Introduction to light modelling and a glimpse
of photosynthe5|s modelling
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Online Tutorials
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GrolMP wiki
|, a part of grogra.de
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Trace: . 02_sunday - exercises_plant_like_structures_abop . first-steps

Home
User guide

= Preface
= [nstallation
= Using GrolMP
= User interface
= 3D manipulations
= Main Objects
= XL and RGG language
= Raytracing
= Additional GrolMP interfaces
= Gel/ Share models
= Additional functionalities

Tutorials

= First steps

= Additional interfaces
= Developer tutorials
Gallery
= Gallery with examples
Developer Guide
= Getting started
= GrolMP base objects impl
= GrolMP platform objects
= Interacting with GrolMP
= Plugins
Maintainer Guide

= Making a GrolMP release
= Update APldoc

tutorials:first-steps

Tutorials

Here is a non exhaustive list of examples to get started with GrolMP. There are many more examples available
in the gallery and within GrolMP.

Edit
First steps

= @ Use the GrolMP software (video tutorials)
= A Beginners Tutorial
= Running your first model
= Introduction to RGG Code structure
= XL queries and operators
= XL turtle geometry
= A step-by-step growth model
= Create a simple tomato model
= Light modelling
= Introduction - A little bit of theory
= First steps
= Light sources
= Local illumination - Shader
= Sensors
= Visualizing light rays
= More light model functions... beyond getAbsorbedPower
= Sensor Grids and Areal Sensors
= Spectral light modelling
= Effect of spectral light on morphogenesis

K = Differences between the CPU and GPU light model /

~

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:first-steps
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Light modelling — Definition ﬁﬁ[@@%;%\?

houwan National Laboratory

Light modelling is the numerical solution of how electromagnetic energy is emitted,
transported, scattered, absorbed, and measured in a scene. Practically, it predicts radiance
at objects from known emitters, geometry, and materials, across wavelength and time.

Input: 3d scene

Rendering VS Light modelling

(&)
& %,
7
%

0.8234641
0.7027052
1.3539617
0.6167236
0.6495002
1.3293481

Output: image vs data

N U e W =

\, J
process of generating an image process to calculate the light distribution

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-introduction 3
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Light modelling — Aspects ANBBE TR T

‘azhouwan National Laboratory <<«

emmittir o | 1t
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Light modelling — Aspects ANEOEZHRT

houwan National Laboratory < <<

Light modellin.g\
Global illumination ) Light sources ) Illumination model )
Ray tracing Point light Lambertian re-
flectance
Radiosity Spot light
Blinn-Phong
Path tracing Ambient light
Phong
Photon mapping Directional light
—>| Side Switch
Area light
—> IOR
Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-introduction 5
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Light modelling — Aspects: Global illumination models ﬁn[fﬁ@gisﬁ’

» » Yazhouwan National Laboratory -

/' -
Global illumination )
Ray tracing : -
GrolMP integrates two main light model

Radiosity implementations, namely:

* Twilight, a CPU-based implementation
Path tracing * GPUFlux, a GPU-based implementation
Photon mapping Both implementing different global illumination models for

rendering and for light computation.

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-introduction 6
Henke, Shanghai, 2025 Oct. 29



https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-introduction

Light modelling — Aspects: Global illumination model ANEBE LR T

* » » Yazhouwan National Laboratory <<«

21 // 1nitialize the light model

22] LightModel CPU LM = new LightModel (RAYS, DEPTH);

23
24] CPU ILM.compute(); // run the light model
23
26 //check the scene ob]

-

ects for their light absorption
2 Spectrum ms;

=28 [
25 ®x:Box::> { ms = CPU LM.gethbsorbedPower(x); 1}
L 30 ]

print ("absorbed "+ms) ;printind(”™ = "+ms.integrate (), 0xf£0000);

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-introduction 7
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Light modelling — Aspects: Light sources /g’*[@@gi%‘?

