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Forests cover about 30% of the earths 
surface and is a vital resource as a
habitat for plants, animals and humans.
Today climate change and global warming 
is a fact and something must be done.
We burn massive amounts of fossil fuels 
and during this combustion carbon diox-
ide is created. To help eliminate this glob-
al change we need to start caring about 
the forests. The forests have a major role 
in climate change and global warming. It 
currently contributes to about one-sixth 
of the global carbon emissions.

But today deforestation is a real environ-
mental threat. The world trees are being 
cut down too quickly for the earth to re-
generate new forests. And while the soci-
ety is moving into a more biobased econ-
omy the preassure of a efficient forest 
industry and forest regrowth is increasing 
drasticly.

A new way of reforestation must happen, 
a sustainable and natural method must be 
implemented.
In Sweden and the scandinavian area the 
method has had a stagnant development. 
Is done manually with a standardized pro-
cedure not taking natural properties into 
account. Money often goes over quality.

My project will focus on developing a 
concept that can live up to the upcoming 
future demands and the environmetal as-
pects that needs to be taken in account 
to ensure a healthy and sutainable forest.

The final result performes an efficent and 
precise reforestation and enables for a 
detailed planning and analysis of the area 
in advanced. 

A B S T R A C T
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The project was conducted in collabora-
tion with the Forest Technology Cluster 
(Skogstekniska klustret), SLU and the 
Swedish Forest Agency (Skogsstyrelsen). 
The cooperation with the various parties 
has meant that they acted as a source of 
information and a source for evaluation 
during the ideation phase. The Forest 
Technology Cluster has sponsored this 
project.

The project has been supervised by Jens 
Naslund from Husqvarna Group.

Contacts during the project:

Urban Bergsten, SLU
Profesor in Forest biomaterial and Technology

Claes Fries, Skogsstyrelsen
Silviculture specialist

Jens Näslund, Husqvarna
Projekthandledare

C O L L A B O R AT I O N

I define myself to look at Scandinavian 
forests and methods used for
reforestation. This gives me the oppor-
tunity to perform more detailed observa-
tions and research.

D E L I M I TAT I O N S
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I have no background in the forest indus-
try but after being made aware of how de-
forestation becomes a bigger and bigger 
threat to the environment, I felt that this 
was something that I could dive deep-
er into. I was born on the country side 
and have always spent much time in the 
woods and nature. It is very dear to my 
heart. I felt that this interest would take 
a big part in a project like this. I have cho-
sen to look towards the demands that 

will be put on the industry and the envi-
ronmental questions for the future.

The project has challenged me on several 
different levels in terms of both research 
within a completely foreign area to the 
design of a complete system consisting 
of several parts.
The end result reflects my interpretation 
and my vision of the future forestry with 
an innovative height and a vision for 2030.

W H Y  F U T U R E  F O R E S T ?

The project have one main target group, 
the forest industry. The forestry industry, 
meaning the companies or government 
entities that own forest in Sweden or sell 
services such as reforestation.

However, I would like to explore the possi-
bility of offering a service that allows the 
individual landowner to get closer to the 
planning of their own forests.  

TA R G E T  G R O U P
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Each column represents one week of the project.This 
timeplan is designed to facilitate an overall planning of the 
work to be performed but also to quickly show how I have 
planned to do the work and what steps I will go through. The 
schedule will change during the project.

V 9 - V 17 
Spring term 2015
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R E S E A R C H  / /  A N A L Y S I S

During the research phase, I have conducted in-
terviews with knowledgeable individuals in the 
industry. These individuals all have different ar-
eas of experties and backgrounds. I have also 
read articles, scientific reports on the topic and 
used the internet as a source for raw informa-
tion. Citations is to bee seen in the end of this 
report.

The research ends with a analyze phase where I 
define the problem areas and how I will continue 
against these challenges.
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Forests cover about 30% of the earths 
surface and is a vital resource as a hab-
itat for plants, animals and humans.
The forest provides us with its own eco-
system that gives us both climate control, 
pollinating insects, water purification, 
natural pest control and the formation of 
fertile land for food production. This is a 
scientific fact.
Today the world is getting warmer and 
warmer, mainly because we burn massive 
amounts of fossil fuels such as oil and 
coal. During this combustion carbon diox-
ide is created, wich is one of the green-
house gases that contribute to global 
warming. 
Due to the climate change storms and for-
est fires is also getting more and common 
and we loose hughe amounts of forest 
every year.

The forests have a major role in climate 
change and global warming, it currently 
contribute to about one-sixth of the glob-

al carbon emissions. 
Planting a tree is one of the most effec-
tive methods available for carbon emis-
sion. When a tree is planted, it leads to re-
ducing emissions when the tree absorbs 
carbon dioxide from the atmosphere and 
bind it through photosynthesis. The tree 
also improves the surrounding soil by in-
creasing the availability of water, which 
contributes to increased biodiversity. 
When managed sustainably, they produce 
woodfuels as a alternative to fossil fuels.

But today deforestation is a real envi-
ronmental threat. The world trees are 
being cut down too quickly for the earth 
to regenerate new forests. 12-15 million 
hectares of forest are lost each year, the 
equivalent of 36 football fields per minute. 
Forests are cleared for a number of rea-
sons. Such as harvesting timber to pro-
duce wood and paper products, clearing 
land for farms, plantations, cattle ranch-
ing or clearing land for urban development.

F O R E S T S  A N D  C L I M AT E  C H A N G E

Wood fuel has been used as an energy 
source ever since humans learned to use 
fire. Today, the interest in biofuel is great-
er than ever. 
We are moving into a biobased ecomony1 

and increasing the extraction of forest 
fuels means an intensification of the log-
ging industry wich leads to implications 
for forest ecosystems in both short and 
long term.

With increased pressure on the production 
of biofuel there is reason to renew the ex-
isting system, technology and logistics in 
order to increase the amount of biomass 
that is expected in the upcoming market.

And in order to increase this production 
we must ensure a good regrowth of the 
forest.

I N C R E A S I N G  D E M A N D S

1 Biobased economy - a comprehensive approach to address several of the major societal challenges, food supply for a 
growing global population, long-term productivity in agriculture, forestry and greenhouse gas emissions.
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Of Sweden’s total land area of approxi-
mately 41 million hectares 28 million is 
counted as forest land. Of these, approx-
imately 23 million hectares is so called 
productive forest. 
50% of the forest in Sweden is owned by 
private forest owners, nearly 330,000 in-
dividuals in the country owns forest. 
In Sweden, unlike other countries, there is 
a law on replanting forests after logging 
called the  .

Natural reforestation is becoming in-
creasingly rare. Because it’s difficult to 
ensure the new forest after harvesting. 
The greatest change has occurred in 
the Northern Norrland and Svealand, a 
reduction of 50% in less then ten years. 
Instead, the proportion of planting and in 
some parts of the country and also the 
sowing share has increased.
Seen across the country the proportion 
of natural reforestation is 18% and the 
proportion of planting 75%.  There are 
several reasons for this change, that 
natural reforestation is time consuming 

and contains more operations, seedlings 
are placed unevenly in nature and greater 
risks that trees blow down or grow poorly.
Today trees are planted on almost all land 
surfaces, this is done either 1-3 years af-
ter harvesting by using mechanical scar-
ification of the area immediately after 
harvesting.
Soil conditions, location, surface and 
knowledge determines whether the plant 
survives.

