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Abstract

The study was conducted with bee colonies from the local honey bee (Apis mellifera L.) at the 
Training and Experimental Base of the Beekeeping Section at the Agriculture Faculty of the Thrakia 
University, Bulgaria. The surface of capped honey was determined for 58 honeycombs. An established 
method in beekeeping with a measuring frame (squares 5/5 cm) was used and a comparative analysis 
of the data obtained when measuring the specified indicator with AutoCAD program was performed. 
A method has been established for accurate determination of the surface of capped honey in 
honeycombs using the AutoCAD program. The difference between the average value of the capped 
honey surface measured by the approved method with a measuring frame and using the program 
AutoCAD is 5.73%.
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Резюме

Проучването е проведено с пчелни семейства от местната медоносна пчела (Apis mellifera 
L.) на Учебно-експерименталната база на секция „Пчеларство“ към Аграрен факултет на Тра-
кийски университет, България. Определена е площта на запечатания мед при 58 бр. пчелни 
пити. Използван е утвърден метод в пчеларството с мерителна рамка (квадратчета 5/5 санти-
метра), като е извършен сравнителен анализ на получените данни при измерване на посочения 
показател с програма AutoCAD. Установен е метод за точно определяне на площта на запе-
чатания мед в пчелни пити с използване на програма AutoCAD. Получената разлика между 
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средната стойност на площта на меда измерена по утвърдения метод с мерителна рамка и с 
използване на програма AutoCAD е 5,73%.

Ключови думи: медоносни пчели, запечатан мед, AutoCAD

Introduction

The normal development of bee colonies is as-
sociated with the presence of food reserves in the 
hives (nectar, honey and pollen). These signs are 
monitored by beekeepers during the inspections 
they perform during the year. In beekeeping well-
established methods are used for their determina-
tion by using a measuring frame, roughly, by pho-
tographing, etc. Well-established methods for de-
termining the amount of honey and honey in the 
combs require more effort on the part of beekeep-
ers and therefore a large number of samples cannot 
be processed (Bertrand et al., 2015). When mea-
suring with them the probability of errors is high-
er (Fitzpatrick et al., 2009; Gonsamo et al., 2014). 
To avoid a number of inconveniences in these 
methods new modern methods are used through 
photography and computerization of the analysis. 
Computer methods allow automated tracking of 
measured features and improve data reliability. 
In recent years, many authors have applied new 
and modern methods for tracking indicators re-
lated to the development of bee colonies (honey, 
pollen, brood) (Kretzschmar et al., 2016; Alaux 
et. al, 2018; Dubois et al., 2018; Kretzschmar and 
Frontero, 2017; Rollin and Garibaldi, 2019; Mon-
chanin et al., 2019; Sutter et al., 2019). According 
to Fresnaye and Lensky (1961) methods with an 
average error of less than 10% must be consid-
ered accurate. With the help of digital photogra-
phy new modern methods have been developed to 
automatically determine the surface of the capped 
brood on photos with Photoshop (Emsen, 2006), 
ArcView (Meikle, 2008) or ImageJ (Meikle et 
al., 2016; Yoshiyama et al., 2011; Delaplane et al., 
2013) which are applied in modern beekeeping. A 
new method for determining capped brood and 
capped honey using Comb-Count software is pro-
posed by Colin et al. (2018).

The objective of this study is to establish a 
fast and accurate method for determining the 

amount of capped honey in honeycombs using 
AutoCAD.

Materials and methods 

A periodic inspection of bee colonies from 
the local honey bee (Apis mellifera L.) of the 
Training and experimental base of the Beekeep-
ing Department at the Faculty of Agriculture 
was performed and the surface of capped hon-
ey in combs was measured by measuring frame 
and AutoCAD program. The determination of 
the surface occupied by capped honey with the 
AutoCAD program was performed in the Scien-
tific Laboratory of the Beekeeping Section at the 
Department of Animal Husbandry – Non-rumi-
nants and other animals of the Faculty of Agri-
culture.

1. Determine the surface of capped honey 
using a measuring frame.

To determine the surface of capped honey a 
measuring frame with 5/5 cm squares is placed 
on the measured honeycomb (fig. 1). The surface 
of one square of the measuring frame is 25 cm2.