« GrolMP provides a complete set of Light
possible implementations Sy
« All implement the Light and LightBase '
interfaces, which makes them easy to BT
handle and exchange. SunSkyLight
LightBase
AmbiantLight
DirectionalLight
PointLight
PhysicalLight
SpotLight
Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-introduction 8
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Light modelling — Aspects: Light sources AHEBEER T

* » & Yazhouwan National Laboratory <<«

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-light-sources 9
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Light modelling — Aspects: Light sources AHEBE X T

» Yazhouwan National Laboratory <<

1

" slprotected void init () [
3| Axiom ==>
4 LightNode. (setLight (new PointLight () . (
5 setPower (100},
6 .51;1"'-'1-11--]_1_-?(tlLlF},
7 setNumberofrays (400),
a setRaylength(0.5),
5 etColor (new RGEColor(l1,0,0))

10 )) )

11} ]

PointLight SpotLight DirectionalLight
Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-light-sources 10
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Light modelling — Aspects: Local illumination models

MEBREHLT
4%
> » » Yazhouwan National Laboratory <<«

incident flux

» Definition of optical properties of objects

* In computer graphics local illumination
model are called shaders

« Shaders define the amount of
absorption, reflection and transmission
and how the light rays are scattered

box

absorbed flux ‘
Phong reflection model, B.T. Phong, 1973

ambient diffuse specular = phong

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-light-shader
Henke, Shanghai, 2025 Oct. 29
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Light modelling — Aspects: Local illumination model

AHEBEXHT

n National Laboratory <<«

1. Define a Phong shader and set some properties
2. Apply the shader to a Box object
3. Note: absorbed = received — diffuse(reflected) — transmitted

gtatic Phong myShader = new Phong();

gtatic |
myShader setDiffuse(new RGBColor(0.1, 0.9, 0.90));
myShader , setTransparency (new Graytone(0.1)):
myShader , setSpecular(new Graytone(0.1));
myShader, setShininess (naw Graytone(0.05));

protected void init () [
Axiom ==> Box(0.801,1,1).(setShader(myShader)):;

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-light-shader
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Light modelling — Hands-on

ANEDEERT

» » » Yazhouwan National Laboratory <<«
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GrolMP wiki

a part of grogra.de
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= Additional functionalities

= Additional interfa
= Developer tutorials

Gallery
= Gallery with examples
Developer Guide

= Getting started

= GrolMP base objects impl
= GrolMP platform objects
= Interacting with GrolMP

= Plugins

Maintainer Guide

= Making a GrolMP release
= Update APldoc

Tutorials

First steps

= @ Use the GrolMP software (video tutorials)
= A Beginners Tutorial
= Running your first model
= Introduction to RGG Code structure
= XL queries and operators
= XL turtle geometry
= A step-by-step growth model
= Create a simple tomato model
= Light modelling
ittle bit of theory
= First steps

= Local illumination - Shader

= Sensors

= Visualizing light rays

= More light model functions... beyond getAbsorbedPower
= Sensor Grids and Areal Sensors

= Spectral light modelling

= Effect of spectral light on morphogenesis

= Differences between the CPU and GPU light model

Search Q

Recent Changes Media Manager Sitemap

tutorials:first-steps

Here is a non exhaustive list of examples to get started with GrolMP. There are many more examples available
in the gallery and within GrolMP.