The term reforestation is similar to af-
forestation, the process of restoring and 
recreating areas of woodlands or forests 
that may have existed but were deforest-
ed. Reforestation can be used to improve 
the quality of human and animal life by 
soaking up pollution and dust from the air, 
rebuild ing natural habitats and ecosys-

tems, mitigate global warming and pro-
vide resources for todays society.

There are essentially three options of re-
forestation, sometimes even combined. 
Planting of either bare-root plants or 
soil-covered roots, sowing och natural 
regeneration.

W H AT  I S  R E F O R E S TAT I O N ?

R E F O R E S TAT I O N  O F  T H E  S W E D I S H  F O R E S T

7 0 %
OF SWEDEN IS 

COVERD WITH FOREST

5 6 %
IS PRODUCTIVE FOREST

1 4 %  N o n - p r o d u c t i v e  f o r e s t
1 4 %  O t h e r  l a n d 
8 %  A g r i c u l t u r e 
5 %  O t h e r  w o o d e d  l a n d
3 %  B u i l d i n g s ,  r o a d s  e t c
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LIVING FOREST
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E N V I R O N M E N TA L  G O A L S

“In Sweden we will solve our environmen-
tal problems now and not leave them to 
future generations”. This is what the 
parliament has decided. Sweden’s envi-
ronmental goals are benchmarks for the 
environmental work ahead. 
The Swedish environmental system con-
tains of a generational goal, sixteen en-
vironmental quality goals and twenty four 
milestones. 
The purpose of the environmental goals is 
to clarify the environmental dimension of 
sustainable development.

One of the sixteen enviormental quality 
goals is “Sustainable Forests”.
The Parliamentary definition of the envi-
ronmental goal is:
“Forests and forest land for biological pro-
duction must be protected at the same 
time as biological diversity, cultural val-
ues and social values.”

The Government has established nine 
specifications of the environmental goal 
for Living Forests. 

F o r e s t  p r o p e r t i e s
The forests physical, chemical, hydro-
logical and biological properties and 
processes are maintained.

E c o s y s t e m  s e r v i c e s
The forest ecosystem services are 
retained.

G r e e n  i n f r a s t r u c t u r e
Forest biodiversity is conserved in all 
natural geographic regions and species 
have the ability to spread within their 
natural ranges as part of a green infra-
structure.

F a v o r a b l e  c o n s e r v a t i o n 
s t a t u s  &  g e n e t i c  v a r i a -
t i o n
Habitats and indigenous species associ-
ated with forest landscapes have favora-
ble conservation status and sufficient 
genetic variation within and between 
populations.

S p e c i e s  &  H a b i t a t s
Endangered species has recovered and 
habitats have been restored in valuable 
forests.

A l i e n  s p e c i e s
Alien species and genotypes does not 
threaten forest biodiversity.

G e n e t i c a l l y  m o d i f i e d
o r g a n i s m s
Genetically modified organisms that may 
threaten biodiversity are not introduced.

P r e s e r v e d  n a t u r a l  &
c u l t u r a l  v a l u e s
Natural and cultural values   in the forest 
is preserved and the prospects for con-
tinued conservation and development of 
values   available.

O u t d o o r  R e c r e a t i o n
Forest values   for outdoor recreation are 
defended and maintained.



While technology and machines has ad-
vanced in the forest industry in recent 
years the planting process is still manu-
ally  done. Mostly because the economic 
pressure on the reforestation industry 
hasn’t been as big as on the logging in-
dustry.

There are essentially three ways of re-
forestation as I meantioned earlier. 
Planting, sowing or natural reforestation.
Today, natural reforestation is not an op-
tion beacuse of the slow regrowth but on 
clearings natural reforestation is going on 
by itself, in small scale.

Manual planting of containarized seed-
lings are most common and about 300 
million are planted every year. 
Today this method is proven to work and 
it has over time become a standard way 
of reforestation.
Sowing on the other hand is a method 
now beeing introduced to the forest in-
dustry as an alternative to planting. It is 
a possible method to meet the demands 
of the future.

I will go into detail on the method of plant-
ing with seedlings and sowing.

M E T H O D S  O F  R E F O R E S TAT I O N

Independent of regeneration method the  
planted tree needs good conditions for a 
stable and healthy regrowth. Both factors 
above and below ground matters. 

UNDER GROUND
To ensure good regrowth the plant need 
a  continuously flow of water under the 
ground. A mineral rich soil of the right 
quality. Matching soil type and tree sort 
is important and by placing plants on ac-
curate distance to each other you avoid 
predators like pine weevils.

ABOVE GROUND
There are various factors that affect the 
regrowth above ground such as latitude, 

altidtud, climate, topography, slope and 
exposure.
The diverse climate zones and will give 
varying conditions for the regrowth. 
Both temperture, humidity and  energy 
radiation varies greatly. The topography 
affects clouds, amount of rain and wind. 
For example, the probability of cloud for-
mation increases as the water vapor rises 
up the mountain crests.
The slope and exposure is one of the most 
important factors to take into considera-
tion. The more perpendicular to the sun’s 
rays towards the ground, the more heat is 
applied. Southern slopes have shown an 
earlier start of vegetation.

S U S TA I N A B L E  R E G R O W T H

Methods of reforestation / Sustainable regrowth Page 15



S O W I N G

D I S T R I B U T I O N  T O D AY

The figure show the distribution among re-
forestation method used today.

M A N U A L  P L A N T I N G

N AT U R A L  R E F O R E S TAT I O N

74,3%

17,7%

5,9%

Distribution today Page 16
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Containerized seedlings or bare root 
plants being planted today have been 
raised in a plantage for about 2 years and 
are then transported out to sites all over 
Sweden.

The actual process is manually  done 
and very time consuming. It’s becoming 
increasingly difficult to find labour for 
manual tree palnting due to the fact that 
reforestation is a hard job and involves 
hard work for long hours with repetitive 
movements which causes great strain on 
the body. It might seem  easy, but it’s not.
The work is often carried out by cheap la-
bour such as students or foregin workers.

Many plants is currently placed out un-
necessarily and die because they are not 
placed correct after fertility and terrain. 
The knowledge of the planter is important 
to ensure a good growth of the plant. A 
good planter equals surviving plants. 
Placement and spacing with eachoter and 
other vegetation on site also contributes 
to the growth and today it’s difficult to 
know how densely you plant by just look-
ing around. A better planning of the area 
would help effecivise the process and 
minimize loss of plants.

The work means that you go on clearcuts 
that has been scarified and plant small 
plants consisting of either spruce or pine, 
these should then be placed into the 
ground in a proper way so the plant can 
grow into a tree. 
Today either a planting tube or a shovel 
is used to carry out the planting process. 
The planting tube is used to plant con-

tainerized seedlings. The tool is slamed 
down into the ground and the pant is 
place in the tube and slides down to hole. 
The struggle here is to avoid stones and 
other unbreakable surfaces underground.
The shovel is used to plant bare root 
plants bacuse you have to bee more care-
ful with the placement of the root system.
During this time you wear a supporting 
harness or belt where you hang the box-
es or bags of seedlings at the side of 
the body. The stronger you are, the more 
boxes of seedling can you carry. Then you 
avoid walking back to the base to refill 
with seedlings. But these boxes affects 
your postior and back, is gives enourmus 
preassure on your body.

