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I. Work Plan 

For reference, the work plan originally proposed is synopsized 
below: 

Task 1. Design System 

Design the various elements of the system and define its 
specifications. 

Task 2. 

Task 3. 

Task 4. 

A) 

Task 5 .  

Task 6. 

Task 7. 

Task 8. 

Task 9 .  

Define specifications. 

Design the mapping stage hardware and select off-the- 
shelf components and stock. 

Design the structured-light laser projector. 

Assess the desired computational requirements and 
choose the desired computer hardware. 

Define the basic outline of the computer algorithms to 
be implemented. 

Procure Components 

Assemble Computer System 

DeveloD Software 

Develop the mappinq software which transform the raw 
video images into 3-dimensional surface maps. 

Develop software required to control other elements of 
the system, particularly the translation stages and the 
laser projector. 

Assemble Mapping Stage 

Assemble Laser Projector 

Integrate System 

Test and Demonstrate System 

Prepare Final Report 

The complete surface profiling system consists of a base plate 
which rigidly holds the components together, the laser projector, 



a four-axis mapping stage (X, Y, Z, and Theta) with three of the 
four axes motorized, a white-light illuminator which is used to 
illuminate the target for grey-scale video imaging (i.e. for 
focusing the video camera), a CCD video camera, and a host 
computer. A schematic picture of the projector/mapping stage 
assembly is attached as Appendix A (note: Appendix A does not 
show the CCD camera and its support, nor the white-light 
illuminator) . 

11. Proposed Schedule 
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111. Current Status 

As of the middle of July the project is approximately five weeks 
behind schedule, two weeks in addition to the three weeks 
reported previously. Difficulties in another high-priority 
project have required the attention of the mechanical engineer, 
Mr Jakubowski, a key component of the laser projector required 
repair at the factory, and some difficulty was experienced in 
utilizing an off-the-shelf software library. However, significant 



progress has been made and the project is now scheduled for 
completion by 1 September 1995. 
report has been extended to include most of the month of July in 
order to report on several significant accomplishments. 

The period of coverage of this 

Task 1: Both hardware and software designs are complete. To 
synopsize the design: the mapping system hardware consists of 

Task 2: All of the off-the-shelf components are in-house. 

Task 3: The computer is functional and all interface boards have 
been inserted and tested. The system utilizes three interface 
boards: a parallel 1/0 board which interfaces with the Spatial 
Light Modulator, the video frame grabber/image processor board, 
and the translation stage motor control board. The parallel 1/0 
board is a National Instruments PC-DIO-24 24 bit board; the video 
board is a Dipix P360F with on-board video processor and memory; 
and the motor control board is a NuLogic PcStep 4-Axis controller 
with on-board processor (three axis are used in the current 
system, one is held in reserve). Each board comes with a driver 
and software library, greatly simplifying programming. 

Task 4: The system software is approximately 3/4 complete. The 
system is comprised of five main code sections, each of which is 
made up of a number of code modules, as follows: 

A) Driver Interface. One low-level code module was written 
to interface to the motor control board. This module 
encapsulates many commands to the motor controller 
board drivers. Most importantly, it stores and recalls 
various parameters for each of the three axis used in 
the system, making operation transparent to higher 
levels of code. This module is complete and has been 
thoroughly tested. 

B) Hardware Subsystems. Four code modules encapsulate the 
high-level operations of each of the major mechanical 
subsystems: the translation stages, the white-light 
illuminator, the video frame-grabber and processor, and 
the Spatial-Light-Modulator. All of these modules are 
complete and have been tested, although we are 
currently endeavoring to improve the efficiency and 
speed of the video module, which contains much of the 
critical mapping code. 

C) Mapping Subsystems. Two modules encapsulate the 
critical mathematical operations necessary to transform 
the images gathered by the video module, mentioned 
above, into 3-D maps. These modules are complete and 
have been tested. One of the delays during the period 



covered by this report was due to problems encountered 
with a critical off-the-shelf software library used in 
the mapping-matrix software module. The mathematical 
operations used during system calibration and during 
mapping require the solution of sets of simultaneous 
equations, a non-trivial programming problem. In order 
to reduce the risk and time required, an off-the-shelf 
mathematical library was purchased from Dyad Software, 
Inc. This library, quite frankly, did not work 
properly, and much time was wasted in determining the 
extent of the problems, so it was returned and a 
replacement purchased from the Numerical Algorithms 
Group. This second library works as advertised. 