Edit
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Light modelling — Hands-on

HEBE LT

> » » Yazhouwan National Laboratory <<«

[G! Model [Modified] - GrolMP
File Edit Objects Panels Net Tutorials Help

H <:§ p @ Reset| Stop| [] Run

= View

[ ] jEdit- Model.rog | = Attribute Editor |

- o X

FrEe®@y &

View Camera Fit Render View

@[+ 3]|0]

File Edit Search Markers Folding View Utilities Macros Plugins Help

¢ X080 B&

" HEE [ & @

[ Model.rgg (project:/rgg_template[1]/)

7
8

[]

protected wvoid in

File Browser ’TE_‘
[

12 Axiom ==> B

13| LightNede. (=&

22| LightMedel CPU_LM = new Lic

24 CPU_LM_ compute

27 Spectrum ms;
28 [
25 %:Box::> { ms = CPU_LM.ge

r(x);

31 print ("ab "4ms) jprintln (T = "+ms.in

T (BLACK)) M(2)

1 (RAYS, DEPTH);

}

BL(

te (),

|

= (0.02),

0xf££f0000) ;

-

[ I»!

15,2 (418/876)

(xIxI,UTF-8) uG

i@ Messages | ] XL Console

76MB 4.03 PM

Object

l£:] Model.rgg
o [ param

ne after 28 ms
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((* Model.MyLeaf *)).abscrbedRadiation
max (((* Model.MyLeaf *)).absorbedRadiaf
Model.DiffLightSky ==> ;

[Model.DiffLightSky ==> ;] |

[Model.Sky ==> ;]

[Sky ==> ;]

max ( ( (* Model.MyLeaf *)) .absorbedRadiatw|
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> » o Yazhouwan National Laboratory <<«

Light modelling — Hands-on

Manipulate the model
* Change the colour of the box object to, e.g., red, and see how the

absorption changes

=11 [

12 Axiom => Box(0.1,1,1). (setShader(RED)) M(2) RL(180)

13 LightNode. (setLight (new SpotLight (). (setPower(l100),setInnerAngle(0.02),
L 14 ]

* Change the colour of the box to some arbitrary colour and try to
understand output.

11 [
12 Axjom ==> Box(0.1,1,1). (setShader (new RGBAShader(0.1, 0.5, 0.3)})) M(2) 1
13 LightNode. (setLight (new SpotLight (). (setPowser(100),setInnerngle(0.02),:
L 14 ]
é absorbed = (29.99999995033074, lé.6ccccce666665247, 23.33333293596735) = ©9.99999955296333

15
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Light modelling — Linking to photosynthesis /%’*[fg@%%‘ﬂ“?

Simulating light absorption at organ level

Henke, Shanghai, 2025 Oct. 29



Light modelling — Linking to photosynthesis ANEOEZHRT

» » Yazhouwan National Laboratory <<«

Using the output of the light modelling as input for photosynthesis estimation

Henke, Shanghai, 2025 Oct. 29

* Individual absorption values [Watt]
e Converting to PAR/PPFD

netPhotosynthesis = PSModel.calculatePhotosynthesis(
airfemp,
relativeHumidity,
CO2 _ppm,
leafAge,
PPFD < here comes the light absorption in
);

PSModel ... Photosynthesis model, e.g., any FvCB
implementation or simple light response curves, e.g.,
KimLieth, Thornley, Baldocchi, Host, Marshall & Biscoe,
LiehtPasian, JonsonThornley, Mueller & Echenroerder,

etc. T



PAR vs PPDF Aok ek

PAR, Photosynthetic Active Radiation, defines a PAR
range of wavelengths/light of the spectrum of
(visible) light that plants can use for photo-
synthesis. PAR is NOT a measurement or “metric”
like centimeter, or kilo. Typically, PAR is defined
as the range of 400 to 700nm.

:

0
o
1

s &
L L

N
o
L

Relative Photosynthetic Efficiency (%)

PPFD, Photosynthetic Photon Flux Density, is the W i i & M e
measurement of the amount of light (how many Havelength (nm)
PAR photons), actually hit a specific surface area

every second. PPFD is expressed in pmol/m2/s
PAR is the “what kind of light”

PPFD is the “ how much of it”

18
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Light modelling — Examples AHEBREHT

* » » Yazhouwan National Laboratory <<«

Detailed calculation of light microclimate at organ level (... and even below if needed)

04
03
0.2

01

1
02

Henke & Gladilin, Remote Sens., 2022

(b) 0 RFR 1.2

19

Henke, Shanghai, 2025 Oct. 29 Evers et al., Trends in Plant Science, 2011



Y

Light modelling — Linking to photosynthesis AHEBE R T

* » = Yazhouwan National Laboratory <<«

Series of tutorials on ‘Light interception to PS’ in the Advanced tutorials on the wiki pages

Home
User guide -
e Advanced tutorials
= Installation
= Using GrolMP This tutorials cover more specific features of GrolIMP. There are many more example available in the gall
= User interface and within GrolMP.