The work is monitored by a planting leader 
that also supply the planter with plants 
and tools on site. An experienced plant-
er set up to 2000-2700 seedlings dur-
ing a day of approximately 12 hours. The 
amount varies as it depends on the area 
but also the attitude of the planter since 
they get paid per plant.

The work takes time, it involves alot of 
deadwalking around the site to avoid ob-
stacles and to refill plantboxes. You also 
have to make decisions along the way and 
look out for plants so you don’t step on 
them.

M A N U A L  P L A N T I N G

Correct planted seedling 
with  the rootsystem striving 
downward.
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Sowing is done both manually and by 
machine, though the maschines is very 
simple. The cost of sowing is usually 
considerably lower than planting. Besides 
the labor the cost of soil preparation and 
seeds is cheaper. The reforestation phase 
are a few years longer than at planting but 
at least on year can be saved because you 
can sow directly after scarification.

Seeding is a well functioning method and 
is preferable to the natural regeneration. 
Partly because you can make use of the 
refined plantation seeds and are not de-
pendent on a good seed years or quality 
seedlings.
Trees that has been sown have showed a 
greater strenght in the root system than 
planted ones.

Seeding typically provide a better regen-
eration results in plant numbers. How-
ever, it can lead to a post-process of the 
land, such as thinning. But with the right 
choice of sowing machine, the amount of 
post-process can be reduced.

The process is done by first scarifying the 
land to bring up the minerals in the soil.
When using the mechanical technique the 

seeders are usually designed to sit di-
rectly on the ground preparation machine. 
Sowing at the same time as preparing the 
land.
The technical sowing technology has 
proven to save more seeds than the man-
ual and the risk of so-called lump sowing 
can be minimized.

The manual technique allows a more pre-
cise work and you are able to make sure 
that the seeds fall on soil with good con-
dition for growth and establishment.
The equipment that is used is simple and 
consists of a seed rod or seed wheel. A 
soil preparation shoe can also be used 
on scarified land, it is pressed against 
the ground and creates a waffle pattern 
that you then place the seeds in, this is 
to come closer to the capillary water in 
the soil.

This process is much more ergonomic to-
wards the person doing it. However, it’s 
still a time consuming work when you 
have to walk across these uneven areas.

S O W I N G

MANUAL VS MECHANICAL
When using manual seeding you can be 
more precise and influence where the 
seeds will be placed to get a more accu-
rate result which leads to less waste of 
seed.

The downside is that labor costs will be 
greater than with the mechanized sow-
ing.It can also be difficult to get hold of 
skilled labor to perform a good job.

Seeds placed in
wafflepatterns.



P L A N T I N G  V S  S O W I N G

P R O V E N  M E T H O D

FA S T E R  R E G R O W T H
W h e n  u s i n g  p r e - g r o w n 
p l a n t s

I N D E P E N D E N T  F O R E S T
N o / l i t t l e  n e e d  f o r  p o s t -
p r o d u c t i o n

H I G H E R  C O S T

H A R D  T O  F I N D  L A B O U R

P R E C I S E  P L A N T I N G
H a r d  t o  m e c h a n i z e

S T R E N U O U S  W O R K

L O W E R  C O S T

H I G H  R E G R O W T H
N U M B E R

A B I L I T Y  T O  M E C H A N I Z E

K I N D E R  S C A R I F I C AT I O N
S h a l l o w e r  t r e a t m e n t

C O M P E T I T I O N
C o m p e t e s  w i t h  o t h e r
v e g e t a t i o n  d u r i n g  g r o w t h

P O S S I B L E  P O S T - P R O C E S S

+
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Rejuvenation of forests is a necessary but 
costly process and therefore it is desira-
ble to find a more cost-effective regener-
ation method. One way is to use sowing 
as a method. 

The society is moving towards a biobased 
economy and the pressure on a high effi-
cent forest- and reforestation industry is 
increasing. Although planting is a proven 
method to ensure regrowth of the forest 
sowing is a potential method to meet fu-
ture demands for the forest industry. A 
lot of research and testing has been done 
which shows that a successful seeding 
could bring greater amount of forest in the 
end than planting will. And by making the 

right choice of seeding machine a cost-
ly post-process may be reduced. Which 
makes seeding a much cheaper method 
of reforestation than planting. Something 
that the forest owners strives for.
When it comes to scarification of the land 
the process can be much more shallower  
then at planting and your able to seed di-
rectly after scarification. This means you 
save 1 year of regrowth time.

With the possibility of a mechanized pro-
cess in this area the reforestation pro-
cess can be more efficient and precise.
Therefore, I choose to develop a concept 
based on seeding as a reforestation 
method.

C O N C L U S I O N

Conclusion Page 20



Today, bare processed seeds from nursery 
gardens is used when sowing. 
“More and more people realize the bene-
fits of forest sowing and the IDS-treated1 
seeds. The seed amount can be lowered 
and you get a more uniform regeneration, 
which in return leads to higher growth and 
lower future clearing costs” says Ulfstand 
Wennström. 

Seeding allows for a wider distribution of 
tree species in the forest, something that 
we strive for. The efforts of bringing dif-
ferent kinds of seeds to the felling sites 
is much less than to bring plants, both in 
terms of size, handling and distrubition.

The equipment for manual sowing is as 
I mentioned earlier a simple seed rod or 
seed wheel with a soil preparation shoe. 
Bare seeds are then placed directly on the 
surface.

The mechanical seeders are placed direct-
ly on the ground preparation machine. In 
this mechanized process there is a risk 
of so-called lump sowing, but with the 
right machines and technology this can 
be avoided.

S O W I N G  T O D AY

M A N U A L M E C H A N I C A L

Efficient+

No specified sowing
Standardized scarification 
method

-

Decision based
Light work

+

Risk of lump-sowing
Knowledge based

-

S E M I
M A N U A L

Decision based
Specified placement

+

Time consuming
Risk of lump-sowing
Knowledge based

-

1 The seeds are vitalized and dried, dead and poorly
developed seeds are then sorted out.

Sowing today Page 21



SEEDPAD
SeedPad is a new type of method for di-
rect seeding. The goal was to create a 
more economical seeding and reduce the 
number of seeds that go to waste. Today 
approximately 10 seeds is required for 
growing one tree, with this method the 
amount is reduced to 2 seeds. The Seed-
Pad has been tested with good results 
and shows good regrowth numbers. Tests 
show a regrowth of 70%, the general ob-
jective is to have at least 50%. 

The SeedPad is placed directly over the 
scarified surface. It consists of an en-
closing dissolvable paper that decays af-
ter time. Inside is a pressed block of peat 
and vermiculite and in the bottom two 
processed seeds.

The idea is that the paper will decompose 
and the blocks swell to protect and then 
provide nutrients to the soil around the 
seed.

This method of treating the seed enables 
us to specify the reforestation.

