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Introduction 
This document covers the features requested by Tongji University (June 2015) summarised as:    

1. Adding capacity to import a metro OD matrix in sDNA to compute and display inferred flow 
according to metrics on network links from selected O and through selected individual links for 
one O to many D, from many O to many D, from all to all, and to be used for weighting sDNA 
metro network analysis. 

2. Adding capacity to create accessibility profile of each bus line and all bus lines i.e. relationship to 
the street network (provided) the bus route run on for different street network radii. 

 
 

Required feature 1: Capacity to import metro OD matrix in sDNA 
This has been implemented in sDNA+, see directions in the manual under “Origin Destination Matrix file” 
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html 

 
To conduct OD analysis it is necessary to create (1) an OD matrix file, (2) dummy links generated for each 
station to serve as origins and destinations, (3) a “station” zone/link field on the network specifying which 
links the elements of the OD matrix refer to.  Note this is described in the sDNA manual as a zone field, 
though in the case of the current analysis, zones = stations. 
 
By way of example we deliver  
 

a) matrix file provided by Tongji University suitable for reading by sDNA+ (.csv format).   
b) dummy links for stations referring to rows and columns of (1).  These are created manually.  They 

must be merged with the metro network, and connectivity checked, to create the network for 
analysis.  The non-station links in the metro network should have the value of their station field 
set to some value not present in the OD matrix, such as “na”. 

 
In the case of the example the name of the station field is “No_1”.  Note how this appears in both the 
matrix and dummy links file. 
 
When sDNA is supplied with an OD matrix between stations, all geodesics in a betweenness analysis are 
weighted directly by the value supplied in the matrix. 
 

http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html
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Figure 1 Illustration of correspondence between OD matrix and network data 

 

 
Figure 2 Flows from single origin on Shanghai metro network. Weighted by Weekday OD Matrix. (Sample analysis only - the 
network depicted is not necessarily accurate) 
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Figure 3 Sum of flows between all stations on Shanghai metro network. Weighted by Weekday OD Matrix; Betweenness 
represents actual link flows using minimum stop path. (Sample analysis only - the network depicted is not necessarily accurate) 

 
Figure 4 Flows through metro network (as Figure 3 but showing link flows only) (Sample analysis only - the network depicted is 
not necessarily accurate) 
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Figure 5 Station entry plus exit flows on metro network  

 

Specific link flow simulations and visualisation 
It is possible to simulate flows from or to a specific link using sDNA Specific Origin Accessibility Maps 
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#specific-
origin-accessibility-maps 

 
Also flows through a specific link using “intermediate link filter” (see under http://www.cardiff.ac.uk/sdna/wp-

content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#options-common-to-multiple-tools) 
 
Both of the above can be visualised by using ArcGIS Symbology to display Betweenness. 
 
To output the geodesic for each OD pair separately, use sDNA Geodesics.   
http://www.cardiff.ac.uk/sdna/wp-
content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#geodesics 

 

Required feature 2: Capacity to create accessibility profile of each bus line and all bus lines 
To do this, first run a multiscale accessibility analysis of the street network using sDNA.  Initially it is 
suggested to use angular analysis and looking at the following outputs, though other approaches are 
possible: 

- Links in each radius 
- Mean distance for each radius 
- Betweenness at each radius 

 
Compute descriptive statistics for these measures over the whole network – histograms and distribution.  
Histograms are possible in ArcGIS using view->graph->create graph.  Summary statistics can be accessed 
by right-clicking column headers in the attribute table. 
 

http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#specific-origin-accessibility-maps
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#specific-origin-accessibility-maps
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#options-common-to-multiple-tools
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#options-common-to-multiple-tools
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#geodesics
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#geodesics
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To profile individual bus lines – use spatial join to join the lines or stops to street network, and take mean 
betweenness, closeness, links measures for each stop or line. 
 
