVE_YAW;
pAct=>IPtRoll = SCISSORSABOVE_ROLL;

}
else // the expected tool is drill
{
pAct->IPtX = DRILLABOVE_X;
pAct->ZPtY = DRILLABOVE_ Y;
PAct=>1PtZ = DRILLABOVE_Z;
PAct->fPtPitch = DRILLABOVE_PITCH;
pAct->fPtYaw = DRILLABOVE_YAW;
pAct->fPtRoll = DRILLABOVE_ROLL; ¢

// append this action to the Action List
( ((CRtsa2App*)AfxGetApp())->ActList ).dll_append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (void *) pAct);

// generate the primitive operation: opan gripper

PAct = nev action;

pAct->teleop = 0; // this action is mot teleoperation
PAct->move = 0; // this action is not a movement action
pAct->gripict = 1; // open gripper

pAct->toolAct = 0; // the tool remains the origimal status

PAct->holdTool = ((struct action *)((( ((CRtsa2App*)AfxGetApp())->Actlist ).dll_last

€ ( ((CRtsa2Apps)AfxGetApp())=->Actlist ).List ))->val))->holdTool; // the held tool keeps unchanged
// append this action to the Action List '
( ((CRtsa2App*)AfxCotApp())->ActList ).dll_append( ( ((CRtsa2Appe)AfxGetApp())~>ActList ).List, (void ) pAct);

// generate the primitive operation: move down to reach the tool
PAct = new action;

pAct->teleop = 0; // this action is not teleoperation
pAct->move = 1; // this action is a movement action
pAct->gripAct = 0; // the gripper remains the original status

|
pAct->toolict = 0; // the tool remains the origimal status |

PAct->holdTool = ((struct action »)((( ((CRtsa2App=)AfxGetApp())->ActList ).d1l)l_last .
( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List ))->val))->holdTool; // the held tool keeps unchanged
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12 ( ((struct End_point =) (((Dllist)ptr)->val))->hold_tool == 1 ) // the expected tool is saw
{

PACt=>IPtX = SAV_X;

pAct->IPtY = SAW_Y;
pAct=>tPtZ = SAV_Z;

pAct->fPtPitch = SAW_PITCH;

pAct=>1PtYay = SAV_YAW;

pAct->fPtRoll = SAW_ROLL;

}
olse if ( ((struct End_point »)(((Dllist)ptr)->val))->hold_tool == 2 ) // the expected tool is scissors
{

PAct=>IPtX = SCISSORS_X;
pAct=>£PtY = SCISSORS_Y;
pPAct->fPtZ = SCISSORS.Z;
pAct->fPtPitch = SCISSORS_PITCH;
pAct~>fPtYaw = SCISSORS_YAVW;
pAct->fPtRoll = SCISSORS_ROLL;

}
olse // the expected tool is drill
1{

pAct->2PtX = DRILL_X;
pAct->fPtY = DRILL.Y;
pAct~>fPtZ = DRILL_Z;
pAct->tPtPitch = DRILL_PITCH; .
pAct->fPtYaw = DRILL_YAW;
pAct->£PtRoll = DRILL_ROLL;
} , ,

// append this action to the Action List
¢ ((CRtsa2Apps)AfxGetapp())->Actlist ).d1l_append( ( ((CRtsa2Appe)AfxGetApp())->ActList ).List, (void ») pAct);
// gonerate the primitive operation: close gripper

pAct = new action;

pAct->teleop = 0; // this action is not teleoperation
pAct->move = 0; // this action is not a movement action
PAct->gripAct = 2; // close gxipper

pAct=>toolAct = O; // the tool remains the original status
PAct->holdTool = ((struct action *)(({ ((CRtsa2App*)Af pp())->Actlist ).d11_last

<« ((mtuﬂApp')AthetApp()s-MctList ).List ))->val))->holdTool; // the held tool keeps unchanged

// append this acticn to the Action List
( ((CRtsa2App*)AL pp())->ActList ).d11_append( ( ((CRtsa2ipp*)AfxGetApp())->ActList ).List, (void ®) pAct);

// gonerate the primitive operation: move up back to the above poiat

pAct = nev action;

pAct=>telecp = 0; // this action is not teleoperation
pAct=>move = 1; // this action is a movement action
pAct->gripict = 0; // the gripper remains the original status
pAct->toolict =~ 0; // the tool remains the original status

pAct—>holdTool = ((struct action »)((( ((CRtsa2Apps)AfxGetApp())->ActList ).d11_last
( ( ((CRtsa2App*)AfxGetApp())->ActList ).List ))->val))->holdTool; // the held tool keops unchanged

12 ( ((struct End_point *)(((Dllist)ptr)->val))->hold_tool == 1 ) // the expected tool is saw
1{

pAct->fPtX = SAWABOVE.X;
pAct=>IPtY = SAWABOVE Y;
PAct->1PtZ = SAWABOVE_Z;
pAct->fPtPitch = SAWABOVE_PITCH;
pAct->tPtYav = SAWABOVE_YAW;
pAct->2PtRoll = SAWABOVE_ROLL;