N E W  T E C H N O L O G Y

Peat & Vermiculit

AUTONOMOUS MACHINES
Driverless machines have now begun to 
establish itself in the market, especially 
in the field of agriculture. The machines 
are working remotely and goes on auto-
pilot through the designated trails. The 
technology saves both time and labor, 
and the work is so precise that they can 
ensure a good end result. More and more 
research has then begun in the forest 
industry who see that they can benefit 
from these remote controlled systems to 
streamline and specify the work.

A technology that has had a rocket rapid 
development is the drone system. These 
systems provides a cheaper and easier 
way to read and assess areas. A quality 

noticed by the forest industry. A drone can 
work quickly and independently and then 
send detailed information to the operator.

“With the help of modern digital tech-
nology and drones for aerial photography 
there are great gains within reach,” says 
Hans Thunander. He has developed a new 
concept for reforestation through drones 
where the vision is to have a 50 percent 
efficiency in ten years. The concept is 
based on using drones and GPS to pho-
tograph and analyze forest areas. For-
est owners is then able to make precise 
measures for certain areas.

Processed seed

Perforating
dissolving paper

Perforating
dissolving paper

New technology Page 22



To sum up what I’ve talked about, you 
could say that the current method is time 
consuming and uncertain. Uncertain in 
such a way that it’s difficult to ensure the 
wanted regrowth. There are many factors 
that come into consideration, knowledge 
of the planters, soil conditions etc.
The method used today has been ex-
tremely stationary and few changes have 
occurred through time. The reforestation 
method has been simplified (because of 
the economic pressure) and standard-
ized. First of all you prepare the land and 
then manually plant seedlings.
Soil conditions and other factors are sel-
dom taken into account anymore and the 
forest’s natural characteristics are for-
gotten.

Progress towards sustainable forest 
management has in some ways been 
forgotten but the ability to take the en-
vironmental goals into account are now 
possible with new technology.

A change needs to happen in order to meet 
the future demands for production but 
also to ensure a healthy and prosperous 
forest to fight against global warming.

Below I have listed some problem areas 
with today’s process, these problem ar-
eas are also the development areas as I 
see it and  I will development concepts 
around them.

P R O B L E M  D E F I N I T I O N

D E M A N D I N G  F U T U R E
Economy / Production Amount

S TA N D A R D I Z E D
Same approach regardless of condition

M A N U A L  W O R K
Physically demanding / Knowledge based

T I M E C O N S U M I N G

U N C E R T I A N  O U T C O M E

U N E X P L O R E D
Stagnant development

M O N E Y  O V E R  Q U A L I T Y
Tree quality is threatened

Problem definition Page 23
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?

Maintain the efficiency of 
the machines but applying 
the knowledge and preci-
sion of man.

Positioning Page 24



Perform sustainable resforestation.W H AT ?

Forest owners.W H O ?

Scandinavian forest areas.W H E R E ?

15 - 20 years from now.W H E N ?

Meet future challanges.W H Y ?

Target group

Action

Context

Time

Vision

H O W ?

How? Page 25



V I S I O N  /  G O A L

My number one goal is to performe a 
sutainable reforestation and meet the fu-
ture demans of society.
The concept shall achieve the same pre-
cision as with the planting method today 
and it will show innovation and inspiration 
for the forest indsurty. I want to combine 

the effiency of todays machines with the 
knoledge of the human brain.

Nothing have changed in a long time and 
I want to make a differens, 15-20 years 
from know perhaps this is the future.

D E V E L O P  A  C O N C E P T 
T H AT  L I V E S  U P  T O  F U T U R E 
D E M A N D S

TA K E  E N V I R O N M E N TA L 
G O A L S  I N T O  A C C O U N T

S T R E A M L I N E  T H E
P R O C E S S

E N S U R E  C O N S I S T E N C Y

C O U N T E R A C T  P H Y S I C A L 
S T R A I N

Vision / Goal Page 26
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A C T I V I T Y  C H A R T

The activity chart shows the different 
steps in the methods used for sowing.

One can clearly see how the process for 
manual seeding contains several ele-
ments and is more time consuming than 
the mechanical. In all methods, there is 
a risk of lump sowing and the precision 
is determined by the person or machines 
own intelligence.

The mechanized sowing process is effec-
tive but the risk of costly post process 

greater. The manual method is time con-
suming but the risk of post process is not 
as great if one is correct with the seed 
placement.

In order to make sowing an efficient 
methot for the future the risk of post 
process work must be eliminated. Today, 
post process work is recurrent in every 
method. Wich leads to a higher cost for 
reforestating land areas.

Costly
post process

Dense forest in 
need of thinning

Paid labour

Ri
sk

 o
f l

um
p-

so
w
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g

Paid labourArea plannerLand preparation 
machine

Land preparation + 
sowing machine

Logging

Ri
sk

 o
f l
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p-

so
w

in
g

machine

Land preparation + 
sowing machine

Paid labourArea planner

Reforestated 
forest
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Reforestated 
forest

?

Manual sowing

Semi manual 
sowing

Stupid labour

Seeds die

Seeds die

Dense forest in 
need of thinning Costly

post process
Paid labour

Costly
post process

Dense forest in 
need of thinning

Paid labour

Reforestated 
forest

Reforestated 
forest

Reforestated 
forest

Semi manual 
sowing

Stupid labour

Seeds die

Dense forest in 
need of thinning Paid labour



H O W  T O  S AV E  T I M E

Time is money and since the sales from 
biomass and timber services will almost 
double in the upcoming future time man-
agement is crutial.

Time is saved, as in every task by planning 
and preparing the work carefully in advanc 

and having consistensy while performing 
it.

I have studied activity charts and used 
interwievs to create a list of ways of sav-
ing time in the process of reforestating 
forest.

S T R AT E G I C A L L Y
A P P R O A C H  A R E A S 
Obstacles/ Bagging up the correct 
amount of seeds

M O V I N G  Q U I C K  A N D
S M O O T H

P R E V I O U S  K N O W L E D G E

N O T  H AV I N G  T O  M A K E
D E C I S I O N S

R E TA I N  C O N S I S T E N C Y

AV O I D  C O M P L E T E D  A R E S
Not having to move between microsites

How to save time Page 29



W H Y  M E C H A N I Z E ?

The mechanization in agriculture and for-
estry has had great development in re-
cent years. Remote-controlled machinery 
and drones have started taking place in 
the process. Tests and experiments show 
that remote control and robotics can do 
as good a job if not better than humans 
because of it’s ability to be consistent. 

The technology saves both time and labor, 
and the work is so precise that they can 
ensure a good end result.

Simultaneously with the new develop-
ment  of technology the cost has dropped.

N O T  D E P E N D E N T  O N
L A B O U R  K N O W L E D G E

H I G H  P R O D U C T I V I T Y

S Y S T E M AT I C  A P P R O A C H

A B I L I T Y  T O  M U L T I TA S K

E L I M I N AT E D  P H Y S I C A L 
S T R A I N

Why mechanize? Page 30



The functional analysis is based my vision 
and problem definition. It will be used as 
a tool to examine and question the execu-
tion of my future concepts. I will also use 
it as a basis to strive for higher levels of 
functionality.

