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Abstract9

The article describes the design and implementation of a computer based

industrial system for production of saffron. The proposal is based on an au-

tomated greenhouse with temperature, light and irrigation control together

with harvesting and stigma separation devices. The harvesting device has

been specifically developed using scalability properties and computer vision.

The greenhouse is designed to increase the crop density if required generating

a more sustainable and continuous production. The main advantages of the

proposed method are as follows: the harvesting of the saffron flower and the

procedure to get the stigmas are carried out in the same process; the green-

house allows to significantly extend the flowering time of the saffron plant;

and higher productivity per worker and per planting area is achieved. In

order to show the feasibility and applicability of the proposed approach, real

experimentation has been carried out for the extension of the flowering time

and for the harvesting flowers and stigma separation devices and successful
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results have been obtained.

Keywords:10

harvesting device; scalability design; computer vision; saffron production.11

Highlights:12

· Cost of saffron production is mainly due to labor cost13

· Production costs can be reduced using automation techniques14

· Saffron production can be brought back to Europe15

· Saffron flowering time can be extended from 5 weeks to 3 months16

1. Introduction17

1.1. Basic concepts about saffron18

Saffron is an ancient spice that comes from the dried stigmas of this19

plant. Saffron is one of the world’s most expensive spices for decades and20

its cultivation is one of the oldest agricultural activities. It has a very high21

price per kilogram (Skinner et al., 2017), not so much for its cultivation22

difficulties but because flower pickup and stigma separation is usually carried23

out manually which is laborious and low in efficiency.24

The conventional cultivation method is based on plating saffron25

corms (Sampathu et al., 2009). Saffron plant grows between 10cm to 25cm26

height and has a spherical corm with a diameter of 2.5cm to 3.0cm. Usually27

Abbreviations: FIFO, first-in first-out; AF, artificial flower; CRF, closed real flower;
SRF, semi-closed real flower; ORF, open real flower; CBS, conveyor belt speed; FA, flower
angle; DI, default illumination; AI, adjusted illumination; fpmr, flowers per minute and
row; AVG, average value; and STD, standard deviation.
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one to five flowers bloom for each corm. Each flower has six violet petals28

and three Pantone red stigmas. The dried stigmas, i.e., the saffron, have an29

intense aroma.30

The saffron crop experiences four periods:31

• Vegetative period : The corm developing starts at the end of autumn and32

continues during the whole winter. This period will mainly determine33

the final size, quality and number of flowers per plant.34

• Reproductive period : This period occurs in the first month of the spring35

season and is the most critical phase for the saffron plant development.36

• Dormant period : This period typically starts in the second month of37

the spring season when the temperature is high.38

• Flowering period : This period starts at the end of the summer and ends39

with the emergence of the saffron flower, which requires days with short40

photo-period of less than 11.5 hours to blossom and a low temperature,41

typically between 10◦C and 15◦C.42

The corm planting is typically carried out in the second part of the spring43

season. Then, the saffron production undergoes a four-year cycle (Rubio Ter-44

rado, 2007). After these four years, the cycle begins again planting new corms45

and it is also convenient to consider soil fertility restoration (Lal, 2015). The46

corms multiply every year to such an extent that around five new corms47
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are obtained from each planted corm (Mollafilabi et al., 2012). Lifting and48

separation of corms allows replanting them (Hill, 2004).49

The degree of human intervention regarding the corm managing is quite50

automated and can be partly performed with farm vehicles (tractors), mecha-51

nization methods and specialized tools (Mohammadh, 2006). However, both52

the saffron flower harvesting and the stigma separation from the rest of the53

flower is still performed manually. In this sense, the latter is the most deli-54

cate part of the process (Souret and Weathers, 2008) since the flower must55

be cut in the right position to get the desired quality, i.e., the lower part of56

the stigmas must not be included to have the highest saffron quality.57

Nowadays, the human work required to produce saffron with the tra-58

ditional method is approximately 1.200 hours in average per hectare and59

per year (Rubio Terrado, 2007), where 865 hours (72%) are required for the60

flower harvesting and the stigma separation process. The average produc-61

tion of dried or roasted saffron is between 10 and 15 kg per hectare (Agrifood62

Statistics Yearbook, 2019), which means between 1.0 and 1.5 million flowers63

per hectare that are harvested in a period between 30 and 35 days.64

1.2. Automation of saffron production65

Although the use of pots and other containers for saffron production is not66

new for agronomic trials (irrigation, fertilization, etc.) and small farms, its67

use is not common for large-scale saffron farming. For instance, the Spanish68

company “Azafranes Machuela SL” has recently proposed the use of bins for69
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saffron production, see https://www.youtube.com/watch?v=8iRM9a92sq8.70