= 3D manipulations

= Main Objects

= XL and RGG language
= Raytracing

Basic to advanced XL queries

Virtual Laser Scanner for GrolMP

= Additional GrolMP interfaces How fo use the OI_:)E framevs.fork .

. Get/ Share models How to create a video of a simulation

= Additional functionalities ﬁFrom light interception to photosynthesis:

= How to use the radiation model within a crop model: Introducing light interception of leaves
= How to use the radiation model within a crop model: Plotting the absorbed light in a chart
. Advanced tutorials = Light interception in a dynamic crop model: Introducing leaf growth

- AR e Eees = Light interception in a dynamic crop model: Introducing absorbing tiles

= Developer tutorials = Primitive photosynthesis in a dynamic crop model: RUE

= Nonlinear photosynthesis in a dynamic crop model: light response curve

Tutorials

= First steps

Gallery
e e . Dynam!c: crop model: ﬂowgr .agln.g an.d fruit fo.rmanon N
= Dynamic crop model optimizing light interception and fruit yield /
Developer Guide -
= Model fitting

20
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Full spectral light modelling

ANEDEERT

* » » Yazhouwan National Laboratory <<«

Henke, Shanghai, 2025 Oct. 29

Developer Guide

Maintainer Guide

GrolMP wiki

a part of grogra.de

Trace: - 02_sunday - exercises_plant_like_structures_abop - first-steps

Tutorials

in the gallery and within GrolMP.

First steps

= @ Use the GrolMP software (video tutorials)
= A Beginners Tutorial
= Running your first model
= Introduction to RGG Code structure
= XL queries and operators
= XL turtle geometry
= A step-by-step growth model
= Create a simple tomato model
= Light modelling
= Introduction - A little bit of theory
= First steps
= Light sources
= Local illumination - Shader
= Sensors
= Visualizing light rays
= More light model functions... beyond getAbsorbedPower

= Additional functionalities

= Gallery with exa

= Getting started
= GrolMP base objects impl
= GrolMP platform objects
= Interacting with GrolMP

= Plugins

Spectral light modelling

= Making a GrolMP release orphogenesis
= Update APldoc = Differences between the CPU and GPU light model

Search Q

Recent Changes Media Manager Sitemap

tutorials:first-steps

Here is a non exhaustive list of examples to get started with GrolMP. There are many more examples available

Edit

21



Light Simulations — LED Modelling ¢ B34 &) Fullspectral Light simulations 7 (@ % % F

é% %2% Ea{ * » » Yazhouwan National Laboratory <<«
Single LED model (J£Ix) Simulated double-string LED stripes (XT%%)
- o= - 660nm E
.20
E 0.8 | o
g 450nm 45 Quallty
z 7 Quantity
]
(s .
- © Duration
Wavelength (nm) E
ical Light Distributi <tributi imulated double- =
Physical Light Distribution Spectral Power Distribution Slmu a
IRt Fa ¢ R THIR 4575 striped LED panel
E?“%/\\\%r)b

LEDAEAY

22
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Light Simulations — LED Modelling S B8 £ én{fg@@ig‘:%\i’

Simulations of

* Numbers of LEDs
KTIRENE
. Numbers of LED stripes

KT =
e Different PLDs

MIEC D
e Different SPDs

KB D 1o

e Different arrangements

Obtain

* Detailed information \

about light-micro climate

TR B9 JE IREA R

Henke, Shanghai, 2025 Oct. 29



Light modelling — Hands-on — spectral!