}
olse if ( ((struct End_point »)(((Dllist)ptr)->val))~>hold_tool == 2 ) // the expocted tool is scissors
{

PAct->£PtX = SCISSORSABOVE X;
pAct->tPtY = SCISSORSABOVE_Y;

" pAct->fPtZ = SCISSORSABOVE.Z;

pAct->fPtPitch = SCISSORSABOVE_PITCH;
PpAct=->fPtYav = SCISSORSABOVE_YAW;
PAct=->2PtRoll = SCISSORSABOVE_ROLL;

}
else // the expected tool is drill
1{

pAct=>fPtX = DRILLABOVE.X;
pAct->£PtY = DRILLABOVE_Y; -
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pAct->2PtZ o DRILLABOVE_ Z;

}

pAct->£PtPitch = DRILLABOVE_PITCH;
pAct->fPtYayv = DRILLABOVE_YAW;
pAct->fPtRoll = DRILLABOVE_ROLL;

// append this action to the Action List
¢ ((CRtsa2ipp*)AfxGetApp())->ActList ).d11_append( ( ((CRtsa2Appr)AfxGetApp())->Actlist ).List, (void ») pAct);

// update the currently held tool
((CRtsa2App*)AfxGetApp())->holdTool = ((struct End_point »)(((Dllist)ptr)->val))->hold_teol;

}

else // the Tobot has a tool in hand

{
if ( ((CRtsa2app=)AfxGetApp())->holdTool != ((struct Eud_point s)(((Dllist)ptr)->val))->hold_tool )
// if the holded tool is not the expected tool

{

// gemerate the action description: move to the tool rack
doscPtr = strdup("Move to the tool rack");

// append this action description to the action description list
( ((CRtsa24pp*)At pp())-~>ActDscptlist ).d11_append( ( ((CRtsa2Appe)AfxGetApp())->ActDscptlist ).List, (void =) descPtr);

// generate the action description: put back the currently holded teol

descPtr = strdup("Put back ");

if ( ((CRtsa2ipp*)AfxGetApp())->holdTool == 1 ) // the currently holded tool is saw
strcat(descPtr, "saw");
else if ( ((CRtsa2App*)AfxGetApp())~>holdTeol == 2 ) // the currently holded tool is scissors
strcat(descPtr, "scissors");
else // the currently holded tool is drill
strcat(descPtr, "drill");

// append this action description to the action description list
( ((CRtsa2App*)AfxGetApp())->ActDscptList ).d1l_append( ( ((CRtsa2Appe)AfxCetApp())->ActDscptlist ).List, (void ») descPtr);

// genmerate the action descriptionm: pick up the expected tool
descPtr = strdup("Pick up ");

i2 ( ((struct End_point »)(((Dllist)ptr)->val))->hold_tool = 1 ) // the expacted tool is saw
strcat(descPtr, "saw");
else if ( ((struct End_point ®)(((DPllist)ptr)->val))->hold_tool == 2 ) // the expacted tool is scissors
streat(descPtr, "scissors®);
else // the expected tool is drill
strcat(deacPtr, "drill");

// append this action description to the action description list
( ((CRtsa2App*)AfxGatApp())->ActDscptList ).d1l_append( ( ((CRtsa2App*)AfxGetApp())->ActDscptList ).List, (void #) descPrr);

// generate the primitive operation: move to the above point of the currently held tool

pAct = new action;

pAct->telacp = 0; // this action is not teleoperation
pAct->move = 1; // this action is a movement action
pAct=>gripAct = 0; // the gripper remains the origimal status
pPAct->toolAct = 0; // the tool remains the original status

pAct->holdTool = ((struct action *)((( ((CRtsa2ippe)AfxGetApp())->ActList ).dll_last

( ¢ ((CRtsa2Appe)AfxGetApp())->Actlist ).List ))->val))->holdTool; // the held tool keeps unchanged

if ( ((struct action »)((( ((CRtsa2App*)AfxGetApp())->ActList ).d1l_last

{

¢ ( ((CRtsa24pp*)AfxGetApp())->Actlast ).List ))->val))=>holdTool == 1 ) // the currently held tool is sav

pAct->2PtX = SAWABOVE X;
PpAct->fPtY = SAWABOVE.Y;

PAct=>fPtZ = SAWABOVE_Z;

pAct=>£PtPitch = SAWABOVE_PITCH;
PAct->fPtYaw = SAWABOVE_YAW;
pAct->fPtRoll = SAWABOVE_ROLL;

}
else if ( ((struct action #)((( ((CRtsa2Appe)AfxGetApp())->Actlist ).d1l_last

¢ ( ((CRtsa2App*)AfxGetApp())=>ActList ).List ))->val))->holdTool = 2 )
// the currently held tool is scissors
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pAct->2PtX = SCISSORSABOVE_X;
pAct->2PtY = SCISSORSABOVE_Y;
pAct->£PtZ = SCISSORSABOVE.Z;
pAct->tPtPitch = SCISSORSABOVE_PITCH; .
pAct->fPtYaw = SCISSORSABOVE.YAW;
PAct->tPtRoll = SCISSORSABOVE_ROLL;

