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1. Introduction
1.1. About VisualSFM

VisualSFM is a GUI application for 3D reconstruction using structure from motion (SFM). The
reconstruction system integrates and improves upon several of my previous projects: A course project
to implement a PhotoTourism-like incremental SFM system, SIFT on GPU(SiftGPU), and the recent
Multicore Bundle Adjustment. VisualSFM is able to run very fast by exploiting multicore parallelism
in feature detection, feature matching, and bundle adjustment. In addition, VisualSFM provides the
interfaces to run Yasutaka Furukawa's PMVS/CMVS tool and to prepare data for Michal Jancosek's CMP-
MVS. This software also comes with two research projects: Schematic Surface Reconstruction and
Single View Repetition Analysis. (source: http://homes.cs.washington.edu/~ccwu/vsfm/).

1.2. About PMVS2/CMVS

PMVS is a multi-view stereo software that takes a set of images and camera parameters, then
reconstructs 3D structure of an object or a scene visible in the images. Only rigid structure is
reconstructed, in other words, the software automatically ignores non-rigid objects such as pedestrians
in front of a building. The software outputs a set of oriented points instead of a polygonal (or a mesh)
model, where both the 3D coordinate and the surface normal are estimated at each oriented point.

Many multi-view stereo (MVS) algorithms do not scale well to a large number of input images (lack of
computational and memory resources). This software (CMVS) takes the output of a structure-from-
motion (SfM) software as input, then decomposes the input images into a set of image clusters of
managable size. An MVS software can be used to process each cluster independently and in parallel,
where the union of reconstructions from all the clusters should not miss any details that can be
otherwise obtained from the whole image set. CMVS should be used in conjunction with an StM
software Bundler and an MVS software PMVS2 (PMVS version 2).

Multi-view stereo software PMVS2, which is included in the CMVS package, was developped when
Yasutaka Furukawa was a graduate student at University of Illinois at Urbana-Champaign under the
supervision of Prof. Jean Ponce, who was affiliated with University of Illinois at Urbana-Champaign
and Ecole Normale Supérieure. Further modifications and enhancements were added when Yasutaka
Furukawa was a postdoc at University of Washington. (source: http://www.di.ens.fr/pmvs/).




2. Installations

2.1. VisualSFM
e Goto http://homes.cs.washington.edu/~ccwu/vsfm/
*  Current version is 0.5.21

*  Choose your operating system

homes.cs.washington.edu/~cowu/vsfm,

Adufibuns nw..
1 Add e images 2 Match the images 4 Dense Reconstruction

and, you still have the option to run from command line without a GUI!

Visusl5FH s1

Download V0.5.21 (Many UI improvements, More options, Poisson, ... changelog)

Windows (x€4, win32. install instructions, pba.dll for non-nVidia system)

Linux  (x86_€4, 1386, install instructions)

Mac OSX (x86_6€4, 1386, install instructions, check ocut the package contributed by Ivan)
* Dost guestions and see discussions at our Google Group, or email me with VisualSEM

* Vienal&FM ie fraa for narenmal. noan-nrafit ar arcadamic nea. Cherck RFADME far mnra dat

Figure 1 Downloaing VisualSFM.

*  Unzip to your desired directory

2.2. PMVS2/CMVS

»  Goto https://github.com/TheFrenchLeaf/CMVS-PMVS/

E = | Search with G

.
glthUb Explore GitHub  Search  Features Blog Sign in

| TheFrenchLeaf/ CMVS-PMVS & Sar M| P Fork 2
Coda Hetwork Pull Requasts o Issues 2 Graphs
S

|h|, ,:!rt WArE lC‘Wk takas !"'-r output of a strocture: fn'n motion -':‘T-dl col‘ Ve @5 -nrr| then decomposes the inpul Images into
, n My ndently and in paraliel

sned from the whole

PMVS2 (PMVS version 2), —

htip:lfopensourcephotogrammetry. blogspot.com!

