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1. Introduction

Welcome to t4su’s documentation manual.


1.1. What is t4su ?

T4SU (Tools for SketchUp) is a SketchUp plugin, implemented in Ruby, that gives you the capability:



	To couple SketchUp (the well-known CAAD tool) with the SOLENE simulation software developed in the CERMA [http://aau.archi.fr/crenau/] laboratory.

	To map out visual-based morphological indicators permitting the analysis of the urban fabric.









1.2. Software

The latest version of the plugin is hosted at Renater, France’s National Research and Education Network.




1.3. Related Scientific Publishings

Developped by Thomas Leduc,
(c)UMR 1563 AAU / CRENAU (CNRS/MCC/ECN), 2014-2016

T4SU has already been used in the following publications :


*Signorelli, V., & Leduc, T. (2016). De l’influence de la végétation et du relief dans la simulation de la ville à l’échelle du quartier. In J.-P. Goulette & B. Ferries (Eds.), SCAN’16 (pp. 125–134). Toulouse, France: Presses Universitaires de Nancy.

*Signorelli, V., Leduc, T., & Chauvat, G. (2016). How far is far enough? Towards an adaptive and “site-centric” modelling integrating co-visibility constraints for optimal land use. In J.-S. Bailly, D. Griffith, & D. Josselin (Eds.), 12th Spatial Accuracy Assessment in Natural Resources and Environmental Sciences (pp. 233–240). Montpellier, France.

*Signorelli, V., Leduc, T., & Tourre, V. (2016). Ego-city - Automatic textual description of urban ambiences’ factors. In 3rd International Congress on Ambiances - Ambiances, tomorrow. Volos, Greece.




T4SU was also presented during the Journées Solene 2016. You can find more information on https://solene2016.sciencesconf.org/data/pages/ResumesSeminaireSolene2016.pdf




1.4. Citing T4SU

If you use T4SU in the context of your research, please cite the following paper :


*K. Hartwell and T. Leduc. T4SU : analyses et représentations des vues du ciel , du soleil et des saillances paysagères dans le contexte d’un outil de CAO. In S. Bimonte, T. Devogele, and A. Hassan, editors, Atelier session démonstration – Conférence Spatial Analysis and Geomatics – SAGEO 2016, page 7, Nice, France, 2016.








          

      

      

    

  

    
      
          
            
  
2. Installation Procedures

There are multiple ways to install T4SU. Choose the procedure depending on your OS. You can also directly upload it from inside SketchUp.


2.1. Under Windows

The following installation procedure assumes that you already have
installed a recent release of the SketchUp
software [https://www.sketchup.com/download] (Make or Pro). You
simply have to:


	Download the latest Ruby script file (a file with the .rbs extension)
available on
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3. ﻿Loading your data into SketchUp

Once you have installed t4su,
click on File>Import.... As you click on the available file types,
you can notice that several new types of imports are available :


[image: _images/loading-types-of-data.png]


You can import geometries :


	ASCII Grid
file [https://en.wikipedia.org/wiki/Esri_grid]
  
    
    
    4. Preparing Your Data
    
    

    
 
  
  

    
      
          
            
  
4. Preparing Your Data

Learn to pre-process your geometries before performing any analysis.


4.1. ﻿Extruding Heights from your Geometries

Once you have
  
    
    
    5. General Tips to Start
    
    

    
 
  
  

    
      
          
            
  
5. General Tips to Start

T4SU offers many features that allow for an automatic selection, modification, creation or visualization of information, for a fast and easy way to treat and analyse our data. Many of these techniques will be used again in examples throughout the manual.






5.1. ﻿Selecting Geometries

One of the many features of T4su is that it will automatically recognize
selected objets when running a process over a layer, and will run that
process only on the selection.
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6. ﻿Sampling Methods

T4su offers a four
  
    
    
    7. ﻿Drawing Sun Paths
    
    

    
 
  
  

    
      
          
            
  
7. ﻿Drawing Sun Paths


7.1. Drawing Paths of Points

Tools4SketchUp offers very different possibilities than the built-in
Shadow feature or other plugins available.

The first step in your solar analysis should be to set the location of
your project, as well as setting the time-period for your analysis. This
will be automatically translated into the appropriate Sun Paths.

First, click on Extensions > t4su > Sun views > SunPath :


[image: _images/sunpath-get.png]


The next window allows you to enter the necessary information for the
creation of sun paths :


	Set the correct latitude.