Mapping and Calibration Sequencers. One module contains 
two sequencers which control the operation of the 
system during the calibration process and during 
mapping. The calibration sequencer is complete and 
tested, the mapping sequencer is essentially complete 
but has not been fully tested. 

User Interface. The user interface consists of a number 
of windows, menus, and dialog boxes (the program is 
written using the Windows operating system and user 
interface). A main menu allows the operator to select 
various operations to be performed, including 
calibrating the system and mapping an object, while a 
control screen displays the status of and allows the 
control of the various hardware subsystems. The user 
interface is approximately 3/4 complete. 

During the week of July 16, we successfully calibrated the system 
and mapped a section of a turbine blade, proving the calibration 
sequence and the mathematics of the mapping process. Yet to be 
finished and tested are the sections of code that allow multiple 
areas of the blade to be mapped and tiled together into a 
complete high-density map of the entire blade. We are also 
investigating various ways to reduce noise in the system, 
increase accuracy, and reduce the time required to calculate the 
surface maps. 

Task 5: The mounts for the translation stages have been completed 
and the system assembled. Appendix A contains two views of the 
turbine-blade mapping system, generated from the mechanical 
design drawings, showing the two linear stages and one rotary 
stage (X, Z, and Theta) mounted on the mapping system base plate. 
The stages are mounted on two rails which allow manual 
translation along the Y axis (X is perpendicular to the laser 
projector, Y is away from the projector, Z is vertical, and Theta 
is rotation parallel to the table). Movements in the X, Z, and 



Theta axes are necessary for both the calibration process and for 
tiling together high-resolution area maps to create larger maps. 
Movement in the Y axis adjusts the relative size of the laser 
beam array, as projected onto the target surface, and thus the 
system's resolution and accuracy. At some future date the Y axis 
may be motorized, utilizing the unused axis in the motor 
controller board. 

Two elements shown are yet to be completed. The calibration 
target, shown as a red triangular element attached to the 
vertical Z stage is currently being fabricated (the previously 
mentioned system mapping tests were calibrated using a temporary 
target). During operation the calibration target may be moved 
automatically into and out of the field of view as necessary. 
One additional element, a set of vise jaws which will hold the 
target to be mapped, are scheduled for fabrication during the 
first week in August. 

Task 6: The mounting elements which hold the various optical 
components of the laser projector to the baseplate have been 
fabricated and installed, as has the rear control panel. The 
laser projector is fully operational in its final configuration. 
Fabrication of the projector housing is scheduled for early 
August. Appendix A shows the laser projector as it currently 
exists, sans housing. 

Task 7: System integration is essentially complete, pending the 
fabrication of the calibration target, the vise jaws, and the 
projector housing. 

Task 8: Preliminary testing is under way, final testing will 
occur during August. A DCS in-house demonstration to management 
is scheduled for early September. Negotiations are underway with 
Pratt & Whitney, a prospective customer, for a demonstration to 
them, although we will not press the issue until after the in- 
house demo. 

Task 9: The final report is currently scheduled for August 31. 

Problem Areas: As previously mentioned, problems were encountered 
with a software library that did not perform per specification. 
Additionally, the Spatial Light Modulator had to be returned to 
DisplayTech for repairs, under warranty, although this has not 
significantly impacted the schedule since software development 
can continue in the meanwhile. As is probably usual in such 
projects, DCS somewhat underestimated the amount of time required 
to write and debug the software. In addition, we will be spending 
a significant amount of time attempting to optimize the software 
and reduce the mapping time, since speed will be our main 
competitive advantage in the marketplace. 



Overall: Progress is good and no insurmountable obstacles have 
been met as of this date. The initial DOE grant has been spent, 
as of the end of June, and work has continued on internal DCS 
funding. It should be noted that DCS has additionally allocated 
money for an internal R&D effort to develop a diode laser 
replacement for the Helium-Neon gas laser currently used in the 
system’s laser projector. This diode laser will enable a further 
reduction in the size and cost of future laser projectors, as 
well as increasing the system’s ruggedness. Completion of this 
effort is scheduled for the end of August, 1995, and the 
resulting laser will be tested in the prototype mapping system. 
DCS was also recently awarded a patent for the Holographic 
Structured Light Generator, which is a key element in the mapping 
system laser projector. 
the DOE ERIP grant, with DCS internal funding. 

The HSLG was developed separately from 



APPENDIX A 
Turbine Blade Mapping System Views 






