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Home for Dependent Elderly People and Nursing Home / Dominique Coulon & associés(source: 
https://www.archdaily.com/794834/home-for-dependent-elderly-people-and-nursing-home-dominique-
coulon-and-associes)
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The objective of this thesis is to develop a computational method 
that generates one-story floor plan, that meets both circulation 
and daylight hour requirements of the building, which can be 
integrated into the architectural design process.
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- How should the program of requirements be modelled into 
spatial relations?
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- How can spatial relations be projected into an actual space?
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- How should the relations among evaluating circulations, 
walking distance and daylight hour be? In another word, what is 
the hierarchy?

1. INTRODUCTION
1.5 Research Questions
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- How should the designer interact with the computational 
process? What is his/her role?

1. INTRODUCTION
1.5 Research Questions
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Computational and mathematical modelling are the main tools of this research. Related 
tools used in this thesis are:

- Python 3.7 with Numpy, Networkx, Scipy, Pymunk and Pygame libraries. 
- Use Rhino 6 Grasshopper as the main platform for prototyping and implementation 
of developed methodologies. 
- Ladybug Tools (a tool that supports the evaluation of initial design options through 
solar radiation studies, view analyses, sunlight-hours modelling, and more. Which can be 
installed on grasshopper platform.) is used for daylight hour analysis. (Roudsari & Pak, 2013)
- GH_CPython component is used for running CPython in Rhino 6 grasshopper. 
(Abdelrahman, 2017)
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2. RESEARCH AND METHODS
2.3 Room Placement Order

To find the order of placement:
A. First check which room has the highest total weight from connected edges, the 
highest gets placed first.
B. If the total weight is the same, then check which room has less degree (higher 
average edge weight), the least gets placed first.
C. If B is still the same, then check which room has larger size, the larger gets placed 
first.
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2. RESEARCH AND METHODS
2.4 Room Placement

In room placement phase, the main aim is to configurate the position of each room. The 
logic is simple:

A. The site environment is analysed with ladybug, and the generated daylight hour 
matrix of the site is used for room placement.
B. A rectangular room in the list with given dimension or in the dimension of the two 
closest factors of its size is placed in the site.
C. Then check if there are already neighbours of the room placed in the space. If there 
is, connect the two rooms with spring with the stiffness scaled by the weight of the edge 
between the two rooms. It there is not, then place next room in the order.
D. Repeat B and C till all rooms in the order are placed. Designer now can use mouse to 
drag
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Bodies types:

Dynamic: react to everything
Kinematic: moves only by setting
Static: never move

Bodies: points

boundaries, collision

velocity, position
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2. RESEARCH AND METHODS
2.4 Room Placement

Room placing as dynamic body + spring connection:

Body placing, bottom up, left to right shifting. 

Connection check.

Spring adding:
Spring rest length = S(room_a)^1/2 +S(room_b)^1/2

Spring stiffness = edge*100
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Also, by giving a body to mouse, it creates joints when the mouse is clicked at a shape
of a body, and giving it a huge stiffness to the joint.
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2. RESEARCH AND METHODS
2.5 Daylight Hour Optimization

To proceed:

A. Generate first room in Rhino.
B. Analyse the daylight hour of the room, map generated results to Pymunk and 
Pygame space.
C. Set the analyse room as static body, and the rest of the rooms that does not meet 
the daylight hour requirements are squeezed out of the range. After all rooms are adjusted 
and relocated, generate next room in Rhino.
D. Analyse all the rooms like step B and C in the order of placement.
E. Location of rooms can be dragged with mouse after each analysis.
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2. RESEARCH AND METHODS
2.5 Path-finding

The general process is:
A. Set the grid of the space.
B. Locations of the doors are set on the boundary of rooms according to the program 
of requirements.
C. Paths are generated between rooms connected with edges by pathfinding 
algorithm, record the list of nodes of paths. 
D. After all paths are generated, generate corridor shapes with the node lists in rhino 
software.
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3. TOY PROBLEM
3.1 Toy Problem