22 Clone in Windows < 7P HTTP. 554 GiRead-Only  https:/-github.con TheFrenchlesf -CHVS-FHVS git @

Read-Only nccess

{r branch master = Files Commits Branches 1 Tags

CMVS-PMVS | = ® 10 commits

Figure 2 Downloaing PMVS2/CMVS.

*  Press "ZIP' button to compress and download the software.
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*  Open the compressed file, copy the following files to your VisualSFM's directory.

* cmvs.exe
* genOption.exes

* pmvs2.exe

pthread.dll

3. Data Preparations

3.1. Create a working directory, i.e. C:\uavdata, we will call this directory as ROOT.

— -

@Dvlf_’, » Computer » Local Disk (C:) »

I@,H Scarch Local Disk (C.

Organize = - Open

{ Favorites
B Desktop
i Downloads

] Recent Places

4 Libraries
*| Documents
& Music
=] Pictures

B videos

™ Computer
&L Local Disk (C)

Name

Include in library * Share with « Burn New folder

AppServ
MSOCache
NVIDIA

Perflogs

Program Files
Program Files (x86)
ProgramData
uavdata

Users

Windows

Figure 3 Creating working directory.

*  Put all of your images inside the ROOT directory.

* All images should be saved in JPEG format.

* For testing, you may resize the images to smaller dimensions, i.e. 800x600. This may decrease
the number of correspondences; but it will run much more faster than using the full

resolutions.

4. Sparse Reconstruction

Start the application software by double clicking at VisualSFM_win32.exe icon.




* IMPORTANT: By default, the software will run its feature detection and matching algorithms in
parallale using the multi-threading technique. However, this may crashs in some machine.
Therefore, you may need to disable this option by going to SfM->Pairwise Matching and
uncheck the Multi-threaded Match option.

Kovsasi-1 © St S . -
File [SfM]| View Rep Swp Tools Help /
| TwoViewMatch ' B e Enm & L & F s 0¥ ada f
IECTTIINTR 5 Compute Mising Match |
# Reconstruct 30 | Compute Specified Match
# Resume SEM Compute Sequence Match
58 Run CMVS/PMVS Compute Missing F-Matrix
Mtts Funetinns ¥ Update Pairwise F-Matrix
ﬂ Load NV Match Use Prioritized Subset “
S aoowvaete || (TN |
Save NV Match Agsynchronous Write
Clear Workspace Import Feature Matches
Extra Functions L4 | Export Feature Matches
-* Delete Camera Export F-Matrix Matches
Delete One Maodel Show Spanning Forest
Delete All Models Show Match Matrix

Figure 4 VisualSFM's mult-theading option.

* Import your images into VisualSFM by selecting File -> Open + Multi Images, or

clicking on ml at the toolbar.
[/ VisualsSFM -

le| SfM View Rep Swp Tools Help

T oper-mnines EPELICEY LY R

Open- Image & SIFT
Open Current Path

Detect Features
Load Feature File

E New Window
Close Window

Exit Program

Figure 5 Loading images.

*  You can select multiple images by holding SHIFT or CTRL key while clicking on the images.
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*  The program will then loads and shows some image information in the Task Viewer window.

1 Visuatsem - Thumbnaits] —_— . e _ £ Tk Vicwer —— -

File SIM View Rep Swp Tue Help
B e Eh oo Ew A-Lawpe Xewan ny ad (75 15 65 ]

* =]

|Use the PAUSE button to siip the pouel loading

50 1MG_6939 (8005600} [6416] || eoon mspe e e done s

Figure 6 Viewing image thumbnails.

* In the Task Viewer, you should see the following information:

80: IMG_6969

image_size: 800x600
focal_length: 2775.268
#sift count: 7334

e Run SIFT feature detector and matcher. Select SFM->Pairwise Matching->Compute
Missing Match to run the detector and matcher.