}
alse // the currently held tool is drill
{
pAct->tPtX = DRILLABOVE X;
pAct->fPtY = DRILLABOVE_Y;
pAct->fPtZ = DRILLABOVE_Z;
pAct=->£PtPitch = DRILLABOVE_PITCH;
pAct->tPtYaw = DRILLABOVE_YAW;
pAct->IPtRoll = DRILLABOVE_ROLL;

// append this action to the Actiom List
¢ ((CRtsa2Apps)AfxGetApp())->Actlist ).d1l.append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (void ) pAct);

// genorate the primitive operation: move down to the original place of the tool
pAct = new action;

pAct->telecp = O; // this action is not teleoperation
pAct->move = 1; // this action is a movement action
pAct->gripict = 0; // the gripper remains the original status
pAct=>toolAct = O; // the tool remains the original status

PAct->holdTool = ((struct action *)((( ((CRtsa2App*)AfxGotApp())->ActList ).dll last
¢ ( ((CRtsa2App*)AfxGetApp())->ActList ).List ))->val))->holdTool; // the held tool keeps unchanged
if ( ((struct action »)((( ((CRtsa2App*)AfxGetApp())->ActList ).dll_last '
( ( ((CRtsa2App*)AfxGetApp())->Actlist ).List ))->val))~>holdTool == 1)
// the currently held tool is saw

pAct->IPtX = SAW X;
pAct->fPtY = SAW_Y;
pAct->IPtZ = SAVW.Z;
phAct->2PtPitch = SAW_PITCH;
pAct->fPtYaw = SAW_YAW;
pAct->fPtRoll = SAW_ROLL;

}
else if ( ((struct action »)((( ((CRtsa2App*)AfxGotApp())->ActList ).dll_last
( ( ((CRtsa2:pps)AfxGetApp())->ActList ).List ))~>val))->holdTool = 2 )
// the curzently held tool is scissors
{
pAct~>LPtX = SCISSORSX;
pAct->tPtY = SCISSORS_Y;
pAct->2PtZ = SCISSORS_Z;
pAct->tPtPitch = SCISSORS_PITCH;
pAct->tPtYaw = SCISSORS_YAW;
pAct->fPtRoll = SCISSORS_ROLL;

}
else // the currently held tool is drill
{

pAct=>IPtX = DRILL.X;
pAct->IPtY = DRILL_Y;
pAct->2PtZ = DRILL_Z;
pAct->2PtPitch = DRILL_PITCH;
pAct->fPtYaw = DRILL_YAW;
phAct->fPtRoll = DRILL_ROLL; |
}

// append this action to the Action List
( ((CRtsa2Apps)AfxCotApp())~>ActList ).d11_append( ( ((CRtsa2App*)AfxGetApp())->ActList ).List, (void ») pAct);

// generate the primitive operatiom: open gripper

pAct = new action;

pAct->teloop = 0; // this action is not teleoperation
pAct=>move = 0; // this action is not a movement action
pAct->gripiAct = 1; // open gripper

PAct->toolAct = O; // the tool remains the original status

pAct->holdTool = ((struct action »)((( ((CRtsa2App+*)AfxGetApp())->ActList ).dll_last
( ( ((CRtsa2Appe)AfxGetApp())->ActList ).List ))=>val))->holdTool; // the held tool keeps unchanged
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// append this action to the Action List
¢ ((CRtsa2App*)ALxGetApp())->ActList ).d11_append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (void =) pAct);

// generate the primitive operationm: move up back to the above point

pAct = mev action;

pAct->telacp = 0; // this action is not teleoperation
pAct->move = 1; // this action is a movement action
pAct=->gripAct = 0; // the gripper remains the original status
pAct=>toolAct = O; // the tool remains the original status

pAct->holdTool = ((struct action *)((( ((CRtsa2App*)AfxGetApp())->ActList ).dll_last
( ( ((CRtsa2App*)AfxGetApp())->ActList ).List ))->val))->holdTool;
// the held tool keeps unchanged

it ( ((struct action *)((( ((CRtsa2App*)AfxGetApp())->ActList ).d1l_last
( ( ((CRtsa2app*)AfxGetApp())->Actlist ).List ))=->val))->holdTool == 1 )

// the currently held tool is saw

pAct=>fPtX = SAWABOVE_X;
pAct->fPtY = SAWABOVE_Y;

pAct->IPtZ = SAVABOVE.Z;

/!

pAct->fPtPitch = SAWABOVE_PITCH;

pAct->fPtYaw = SAVABOVE_YAVW;

PAct->fPtRoll = SAWABOVE_ROLL;
pAct->maxSpeed =

else if ( ((struct action *)((( ((CRtsa2ipps*)AfxCetApp())->ActList ).dll_ last
( ( ((CRtsa2app*)AfxGetApp())->ActList ).List ))->val))->holdTool == 2 )
// the currently held tool is scissors

pAct=->IPtX = SCISSORSABOVE X;
pAct->2PtY = SCISSORSABOVE_Y;