In the toy problem, I need to realize an algorithm to generate a simple floor layout insists of 5 
rooms and 3 circulations in this 160m x 96m design site, while daylight potentials are 
considered.
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3. TOY PROBLEMS
3.2 Preliminary Results

Looking at the result, there are 2 questions that need to be thought:
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3. TOY PROBLEMS
3.2 Preliminary Results

1. Is the order of placement previously determined representative to the needs towards 
certain requirements?
The order of placement previously determined generally took the aspect of ‘node 
importance’ in a graph, then place the room from south to north. The direction of placement 
is purely from the consideration of putting down the shape without conflict. But if the 
designer is not aware of the process, the first impression might create more costs more for 
designers to reach a satisfying result.
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3. TOY PROBLEMS
3.2 Preliminary Results

2. What forms of information should be provided?  
The placement method right now involves human intervention. So, there is a need of the 
information actively update to the designer, when he/she is dragging the mouse.
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4. IMPROVEMENTS
4.1 Optimization Indicators

Convex Hull to Room Ratio: It is the ratio between the size of the convex hull of the corner 
of all rooms and the total size of the rooms. The closer it is to 1, the more compact the layout 
is. The calculation of the convex hull is done by using Scipy Python library.

Potential length of each circulation: It is calculated by the Manhattan distance among all 
doors of rooms within the circulation. Therefore, it is only a very rough estimation, does not 
represent the final path length.

Satisfied unit to total unit ratio: It is the ratio of the number of grid unit that satisfied the 
desired daylight hour to the total grid unit of one room.
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Space Size Quantity Space Size Quantity

Entrance hall 80 1 Recreation:
Living: Activity room 60 1
Living units 32 10 Gym 60 1
Medication: Multi-media hall 120 1
Nursing station 20 1 Administration:
Medical room 32 1 Offices 24 2
Public service: Others:
Cafeteria 120 1 Toilet 35 2
Kitchen 120 1 Equipment room 50 1
Laundry 40 1 Storage 24 1
Cleaning room 12 1 Logistic entrance 20 1
Convenient store 40 1

Program of requirement
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6. RESULTS

Designed by the 
method

Designed by hand

Area of convex hull 2583 m² 2580 m²
Area of corridor 568 m² 1084 m²
Length of complete elderly activity circulation 164.05 m 184.3 m
Length of cleaning staff circulation 103.70 m 137.73 m
Length of medical staff circulation 85.92 m 109.67 m
Length of administrative staff circulation 16.75 m 79.09 m
Length of logistic circulation 33.75 m 163.28 m
Length of food delivery circulation (to each unit) 126.37 m 155.64 m
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Comparing the two designs, both ways have their advantages. Manual design technique of 
designer is more trained, its result appears more regular and convincing. Program-
distribution-wise, it is more reasonable, while this method brings more efficiency to the 
building, brings interesting daylight hour conditions. Some problems this computational 
method bring can be foreseeable solved. For example, by altering interacting behaviour with 
the module, the distribution of different program can be regulated to a certain extent, by 
adding new features to the module, like ‘drawing courtyard’ during the interaction, can create 
more space in the floor plan for desired daylight accessibility. There are still some problems 
left, which will be discussed in the next section.

6.2 Summary
6. RESULTS
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7. DISCUSSIONS

The first limitation of this methodology is that while this thesis involves optimization theory, 
graph theory, force-directed methods, computational geometry and daylight hour analysis in 
some way, the detailed discussion of each subject falls out of the scope of the project. So, the 
substitutional methods being used for specific purposes might be inaccurate. 

7.2 Future Work (Limitation And Open Problems)
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7. DISCUSSIONS

Second, the current workflow will cause a problem, that when generating corridors after the 
daylight hour analysis, the generated corridor is very possible to block the sun and change 
the daylight condition of the site. This requires a different workflow or method to maybe 
generate corridors while placing rooms for daylight analysis.