These bins consist in prismatic containers made with wooden boards of71

around half a meter in height and an area of 0.6 m2. The main advan-72

tages of this approach are as follows: ergonomic improvement for saffron73

flower harvesting; reduction of the cropping; better management of plant74

diseases, weeds and pests; and the possibility of water-control (irrigation and75

drainage).76

The automation of saffron production could benefit from the results pre-77

sented by Molina et al. (2004a), Molina et al. (2004b) and Molina et al. (2005)78

about the role of temperature, humidity and illumination in the development79

of the saffron plant and flowers. In particular, Molina et al. (2004a) conclude80

that: temperature is the main environmental factor for the saffron flowering;81

sprouting could be accelerated by a short curing at 30◦C; shoot growth occurs82

at any temperature between 1 and 30◦C although the optimal temperature83

for shoot growth is 23-25◦C, which is also optimal for flower initiation; and84

the optimal temperature for flower emergence is 17◦C, which is markedly85

lower than for organogenesis.86

Several devices have been independently proposed in the literature to au-87

tomate and improve specific tasks of saffron production (harvesting, pruning,88

etc.), although none of them is focused on solving the global problem of in-89

dustrial saffron production. For instance, Garvi (1987) presented a Spanish90

patent proposing a device to automatically produce the saffron, although91

the description is vague, imprecise and incomplete. Bertetto et al. (2010)92
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and Bertetto and Ricciu (2012) proposed a manual device for harvesting and93

separating the stigmas as a tool to enhance deprived regions of the Mediter-94

ranean Sea, but the device is far from being an industrial solution. Finally,95

Melidis and Vatterott (1984) proposed an apparatus for harvesting the bloom96

parts of crocus flowers, although the flowers must be manually placed on a97

particularly adapted conveyor belt.98

1.3. Proposed method99

The method proposed in this work tackles the global problem of saffron100

production, providing a fully automated system with scalability properties.101

The proposal is based on an industrial farming area that includes: a green-102

house with temperature, light and irrigation control; conveyor lines to move103

the trays of saffron plants inside the planting area; an automatic harvesting104

device based on parallelization principles and computer vision; an automatic105

stigma separation system; etc. This work also proposes to extend the flower-106

ing time of the saffron plant from 5-6 weeks for the traditional method (Skin-107

ner et al., 2017) to 12 weeks using the information provided by Molina et al.108

(2004a), Molina et al. (2004b) and Molina et al. (2005), which helps to in-109

crease productivity and to amortize of the machinery and facilities of the110

proposed approach.111
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2. Material and methods112

2.1. Overview of the industrial crop system113

This work presents a method to industrially produce saffron. The process114

starts planting the corms extracted from a set of cold chambers in planting115

trays using previously prepared soil. Then, the trays are stored in a green-116

house where temperature, light and irrigation are controlled remaining there117

until the flowering time. When flowers of a planting tray have bloomed, they118

are cut and sent back to the storage area of the greenhouse waiting to a new119

group of flowers. The cut flowers are sent to the stigma separation device,120

where petals are removed. This is repeated until the last flower is cut, then121

corms are lifted from the planting trays and they are sent again to the cold122

chambers. If cycle of years is covered, corm division is performed before123

introducing them into the cold chambers. Finally, the process starts again.124

Corms can be easily forced to stretch on saffron production up to 12125

weeks by following the guidelines described by Molina et al. (2004a), Molina126

et al. (2004b) and Molina et al. (2005). Obviously, the production could be127

stepped along the whole year by controlling the four periods of saffron crop,128

e.g., an artificial winter could be generated in summer, although it would129

probably be too much expensive to make saffron production profitable.130

2.2. Design of the industrial greenhouse131

The industrial greenhouse proposed in this work is based on the design132

shown in Fig. 1. This figure represents the storage and growth area as the133
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place where a set of planting trays are gathered. This storage and growth area134

is formed by a set of conveyors that have the same length and are arranged135

parallel one to another. The arrows indicate the forward movement direction136

of the trays that contains the corms. The trays are stored in this area while137

the corms produce saffron flowers. This area can be implemented in one or138

more storeys to increase the plant productivity. In case of multiple storeys,139

horizontal and vertical space between transport trays should be left in order140

to allow the natural light pass through and to allow flowers grow freely. The141

crop density in this case could increased if needed (e.g. with two, three or142

four storeys).143

Following the visual description of Fig. 1, the trays are extracted by144

a transfer mechanism from the storage and growth area to be sent to the145

cutting device through the feed conveyance line. Once the trays are processed146

(flowers are cut), they are sent back to the storage and growth area. The147

extraction and insertion movements of trays are obtained using a group of148

conveyance lines specially designed to create a closed circuit with a first-in149

first-out (FIFO) topology.150

When trays of the greenhouse are not moving, corms are stored to favor151

flowers growth. When there is a tray with one or more flowers that must be152

cut, the tray is extracted transferring it from the storage and growth area to153

the feed conveyance line and then sent to the cutting area. In the cutting154

area, a set of cutting units automatically receive the trays in order to cut155

the flowers and a group of suction conducts bring them to a separation tank.156
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The trays are provided with wheels in order to allow easy forward linear157