PpAct~>tPtZ = SCISSORSABOVE_Z;

/7

pAct->fPtPitch = SCISSORSABOVE_PITCH;

pAct->2PtYaw = SCISSORSABOVE_YAW;

pAct->fPtRoll = SCISSORSABOVE_ROLL;
PAct->maxSpeed =

3
else // the currently held tool is drill
{

PAct=>fPtX = DRILLABOVE X;
PAct->fPtY = DRILLABOVE_Y;

pAct~>fPtZ = DRILLABOVE_Z;

/77

pAct->ZPtPitch = DRILLABOVE_PITCH;
pAct->tPtYav = DRILLABOVE_YAW;
pAct->fPtRoll = DRILLABOVE_ROLL;
pAct->maxSpeed =
3}

// append this action to the Action List
( ((CRtsa2App*)AfxGetApp())->ActList ).d11_append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (void ») pAct);

.

// generate the primitive operation: move to the above point of the expected tool

PAct = new action;

pAct->taeloop = 0; // this action is not teleoperation
PpAct->move = 1; // this action is a movement action
pAct->gripict = 0; // the gripper remains the original status
pAct->toolAct = 0; // the tool remains the original status

pAct->holdTool = ((struct End_point *)(((Dllist)ptr)->val))=->hold_tool;

if ( ((struct End_point *)(((Dllist)ptr)->val))->hold_tool == 1 ) // the expected tool is saw
{

pAct->IPtX = SAWABOVE X;

PAct=>{PtY = SAVABOVE_Y;

PAct=>IPtZ = SAWABOVE_Z;

phct->1PtPitch = SAWABOVE_PITCH;
pAct->fPtYav = SAWABOVE YAW;
pAct~>fPtRoll = SAWABOVE_ROLL;

>
olse i1 ( ((stxuct End_point *)(((D1list)ptr)->val))->hold_tool == 2 ) // the expected tool is scissors
1{

pAct->{PtX = SCISSORSABOVE X;
pAct->#PtY = SCISSORSABOVE_Y;

71
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phct->2PtZ = SCISSORSABOVE_Z;
pAct->fPtPitch = SCISSORSABOVE_PITCH;
pAct->tPtYaw = SCISSORSABOVE.YAV;
pAct->tPtRoll = SCISSORSABOVE_ROLL;

}
else // the expected tool is drill
{

pAct->fPtX = DRILLABOVE.X;
PAct->tPtY = DRILLABOVE.Y;
pAct->fPtZ = DRILLABOVE Z;
pAct->tPtPitch = DRILLABOVE_PITCH;
pAct->fPtYaw = DRILLABOVE_YAW;
pAct->£PtRoll = DRILLABOVE_ROLL;

// append this action to the Actien List
( ((cR ppe)AL ())->ActList ).d11_ append( ( ((CRtsa2Appe*)AfxGetApp())->ActList ).List, (void =) pAct);

PP

// generate the primitive operation: move dowm to reach the tool
PAct = new action;

PAct=->teleop = 0; // this action is not toleoperation
PAct->move = 1; // this action is a movement action
PAct->gripAct = 0; // the gripper remains the originmal status
pAct->toolAct = 0; // the tool remains the origimal status

pAct=->holdTool = ((struct End_point *)(((Dllist)ptr)->val))->hold_tool;

if ( ((struct End_point »)(((D1list)ptr)->val))->hold_tool = 1 ) // the expected tool is saw
{ .
PAct->fPtX = SAV X;
pAct->IPtY = SAW Y;
pAct->IPtZ = SAW_Z;
PAct~>fPtPitch = SAW_PITCH;
pAct->tPtYaw = SAW_YAW;
pAct->1PtRoll = SAW_ROLL;

}
olse if ( ((struct End_point »)(((D1list)ptx)->val))->hold_tool == 2 ) // tho expected tool is scissors
{
PAct->fPtX = SCISSORS _X;
pAct->tPtY = SCISSORS_Y;
pAct->tPtZ = SCISSORS_Z;
pAct->fPtPitch = SCISSORS_PITCH;
PAct->fPtYaw = SCISSORS_YAW;
pAct->fPtRoll = SCISSORS_ROLL;

}

else // the expected tool is drill

{
pAct->£PtX = DRILL_X;
pAct->tPtY = DRILL_Y;

pAct->fPtZ = DRILL Z;

pAct=->IPtPitchk = DRILL_PITCH;
pAct->fPtYaw = DRILL_YAW;
PAct->fPtRoll = DRILL_ROLL;

( ((CRtsa2App*)ALxGetApp())~>ActList ).dll_append( ( ((CRtsa2App*)AfxCetApp())->Actlist ).List, (void ») phct);

// append this action to the Action List
|

// geonerate the primitive operation: close gripper

pPAct = now action;

