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Figures

!2

• Figure number and descriptive captions go under 
figures

• Label parts according to function
• Provide enough dimensions to give scale
• Font size ≧ body-text size
• White backgrounds are best
• Generate caption in document prep. software, not the 

drawing software
• A secret (Don’t tell anyone): The better your figures 

are, the worse your writing can be
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Figure 7: Alternate Design 1 
 
 
 

 
 

Figure 8: Alternate Design 2 
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Figure 7: Alternate Design 1 
 
 
 

 
 

Figure 8: Alternate Design 2 
 

• Mostly bad
- No labels 
- No dimensions to give scale
- Dark background
- Non-descriptive caption

• Good
- Figure #: Caption below 

figure
- No crazy colors in figure
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ratings from the panel of judges in the design review and places second overall in competition. 
The machine’s performance is evaluated on effectiveness of the design process, followed by 
suggestions of key improvements. 
 
 

 

Figure 1: Blofield's Bug Launcher 
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Good or Bad? 
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• Mostly Good
- Most parts labeled according to their function
- Enough dimensions given to provide scale
- Light background 
- Descriptive caption

• Bad
- Crazy colors
- Some part labels too generic
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ratings from the panel of judges in the design review and places second overall in competition. 
The machine’s performance is evaluated on effectiveness of the design process, followed by 
suggestions of key improvements. 
 
 

 

Figure 1: Blofield's Bug Launcher 
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Figure 3: Pac-man Side View 

 

3. Problem Understanding 

The house of quality presented in Figure 4 shows the customer requirements and their 

relationship with the engineering characteristics. The most important customer requirements 

include autonomous operation and defeating the henchmen. Autonomous operation is important 

because no human interaction is allowed during the competition, so all actions must be 

accomplished automatically. Defeating the henchmen is also important because it is the easiest of 

the goals to accomplish to affect the score, so it is wise to take advantage of those points. The 

most important engineering characteristics are program timing and mobility. Program timing is 

by far the most important characteristic because it is what makes the robot move autonomously 

and efficiently, which is essential to the competition. Mobility is also vital because if the robot 

can’t move properly then no goals will be accomplished.  
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Figure 1: Pac-man Front View 
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Figure 2: Pac-man Top View 



Generating Figures
• Use a vector graphics format, will scale up/down 

without degrading quality

• Avoid using screenshots, use a proper export (to a 
vector graphics format) from the graphics program

• Check quality once they are inserted into your 
document/presentation

- Is the text at least as large as the document body text?
- Is the figure/plot clear, without any compression 

artifacts?
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Figure Generation Software
• Inkscape – https://inkscape.org/ 

- open-source and free 
- available on macOS, Windows, and Linux 

• Commercial Options 
- Adobe Illustrator (macOS and Windows) 
- Sketch (macOS) 
- Autodesk Graphic (macOS and iOS)
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https://inkscape.org/


Plots
• Figure number and descriptive captions go under 

figures

• Include units

• Differentiate between lines (also clear in B/W) and 
provide a legend

• Don’t cover data with the legend

• Font size ≧ body-text size

• White backgrounds are best
!8



Good or Bad?
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Figure 1: Vibration
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Figure 1: Vibration

• Text is too small
• Lines are too thin
• Unable to distinguish lines in B/W
• No legend
• No units
• Figure caption not descriptive enough



Better?
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Figure 1: Amplitude of Vibration as a Function of Frequency
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Writing about Figures/plots
• Include and number figures in order of reference in 

the text

• Don’t include figures you don’t reference in the text

• Exactly match terms from figure in text

• Referencing in text:
- “Figure X shows... ”
- “..., as shown in Figure X.”
- “Figure X is ...”
- Do not use parenthetical citation, “blah blah (Figure X).”
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Example
• “Figure 1 shows a 

front view of the Pac-
man device. It is built 
atop a wood base 
and uses two plastic 
rolling tires…” 

• “A top view of the 
Pac-man device is 
shown in Figure 2. 
The two Henchmen 
and One-liner 
aluminum arms are 
shown expanded in 
this view…”
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Figure 1: Pac-man Front View 

!

Figure 2: Pac-man Top View 



Tables
• Font size ≧ body-text size
• Table number and caption go above the table
• Number and include in order of reference in text
• Reference similar to figures – “The command and 

control methods to be explored are shown in Table 
1…”

• Do not use a screenshot of an Excel worksheet
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CAREER: - Due: 7/23/13 Project Description – DRAFT: July 17, 2013

Table 1: Command and Control Methods to Be Explored

Command Generation Method Control Method

Positive Input Shaping PID
Unity Magnitude (UM) Shaping H1
Specified Negative Amplitude (SNA) Shaping Sliding Mode
Deflection-Limited Input Shaping Model Reference

shown in Table 1. The performance compromises for each pairing will be explicitly outlined. Using
these quantified comparisons, design procedures will be developed for each pairing of controller
and command-generation method. Additional controllers may be considered or substituted for
these pairings as initial results suggest. The resulting intellectual merit will be a two distinct,
but related, design processes; a fully-optimized numerical or analytic method and a simpler, but
well defined, heuristics-based method (i.e. something analogous to the Zeigler-Nichols PID tuning
method).

Following the initial work on the benchmark system, models of more complex systems will be
developed and used to evaluate the performance of the proposed methods. Actuator dynamics and
dynamic nonlinearities will be added. These additions to the models will serve two purposes: i.)
to determine the deficiencies of the proposed design procedures in the face of these nonlinearities
and, then, ii.) to develop procedures to help mitigate their e↵ects.

In addition to evaluation of performance and development of design procedures in simulation, the
design procedures will be tested on experimental platforms currently in the lab of the PI. The
bridge crane in Figure 3 is controlled by a Siemens PLC. A Siemens digital camera attached to
the overhead trolley measures payload swing and can be used in a feedback control loop to control
payload oscillation. The Siemens motor drives also make monitoring energy usage straightforward.
This crane will be used to experimentally evaluate the concurrent command and controller design
methods developed. The two-link robotic arm in Figure 4 will serve as a secondary experimental
platform for evaluation of the performance of the proposed methods.

For each of these experimental platforms, the simulation results of the combinations of controllers
and command generation will be experimentally verified. In addition, implementation details and
challenges of the various methods will be explicitly outlined. Tutorials and code-base for implemen-
tation of the controllers will be made available as part of both the Education and Distribution of
Research Data portions of this proposal discussed later, providing an additional broader impact
of this work.

2.2 Concurrently-Designed Commands, Controllers, and Mechanical Systems

Returning to the benchmark model in Figure 2 as an example, mechanical design can be added to
the concurrent design methodology. In this case, this allows the selection of the remainder of the
parameters in the model, spring constant k, damper c, and masses m1 and m2. As mentioned, NO
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Proper Citation
• If you did not generate a figure or plot yourself, you 

must cite its source. 
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Figure 1: Watching the Sun Set Behind Mt. Fuji [1]



Where to Include the Figures/Tables?
• Inline with text

- At top or bottom of the column in which they appear
- As close to reference in text as possible

• All at the end of the report
- Attached and numbered in order of reference in the text
- No need for a section title

• Do not mix the two styles
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Thank you.
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