"V VisunlSEM - Thombnai -] vl - — K
File [SIM) View Rep Swp Tooks Help i

| B TwoViewMatch * jm em FRowR (Y - R & WE(§° | X W BA N W A
IR 32 comput psng st

o Resume SFM Compute Sequence Match
BH Run CMVSAMVS Campute Missing F-Matrix
Mooy Puncions ,: Update Pairwise F-Matrix
@ Load NV Match | Use Prioritized Subset
B ADD NV Match |% Multi-threades Match
Save NV Match Agynchronous Write
Clear Workspace Impart Feature Matches
Extra Functions  *|  Export Feature Matches
B W Detete Camera | EXPOft F-Matrix Matches

Delete One Model Show Spanning Forest
Delete Al Models

1|3: 6 _6892 (800,600 [7790]

Figure 7 Compute missing matches.
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*  Wait until the algorithm finishs its task. The Task Viewer should look like this.

| Task Viewer
0076 and 0078: E[41/66], H[7], 0.04sec
0076 and 0079: E[20/42], H[6], 0.06sec
0076 and 0081: E[61/89], H(8], 0.02s=c
0076 and 0082: E[289/357), H[53], 0.02sec
0076 and 0083; E[345/474], H[63], 0.02sec
0076 and 0084: E[57/86], H[16], 0.02sec
0077 and 0078; E[323/628], H[41], 0.03sec
0077 and 0079: F[170/235], H[65], 0.01sec
0077 and 0080: E[55/90], H[19], 0.02sec
0077 and 0081: E[330/379], H[78], 0.02sec
0077 and 0082: E[272/429], H[45], 0.03sec
0077 and 0083; E[92/132], H[33], 0.01sec
0078 and 0079: E[965/1027], H[245], 0.04sec
0078 and 0080: E[142/158], H[38], 0.01sec
0078 and 0081: E[257/380], H[87], 0.02sec
0078 and 0082: F[77/105], H[9], 0.04sec
0079 and 0080: E[233/286], H[51], 0.01sec
0079 and 0081: E[163/241], H[74], 0.02zec
0079 and 0082: E[37/63], HIS], 0.03sec
0079 and 008+: F[10/26], H[5], 0.33sec
0080 and 0081: E[497/653], H[107], 0.02s8c
0080 and 0082: E[35/62], H[10], 0.03sec
0080 and 0083: F[10/29], H[5], 0. 26sec
0081 and 0082: E[529,716], H[108], 0.02sec
0081 and 0083: E[57/75], H[13], 0.01sec
0081 and 0084 F[10/35], H[0], 0.19sec
0082 and 0083: E[678/760], H[72], 0.02sec
0082 and 0084: E[46/61], H[17], 0.01sec
0083 and 0084: E[621/662], H[30], 0.03sec

o
Himing

3570 Putative Match finished, 2220 sec used

1832 Geometric Verification fineshed, 136 sec used

Missing Pairwise Matching, finished
Totally 39.767 minutes used

Figure 8 Results of feature matching.

e Next, run Sparse Reconstruction. Select SFM->Reconstruct 3D or clicking on I at the
application toolbar.

/. VisualSFM - [Thumbnaits] - [0]

File - View Rep Swp Tools Help
| B Two-View Match ’Fﬂﬁgl@:"‘iﬁ’?
. Pairwise M v
N Fecomstnuso |
# Resume SFM
58 Run CMVS/PMVS
More Functions L ¥

Load NV Match
& ADD NV Match

Save NV Match
Clear Workspace
Fd Extra Functions
Delete Camera
Delete One Model
Delete All Models
R e PR ]

Figure 9 Recon;truct sparse 3D point.

*  Wait until the reconstruction is completed.
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*  You should see something like this.