The different demands is ranked with ei-
ther N (necessary) or D (desirable). And 
marked with PF (part function) or SF 
(support function). This creates a easy-
to-read ranking of functions.

F U N C T I O N  A N A L Y S I S

R E J U V E N AT E  F O R E S T

P L A C I N G  S E E D S  (N)

HU

HF

O P T I M I Z E  P R E C I S I O N  (N)

Minimize post process (N)

O P T I M I Z E  R E G R O W H T  (N)

Provide field assessment (Ö)

DF

SF

C O U N T E R A C T
P H Y S I C A L  S T R A I N  (N)

Enable remote management (Ö)
Enable mechanization (Ö)

SF

DF

SF

DF

S T R E A M L I N E D  P R O C E S S  (N)

Allow easy handling (N)

DF

M I N I M I Z E  L A N D  D A M A G E  (Ö)
DF

SF

Function analysis Page 31

AVA I L  N AT U R A L  R E J U V E N AT I O N  (N)
DF
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I D E AT I O N

During the ideation phase I used the research 
and the specifications to develop concept ideas. 
These concept ideas have an innovative height 
and have been evaluated against my contacts 
from the industry before the final the concept is 
carried out.



S TA R T - U P  B R A I N S T O R M

Brainstorming is a group or individual cre-
ativity technique which aims to find a con-
clusion for a specific problem.
Ideas are spontaneously contributed by 
its members. I put together a group of 
seven people from Umeå Institute of De-
sign. The goal was to start a generation 
of different ideas that I could continue 
to work against in my own ideation pro-
cess when creating future  scenarios of 
reforestation.

I asked the group tree rather open ques-
tions and gave them a time limit of 5 - 10 
minutes  on each question to sketch/
write down ideas on paper. The questions 
was:
“How can something move smoothly?”
“How can you place seeds?”
(Fastest/Most precise)
“How do you know that the seed is locat-
ed correct?” (Before you place it on the 
ground)

Drafts from the brainstorm

Start-up brainstorm Page 35



Personal brainstorm Page 36

P E R S O N A L  B R A I N S T O R M

Before evaluating the results from the 
start-up brainstorm I did my own personal 
brainstorm based on the same questions.   

This was to get additional ideas without 
being influenced by the others results.

INTERESTING

INTERESTING

INTERESTING

INTERESTING

INTERESTING



C O N C E P T  I D E AT I O N   /  F I R S T  E VA L U AT I O N

Based on  the group brainstorm and my 
individual brainstorming I started my Ide-
ation, focusing on different principles for 
an holistic solution. It resulted in five con-
cepts.

These principles was then evaluated 
by Urban Bergsten, Claes Fries, Jens 
Näslund and myself. After deciding on the 
principle I could start my form ideation. 

1 2

3 4

Concept ideation / First evaluation Page 37



Drone planning Page 38

D R O N E  P L A N N I N G

The area is scanned by the drone, which 
then sends data to the manager.
The data can be used to plan the scari-
fication/quantity of seeds/kind of seeds/
location/distance, etc.
The drone helps to create a precise plan-
ning of the area, wich will save time.

Measures with laser
> Provides topographic map
> Easy to measure the land and its conditions
Photographs surface
> Provides good overview of the ground and its veg-
etation
Automatic estimation > Give Tips to manager

Concept 1

Can fly lower than airplane or helicopter
> Possibility to measure information closer to the surface.
> Measure natural regeneration and be able to avoid these areas
    to get a natural regrowth. Drones are available in the market

> Professional equipment costs                 
    about 20 000 kr



Seeding guide Page 39

DIGITAL GUIDE

TRADITIONELL GUIDE

AUTONOM SÅDD

S E E D I N G  G U I D E

The person who sows in a manual way fol-
lows a guide during the work (similar to a 
GPS). The guide is supplied by the planner 
who used the data given by, for example, 
the drone to create surtain routes. The 
guide is linked to a computer program and 
updated continuously during the work. 

So you can see where you have been and 
should be heading.

> The person who sows do not need to take deci-
sions
> Seeds are placed correctly and the amount of 
seeds can be calculated before work started

Concept 2

Good tool for providing information about where you 
have been. That information is almost more important 
than where to go next



R E M O T E  C O N T R O L

A “monitor” is floating in the middle of the 
clearing site and acts as the “brain”. It’s 
either controlled entirely via a computer 
or a operator on site. It monitors/photo-
graphs/films and mark points (with laser) 
where the seeds should be placed. A sow-
ing robot then moves over the surface and 

follows the laser beams from the monitor 
and releases the seeds at marked points.

Autonomous work
> Can be controlled by a planner at a distance
> Can control multiple robots simultaneously
Works with concistency

Concept 3

Remote control Page 40

Needs to be an operator on site to monitor 
the process and maintain the robots.
> The robot can be in size so that a person  
    can push it up or move it if it’s stuck.

Ability to be used as a guide for 
the land preparation machine.

Very interesting concept!
> Combine with concept 1



Autonomous robot Page 41

A U T O N O M O U S  R O B O T

The area is defined in a program (possibly 
an app). A robot with caterpillar tracks 
then moves across the surface and drops 
seeds at a fixed distance, with a terrain 
analysis camera it moves across the area 
in a smart way.   Each track makes an im-
pression in the ground (waffle pattern) to 

bring the seed down a level in the soil (to 
reach the capilar water).

Mild land preparation
> Good treatment for the seed
Concistent work
> Efficient/accurate  > Independent

Concept 4

The footprint in the soil can 
help protect the seed.

Knowledge of the area is enough 
to get a good result.

Only neccesery for 
bare seeds.

Interesting technology
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M I C R O  S C A R I F I C AT I O N

A seeding robot sows and prepares the 
land on small surfaces. It moves over the 
area with a camera that scans the ground 
surface through a route. 
On the surfaces where the seeds should 

be placed the robot prepares the land, by 
scraping the surface (20x20) with shov-
el/blade and drops a seedpackage.

Assessment of surface > Gentle scarification

Concept 5

Interesting concept if the machine has enough 
power to treat different surfaces. No need for deep digging.



Chosen concept Page 43

C H O S E N  C O N C E P T

The selected concept I will continue to 
work with is a combination between “re-
mote control” and “micro-scarification”. 
The concept will consist of three compo-
nents: area monitor, seeding robot and op-
erator. The decision has been discussed 
with my collaboration partners and
supervisor. 

The technology to implement this is on 
the market and it is possible to put it in 
use today, at reasonable costs.

A concept such as this provides an oppor-
tunity to conduct a detailed pre-planning. 
Wich leads to the possibility of a new re-
generation method that takes the natu-
ral processes in the forest into account. 
Something that is set in my goals and in 
the Swedish environmental goals.

The function list below shows the con-
cepts fulfilled functions towards my vi-
sion and my requirements.

Optimize precision   N
Optimize regrowth   N
Counteract physical strain  N
Enable remote management  Ö
Provide field assessment  Ö
Streamlined process  N
Enable mechanization  Ö
Minimize post-process  N
Minimize land damage  Ö
Avail natural rejuvenation  Ö
Enkel att hantera   Ö (The concept requires prior knowledge of the operator)



A R E A  M O N I T O R

> “The eyes”.
> Measure: area, topography, surface    
    properties, natural reforestation aeas.
> Send information to the operator.