	Set the start date and time

	Set the end date and time



It is sometimes practical to select dates that are of special interest
for solar paths such as the solstices : the 21st of June and 21st of
December represent the highest and lowest paths of the year,
respectively.


	The daily sun path is a continuous line in the sky, which is here
represented by a series of points. You can therefore decide on the
interval of time (in minutes) at which the position of the sun is
saved.

	If your start and end dates are not on the same day, you will have a
series of sun paths. If you don’t wish to trace a path for every
single day, you can change this parameter : setting “2” will trace
one path every two days. Setting “30” will trace a path roughly every
month.




[image: _images/sunpath-box.png]
Sun Path Command Box



Once your sun paths have been traced and placed in a Layer, as well as
triangulated your
geometries,
you will be ready to run analyses such as Sun View Factor.


See also

Triangulating Geometries with Gmsh




[image: _images/sunpath-result-21-09.png]
Sun Path Result for the 21st of September




[image: _images/sunpath-box2.png]
Setting Sun Paths from September 21st to Ocober 21st every two days, plotting every 10 minutes.




[image: _images/sunpath-result-21-09-21-10.png]
Resulting Solar Paths from September 21st to October 21st.




[image: _images/sunpath-result-year.png]
Resulting Solar Paths from the 21st of June to the 21st of December, every 90 days, with 5-minute intervals.






7.2. Geode Sun Paths

Once you’ve  drawn your Sun Paths, you may realize your calculation times for Sun View Factors are too much to handle. There is a way to drastically reduce time, but it come at the price of precision : Geode Sun Paths.


[image: _images/geodsunpath-get.png]
Reaching the Geode Sun Path




[image: _images/geodsunpath-box.png]
Geode Sun Path Command Box



The “sun points”, representing the location of the sun at a specific time, travel over a sky vault. By intersecting our sun path points with the sky vault, we can find which facets of the sky could replace our sun path.
geodsunpath-isoca-resulthigh-nb-patches
Geode Sun Path with very high resolution : as each face is allocated to only one point, calculation times may stay similar but precision will be lost


[image: _images/geodsunpath-geode-result.png]
Geode Sun Path : each face covering multiple points, reducing calculation time



You can use the Geode Sun Path for processes such as the Sun View Factor. In that case, the center of each face is taken into account : the bigger the tessellation and the further away their center is from the original sun path, the less precises the model become.

Here is an exaggerated view of the problem (the model has been designed to maximize the discrepancy) :


[image: _images/dsi-geodepath.png]
Gedoe Sun Path result : 83.4 seconds.




[image: _images/dsi-pointpath.png]
Point Sun Path : 346 seconds






7.3. ﻿Specific Sun Paths

Now that we’ve seen how to create sun
paths, you may want to study solar radiation
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8. Ray Casting and Isovists


8.1. The Science Behind : Isovists


8.1.1. A Short History

Although isovists are considered to have been first set in theory by Benedikt in 1979 [1] (a first mention of them was made by the same author in 1977 [2]), their first appearance in scientific litterature was a paper by Tandy [3], itself based on writings from on AC Hardy [4]. This concept sprouted from JJ Gibson’s work [5] on “optic arrays”. Benedikt and Burnham [6] give a good explanation of the difference between optic rays and isovists :


	::

	Imagine a rectangle (representing a room) and the space within it. Draw a straight line between two points on the rectangle; draw another, and another, until the space of the rectangle is effectively filled with criss-crossing lines between all pairs of points. Now chose an point within the rectangle and you find that a large number of lines pass through that point, one of which is shared with another different set of lines passing through a point nearby. If we consider these lines to represent light rays (i.e., photon streams) of varying wavelength and intensity scattered and bounced by the edges of the rectagle (i.e., the walls of the room), then you have an optic array - a set of rays that pass through the point of interest.
But where does the otic ray start and end? Is a ray that happens to pass through our point the same ray that it was before it bounced off the wall? If it is, then almost every ray in the room qualifies as belonging to our optic array, as it would eventually pass through our point. Clearly this isn’t going to work. The solution lies in concidering a ray only after its “last bounce”, that is, in concidering only the set of lines – rays – joining our point to the nearest light-scattering surface in every direction. Now, the isovist is simply this optic array, with wavelength and intensity information omitted.