7.2 Future Work (Limitation And Open Problems)
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7. DISCUSSIONS

Third, this methodology for now only produces 2D plans, room shapes are set to rectangles, 
not flexible as real life, the room dimensions are not flexible. A more adaptive room shape 
generation module can be worked in future.

7.2 Future Work (Limitation And Open Problems)
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7. DISCUSSIONS

Fourth, in the pathfinding algorithm, the door direction and position are pre-assigned to 
each room and manually adjusted before the pathfinding process. Therefore, door positions 
in the results might not be the optimal ones, potentially making the layout and paths not the 
most optimal ones. The door-position finding module can be added in future for finding 
optimal door position in a room.

7.2 Future Work (Limitation And Open Problems)
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7. DISCUSSIONS

Fifth, the iteration process of the daylight hour analysis is done manually, which is rather 
labour intensive. A better workflow might be possible by adding looping components to 
grasshopper. And, the current process requires human intervention, it can be good if a fully 
automatic option can be offered, in case of a large number of rooms. It requires the update of 
the algorithm on the room placement method, where more mathematics can kick in. And, 
current indicators are generally single-room there is a lack of an overall daylight hour 
evaluation of the whole floor plan

7.2 Future Work (Limitation And Open Problems)
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7. DISCUSSIONS

Sixth, following the fifth, the module is developed in Python 3, with 2d physic engine Pymunk, 
2d game library Pygame. One thing it results is that, when the number of rooms and spring 
joints among rooms goes up, the general CPU occupation stays low while single-core 
occupation goes rocket high, and the frame rate drops significantly, for example, during the 
nursing home design, it is around 3 – 7 fps. So more efficient alternative platform or tools 
shall be sought in future developments.

7.2 Future Work (Limitation And Open Problems)
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7. DISCUSSIONS
7.4 Summary

Looking back at the sub-questions:
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7. DISCUSSIONS
7.4 Summary

- How should the program of requirements be modelled into spatial relations?
As illustrations like bubble diagrams have been widely used and accepted by designers, the 
graph can be a good and intuitive carrier of architectural information. In a design that 
considers circulation efficiency, circulation relations can be represented by edges of the 
graph.
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7. DISCUSSIONS
7.4 Summary

- How can spatial relations be projected into an actual space?
Force-directed method can be an intuitive method to visualize spatial relations and project it 
into an actual space. 
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7. DISCUSSIONS
7.4 Summary

- How should the relations among evaluating circulations, walking distance and 
daylight hour be? In another word, what is the hierarchy?
In my design, I put circulation evaluation in front of the daylight hour analysis, then after 
daylight hour analysis, I generated potential walking nodes with pathfinding algorithm. The 
result showed some disadvantages, but that is mainly due to the execution of room 
placement order, which needs to be improved. Daylight hour analysis should be more 
integrated into the previous process.
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7. DISCUSSIONS
7.4 Summary

- How should designers interact with the computational process? What is his/her role?
After having a full understanding of how the process work, designers can actively intervene 
the computation progress with his/her own thinking/consideration for a more humanity-wise 
ideal result, and like Friedman’s vision, determining a convincing result at the end.
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8. CONCLUSION

This methodology from a certain extent can be a supplementary method to the early stage of 
an architecture design workflow. It can help designers make fast decisions and evaluations at 
the early stage of design without investing too much into it. 
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8. CONCLUSION

While being aware of its limitations, it is applicable for designs with the need of daylight hour 
optimization, and it is sufficient for designs with the needs for circulation efficiency to a 
certain extent.
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8. CONCLUSION

The ideology behind it can be a framework for the future development of such 
methodologies involving multi-criteria space configuration. Besides working with this 
methodology on the floor plan level, this method also has the potential of working on a 
larger scale, where the general layout of a set of buildings is required to consider the daylight. 
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