S E E D I N G  R O B O T

> Follow instructions.
> Scarifies the land (20x20) and  
    place seeds.

O P E R AT O R

> Read information from the       
area monitor.
> Decides on placement, route
    and tree type based on
    information.
> Maintain the robots on site.

D E V I C E
Tablet or similar smart device.

Chosen concept Page 44



Technology seeding robot Page 45

T E C H N O L O G Y  -  S E E D I N G  R O B O T

TRACKS
The seeding robot will use tracks to move 
around the surface. There are many ad-
vantages of tracks even though the cost 
of wheel verses tracks are smaller.
Tracks are able to distribute the weight 
over a larger area, and by that reducing 
the pressure on the ground. It’s more suit-
able for softer grounds then wheels.
The high traction of the tracks makes it 
approach obstacles better than wheels. It 
can for example move over wet surfaces 
like snow och concrete.

In order to achieve maximum grip and 
maximum balance in the terrain a solu-
tion is to have 4 tracks or/and a jointed 
machine preferable to a compact machine 
with 2 tracks. You then have the option 
to use different amounts of force on dif-
ferent tracks to get around obstacles, but 
also to stabilize the machine with differ-
ent ground pressure.

Example of a jointed machine:
https://www.youtube.com/watch?v=zpbQeSGBR10

BATTERY DRIVEN
The seeding robot will be powered by 
battery. The type of battery I had in mind 
is the type used in newer electric cars 
such as Tesla or BMW i3. The range of a 
battery in a BMW i3 is about 300 kilom-
eters, other energy losses is included in 
that range such as air conditioning etc. 
Tesla has a range around 350-460 kilo-
meters. I’m making an assumption here 
that the batteries have enough power to 
handle a working day of 8 hours of work 
for my seeding robot. If the battery runs 
out, there will be an operator on site to 
replace it 

if necessary. Optionally the equipment 
can be maintenance charged during trans-
portation by linking it into the car or truck.

The choice of using battery as a power 
source is based on that a battery emits 
no carbon based emissions during oper-
ation  and it’s silent. Something that is 
suitable for an environment in the forest 
where different types of animals lives. 
Most common battery in today’s electric 
cars is a lithium-ion accumulator.



S E E D  H A N D L I N G

After a discussion with Urban Bergsten, 
professor at SLU, a teardrop shaped seed 
sack is a good option for precision place-
ment and treatment of the seed.
The teardrop shaped sack consists of a 
dissolvable paper filled with a pressed 
mineral soil mass and two fixed seeds. 
The shape makes it land correctly on the 

ground and cover the surface terrain re-
gardless of surface type. 
“The seed sack” will build on the same 
principle as the SeedPad but designed in 
a softer and more mobile sack. It will give 
equally good conditions for the seed to 
grow and survive.

Technology - Drone / Seed Handling Page 46

T E C H N O L O G Y  -  D R O N E

BATTERY DRIVEN
The unmanned aerial vehicle (UAV), com-
monly known as a drone is a remotely 
piloted aircraft/helicopter, in my case 
controlled by the operator on site. It will 
be designed function wise towards a hel-
icopter. It is powered by the same batter-
ies as the robots how

ever in smaller size. The smaller sized 
battery doesn’t mean that the working 
time decreases drasticly since the drone 
doesn’t requires as much power to func-
tion as the robots.



F O R M  E X P R E S S I O N S

Before I started my sketch fase I need-
ed to create moodboards to visualize 
different design expressions that I 
could strive for in my sketches. I cre-
ated three moodboard symbolizing dif-
ferent areas. Each moodboard has an 
explanaition and two extra describing 
words. Each word represents a shape, 

a material or exempl a color choice 
that I want to implement my concept.

These moodboards is used as refer-
ence during my sketchfase and also 
to evaluate around later in the sketch 
phase.

Form expression Page 47

S T R U C T U R E A E S T E T H I C C O L O R  &  T R I M



S T R U C T U R E  M O O D B O A R D

Clear center of gravity and protective surfaces to create a reliable expression.

Thoughtful transitions between materials/surfaces to get balanced proportions.

R E L I A B I L I T Y
B A L A N C E

Structure Page 48



A E S T H E T I C  M O O D B O A R D

Dynamic and calm shapes with defined surface transitions.
Intellegent structures and visibility of significant functions. I N T E L L G E N T

Aesthetic Page 49

D Y N A M I C



C O L O R  A N D  T R I M  M O O D B O A R D

High visibility and fast identification of functions.
Visible and intuitive indication of technology and construction.

V I S I B I L I T Y
D E TA I L I N G

Color & Trim Page 50



Form ideation robot Page 51

FRONT
Soft round and pinched shape BACK

Raised rear part (battery)

RELIABLE

DYNAMIC



F O R M  I D E AT I O N  R O B O T

I started by sketching side views to get a 
sense of the expression for the machine. I 
then tested some of them in foam to get 
the a volume and a 3 dimensional on my 
expressions. The 3 dimensional shapes 
then gave me a direction to sketch fur-
ther on. I evaluated the sketches and con-
cluded that everything that is based on 
geometric and equilateral profiles feels 

stable and reliable. Splitlines and separa-
tions feels intelligent and shows several 
functions. The protective surfaces make 
the product reliable and durable.

The sketches have been evaluated with a 
group of people and markings around the 
sketches show the parts that were worth 
to combine into a final shape.

Form ideation robot Page 52

Reliable

Intellegent

Balanced

Neutral

Agile

ReliableReliable
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P R O P O R T I O N S  R O B O T

After I had decided on shape and profile 
I created a simple profile in CAD to test 
splilines and material substitutions in 
order to see the proportions on the body. 
The selected consists of a stable base 

that is moving up on the side to give an 
embraced expression. The battery is lo-
cated on top and is also slightly enclosed 
by the base. On top of the surface is a 
split to separate the cover from the body. 

Gives a stable 
impression with 
the black base 
coming upp on the 
side of the body. 
Overall proportions 
feels balanced.



F O R M  I D E AT I O N /  P R O P O R T I O N S  D R O N E

I have chosen to use a four-armed drone 
as they have good stability and a smooth-
er and more stable expression. The drone 
uses form elements from the robot to 

create cohesivness in the concept. With 
color and proportions it should express 
durability and stability yet lightness and 
intellegence.

Form ideation / Proportions drone Page 54

F O R M  I D E AT I O N /  P R O P O R T I O N S  D R O N E

Balanced

Intellegent

Feels resistant 
with a black base 
coming upp on the 
side of the body.
Creates contrast 
to the environ-
ment.
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FRONT

K E Y  S K E T C H E S

These key sketches summarizes the 
details and forms that I’v sketched and 
evalueted during the sketch phase. They 
express what I wanted if you look back 
on my moodboards: reliable yet dynamic, 
intellegent and they make you courious.

This sketches are the basis for my CAD.
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TOP

SIDE



R H I N O  C A D

When I had the different profiles set I 
could start the work in Rhino to get a 3 
dimensional shape to work with. At this 
stage it was clear that some parts of the 
model had to be tweaked in order to get 
the expression I was looking for. In this 

step I also added the technical parts, 
such as the scarification wheel, the joints 
between the body and the tracks and the 
cylinders inside the tracks.
I experimented with different details and 
ad-ons that would benefit the koncept.