PpAct=>teleop = 0; // this action is not teleoperation
| pAct->move = 0; // this action is not a movement action
|

pAct=->gripAct = 2; // close gripper
pAct=>toolict = 0; // the tool remains the original status
pAct~>holdTool = ((struct action »)((( ((CRtsa2Appe)AfxGetApp())->ActList ).dll_last
( ( ((CRtsa2App*)AfxGetApp())->ActList ).List ))->val))->holdTool;
// the held tool keeps unchanged

// append this action to the Action List
( ((CRtsa2App*)AfxGetApp())=>ActList ).d1l_append( ( ((CRtsa2App*)AfxGetApp())->ActList ).List, (void #) pAct);

// gonerate the primitive operation: move up back to the above point
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pAct = new action;

pAct->telacp = 0; // this action is not teleoperation
pAct=>move = 1; // this action is a movement action
pAct->gripAct = 0; // the gripper remains the original status
pAct->toolAct = 0; // the tool remains the origimal status

pAct->holdTool = ((struct action *)((( ((CRtsa2ipp*)AfxGetApp())->ActList ).dll_last
¢ ¢ ((CRtsa2App*)AfxGotApp())=->Actlist ).List ))->val))->holdTool;
// the held tool keeps unchanged

it ( ((struct End_point »)(((Dllist)ptr)->val))->hold.tool == 1 ) // the expected tool is saw
{

pAct->fPtX = SAWABOVE_X;
pAct->fPtY = SAWABOVE Y;
PpAct->fPtZ = SAWABOVE_Z;
pAct->fPtPitch = SAWABOVE_PITCH;
pAct->fPtYav = SAWABOVE_YAV;
pAct->fPtRoll = SAWABOVE_ROLL;

}
else if ( ((struct End_point *)(((Dllist)ptr)->val))=>hold_tool == 2 ) // the axpected tool is scissors
{

pAct->fPtX = SCISSCRSABOVE_X;
PAct->fPtY = SCISSORSABOVE_Y;
pAct->tPtZ = SCISSORSABOVE.Z;
pAct->fPtPitch = SCISSORSABOVE_PITCH;
pAct->fPtYaw = SCISSORSABOVE_YAW;
pAct->fPtRoll = SCISSORSABOVE_ROLL;

}
else // the expacted tool is drill
{

pAct->fPtX = DRILLABOVE_X;
pAct->IPtY = DRILLABOVE.Y;
pAct->1PtZ = DRILLABOVE_Z;
pAct->fPtPitch = DRILLABOVE_PITCH;
pAct->fPtYav = DRILLABOVE_YAW;
pAct->fPtRoll = DRILLABOVE_ROLL;

// append this action to the Actiom List
( ((CRtsa2hppe)AfxGetApp())->ActList ).dll_append( ( ((CRtsa2App*)AfxGetApp())->ActList ).List, (void *) pAct);

// update the currently holded tool
((CRtsa2App*)AfxGetApp())->holdTool = ((struct End_point *)(((Dllist)ptr)->val))->hold_tool;

}
}
it ( 1(((struct End_point »)(((Dllist)ptr)->val))->is_via) )
// if this end point is not a via point -- that is to say, this point is a cut point
{

// gemerate the action description: move to the cut point &
descPtr = strdup("Hove to cut point ");
_itoa( CutPtNo, EndPtIndex, 10);
strcat(dascPtr, EndPtIndex);

// append this. action description to the action description list

( ((CRtsa2App*)AfxGotApp())->ActDscptlist ).d1l_append( { ((CRtsa2Apps)AfxGetApp())->ActDscptlist ).List, (void =) descPtr);

// generate the primitive operation: move to the cut point
PAct = nev action;

pAct=>teleocp = 0; // this action is not teleoperation
pAct->move = 1; // this action is a movement actien
pAct->gripict = 0; // the gripper remains the origimal status
PAct->toolAct = 0; // the tool remains the origimal status

pAct->holdTool = ((struct action *)((( ((CRrsa2Appe)AfxGetApp())->Actlist ).dll. last

( ¢ ((CRtsa2Apps)AfxCetApp())->ActList ).List ))=->val))->holdTool; // the held tool keeps unchanged

pAct->IPtX = ((struct End_point )(((Dllist)ptr)->val))->coord_x;
pAct->1PtY = ((struct End_point »)(((Dllist)ptr)->val))->coord. y;
pAct->fPtZ = ((struct End_point #)(((Dllist)ptr)->val))->coord_z;
PAct->fPtPitch = ((struct End_point »)(((D1list)ptr)~>val))->pitch;
pAct=>fPtYaw = ((struct End_point #»)(((Dllist)ptr)->val))->yaw;
pAct=>fPtRoll = ((struct End_point #)(((Dllist)ptr)->val))=->roll;

// append this action to the Action List
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( ((CRtsa2App*)AfxGetApp())->ActList ).d1l_append( ( ((CRtsa2App*)AtxCetApp())->ActList ).List, (void *) plct);
// gonerate the action description: cut
descPtr = strdup("Cut ");