HEBE LT

> » o Yazhouwan National Laboratory <<«

& Madel Modified]
Eile Edit Objects

ha

View Camera Fit

= View

- GrolMP

Panels Net Tutorials Help

P @ Reset || Stop ] Run

Render View

B File Explorer r 12 Meta Objects

Object

;,r_-l Model rgg
o IE3) param

| | .| JEdit - Model.rgg . Attribute Editor

| Fle Edt Search

L E®E &

Markers

Folding View Utiites Macros

Plugins Help

@ K00 @&

£ B @

’E O Model rgg (project /rgg_template[1]/)

File Browser

| GPU LM.:

28 GPU_LM .

hEE] [

“3s ]

2| FluxLightModel GPU LM =

setMeasureMode

28 GPU LM. _s’*tn]i"*(ﬁ_ 1Dc
27 GPUiLM. setS pec tr

54 ®%x:Box::> { ms =

main (400,
1Buckets (11) ;

mpute() ;

;2| Measurement ms;

new FluxLightMc

1(RAYS,

(MeasureMode.FULL SPECTRUM) ;
700) ;

DEPTH) ;

rMeasurement (x) ;

] print("absorbed = "+4ms);printin (" "+ms.integrate (), Oxff0000);

“37 }
<] [ I D
“|a0.2 (104611257) (%X, UTF-8) UG | '1488MB 326AM\

2 @ Messages ‘ | XL Console

CN

“|| absorbed = [ 9.084305365722656 , 9.082737174560547 , 9.10490282849121 , 9.087992584472655 , K |
| 9.06687424243164 , 9.10002092602535 , $.108644570092772 , 9.06035321862793 , $.097022367553711 , . count ((* Model.TestSnader *)) =l
| 5.07311200830078 , 9.071572204467772 1 = 99.93753785074705 . nelp make*
> help ("make*")
> time =
> Model.time
> ((* Model.MyLeaf *) ).absorbedRadiation
> ((* Model.MyLeaf *)).absorbedRadiation | |
> max(((* Model.MyLeaf *)).absorbedRadiati
- ((* Model.MyLeaf *)).absorbedRadiation
»llrax(t(' Model.MyLeaf 'J).ahsuxbedka\l:iiaciz 24
[ Il [*]




Sensor nodes

AHEREERT

* » » Yazhouwan National Laboratory <<«

“Invisible” nodes to sense radiation without interfering with the scene
* Retuning absorption per square meter

import de.grogra.gpuflux.scene.experiment.Measurement;

/4 create a 5cm, white sensor node
Axiom ==> SensorNode( ).(setRadius(©.85%), setColor(l, 1, 1)

const FluxLightModel GPU LM = new FluxLightModel(RAYS, DEPTH);
/" enable dispersion
GPU_LM.setDispersion(true);

JScheck what the sensor node has sensed

x:SensorNode ::> |
Measurement spectrum = GPU LM.getSensedIrradianceMeasurement(x);

tloat absorbedPower = spectrum.integrate( );

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-sensors
Henke, Shanghai, 2025 Oct. 29
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Visualizing light rays AHEDE LR T

> » » Yazhouwan National Laboratory <<«

volid init

Axiom LightModelVisualizer ,

Wiki: https://wiki.grogra.de/doku.php?id=tutorials:light-modeling-visualizing-light-rays
Henke, Shanghai, 2025 Oct. 29
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Light dome éﬁ[@@%?%\%’

» » Yazhouwan National Laboratory

Direct and diffuse light dome

s Day : 328
I i o % .~ 2~ Time: 07:00
* Direct sun light SotpEa o

(one direct light node)
* Diffuse sky light
(hemisphere with 72 direct
light nodes)

27
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Thank you!

GrolMP WeChat Group
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