Bunny Retrieved from http://latelierrouge.com/blog/bunny-business/ on 4/05/15
ABSTRACT Chameleon Retrieved from https://kimberleyjanepryor.wordpress.com/tag/eyes/ on 4/11/15

: : : : : - . ReferenCeS Husky Retrieved from http://blog.awardagency.com/photos/the-best-animal-portraits-i-
The purpose of this research is to evaluate three widely used structure-from-motion (SfM) algorithms. These ru C u re ro I l O I O n WI an S Wu, Changchang. "VisualSFM : A Visual Structure from Motion System.” N.p., n.d. Web. 20 haye-seen-yet/ on 4/12/15
Jan. 2015.

algorithms are often the first step in software pipelines used to build 3D models from a set of images that view e o e ST P e T S T e L L s Viceroy Butterfly Retrieved from http://oddiant.poatemisepare.ro/the-most-beautiful-

. . . . Robert Putman, Department of Physics/Astronomy/Geosciences 22 Jan. 2015. butterflies-in-the-world/ on 4/12/15 _

The images were taken using a standard camera phone. In a first experiment, we controlled the number of Bezzi, Alessandro. "Arc-Team." N.p., n.d. Web. 22 Jan. 2015. Two perspective of 3D scene Retrieved from http://www.3dflow.net/elementsCV/S4.xhtml
images used for input and recorded the algorithms' number of output 3D points. The results supported our Faculty Sponsors: Dr. Radu P Mihail, Department of Mathematics and Computer Science Jebara, Tony, Ali Azarbayejani, and Alex Pentland. “3D Structure from 2D Motion.” 3D on 4/10/15

hypothesis that complex structures are more difficult to reconstruct. In a second experiment, we controlled the Dr. Theodore Uyeno, Department of Biology f;zl:sﬁll;mgigll':ﬂrr?g;ne(gj;)j; Eé?:/%é \é\/;gl-sﬁ ';?;2015- Retrieved from Zlig;illg adjustment Retrieved from http://vindelman.technion.ac.il/research.html on

STATE background color: white and pink. We will use these results in future work to improve feature detection and Aanzes, Henrik. Methods for Structure from Motion. Lyngby: n.p., 2003. Web. 3 Mar. 2015.  Empire State Building step-back view Retrieved from

UNIVERSITY matching algorithms on challenging data for StM algorithms. http://en.wikipedia.org/wiki/Empire_State_Building on 4/11/15
il Jungle Retrieved from http://www.mariposajunglelodge.com/ on 4/12/15

T T
7

the same scene from different perspectives. We collected images of four plants, with various sizes and color.
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4 Structure-from-Motion (SfM) A

SfM consists of algorithms that computationally recover
3D geometry (set of points or a mesh) from a series of 2D

4 SfM software N O Results A /Results A

We found that the plant structure complexity i1Is a good
predictor for existing SfM algorithm performance. In other

VisualSfM

Images. In the natural world, the location of the eyes and B e i i .

brain circuitry solve variants of SfM in various ways. DL P Y TUTICE M| Bt et words, existing - algorithms - underperform on - complex
it e g 360 geometry.
0 D 4 a3 o

#points w/ large errors: 76

| Focal Length : [8613.333]->[8114.208]
Radial Distortion : [-0.927 -> -62]

We also show that background color is important. If the
plant contains colors identical to the background, the color
may blend Iinto the background resulting Iin poor
performance. If the plant colors contrast the background,
the performance is increased.

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

#15: [201..43.39] sees 8264 (+839) 3D points
Focal Length in EXIF [8613.333]

Estimated Focal Length [8613][2.64N]

# 1916 projs (195 pts and 3 merges)

PBA: 4119 3D pts, 15 cams and 29901 projs...

PBA: 2.301 -> 1.493 (51 LMs in 1.52sec)
#points w/ large errors: 136

Focal Length : [8613.333]->[8081.517]
Radial Distortion : [-0.857 -> -58]

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

#16: [201..43.38] sees 7374 (+702) 3D points

A Eetmaed focasengh (33112640
Computational Steps in SfM T e
1. Feature Detection/ TraCking i ﬂ ] #6: 2015-01-30 134341 [3264x2448] [5812] ;Bpﬁ;&fﬁ:rglgilio(ffLMS;T'MS“] I
- - - - - v ) . . ) - s . - L]
_'Ir';us pr;JCGtS? '”\tfﬁ"’tes fl]tet.enctlngfalnld delscrlbmg ""’ We created a rig that holds a plant static relative to a rotating camera Lo/ oo pssdded. Discussion
image features that contain usetul loca and backdrop. We used two different background colors: white and hot otz w rgeamorss 4 E
information (e.g., corners or high contrast T pemeRmbemmtrE B :
pink. The three programs produced point clouds, but some were