// append this action description to the action description list
( ((CRtsa2App*)AfxGetApp())->ActDscptList ).d1l_append( ( ((CRtsa2Appe)AfxGetApp())->ActDscptlist ).List, (void ») descPtr);

// generate the primitive operation: turm on the tool
pAct = newv action;

pAct~>teleop = 0; // this action is not teleoperation
pAct->move = 0; // this action is not a movement action
pAct->gripAct = 0; // the gripper remains the original status
pAct->toolAct = 1; // turn on the tool

pAct->holdTool = ((struct action =) ((( ((CRtsa2Apps)AfxGetApp())->ActList ).dll_last
¢ ¢ ((CRtsa2app*)AfxGetApp())->ActList ).List ))->val))->holdTool; // the held tool keeps unchanged

// append this action to the Action List
( ((CRtsa2App*)AfxGetapp())->ActList ).d1l_append( ( ((CRtsa2App*)AfxGetApp())->Actlist ).List, (void =) pAct);

// generate the primitive operation: move to cut
pAct = new action;

pAct=>telecp = 0; // this action is nmot teleoperation
pAct-d>move = 1; // this action is a movement action
pAct~>gripAct = 0; // the gripper remains the original status
pAct->toolAct = 0; // the tool remains the original status

pAct->holdTool = ((struct action %) ((( ((CRtsa2ipp»)AfxGetApp())->ActList ).dll last
( ( ((CRtsa2App=)AfxGetApp())->ActList ).List ))->val))->holdTool; // the held tool keeps unchanged

pAct->1PtPitch = ((struct End_point »)(((Dllist)ptr)~>val))->pitch;

pAct->fPtYav = ((struct End_point ») (((D1llist)ptr)->val))->yaw;

pAct->2PtRoll = ((struct End_point =) (((Dllist)ptr)->val))->roll;

pAct->1PtX = ((struct End_point *)(((Dllist)ptr)->val))=->coord.x - 2¢CENTERTOTOOL=cos (pAct->2PtRoll)*cos(pAct->IPtPitch);
PAct=>2PtY = ((struct End_point *)(((Dllist)ptx)->val))->coord.y - 2¢CENTERTOTOOL#5in(pAct->2PtRoll)#cos (pAct->1PtPitch);
PAct=>2PtZ = ((struct End_point #)(((Dllist)ptr)->val))->coord.z - 29CENTERTOTOOL*(-sin(pAct=>1PtPitch));

// append this action to the Action List
( ((CRtsa2App*)AfxGetApp())=->ActList ).d1l_append( ( ((CRtsa2Appe)AfxGetApp())->ActList ).List, (veid =) pAct);

// generate the primitive operation: turn off the tool
pAct = nev action;

pAct->teleop = 0; // this action is not teleoperation
pAct->move = 0; // this action is not a movement action
PpAct->gripAct = 0; // the gripper remains the original status
pAct->toolAct = 2; // turn off the tool

pAct->holdTool = ((struct action »)((( ((CRtsa2ipp*)AfxCetApp())->ActList ).dll.last
( ( ((CRtsa2App»)AfxGetApp())->Actlist ).List ))->val))~>holdTool; // the held tool keeps unchanged

// append this action to the Action List
( ((CRtsa2App*)AfxGetApp())->Actlist ).d11_append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (void *) pAct);

// generate the primitive opexation: back off to the start point
pAct = new action;

pAct~>toleop = 0; // this action is not teleoperation
PAct-d>move = 1; // this action is a movement action
pAct->gripAct = 0; // the gripper remains the original status
pAct->toolAct = 0; // the tool remains the original status

PAct->holdTool = ((struct action *)((( ((CRtsa2Appe)AfxGetApp())->Actlist ).d1ll last
( ( ((CRtsa2App*)AfxGetApp())->ActList ).List ))~>val))=>holdTool; // the held tool keeps unchanged

pAct->ZPtX = ((struct End_point »)(((Dllist)ptr)->val))->coord x;
PAct->2PtY = ((struct End_point #)(((Dllist)ptr)->val))->coord_y;
PAct—>2PtZ = ((struct End_point *)(((Dllist)ptr)->val))->coord_z;
pAct->fPtPitch = ((struct End_point »)(((Dllist)ptr)->val))->pitch;
pAct->tPtYaw = ((struct End_point =) (((Dllist)ptr)->val))->yaw;
pAct—>fPtRoll = ((struct End_point =) (((Dllist)ptr)->val))->roll;

// append this action to the Action List
( ((CRtsa2App*)AfxCetApp())->ActList ).d11_append( ( ((CRtsa2Apps)AfxGetApp())->ActList ).List, (void *) pAct);
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} // end of "if ( !(((struct End_point =)(((Dllist)ptr)->val))->is_via) )" loop
else // tkis is a via point

{

CutPtNo-~; // since this end point is not a cut point

ViaPtNo++; // update the via point index number

// generate the action description: move to the via point #
descPtr = stxdup("Move to via point ");
_itoa( ViaPtNo, EndPtIndex, 10);
strecat(descPtr, EndPtIndex);