movements. Conveyance lines are equipped with a chain and an electrical158

actuator to move several trays at the same time. In this design, the tray159

extraction is performed by a transfer mechanism.160

In the case that a tray in the middle of the storage and growth area has to161

be processed (cut), other containers can pass through the feed conveyance line162

avoiding being processed by the cutting unit. This allows a sequential access163

to any container when needed. To increase the performance of the system in164

long term, a selection of the most productive corms could be implemented165

so that the best of them could be used in the next season rejecting the less166

productive ones. To do so, each planting tray is marked with a barcode, a167

RFID label or an equivalent device. The cutting machine is continuously168

counting the number of flowers generated by each corm (in each planting169

tray) and, after the season, the most productive corms are selected.170

The greenhouse is provided with an automated system to control irriga-171

tion, humidity, illumination and temperature in order to facilitate the saffron172

continuous production (Deng et al., 2018). The cutting devices need an ab-173

solute lack of leaves and the leaves can be eliminated by controlling the174

humidity and rain over the corms (Negbi et al., 1989).175

2.3. Mechanical design of the parallel harvesting device176

The purpose of this device is to detect the saffron flower directly from177

where it is planted and cut it at the right position. Modularity, paralleliza-178
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Figure 1. Representation of the farming area as an industrial plant. This
greenhouse allows growing flowers, harvesting them and separating stigmas as
end product. A detailed description of how it works can be seen in
https://www.youtube.com/watch?v=5qZA0CsAEAE
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tion and scalability properties have been the requirements for designing this179

element of the system.180

The harvesting device is made up of a set of cutting units, see Fig. 2, that181

are fed by the saffron flowers hold in trays, where containers distributed in182

rows and columns hold the corms. The harvesting device is provided with a183

conveyor line for carrying trays, where they are configured and aligned in the184

direction Y-Y’ shown in Fig. 2, transverse to the forward movement direction185

X-X’ of the referred conveyor line. Each cutting unit is equipped with an186

image sensor (see camera [c] shown in Fig. 2) and a processing unit that187

computes the cutting height for each flower as they move. A background188

panel (see [g] in Fig. 2) is located opposite to the image sensor in order to189

prevent the camera to detect the rest of the flowers arranged in the viewing190

direction of said camera.191

Each cutting unit is equipped with a cutting element (see [e] in Fig. 2)192

movable in height and configured for cutting the flower as it moves at the193

height computed by the processing unit of the image sensor. Once the flower194

is cut, a suction conduct (see [d] and [i] in Fig. 2) gets the flower (stigmas195

and petals) and sends it to the classification tank. A runner (see [b] in Fig.2)196

is configured for tilting the stalk freshly cut by the cutting element so that197

it does not obstruct the view of the cameras of other shifted cutting units.198

Figure 3 shows a representation of the harvesting device with199

8 cutting units using a parallelization scheme to increase productiv-200

ity, i.e., each flower row is cut by a cutting unit, see the video201
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https://www.youtube.com/watch?v=G6dw42XE4do for a visual description202

of a 5 cutting parallel units device. The cutting units are consecutively203

shifted according to the forward movement direction X-X’ such that one and204

the same row of flowers of the container are cut progressively. Note that the205

number of cutting units can be modified to adjust its features to the required206

production. Note also that the proposed parallelization allows to configure207

the device to get the desired productivity without changing the speed of the208

transport system.209

The implementation has been carried out using a linear actuator to mod-210

ify the height of the cutting discs that will cut the flowers. The motors that211

move the cutting discs rotate at different speeds (speed of the cutting disc212

above must be lower than that of the disc below) so that the circular cutting213

blades perform a clean and precise cut.214

In order to calculate the cutting position, a MiniPC is used to process215

the image acquired by a color camera, whereas a voltage regulator is used to216

control the luminance of a fluorescent lamp equipped with electronic ballast.217

2.4. Image processing program218

Computer vision has been recently used with success to improve the au-219

tomation of many agricultural tasks, e.g., see Onwude et al. (2018); Patŕıcio220

and Rieder (2018); Satorres-Mart́ınez et al. (2018); and Wan et al. (2018),221

among others. In this sense, this work proposes a computer vision algorithm222

running in the processing unit (MiniPC) in order to compute the cutting223
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(a) Cutting unit and flowers emerging from the container with corms. The container moves
along the direction X-X’ towards the cutting unit. Depicted elements are: [a] corm container;
[b] runner; [c] image sensor; [d] suction conduct inlet; [e] cutting elements; [F] flower/s; [g]
panel to block the background view; [h] linear actuator and [i] suction conduct outlet.
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(b) Cutting unit and flowers emerging from the container with corms. The container moves
along the direction X-X’ towards the cutting unit. Depicted elements are: [a] corm container;
[b] runner; [c] image sensor; [d] suction conduct inlet; [e] cutting elements; [F] flower/s; [g]
panel to block the background view; [h] linear actuator and [i] suction conduct outlet.