edges). We used four different plants to evaluate the three SfM algorithms. The

- 2. Cor_reS.Dlondence ﬁomp#te;tion choice of plants was motivated by availability and difference in Python Photogrammetry Toolbox - GUI easier to m_stall and use tha_n others. VisualSfM was _the
5 [PHOBESS MTOlies MENEAME] UE Vel UIEE appearance. | , 4 Experiment 1 with VisualSfi easiest to install, because it had clean documentation.
between two or more images. : . e ————— : . :
. 1. Run Bundler 2. Run CMVS/PMVS or run PMVS without CMVS Check Camera Database . H Oweve r, It WaS tl m e CO n S u m I n g an d takes a. I Ot Of
| 3. Bun_d!e Adjustment b, We observe a linear :
The final step is to jointly solve for camera ————— S . o relationship processing power to use. 3DF Samantha also had a
locations and the corresponding 3D points in | o o Pt & oo manual. but no GUI without a CUDA machine. It reauired
the world for the features detected in step 1. T B o i o to r652022 A0 between number of o ' d
Finding tepoints. 2 Q%%ﬁgo% pictures and resulting coding knowledge. Python Photogrammetry Toolbox was
eypoints found. = )
i c § : oints. iFFi i i i
Why is this problem important? e AR S vog¥™ i i et el o Tnsizll DU e EEslesi o werls vl
_ SRR . (cipoints. g, _ . produced incremental .ply files, which helps enormously on
3D Model Reconstruction 5270 keypoints found. E 0% ) The slope of the line _ )
3D Motion Matchina. Camera Calibration Procecsing photo *261-02-83 11.16.59. jpg- S bEe T s [are collecting data. For the other programs, you have to specify
g’ Copy of the photo has been scaled down to 1632x1224 1+ O, Q™™ o %X ® og o . c -
3D Vision, Perceptual Computer Interface e Y Finding keypuints Tt used as a predictor the input images manually, and run the program repeatedly,
Robotics, 3D Coding of Image Sequences, Mosaics ‘ orocessing photo “2015-62-03 11 17.01.ipo" o580 ., . L L of plant “difficulty”. with a different number of inputs.
. Copy 91‘ the photo has been scaled down to 1632x1224 o 20 40 E'DN ED f;DEtI' 120 140 160 160
inding keypoints... umber of Fictures
5805 keypoints found. c
_ ocssing srate 2615-62-05 11 17,65 - | | . The geometry and color of the plant are important factors.
What makes an algorithm good? g LTS, Bhote has ben acalee don to 16326122 RAIFECES SIS [P llEs ellimlelr e We observed a linear relationship between number of

In this work, we use the resulting number of 3D points as a
performance metric. We also relate the number of input images to
the number of 3D points generated.

Slope w/VisualSfM
350 T T

s Slope WIPyhon Photogrammetry Toolbos_ pictures taken and the number of points. Background color
| IS important. Plants that have the same color as the
background decrease algorithm performance.
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This research can lead to the improvement of future
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" [21:23:59] Projective Reconstruction [ et R MMHMAR KR MMM MAA AR RN == = | 0 o
v [21:23:59] Foundamental Fitting. MSE: ant Numbers ant Numbers . . 5 . o . . .
[21:23:59] Autocalibration failed (err Fentum Flant fme algorlthms and |nterd|SC|pI|nary work with bIO|OgIStS. Further
[21:23:59] . ]
[21:23:59] Projecti R tructi
e e e, implementation could be used on larger plants or more
[21:24:00] View-Uiew merge rejected: t . . .
(21:24:01] : complex plants, or scenes with multiple plants. More
[21:24:01] Projective Reconstruction Step. Cluster sizes: 1 <-> 1. BaCkground COIOr aﬁeCtS the performance Of SfM algorlthms p p ! p p
[21:24:01] Found tal Fitting. MSE: 0.737747 = — =
[21:24:01] U::EET:: ;erg: r:?2°t°d= too few Inliers After reprojection (8 / 2186). Plant 1 with VisualSfM - Experiment 2 10" Plant 3 with VisualSfm - Experiment 2 Complex geometry presents Cha”enges to the state Of the
[21:24:02] 12000 | : 6 | . . | : | . : . . - -
[21:24:02] Projective Reconstruction Step. Cluster sizes: 1 <-> 1. o ‘;’\fh::eBBaEkgmugdPP?irﬂs o ‘;‘\fh::eBBafkgmugdPP?im art, WhICh SuggeStS mOre Work IS needed In featu re
L. . “ ” [21:24:02] Foundamental Fitting._HSE: 0.689783 100001 v on "‘:gm“”e‘} aints | ol ©__Pink Background Points | . . . . .
Existing SfM algorithms work well for man-made structures, where “good (21:24:63] Herge Successful - Points: 568 Caneras: 2 v engineering for this challenging domain.
. . . . [21:24:03] BA Stats - Iterations: 100 MSE Before: 0.810208 MSE After: 1.20646 ¢
features (e.g., corners, straight lines) are easily detected. In this research we 21:24:09] Clustes Morged o a000| ) _ g4l Dun”md] .
fOCUS applylng SfM on plantS and evaluate the performance Of 3 eXiSting [21;24;03] Euclidean (Uarying Parameters - Forced from projective) Reconstruction Step. Cluster sizj E °° og %o : E- o pﬁ,\}(}%
' G 1 © eooot o © g O . °3 o M}G“
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Research Questions f | 0 ? T e
1.How does the appearance and structure of a plant affect algorithm . . . For h method. we controlled the number of inout im well h - il o0
PP P J In the above image, we show sample sequences of images used as input to olr el [Tsiiet, Wit Cuniolee e ooz ot irpult inee)es e well e i 0°
performance? the SfM algorithms we evaluated color of the background. L® | | e
2.How does the background color of images affect performance? ' ° % Number of pctures 150 0@ M0 B0 00 10 14060 160 200
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