// append this action description to the action description list
( ((CRtsa2app*)At; pp () ->A ptlist ).d11_append( ( ((CRtsa2App#)AfxGetApp())->ActDscptlist ).List, (void ») descPtr);

// generate the primitive operaticn: move to the via point
pAct = newv action;

pAct=->teleop = 0; // this action is not teleoperation
pAct->move = 1; // this action is a movement action
pAct=->gripact = 0; // the gripper remains the eriginal status
pAct=>toolAct = O; // the tool remains tho origimal status

pact->holdTool = ((atruct action »)((( ((CRtsa2App*)AfxGetApp())->ActList ).dll_last
( ( ((CRtsa2App*)AfxGotApp())~->ActList ).List ))->val))->holdTool; // the held tool keeps unchanged

pAct->fPtX = ((struct End_point #)(((Dllist)ptr)->val))->coord x;
pAct=>fPtY = ((struct End_point s)(((Dllist)ptr)->val))->coord_y;
pAct->2PtZ = ((struct End_point »)(((Dllist)ptr)->val))->coord.z;
pAct->fPtPitch = ((struct End_point *)(((Dllist)ptr)->val))->pitch;
pAct->fPtYaw = ((struct Erd_point »)(((Dllist)ptr)->val))->yav;
pAct->fPtRoll = ((struct End_point *)(((Dllist)ptr)-»>val))->roll;

// append this action to the Action List
( ((CRtsa2App*)AfxCetApp())->ActList ).dll_append( ( ((CR App*)AfxGetApp())->ActList ).List, (void *) pAct);

}
} // end of "else"

} // end of the for loop to traverse the end points

} // end of * if (((CRtsa2App=)AfxGotApp())->firstcheck) "

}

((CRtsa2App*) AL pp())->£d heck @ 0; // will not be the first time to check the plan next time

ChctDscDLG ActDscDlg;

int actNum=0; // to get the number of actions in the action description list
for ( Dptr = ( (( ((CRtsa2Appe)AfxGetApp())->ActDscptlist ).List)->flink);

{

Dptr != (( ((CRtsa2App*)AfxGetApp())->ActDseptList ).List);
Dptr = ( ((D1list)Dptr)->flink) ) // for loop to traverse the action description list

actHum+;

}

for (int i=0; i<38; ++i)
{

actPlan[i] = strdup("");
}

int j=0;
for ( Dptr = ( (( ((CRtsa2Apps)AfxGetApp())->ActDscptlist ).List)->flink);

}

ActDseDlg.m_actl
ActDscDlg.m_act2

ActDscDlg.m_act4d
ActDscDlg.m_acth

Dptr != (( ((CRtsa2App»)AfxGotApp())->ActDscptlist ).List);
Dptr = ( ((Dllist)Dptr)->flink) ) // for leop to traverse the action description list

actPlan[3j] = strdup( (char »)(Dptr->val) );
++3;

(cString)actPlan[0];
(CString)actPlan[1];

(Cstring)actPlan[3];
(CString)actPlan[4] ;

=
ActDscDlg.m_act3 = (CString)actPlan(2];

ActDscDlg.m_acté

(CString)actPlan{5] ;
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ActDscDlg.m_act? = (CStringlactPlan[6];
ActDscDlg.m_act8 = (CStringlactPlan[7];
ActDscDlg.m_act9 = (CStringlactPlan[8];

ActDscDlg.m_act10
ActDscDlg.m_actil
ActDscDlg.m_act12
ActDscDlg.m_actl3
ActDscDlg.m_actid
ActDscDlg.m_actiS
ActDscDlg.m_act1é
ActDscDlg.m_acti?
ActDscDlg.m_acti8
ActDscDlg.m acti9
ActDscDlg.m_act20
ActDscDlg.m_act21
ActDseDlg.m_act22
ActDscDlg.m_act23
ActDscDlg.m_act24
ActDscDlg.m_act25
ActDscDlg.m_act26
ActDscDlg.m_act27
ActDscDlg.m_act28
ActDscDlg.m_act29
ActDacDlg.m_act30
ActDscDlg.m_ act31
ActDscDlg.m_act32
ActDscDlg.m_act33
ActDscDlg.m_act34
ActDscDlg.m_act35
ActDscDlg.m_act36
ActDscDlg.m_act37
ActDscDlg.m_act38

int nActDscDlgResponse = ActDscDlg.DoModal();

= (CString)actPlan[9];
= (CString)actPlan[10];
= (CString)actPlan(11];
= (CString)actPlan[12];
= (CString)actPlan[13];
= (CStripg)actPlan[14];
= (CString)actPlan(15];
= (CString)actPlan[16];
= (CString)actPlan(17];
= (CStringlactPlan[18];
= (CString)actPlan(19];
= (CString)actPlan[20];
= (CStringlactPlan[21];
= (CString)actPlan[22];
a (CString)actPlan[23];
= (CStrivg)actPlan([24];
a (CString)actPlan[25];
= (CString)actPlan[26];
= (CString)actPlan(27];
a (CString)actPlan(28];
= (CString)actPlan(29];
= (CString)actPlan([30];
= (CStripg)actPlan(31];
= (CString)actPlan[32];
= (CString)actPlan[33];
= (CString)actPlan(34];
= (CString)actPlan[35];
= (CString)actPlan[36];
= (CString)actPlan[37];