Figure 2. Mechanical design of the cutting unit.
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SIDE VIEW FRONT VIEW

TOP VIEW

runner (b)

Figure 3. Parallel harvesting device with the key elements: a conveyor belt leads the
corm container or tray [a] through the device; a runner [b] is configured for tilting the
stalk freshly cut by the cutting elements [e] so that it does not obstruct the view of the
rest of the image sensors [c]; additional depicted elements are: [d] suction conduct, [F]
saffron flowers and [i] suction conducts.
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height for each flower. It has been developed using the OpenCV library due224

to its popularity and versatility. A black background is used to make easier225

and faster the segmentation task. The Fisheye Camera Model module of226

OpenCV library (cv::fisheye) has been used to avoid barrel distortion in the227

acquired image. Moreover, the relationship between the image plane distance228

and the real distance has to be known and therefore, a calibration process229

has been performed.230

Once the image is acquired, it is converted from the RGB color channel231

to the HSV color channel using the cvtColor function (included in OpenCV).232

Then, a segmentation based on color is performed to discard the background233

and some parts of the cutting module. The resulting image is thresholded234

using the inRange function, obtaining a binarized image. On this image,235

dilating and erosion filters are applied to eliminate noise. After that, the236

entire matrix image is searched to find groups of pixels. The group that237

meets the size requirements will be identified as a flower. On this group of238

pixels a circle and a line are drawn at the height specified by the machine239

operator (this parameter is called Offset). The line represents the height240

where the flower will be cut. This operation is shown in Fig. 4, where a rightly241

offset value is chosen in Fig. 4(a), whereas a too high offset value is chosen242

in Fig. 4(b). The program implemented in this work has 12 configurable243

parameters, but the most remarkable of them are:244

• Offset - This parameter is responsible for varying the height at which245

the flower will be cut. The higher this value, the lower the flower will246
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be cut and less quality saffron will be obtained. A graphical example247

for this parameter is shown in Fig. 4(a) and Fig. 4(b).248

• Binarize - This parameter varies between 0 and 255. It sets the thresh-249

old for which a certain gray level is considered to be white or black250

(this operation is performed after the segmentation based on color).251

The higher this value, the better the flower will be discriminate but,252

on the other hand, dark flowers will be detect worse. Fig. 4(c) and253

Fig. 4(d) show the effect of this parameter on the image.254

• Width - The image is continuously processed and all flowers inside the255

image frame are located and marked, but the cutting signal is sent to256

the actuator only when a flower is inside a certain region or band. The257

greater the Width variable, the faster the flowers can move.258

• Sliding - The sliding parameter modifies the horizontal position of the259

detection band (Width parameter previously described) to the right,260

so that the position is sent to the actuator when the flower reaches a261

certain position.262

2.5. Design of the device to get the stigmas263

Once the flower is cut, a suction conduct (shown in Fig. 2[d]) absorbs264

the flowers due to the depression generated by the suction pump, see [c] in265

Fig. 5(a) and Fig. 5(b). The suction conducts converge into a single hopper266

in which there is arranged a blowing pump injecting air into a distributor267
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Fig. 5 – Adjustment of the Offset value. This value is decreased to obtain a better saffron quality 
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(a) Rightly configured Offset
value
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Fig. 5 – Adjustment of the Offset value. This value is decreased to obtain a better saffron quality 
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Fig. 6 – Binarization of the flower with different threshold values. The image has to be clearly 655 

defined and the outline of the flower has to be distinguished from the background. 656 
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(c) Poorly configured binariza-
tion threshold
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                      binarization threshold                                  binarization threshold 654 
Fig. 6 – Binarization of the flower with different threshold values. The image has to be clearly 655 

defined and the outline of the flower has to be distinguished from the background. 656 
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(d) Well configured binarization
threshold

Figure 4. Adjustment of the Offset value. This value is decreased to obtain a better
saffron quality but with a detriment of the produced quantity. Binarization of the flower
with different threshold values. The image has to be clearly defined and the outline of the
flower has to be distinguished from the background.
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ring (see [b] in Fig. 5(b)) configured in a toroidal shape, surrounding the268

single conduct, and with an outlet in the form of an opening or tangent269

groove (see [d] in Fig. 5(b)) according to a section of the toroid, towards the270

inside of the single tube which is oriented according to the forward movement271

direction of the air conveying the flowers. The flowers reach a tank (see [a]272

in Fig. 5(a) and Fig.5(b)) inside which there are walls (see [g] in Fig. 5(b))273

forcing a zig-zag flow. The tank is extended horizontally and the baffle274

walls are interposed in the flow. These walls are placed vertically, up and275

down in an alternating manner, to force this zig-zag flow and they causes276

low aerodynamic drag parts to fall to the bottom and become incapable of277

overcoming the baffle walls located downstream. The high aerodynamic drag278

parts are indeed capable of overcoming the baffle walls until they move in a279

slower flow causing the decantation. This configuration leads to a selective280

classification of the stigmas (i.e., the spice or end product to be marketed)281

from the rest of the flower in one of the cavities of the tank.282

2.6. Sample preparation283

The flower must grow with very few or no leaf so that they do not occlude284

the flower or the corolla tube. In particular, in this work all tested corms285

had flowers growing normally but leaves were completely eliminated.286
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Fig. 9 – Front view and Side view of the suction and separation system. It includes separation 
elements to get the stigmas from the rest of the flower and decantation tanks for classification. 
Depicted elements are: (a) the tank; (b) air distributor ring; (c) suctioning/blowing pump; (d) 

suction conducts; (e) cutting machine and; (f) cutting modules.   