For more detailed statistics on the aggregation of all bus lines – selection->select by location to select 
features from the street network, that intersect or are within small distance of the bus network.  
Compute descriptive statistics and histograms for these features only as described above. 
 

Bonus feature: Accessibility profiling of the bus network in relation to itself 
In addition to the above, the facility to analyse the bus network itself was discussed as desirable outcome 
though it was not included in the research contract.   
 
To allow this we created a public transport metric within sDNA.  This allows profiling bus network 
accessibility taking into account Euclidean distance, stops, and changes in any desired weighting. 
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#preset-
metric-variables 

 
For greater customization, changes between transport modes, lines, etc can be incorporated in sDNA+ 
Hybrid metrics using the PREV and NEXT variables in the junction formula 
http://www.cardiff.ac.uk/sdna/wp-
content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#expression-reference 

 
For example, the following metric relies on a field called “line” on the network denoting public transport 
lines.  There is no penalty for stops, but if the line changes at a junction a penalty is applied.  (A minimal 
penalty is applied for distance to prevent an infinite loop): 
 

lineformula = 0.000001*euc 

juncformula = (PREVline==NEXTline) ? 0 : 1 

 

 

Changes between lines can only occur at nodes in the network representation.  To prepare the bus 
network in a suitable manner, v.clean from the QGIS Grass tools was used.  The snap function is used to 
bring GPS traces from the same road to a single, common representation; break is used to create nodes 
where the lines intersect. 
http://www.qgis.org/en/site/ 
https://grass.osgeo.org/grass64/manuals/v.clean.html 

 

http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#preset-metric-variables
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#preset-metric-variables
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#expression-reference
http://www.cardiff.ac.uk/sdna/wp-content/downloads/documentation/manual/sDNA_manual_v3_4_5/guide_to_individual_tools.html#expression-reference
http://www.qgis.org/en/site/
https://grass.osgeo.org/grass64/manuals/v.clean.html
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Figure 6 Example of sDNA+ Public Transport metric used to profile accessibility from specific bus line 

 

Figure 7 Example configuration used to create Figure 2.  Note weighting for Euclidean distance and Stops have been set to 0 
(e=0;s=0) and weighting for Changes set to 1 (c=1) 

Figure 6 and Figure 7 show an example of profiling accessibility from a single bus route.  As bus lines 
overlap, it is necessary to change drawing order (symbology->advanced->symbol levels) to ensure that 
higher accessibility lines are drawn on top of lower accessibility lines. 
http://desktop.arcgis.com/en/arcmap/10.3/map/working-with-layers/what-is-symbol-level-drawing-.htm 
 
It is also possible to profile accessibility of the complete network using changes between lines as a metric.  
Hybrid Radius allows restriction to a set number of changes.  Figure 9 gives an example. 
Alternatively, mean distance can be used (with either global or local radius) to quantify accessibility.   
 
Note that complete flow analysis (sDNA Integral) can be computed based on the same metric.  Hybrid 
Radius can also be used to restrict Integral analysis to e.g. a set number of changes (Figure 10). 

http://desktop.arcgis.com/en/arcmap/10.3/map/working-with-layers/what-is-symbol-level-drawing-.htm
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Figure 8 Links accessible within 1 change on bus network.  Note that this refers to number of bus network links, for which each 
distinct route on the same physical link counts individually. 

 
Figure 9 Links accessible within 2 changes on bus network.  Note that this refers to number of bus network links, for which each 
distinct route on the same physical link counts individually. 
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Figure 10 Betweenness on bus network, for all trips of 2 changes or fewer, using number of changes as routing metric.  Note that 
this is weighted by bus network links, for which each route on the same physical link is counted separately. 

 

Incorporating land use 
Land use can be incorporated by origin and destination weighting within sDNA.  To profile the bus 
network it may be preferable to link in the street network, and attach weights to the street network only.  
Summary of weight within radius can be profiled as in Figure 9, replacing link weighting with land use 
weighting. 
 