1f ( nActDscDlgResponse == IDOK)
1{

it
1{
}
}

( nActDscDlgResponse == IDCANCEL)

void CTaskPlan::0nViaPointBUTTON()

{
// TODO: Add your control notification handler code here

CViaPntDlg ViaPutblg;

int nViaPntDlgResponse = ViaPntDlg.DoModal();

i (nViaPntDlgResponse == IDOK)
1{

}
if (nViaPntDlgResponse == IDCANCEL)
{ .

}
}

void CTaskPlan::OnInsertteleopButton()
{

// TODO: Add your control motification handler code here

CInsertTeleopDLG Teleopblg;

int nTeleopDlgResponse = TeleopDlg.DoHodal();

it (nTeleopDlgResponse == IDOK)
{

} .
if (nTeleopDlgResponse == IDCANCEL)
1{

}
}

void CTaskPlan::OnDownloadTrajectoryBUTTON()
{ .

// TODO: Add your control notification handler code here
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if ( ((CRtsa24pps)AfxCetApp())->firstcheck )
{

MessageBox("Please check the plan first");
¥

else

{

((CRtsa2App*)ALxGatApp())->RealholdTool = ((CRtsa2Apps)AfxGotApp())->holdTool; // update the held tool

FILE » PlanFile;

//PlanFile = fopen("d:/stacey/Projects/Rtsa2/stacey/Projects/Rtsa2/planfile”, "w");
PlanFile = fopen("x:/TaskPlan/planfile”, "w");

optldx = 0;

for ( ptAct = ( ((
ptact !=
Ptéct =

optldx++;
fprintf(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,

if ( ((struct action »)(ptict->val))->teleop == 1 )

fprintf(PlanFile,
else
fprintf(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,

i2 ( ((struct action *)(ptict->val))->move e= 1 )

fprintf(PlanFile,
else
fprintf(PlanFile,

fprintf(PlanFile,
fprintz(PlanFile,

((CRtsa2Apps)AfxGetApp())->ActList ).List)->flink);
(¢ ((CRtsa2App»)AfxGetApp())->ActList ).List);

( ((Pllist)ptAct)->Llink) ) // for loop to traverse the action list

"Operation %i:\n", optIdx);

*  teleop = ")

#%11d ", ((struct action »)(ptict->val))->teleop );

// if the action is teleoperation
*8 begin teleoperation\n®);

"$# not teleoperation\n®);

" move = ");

"11d ", ((struct action =) (ptAct->val))->move );

// it the action is a movement action
"# a movement operation\n");

"# not a movement operation\n");

" gripict = %);
n711d =, ((struct action *)(ptAct->val))->gripict );

if ( ((struct action »)(ptAct->val))->gripAct == 0 )

fprintf(PlanFile,

"# the gripper remains the original status\n");

else if ( ((struct action #)(ptAct->val))->gripAct == 1)

fprintf(PlanFile,
else
fprintf(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,

"# open gripper\n");
"# close gripper\n");

" toolAct = "),
nY11d °, ((struct action »)(ptAct->val))->toolict );

it ( ((struct action *)(ptAct->val))->toolAct == 0 )

fprintf(PlanFile,

"# the tool remains the original status\n");

aelse if ( ((struct action *)(ptAct->val))->toolAct == 1)

fprintf(PlanFile,
else
fprintf(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,
fprintf(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,
fprintf(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,
tprintf(PlanFile,

fprintf(PlanFile,
fprintt(PlanFile,
fprint£(PlanFile,

fprintf(PlanFile,
fprintf(PlanFile,
fprintf(PlanFile,

fprintt(PlanFile,
fprintf(PlanFile,
fprintf(PlanFile,

“# turn on tool\n");
"8 turn off tool\n");

" fPtX = ");
"%111t ", ((struct action »)(ptAct->val))->fPtX );
"4 the x coordinate of the final point\n" );

" fPtY = ")
%1112 ", ((struct action »)(ptAct->val))->IPtY );
"% the y coordinate of the final point\n" );

" fPtZ = ")
=111 *, ((struct action *)(ptAct->val))->LPtZ );
"4 the z coordinate of the final! point\n" );

" fPtPitch = ");
°¥111¢ ", ((struct action *)(ptict->val))->2PtPitch );
*# the pitch angle of the final point\n" );

" fPtYaw = ");
"111f ®, ((struct action »)(ptAct->val))->fPt¥av );
*# the yaw angle of the final point\n® );

*  fPtRoll - "3
"¥%111f ", ((struct action »)(ptAct->val))->fPtRoll );
»# the roll angle of the final point\n" );
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fclose(PlanFile);
}
}
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