(a) Front view and Side view of the stigma separation system: [a] tank;
[b] air distributor ring; [c] suctioning/blowing pumps; [d] suction con-
ducts; [e] cutting machine and; [f] cutting units.
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(b) Detail view: [a] tank; [b] air distributor ring; [c] blowing pump;
[d] output of the distributor ring designed to produce an air blade to
generate a depression in the hopper; [g] walls to force zig-zag air flow;
[h] air outlet.

Figure 5. Representation of the device to get the stigmas. It includes the elements to
get the stigmas from the rest of the flower and decantation tanks for classification.
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3. Results287

3.1. Experimentation and implementation of the industrial greenhouse288

Using the information presented by Molina et al. (2004b) and Molina et al.289

(2005), the blooming of the saffron flower can be extended by both, control-290

ling the temperature simulating the arrival of the autumn and controlling291

the illumination intensity. These actions are known as corm forcing.292

Corm forcing techniques are well known in the state of the art. For in-293

stance, Dole (2003) presented the cold requirements for forcing and flowering294

of geophytes, whereas Cun-xiang (2006) focused his research in forcing of295

Paeonia suffuticosa via low temperature.296

In this work, corm forcing is performed by following the indications297

of Molina et al. (2004b) and Molina et al. (2005) so that the flowers in298

the greenhouse blossom step by step, from one side of the industrial facility299

to the other. Thus, the trays of one end of the greenhouse will be the first300

to bloom and those of the opposite the last ones, easily reaching a difference301

between one and another of 12 weeks.302

In the experimentation the corms were lifted after leaf withering and they303

were stored at 25◦C for a non-specific period of time until the flowering is304

forced using a temperature of 17◦C. This allowed a flowering period from305

September to December. The earlier flowering was achieved lifting the corms306

before leaf withering (in May) and curing the corms at 30◦C for twenty days307

before using special chambers for incubation at 25◦C. Flowering was delayed308

storing the corms at a low temperature to simulate a longer winter.309
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The layout of the greenhouse is based on well known and widely310

tested commercial platforms. Companies like New Growing System (NGS,311

http://ngsystem.com/en) have developed automatic greenhouses to per-312

form intensive agriculture in arid and semiarid regions optimizing the needed313

resources (especially water and manpower). In the case of NGS, the com-314

pany has created a growing system aiming the optimization of space and au-315

tomation and their systems fits perfectly with this work and Crocus sativus316

production. The natural light can be controlled through the use of auto-317

matic blinds and curtains (Tripanagnostopoulos et al., 2005) and, in case of318

supplementary illumination needs, additional elements can be added to the319

facility (Wang et al., 2002).320

The planting trays shown in Fig. 1 have been selected to maximize the321

density of the industrial greenhouse making the system as much intensive322

as possible. In this sense, the distance between single flowerpot centers has323

been set to 60 mm performing a trial and error approach. This distance is324

the minimum required by the great majority of corms to fit in having the325

minimum amount of soil required to grow. The depth of the flowerpots is326

10 cm and it contains the soil required by corms to grow and bloom.327

The planting tray can be easily found from different manufacturers or328

sellers. The company Servovendi (https://www.servovendi.com/) supplies329

standard planting trays of 40 flowerpots (5 rows and 8 columns) with a size330

of 315mm x 495mm. That means an amount of soil of 0.015m2 and around331

15Kg weight. This type of tray can be managed by a human operator in the332
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Table 1. Success percentage of the computer vision algorithm for each type of flower (25
flowers of each group have been evaluated). Abbreviations: AF, artificial flower; RF, real
flower; CRF, closed real flower; SRF, semi-closed real flower; ORF, open real flower; AVG,
average value; and STD, standard deviation.