In other words,


	::

	To every bearing (omega, phi) from a point of observation x in the world there corresponds a distance l, from the point to the nearest surface such that we have a unique ordered set



Several equations derived from isovists and isovist fields (that is, when caculating the isovist for each point in space), mainly from it’s perimeter and area, which an be discretized. We can produce a number of morphological indicators from isovists, including :


	Mean Depth

	Compactness fields

	Occlusivity, occlusivity fields

	Visible Perimeter Fields



Isovist Moments can be derived into three types :

M1 represents represents the derivation from the mean of the perimeter’s distance to x.
M2 represented the derivation from the variance of the perimeter’s distance to x.
M3 represents the derivation from the skewness of the perimeter’s distance to x. This last formulae can be used to find areas which can see well but




	[1]	ML Benedikt, 1979, “To Take Hold of Space : Isovists and Isovist Fields”, Environment and Planning B, vol 6, pp. 46 - 65







	[2]	ML Benedikt, 1977, “Path-dependence and position-dependence in isovist fields”, research report for the Council of Advanced Transportation Studies, University of Texas Austin, Austin, Texas.







	[3]	Tandy, 1966







	[4]	University of Newcastle, unpublished







	[5]	Lynch 1976







	[6]	Gallagher, 1972







	[7]	1966, The Ecological Approach to Visual Perception, Psychology Press Classic Editions







	[8]	Perceiving architectural space









8.2. Ray Casting : an Introduction to Visibility Studies

Ray Casting involves choosing
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9. Sky Maps

Sky Maps are exactly what they’re named after : maps of the visible sky.
Sky Maps work in a similar fashion as Ray Casting : as rays are sent from a point of origin, they either reach the sky vault or they don’t :
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10. View Factors


10.1. The Science Behind : Sky View Factors


10.1.1. A Short History

One of the earliest SVF calculations were made with the help of digital cameras mounted with Fisheye lens. The masks were then delineated manually and the SVF is calculated with Steyn’s method [1]. Other raster-based calculations were later developped, using pixel counting methods [2] [3]. To overcome this somewhat manual and time-consuming method [4]


See also

The Science Behind : Solar Radiation






10.1.2. Sky View Factor and Radiation

A Sky View Factor (SVFs) represents the ratio at a point in space between the visible sky and a hemisphere centered over the analyzed location (Oke 1981) :

At a point where the SVF = O, the entire sky is blocked from view by obstacles.
If there is an obstacle blocking parts of the sky view, the SVF will be greater than 0.


	for SVF = 0 :



	there is no short-wave reflection

	there is no long-wave nocturnal interference










According to Oke [5], cited by many papers including Hammerle et al. [6], the energy budget (in terms of flux) can in this case be considered ideal

Where Q* is the total energy balance, QGis the energy stored in soil and/or buildings, QHis the sensible heat (air temperature) and QEis the latent heat (evaporated water).


	for SVF > 0 :



	incoming day-time short-wave reflection increases during the day

	outgoing night-time long-wave radiation is reduced

	incoming night-time long-wave radiation is increased

	altered soil heat flux











Note

For more information on th different types of radiation, see Night-time Radiation



Because of its influence on energy balances, the SVF holds an importance in various fields of climatology (urban [7], forest [8], human biometeorology [9]...) but its most widespread use concerns the heat island phenomena.


See also

The Science Behind : Solar Radiation
The Science Behind : Isovists






10.1.3. Sky View Factor and Heat Ilsand Phenomena

One of the earliest studies demonstrating the link between sky view factor and local urban temperatures was made by Yamashita et al. [10] (1985).

Footnotes




	[1]	Steyn, D. G. (1980). The calculation of view factors from fisheye‐lens photographs: Research note. Atmosphere-Ocean, 18, 254–258. https://doi.org/10.1080/07055900.1980.9649091







	[2]	MMatzarakis, A., Rutz, F., & Mayer, H. (2007). Modelling radiation fluxes in simple and complex environments: Basics of the RayMan model. International Journal of Biometeorology, 51, 323–334. https://doi.org/10.1007/s00484-006-0061-8







	[3]	Rzepa & Gromk 2006, Gal et al 2007







	[4]	Hämmerle, Gal, Unger, Matzarakis 2001,







	[5]	Oke, T. R. (1982). The energetic basis of the urban heat island. Quarterly Journal of the Royal Meteorological Society, 108(455), 1–24. https://doi.org/10.1002/qj.49710845502