[} VisualSeM - (Sparse Recanstrietion] - 103 - [} b | e | Tk Viewet @]
F ||| |Extmated Focal Lengs [2775] (2474
File 5IM View Rep Swp Tooh Help ¥ 2798 pro tq}\::;ua!ad ='JL°5}1

g @D ooEm™ Linhwie Xl nw SKIP 5 cavma, 33491 ponts, 140947 projs
p |PBA: 10546 30 pts, BO(-60) carma and HT731 pross. . ]

L | PBA: 1244 -> 0,629 ($1Msin 0, 35sec)

N furstable ponts removed @ 26

apents wi lege errors: [l

=3+ ponis removed; 75 £

Sirstable ponts remaved: (4510852 |

Focal Length = [2775, 268]-{2287.50%}

Rschal Diattetion 1 [0, 713 -> 5]
NOTE: try harder to find next mage

| EMD: Mo more images to add [0 projs]

Ivsakzstion: Th = 0,430, T = 30.
Insalzaton: Th = 0,800, Ti = 30,
||| | Faded 9 find toen images for rvtalzation
Resumng 584 fushed, 159 sec used

B cama, #3465 pis (31 25755]
165878 projections [3+: 13854%)

1 madells) reconszucted from B5 mages;
8% madeled: J reused; 85 EXIF;

22222228 bmng-——SE2ss222s

| S8uchre From Motion frished, 190 sec ueed
179.9(153, 3} seconds on Bunde Adjustment (+]
174.6{150.6} seconds on Bunde Adatment (%)

P fll 30 reconstructon, frahed o |k
Totaly 139,000 seconds used b

'Work thread tenminsted! s -

Figure 10 Sparse pointcloud.

*  Mouse Controls and Navigation:

e}

Right double click on a camera in 3D point mode to view the selected image

o Leftdouble click on an image in thumbnail mode to view the selected image

o Right double click in the single image mode to return to previous view mode.

o Pan/rotate by Left/Right click + hold + move.

o Zooming by Shift + Mouse, or mouse wheel

o change point size by using Alt + Mousewheel

o Change the relative camera size by Ctrl + mouse wheel.

o Just try left/right double/single clicking (on empty space or on camera, on image)

* You may now save the reconstructed data. Select SFM -> Save NV Match and give your
desired NVM filename. Please note that the NVM must be saved in the same directory as the
image files.

* You can add more images, compute the missing matches and run the sprase reconstruction
again.
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5. Dense reconstruction using PMVS2/CMVS

* Run dense reconstruction by selecting the menu: SFM -> Run CMVS/PMVS. You will be ask
to save the NVM file. Please note that the NVM file must be saved inside the same directory
as the image files.

(1. Vst e Recontacionl 010 i i =
| File [SM) View Rep Swp Tooks Heip

B TwoViewMatch * g gy R W8 | Jo &3t W EF X W W BATE | N W

Pairwise Matching

W Reconstrud 30
W Resume SPM
5% I . ¢
Mote Functions  * |» & - * |
1 @ Load NV Match
| GF ADD NV Match
Save NV Maich »
Clear Workspace
Extra Functions L3

W Delete Camera
Delete One Model
2 Delete All Models

Work thread teriminated!

Figure 11 Runing Dense reconstruction.

* The CMVS will analyze your sparse results and create multiple clusters and input files for
feeding into PMVS2. After that, PMVS2 will run dense reconstruction cluster-by-cluster.

« IMPORTANT: the dense recosntruction processes are both resource and time consuming and they
may take all of you machine resources, i.e. 100% of both RAM and CPU cores. Therefore,
please be patient!.

* For each cluster, the number of reconstructed 3D points will be shown in the Task Viewer. If
the number of vertices is reported as 0, then the dense recosntruction is failed. When PMVS2
finishs its jobs, the dense pointcloud will be saved in the PLY format. It will have the same
filename as you have entered, but the file extension will be xxxx.0.ply.

* View the dense pointcloud by selecting the menu: View->Dense 3D Points.

File SfM View Rep Swp Tools Help
g Eh ooms Lal el 0y

V. VisulSTM - Dence Reconstructon] - 010 ]}

Work thread teriminated!

Figure 12 Dense pointcloud.
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6. Save/Export
¢ Select the menu: SFM -> Save NV Match

* Select your target file type in the Save in type dropdown menu.

Vo smeMaieatucn. BB A R A e W e = )
Savein: [ L 1640 F_32_M_150_500_1 ] -2t
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i
i
i
!
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Swvemtpe  [Fiview Match Fle frvm piy 0, gop] e

Figure 13 Exporting data.
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