Trial no. AF
RF

AVG STD
CRF SRF ORF

1 100 96 88 60 86 15,62
2 96 96 92 64 87 13,38
3 100 92 88 60 85 15,07
4 96 96 92 56 85 16,82
5 100 96 88 56 85 17,29

AVG 98,4 95,2 89,6 59,2
STD 1,96 1,60 1,96 2,99

harvesting device.333

3.2. Experimentation of the image processing program334

The computer vision algorithm that obtains the cutting height of the335

flower has been tested with four types of flowers: artificial flower (AF), closed336

real flower (CRF), semi-closed real flower (SRF) and open real flower (ORF).337

The results of this test are shown in Table 1 where five groups of 25 flowers338

of each type have been tested to get a success percentage of the computer339

vision algorithm. It can be seen that the average success percentage is 95, 2%340

and 89, 6% for CRFs and SRFs and it drops down to 59, 2% when the flower341

is not on the best conditions, i.e., for ORFs. These data show how important342

is to cut the flower between the blossom day and no longer than 3 days after,343

when the flower is still open.344

About the image processing time, the whole algorithm, including image345

acquisition and data transferring, takes around 50 ms, which allows to pro-346
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cess each flower five times before sending the average cutting height to the347

actuator.348

3.3. Experimentation of the parallel harvesting device349

Two reduced versions of the cutting machine have been implemented,350

one for one row and another one for two rows trays. The reduced version for351

one row can be seen in https://www.youtube.com/watch?v=1bwGmkEvqCw352

and has been used to test the concept of the cutting unit. The two rows353

implementation can be seen in Fig. 6 and a 3D model showing the designed354

device can be seen in https://www.youtube.com/watch?v=q69VrRZzeGE.355

The real performance for the two rows implementation can be played at356

https://www.youtube.com/watch?v=VMtM_sXGwBM, which illustrates how357

simple is to add a new cutting unit to a cutting machine. Note how the358

runner is tilting the stalk freshly cut so that it does not obstruct the view of359

the rest of the image sensors. Table 2 indicates the cutting success obtained360

with the harvesting device depending on:361

• The flower type: CRF and SRF.362

• The conveyor belt speed (CBS), from 10 flowers per minute and row363

(fpmr) to 40 fpmr.364

• The flower angle (FA) θ, considering two cases: θ < θth and θ > θth,365

where θth = 15◦ represents a reference angle used to establish if the FA366

is low or high.367
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(a) (b)

(c)

Figure 6. Real implementation of a cutting machine with two cutting units (two rows
machine). Elements shown are: image sensors; linear actuators with cutting elements;
panels to block the background view; illumination systems and; the conveyor belt that
transports the bulb containers.
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• The illumination adjustment: default illumination (DI) and adjusted368

illumination (AI).369

Note that, since the separation distance between flowers is 60 mm, 10,370

20, ..., 50 fpmr correspond to a conveyor belt speed of 0.01, 0.02, ..., 0.05371

m/s, respectively. It is interesting to note as well that the maximum CBS372

is related with mechanical issues rather than image processing issues. In373

particular, the linear actuator has a maximum speed of around 4 cm/s and,374

hence, needs a maximum of 1 second to get the desired height, since the375

maximum height difference between consecutive flowers is typically less than376

4 cm. Thus, the cutting unit needs at least 1.25 seconds (1+0.05 ·5) to cut a377

flower, yielding the limit of 48 flowers per minute (60/1.25). For this reason,378

a maximum CBS of 40 fpmr has been considered in Table 2.379

Table 2 shows that for low FAs (θ < θth), the CRFs are 96% successfully380

cut for low CBS (10 fpmr) independently of the adjustment of the illumina-381

tion parameters. In case of using the AI, the CRFs and SRFs are successfully382

cut for both low (θ < θth) and high (θ > θth) FAs (the maximum FA used in383

the tests was around 30◦).384

The results presented in this work have been obtained using AFs and385

RFs. The harvesting device behavior is quite similar in both cases as it can386

be seen in Table 1. This similarity is also reported by Antonelli et al. (2011)387

and it allows to use AFs for image processing tests and adjustments when388

out of the flowering period.389

Next, a design example for the parallel harvesting device is detailed based390
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Table 2. Cutting success (%) of the parallel harvesting device depending on the flower
type, speed of the conveyor belt, flower angle and illumination adjustment (25 flowers of
each type were analyzed and the success rates were obtained with fully flowered plateaus).
Abbreviations: CBS, conveyor belt speed; fpmr, flowers per minute and row; FA, flower
angle; DI, default illumination; AI, adjusted illumination; CRF, closed real flower; SRF,
semi-closed real flower; AVG, average value; and STD, standard deviation.

CBS

(fpmr)

FA DI AI

CRF SRF AVG CRF SRF AVG Total AVG STD

10
θ < θth 96 88 92 96 92 94 93 2,99

θ > θth 88 76 82 96 84 90 86 6,65

20
θ < θth 88 84 86 92 92 92 89 3,20

θ > θth 80 80 80 88 84 86 83 3,20

30
θ < θth 72 68 70 80 76 78 74 4,31

θ > θth 64 64 64 72 68 70 67 3,20

40
θ < θth 68 64 66 76 72 74 70 4,31

θ > θth 60 56 58 64 56 60 59 2,99

Total AVG 77 72,5 83 78

STD 12,12 10,48 11,09 11,66

on the results of Table 2. A producer needs an average of 20 people per391

hectare for harvesting and separating the stigmas during the season. How-392

ever, during the production peak (blossom days), up to 35 workers can be393

needed to perform the task. Moreover, a worker can produce at an average394

rate of 10 flowers per minute (see Section 4.1). Therefore, one hectare requires395