	[6]	Hämmerle, Gal, Unger, Matzarakis, 2011, Comparison of Models Calculating the Sky View Factor used for Urban Climate Investigations, Theoretical and Applied Climatology, Oct. 2011, Vol. 105, n. 3, pp. 521-527







	[7]	Watson, I. D., & Johnson, G. T. (1987). Graphical estimation of sky view-factors in urban environments. Journal of Climatology, 7(2), 193–197. https://doi.org/10.1002/joc.3370070210







	[8]	Holmer et al., 2001







	[9]	Matzarakis, 2001







	[10]	Yamashita, 1985, On Relationships Between Heat Ilsand and Sky View Factor in the Cities of Tama River Basin, Japan. Atmopheric Environment Vol. 20, n°4, pp. 681-685 1986 Pergamon Press Ltd.




View Factors reduce the information given by sky maps and sunny sky maps to a single numerical value, allowing for a more traditional cartography of a discretisized space. Sky View Factors represent the ratio of visible sky at a point, which we could find the Sky View Factor alternatively by attributing to a Sky Map Disc’s center the ratio between the disc’s area and the area representing visual obstacles. Similarily, Sun View Factors can be found by comparing the number of points of a sun path not blocked by obstacles with the total amount of points in the sun path.






10.2. Calculating the Sky View Factor

The Sky View Factor (SVF) is used in the evaluation of the impact of
urban geometry on
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11. T4SU Ruby API

Everything explained in this manual can be reproduced through the Ruby Console.


Warning

This section is still under construction, and only presents a few limited examples. Nonetheless, we encourage you to understand the logic behind these small scripts and adapt them to your own needs.




11.1. Readers:

AscReader.new.readAndPlot("d:/tleduc/t4gs/papers/scan-2016/dev/data/dem_ecn_5m.asc", 1.m, true, 1)





ShpDbfReader.new.readAndPlot('d:/tleduc/t4gs/papers/scan-2016/dev/data/vegetation.shp')








11.2. Sampling:

SampleFacesAreas.new("vegetation", 15.m, true, -10.cm).run








11.3. Listing Samples :

EntitiesListing.allConstructionPointsInLayer("SampleFacesAreas_15.00.m_15.00.m").size





Returns the number of entites.




11.4. ProjectAllong Z Axis :

ProjectAlongZAxis.new("SampleFacesAreas_15.00.m_15.00.m", true).exec





Select “true” for “upwards” and “false” for “downwards”.

EntitiesListing.allConstructionPointsInLayer("ProjectAlongZAxis_upwards_SampleFacesAreas_15.00.m_15.00.m").size








11.5. Make Layer Invisible :

Sketchup.active_model.layers['vegetation'].visible = false








11.6. Remove Layer :

Sketchup.active_model.layers.remove('SampleFacesAreas_15.00.m_15.00.m', true)








11.7. Load Trees :

treeCompDef = Sketchup.active_model.definitions.load("~/tree.skp")
transforms = []
i = 0
EntitiesListing.allConstructionPointsInLayer('ProjectAlongZAxis_upwards_SampleFacesAreas_15.00.m_15.00.m').each {
|p| transforms.push(Geom::Transformation.new(p.position))
Sketchup.active_model.active_entities.add_instance(treeCompDef, transforms[i])
i += 1}

transforms = nil








11.8. Create a Partial 3D Isovist :

pisov = PIsovist3D.new(aperture = Angle.toRadians(30), z0 = 1.6.m, nbRays = 256, transparency = 0.5, spotColorName = 'Red', tetrahedraColorName = 'Yellow', sketchOption = 1)








11.9. Iterating over a Point :

EntitiesListing.allConstructionPointsInLayer('layerName').each { |p|p.set_attribute("sln_dictionary", 'motion_direction:Array', [0,0,-1]) isov.execWithArgs(pickedPoint = p.position, pickedFace = p) }








11.10. Create a line at a point, pointing downards:

EntitiesListing.allConstructionPointsInLayer('...').each { |p| e = Sketchup.active_model.entities.add_edges(p.position, Geom::Point3d.new (p.position.x, p.position.y, p.position.z - 1))








11.11. Create a 3D isovist:

Iso3D = Isovist3D.new(0.m, 20.m,64, 0.5, 'Red', 'Yellow', 1)








11.12. Partial 3D Isovist

Piso3D = PIsovist3D.new(Angle.toRadians(30), 0.M, 20.m, 64, 0.5, 'Red', 'Yellow', 1)
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