Rhino CAD Page 57
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M E A S U R M E N T S

The robot has a size range of 1900x1100 
mm this allows the operator to perform 
simple and short interactions with the 
robot. For example, if the robot would 
have bogged down in a ditch and requires 
a nudge in the right direction. The robot 
does not exceed the dimensions of a 
standard trailer because the idea is that 

the robots are transported with trailers or 
an other cargo solution.

The drone have the dimensions of 
500x500mm this to be easy to handle 
and carry for one person, the operator on 
site.

1900

1300

1100 700

500

150

650



Color palette Page 59

SELECTED
COLOR PALETTE

FOREST COLOR PALETTE
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C O L O R

The product should be visible in the en-
vironment it performs in but still express 
solidarity with the environment. It must 
be clear that the product belongs to the 
forest and not water for example.
If you examine the forest’s own color 
scheme it varies in dark/deep warm 
colors from yellow to brown to green.
I’ve chosen to go with a dark green/black 

color in contrast to a light gray almost 
with color. And for special features and 
functions use a bright green to stand out 
from de calm and dark forest. The green 
creates a more intuitive product and 
shows important part. 
Below is a set of different color combi-
nations to explore balance in order to get 
the right expressions in the product.

Nice balance 
of color. Green 
indicates function, 
the dark base 
gives a stable 
impression and the 
use of white color 
give it a sense of 
innovation.

Nice use of color. 
Green indicates 
function and form. 
The color balance 
makes it visibile 
from a distance.
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C H O S E N  C O L O R I N G

The selected color scheme reflects my 
vision and makes the product show inno-
vation and strenght.
Dark and muffled tones cover the bottom 
part which then extends up the side to 
provide an embracing and stable expres-
sion. A matte rubber mat covers the “bel-
ly” for a sustainability.
Details are colored in the bright green 
color to indicate function or interaction. 
The top part of the product is covered in a 

light grey tone to create contrast against 
the dark ground.

The drone will also have a dark bottom 
part to create contrast against the bright 
sky and vice versa. Details and features 
will be colored in the bright green.

The color combinations are fresh and rich 
in contrast. They show the product as an 
innovative new product on the market.

BASE/BATTERYDETAIL DETAIL TOP COVER BODY





F I N A L  R E S U L T

In the last phase I reveal the final form and con-
cept. I describe the features in a simple and 
comprehensible way and also demonstrates the 
concept in its proper context with a scenario.
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V I S I O N  2 0 3 0

My vision for the future forest industry 
2030 consists of a holistic solution that 
allows for a thought out and calculated 
reforestation with the goal of keeping the 
forests natural properties in mind.

My vision consists of three parts. A plan-
ning tool that sends responsive informa-
tion to an operator who then takes the 
important decisions about the reforesta-

tion. And finally a seeding robot that car-
ries out the work in a consistent and ef-
fective manner. how many robots that are 
working depends on the size of the area.

With this concept, I hope to open the eyes 
of the forest industry, which has been 
standing still in progress and need to take 
a step forward in order to meet the future 
demands awaiting.

F U T U R E  F O R E S T S
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Transparent window
To see amount of seeds left in container

Seed container

Handle
For shorter interaction
with the robot

Rubber cover
For extra protection

Front light
Illuminates when active

Flexible tracks
For optimal balance

Camera equipment
For analysing the ground

Feet
For landing on the ground

Propeller
Lightweigt

Antenna
For connecting to the interface

Light indicator
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Antenna
For connecting to the operator

Electric plug
For chargin of the robot

Battery
Rechargable and replacable

Scarification wheel
For shallow landpreparation

Axis
Flexible for
optimal balance

Rear light

In these pictures you can see the final 
product with comments on functions and 
components.
To implement this concept would not be 
a huge step into the future, much of the 
intended technology is available ont he 
market, and has also been tested in var-
ious pilot projects. The biggest transfor-
mation would take place among the us-

ers, to dare to take the step into a new 
path in their forest aWpproach. What is 
seen as a huge opportunity right now is 
that a clear generational shift is taking 
place. Younger forest owners is taking 
over the forest from parents or grand-
parents. This younger generation is much 
more familiar with modern technique, and 
probably more open to change.

F U N C T I O N S  /  U S E R S
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P R O P O R T I O N S

On the picture you can see a comparison 
of scale and proportion. The robot and 
drone is set up against an average man, a 
larger car (a model often used in the for-
est) and a tree. The idea is that the oper-
ator should be able to interact with both 

the robot and the drone. With the robot 
the idea is simpler interactions such as 
helping it out of a pit or push it in the right 
direction if it gets stuck. The drone is 
manageable for one person and can easily 
be carried.
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Soil preparation is carried out on the spe-
cific points determined by the operator. 
These spots is suitable for the planting of 
trees according to the analisys. The ma-
chine starts by lowering the wheel until 
the robot senses with a simple sensor 
when it has reached the ground.

The wheel then starts its rotation and 
begins to scratch the surface of the hum-
mus layer. A constant ground pressure is 
maintained during rotation to ensure a 
good preparation of the surface so you 
reache the capillary water.

S C A R I F I C AT I O N

SCARIFICATION WHEEL
Raised and lowered
with on a rail
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The robot makes its way with four small 
tracks. The tracks contributes to a good 
distribution of weight and is very suitable 
for soft ground surfaces. It also provides 
stability and balance to the product when 
in progress.

Each track is driven by its own engine, 
this makes it possible for the robot to 
turn almost around its own axis. When 
doing this the engines various in amount 
of force used on the different tracks. 

M O B I L I T YM O B I L I T Y



T E C H N I C A L  R O B O T

As I mentioned before the robot is driven 
by rechargable batteries. Each track has 
its own motor placed in the cylinder join-
ing the track to the body. The joints of the 
tracks moves in two different directions, 
x and z direction. It makes the machine 
able to stay balaced om bumpy surfaces.
When performing the seeding process the 
robot starts the scarification wheel with 
the help of a seperate motor and low-
ers it to the ground. When touching the 

ground the wheel starts to spin. To place 
the seeds a lid is open on the pipe behind 
the wheel that lets one sack of seeds out 
at the time, this requires a small motor 
right next to the lid. The seed container 
is leaning down towards the opening. To 
make sure one sack of seed is released at 
the time a seed sack is first placed into 
a small box that then releases that single 
seedsack when needed.
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T E C H N I C A L  R O B O T

SEED CONTAINER
Holds about 500 seeds

Motors

Angled floor

Slide-opening
Releases one seed at the time

Track motors
Battery



T E C H N I C A L  D R O N E

The technology to measure distances 
with small cameras in high quality phots 
is about to come to market. Proffessor 
Shafiq Ur Rehman is one of those right 
now that are developing a technology 
that makes it possible to measure dis-
tances at a pixel level of a picture with 
a regular camera phone. In this way one 
can recieve information about for exam-
ple small natural regeneratet areas as the 
drone is able to get closer to the ground 
to shoot. In addition to the camera a laser 

pointer is installed in the drone, it creates 
a topographic map in the software where 
you can get information on soil proper-
ties. The laser sends out rays at a steady 
pace, which then sends information about 
the distances when the beam has hit the 
ground.