a maximum production capacity of 350 flowers/min, which can be obtained396

according to Table 2 using a nine-row harvesting device working at a speed of397

40 fpmr. With this configuration the success ratio of the machine would be398

between 59% and 70%, too low for an industrial plant. Hence, speeds higher399

than 30 fpmr should be avoided. In particular, to get a success ratio between400

84% and 92%, two nine-row harvesting devices would be needed in order401

to speed down the conveyor belt to 20 fpmr. Using this configuration, and402
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taking into account that one corm requires around 40 cm2, the harvesting of403

a greenhouse hectare would take (104/0.004)/(2 · 20 · 9 · 60 · 24) = 4.82 days.404

Note that real flowers should be processed when closed or semi-closed. Thus,405

the cutting machine has only two or three days to process a flower after the406

blooming day.407

3.4. Experimentation of the device to get the stigmas408

The pumps and blowers are implemented using a device with three phases409

and two poles motor that supplies an air flow of 1.82 m3/min with a tube410

diameter of 1.5 inches.411

The device to get the stigmas shown in Fig. 5 has been tested for 100412

cut flowers. The flowers have been thrown inside the hopper as the cutting413

machine would have done. The size of the tank is 800 mm of diameter414

and 1200 mm long. Moreover, the two walls have been placed at 400 mm415

and 800 mm as shown in the figure. With this features, the test has been416

performed getting the results shown in Table 3. Between 82,35% and 97,62%417

of the elements were properly separated. These results could be improved418

by optimizing the device or the position of the walls. Although these results419

are acceptable, the improvement of this subsystem remains as further work.420

It is worth noting that the stigma filaments obtained in this results were421

not joined. However, the cutting height used in the image processing algo-422

rithm of the cutting phase can be modified to have the dried stigmas joined423

(three filaments) in order to meet the product quality specifications of some424
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Table 3. Results of the device to get the stigmas for 100 flowers grouped in three batches:
amount of elements found in each compartment of the tank (see [a] in the side view of
Fig. 5(a)).

Distance
1st compartment 2nd compartment 3rd compartment

0-400 mm 400-800 mm 800-1200 mm

Batch no. 1

Petals, % 2 11 87

Stigmas, % 11 73 16

Clasification ratio, % 84,62 86,90 84,47

Batch no. 2

Petals, % 3 15 82

Stigmas, % 14 84 2

Clasification ratio, % 82,35 84,85 97,62

Batch no. 3

Petals, % 3 12 85

Stigmas, % 16 75 9

Clasification ratio, % 84,21 86,21 90,43

Average value 83,73 85,99 90,84

Standard deviation 0,99 0,85 5,38

countries such as Italy.425

4. Discussion426

4.1. Comparison with traditional approach427

For the traditional method, the saffron production distribution during428

the four-year cycle (Rubio Terrado, 2007) is: 0% in the first year; 12% in the429

second year; 48% in the third year; and 40% in the fourth year. After these430

four years, the cycle begins again. To comparatively analyze the traditional431

system and the proposed approach, the third year, i.e., the year with the432

highest production, is considered. In particular, the production in the third433

year is around 1.4 million flowers (i.e., 14 kg of dried saffron) per hectare434

(Agrifood Statistics Yearbook, 2019), which requires 1760 hours of manual435

work: 640 hours for collecting the flowers (i.e., harvesting) plus 1120 hours436

for peeling the flowers (i.e., separating the stigmas). This means a produc-437

tivity of 1, 400, 000/(1760× 60) = 13 flowers per minute. Considering a time438
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efficiency of 0.8 (defined as productive time divided by total time) gives a439

real productivity of around 10 flowers per minute. Note also that the flower440

harvesting and peeling for the traditional system is performed in a period441

slightly longer than one month (30 to 35 days).442

For the proposed automated approach, the parallel harvesting device443

reaches a sustainable cutting frequency of 40 cuts per minute for each cut-444

ting line. However, since not all the flowers of the container blossom around445

the same time, there is an outcome of uncut flowers that must be processed446

again, giving rise to an estimated cut efficiency of 0.6. Therefore, to cope447

with the harvesting required for one hectare in the third year (highest pro-448

duction), during 30 days at a rate of 8 hours per day, it would be necessary a449

harvesting device with four cutting lines to achieve the required productivity.450

That is, 4 lines x 40 cuts per line and minute x 60 min/h x 8 h/day x 30451

days/campaign x 0.6 efficiency ≈ 1.4 million flower cuts per campaign. Thus,452

the performance of the harvesting machine is: 4 lines x 40 cuts per line and453

minute x 0.6 of efficiency ≈ 100 flowers per minute. Hence, the harvesting454

performance of the proposed machine is 10 times better than that of the455

traditional manual approach.456

The total production of the traditional approach during the four-year457

cycle is 29 kg of dried saffron (Agrifood Statistics Yearbook, 2019), giving458

rise to an average of 7.3 kg per year. Nevertheless, the proposed continuous459

production system is able to work 12 months per year and, hence, its work460

capacity is equivalent to 12 hectares of cultivation, which means 14 kg per461
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month x 12 months per year = 168 kg of dried saffron per year. Therefore,462

the outcome of the proposed continuous production system (greenhouse with463

the equivalent machine to the traditional production procedure) is 23 times464

higher than that of the traditional saffron production.465

Finally, the economic comparison between both production systems is out466

of the scope of this work due to the fact that some relevant issues still re-467

main unspecified, giving rise to great uncertainty. Some of them are: climate468

controlled chambers; corm optimization and management; containers trans-469

port system, energy consumption analysis, system to control the greenhouse470

conditions (temperature, light, humidity, irrigation, etc.), among others.471

4.2. Advantages and drawbacks of the proposed method472

The main advantages of the proposed method are as follows:473

• The harvesting of the saffron flower and the procedure to get the stig-474

mas are carried out in the same industrial process.475

• The proposed industrial greenhouse with temperature, light and irri-476

gation control allows to significantly extend the flowering time of the477

saffron plant (e.g., from 5-6 weeks to 12 weeks in preliminary exper-478

iments), which helps to increase productivity and to amortize of the479

machinery and facilities of the proposed approach.480

• Labor conflict is mitigated since the low-skilled workers are replaced by481

high-skilled workers capable of using, maintaining, etc. the machinery482

and facilities of the proposed industrial farming area.483

30



• The proposed industrial saffron production does not depend on the484

casual workforce.485

• Ergonomic conditions for the workers are improved, not only for the486

flower harvesting but also for the corm planting, collecting and division.487

• Higher labor productivity is achieved.488

• The saffron production ratio with respect to the farming area is sig-489

nificantly improved. In particular, the proposed approach produces490

around five times more saffron per area than the traditional method,491

i.e., the traditional case requires around 200 cm2 per corm (Rubio Ter-492

rado, 2007) while the proposed approach only requires 36 cm2 per corm.493

This ratio can be further enhanced storing the plant trays in the in-494

dustrial greenhouse at different levels, e.g., three storeys of plant trays495

can be used with a separation distance of one meter between them.496

The main drawbacks of the proposed approach are given below:497

- Maintenance and repair costs of the machinery and facilities.498

- Energy costs for machinery, temperature control, etc.499

- Costs of skilled workers and auxiliary elements.500

5. Conclusions501

A new industrial system for saffron production has been presented in this502

work. The method has been developed considering a greenhouse with tem-503
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perature, light and irrigation control together with harvesting and stigma504

separation devices specifically designed for this purpose using scalability de-505

sign and computer vision. The main advantages of the proposal are as follows:506

the harvesting of the saffron flower and the procedure to get the stigmas are507

carried out in the same industrial process; the industrial greenhouse allows508

to significantly extend the flowering time of the saffron plant; and higher509

productivity per worker and per farming area is achieved.510

The feasibility and applicability of the proposed approach has been shown511

with successful experimental results for the extension of the flowering time512

and for the harvesting and stigma separation devices.513
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Studium: Revista de humanidades , 199–228.582

Sampathu, S., Shivashankar, S., Lewis, Y., Wood, A., 2009. Saffron (cro-583

cus sativus linn.) - cultivation, processing, chemistry and standardization.584

CRC Critical Reviews in Food Science and Nutrition 20, 123–157.585

35



Satorres-Mart́ınez, S., Mart́ınez-Gila, D., Beyaz, A., Gómez-Ortega, J.,586

Gámez-Garćıa, J., 2018. A computer vision approach based on endocarp587

features for the identification of olive cultivars. Computers and Electronics588

in Agriculture 154, 341–346.589

Skinner, M., Parker, B., Ghalehgolabbehbahani, A., 2017. Saffron produc-590

tion: Life cycle of saffron (crocus sativus) .591

Souret, F., Weathers, P., 2008. The growth of saffron (crocus sativus l.) in592

aeroponics and hydroponics. Journal of Herbs, Spices & Medicinal Plants593

7, 25–45.594

Tripanagnostopoulos, Y., Souliotis, M., Tonui, J., Kavga, A., 2005. Irra-595

diation aspects for energy balance in greenhouses, in: International Con-596

ference on Sustainable Greenhouse Systems - Greensys2004, Leuven, Bel-597

gium.598

Wan, P., Toudeshki, A., Tan, H., Ehsani, R., 2018. A methodology for599

fresh tomato maturity detection using computer vision. Computers and600

Electronics in Agriculture 146, 43–50.601

Wang, J., Cui, Q., Lin, M., 2002. Illumination environment of different struc-602

tural solar greenhouses and their supplement illumination. Transactions603

of The Chinese Society of Agricultural Engineering 18, 86–89.604

36