The body also contains of a rechargeable 
battery, a transmitter and a motor to run 
the propellers.
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T E C H N I C A L  D R O N E

The technology to measure distances pointer is installed in the drone, it creates 

Camera equipment

Lens

Battery

Antenna

Lens protection

Light indicators
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Information from the drone and execut-
ed actions and planning by the operator 
is collected in this interface. The idea is 
that the interface either can be operated 
on a smart tablet or computer.

What you see on the image to the right is 
an example of how the interface can be 
designed.

The main task for this interface is to en-
able a thorough and easy planning of the 
area for the operator.
Information from water maps (which 
gives a picture of how water flows in the 
soil, thus giving wet / dry areas), and area 
maps are stored in a database. These are 
included in the analysis made of the area 
before planting is carried out.

The drone perform measurements with la-
ser and camera and collects information 
on natural regenerated areas and land 
surfaces. Combined with the information 

in the database, an analysis can be per-
formed.

With this information, the operator can 
see if for example, there are areas that 
should be avoided or treated differently. 
This makes it easier for the operator to  
plan what kind of tree sort to be planted 
and were to contribute to a diverse forest.

It also allows for a calculation of the 
costs in advance and an estimation of ex-
actly how much seeds need to be placed, 
so as little seeds as possible is wasted or 
positioned incorrectly.

If the operator does not have much 
knowledge and feel unsure about decid-
ing everything manually the software can 
provide an automatic assessment and 
implementation. 
There are also stored history available, 
where you can see the actions been per-
formed in earlier stages.
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I N T E R FA C E

STORED
INFORMATION:

-Water maps
-Area maps

-History

GIVEN
INFORMATION:
-Surface area 

measur-
ments (topography)
-Pixle measurments

GIVEN
INFORMATION:

-Area size

PROVIDES
ANALASYS:
-Surface/area properties
-Automatic assessment
-Cost estimation

ACTION:
-Planned execution

From operator

From drone
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E X E M P E L  P Å  U T -
F O R M I N G
2  F Ö R S L A G
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S C E N A R I O

My concept has specified the method of 
reforestation in the planning stage and 
streamlined the execution of reforesta-
tion through a mechanization.

Here I will explain with pictures and text 
how the process works and what steps 
you go through to perform a new kind of 
reforestation.



S C E N A R I O  S T E P  1

1. Logging or decisions to reforest the 
area has been taken.

2. A plantation leader is put as responsi-
ble for the reforestation.

3. The planting leader uses the drone to 
make an analysis of the area.

4. The planting leader receives data and 

can process it right away or at any other 
place and prepare for reforestation.

Optionally, the operator can choose to go 
out with all the equipment directly to the 
site to analyze and then instantly sow, 
this would be more feasible with a small-
scale site.
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S C E N A R I O  S T E P  2

5. An operator takes the robots to site 
and can self-manage the loading and un-
loading.

6. Before the robots move to the reforest-
ation area they are filled with seeds and 

undergoes a simple control.

7. The robots are manoeuvered with a 
simple tool in the interface or automati-
cally via a preset destination in the inter-
face.
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S C E N A R I O  S T E P  3

8. The robots is started at the site and 
begins to  reforestate after the planned 
route and instructions.

If the area is large and it’s a extensive 
project there may be a good idea to use 

several robots and use the drone as “the 
eyes” to keep track of all components.

9. When the process is complete, they are 
loaded back on the truck and taken back 
to the company.
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M O D E L M A K I N G

The final model is built in a scale of 1: 4
A basic model has first been made in yel-
low foam to confirm the 3 dimensional 
form. Subsequently, the product has been 

drawn up in CAD and sent to milling and 
3D printing. Other details are lathe and/or 
created by hand.
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C I TAT I O N

Vi i skogen:
http://www.viskogen.se/foretag/klimatkompensation/fragor-och-svar/
Zero Mission:
http://www.zeromission.se/faq/skogsprojekt/
Wikipedia:
http://en.wikipedia.org/wiki/Reforestation
http://en.wikipedia.org/wiki/Tree_planting
Miljömål:
http://www.miljomal.se
http://www.miljomal.se/sv/Miljomalen/12-Levande-skogar/
SkogsSverige:
http://skogssverige.se/skog/fakta-om/den-svenska-skogen
http://skogssverige.se/kategori/skogsplantering
http://www.skogsstyrelsen.se/Aga-och-bruka/Lagen/Skogsvardslagen/
Skogsstyrelsen:
http://www.skogsstyrelsen.se/sv/
http://www.skogsstyrelsen.se/skogsskotselserien
Sveaskog:
http://www.sveaskog.se
http://www.sveaskog.se/om-sveaskog/var-verksamhet/om-vara-skogar/
Tree-Planter:
http://www.tree-planter.com/?navigation_id=90&page_id=196&article_id=332&page=1
http://www.tree-planter.com/?navigation_id=90&page_id=209&article_id=642&page=1
NoltFox:
http://noltfox.metla.fi/nordic.htm
Forestry tools:
http://www.forestrytools.com.au/index.php?id=27
Rain:
http://www.rain.org/global-garden/soil-types-and-testing.htm
Sensors:
http://www.mdpi.com/1424-8220/14/2/2911/htm
Boston Dynamics:
http://bostondynamics.com/index.html

Relaterade artiklar:
http://www.dn.se/nyheter/vetenskap/dronare-och-forarlosa-ubatar-hjalper-forskar-
na-att-forsta/
http://news.cision.com/se/elmia-wood/r/gps-och-dronare-kan-forbattra-skogsplant-
eringen,c9417836
http://www.sveaskog.se/press-och-nyheter/nyheter-och-pressmeddelanden/2013/
vaxande-skog-en-klimathjalte/
http://skogen.se/nyheter/okat-intresse-for-skogssadd
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C O N TA C T S

Urban Bergsten, SLU
Proffessor in Forest Biomaterials and Technology

Cleas Fries, Skogsstyrelsen
Silviculture specialist

Skogstekniska klustret
Founding

Jens Näslund, Husqvarna
Supervisor

Hans Winsa, Sveaskog
Seedpad

Stefan Mattsson, Sveaskog
Silviculture specialist

Martina Eriksson
Forest planter

Erik Jung
Forest owner, Södra skogsägarna

Reports:
“Regeneration in continous cover forestry systems” - Charlotta Erefur
“Concepts for mechanized tree planting in southern Sweden” - Back Tomas Ersson
“Sådd av tallfrön med vattenryggsäck: En laboratoriestudie” - Carolina Sundin
“Landpuck- systemets ekonomiska konkurrenskraft jämfört med tallplantering i norra 
sverige” - Ragna Wennström
“Comparison of sivilcultural regimes of lodgepole pine in Sweden 5 years after precom-
mercial thinning” - Kristina Ahnlund Ulvcrona, Lars Karlsson,
Ingegerd Backlund, Urban Bergsten
“Harvesting in the Boreal Forest on soft grounds” - Jeanette Edlund
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