To determine the amount of honey (in kilo-
grams) it is assumed that on an surface of 1 dm2 
(100 cm2) of the comb filled on both sides there 
is 0.350 kg of honey respectively 0.175 kg on 
one side (Nenchev and Zhelyazkova, 2010). Af-
ter counting the occupied squares the surface of 
the capped honey is determined by the follow-
ing expression:

cm2

Where n is the number of squares occupied 
by honey

The total amount of honey on the side of the 
comb is calculated (in kilograms) according to 
the following formula:
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Where Qhf – amount of honey, kg 
Shf – surface of capped honey, cm2

2. Determining the amount of sealed honey 
by photographing and measuring with Auto-
CAD. 

To determine the amount of capped honey in 
the combs using the Autocad program first re-
moves the bees from the combs. Then the comb 
is photographed with a digital camera (Sony 
DSC-H300- 20.1 mega pixels) – (Fig. 2). A col-
lection of digital photos of each comb is prepared 
in advance. 

Then the photos are placed in AutoCAD pro-
gram. The dimensions of the photo are updated to 
the actual internal dimensions of the bee frame: 
for the Dadan-Blatt system 415/270 mm and for 
Langstroth-Ruth 415/200 mm. To automatically 

determine the surface of the honeycomb the ar-
eas are fenced with capped honey. After closing 
the contour of the figure that is formed using the 
command “Area” the program automatically cal-
culates the surface of honey (fig. 3).

 

 
Fig. 1. Determining the surface of capped honey 

with a measuring frame
Фиг. 1. Определяне площта на запечатания мед 

с мерителна рамка

 
Fig. 2. Photographing the combs with scapped 

honey
Фиг. 2. Фотографиране на питите със 

запечатан мед

 
Fig. 3. Determining the surface of capped honey 

with AutoCAD program
Фиг. 3. Определяне площта на запечатания мед 

с програма AutoCAD
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After determining the surface of capped hon-
ey with AutoCAD program its quantity in kilo-
grams is determined by the following formula:

Where Qha – amount of capped honey, kg
Sha – surface of capped honey, cm2

After obtaining the necessary results from 
the analyzes statistical processing of the data 
was performed by one-way analysis ANOVA to 

obtain the mean values (Means), standard de-
viation (SD), standard error (SE), minimum and 
maximum value (min-max) with software STA-
TISTICA 12, Copyright © Stat Soft Inc. 1984-
2014 (StatSoft, 2014).

Results and Discussion

Table 1 presents the results of measuring the 
honey surfaces of the combs participating in the 

Table 1. Results of the studied methods of measuring the sealed honey
Таблица 1. Резултати от изследваните методи за измерване на запечатания мед

Number of comb / 
Номер на пита

Number of  
squares / 
Брой  
квадратчета

Surface with 
measurement 
frame, сm2 / 

Площ с рамка, см2

Surface with 
AutoCAD, cm2 / 
Площ с AutoCad, 
см2 

Amount of honey 
with measurement 
frame, kg / 
Kоличество мед 
при измерване с 
рамка, кг

Amount of honey 
with AutoCAD, kg / 
Kоличество мед 
при измерване с 
AutoCad, кг

1 9 225 211.2 0.394 0.370
2 8.5 212.5 186 0.372 0.326
3 2 50 58.6 0.088 0.103
4 9.3 232.5 213.8 0.407 0.374
5 8.6 215 194.7 0.376 0.341
6 8 200 187.8 0.350 0.329
7 7.6 190 173.5 0.333 0.304
8 8 200 178.5 0.350 0.312
9 6.6 165 142.6 0.289 0.250
10 5 125 106.4 0.219 0.186
11 9 225 214.7 0.394 0.376
12 4 100 97.4 0.175 0.170
13 6 150 188.6 0.263 0.330
14 21.6 540 574.4 0.945 1.005
15 9.2 230 206.7 0.403 0.362
16 10 250 236.6 0.438 0.414
17 13.5 337.5 370.8 0.591 0.649
18 8 200 231.7 0.350 0.405
19 9.6 240 262.6 0.420 0.460
20 7 175 172.1 0.306 0.301
21 10 250 276 0.438 0.483
22 10.2 255 266.1 0.446 0.466
23 11 275 281.6 0.481 0.493
24 9 225 206.8 0.394 0.362
25 8.5 212.5 212.3 0.372 0.372
26 9 225 226.5 0.394 0.396
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27 2.6 65 63.4 0.114 0.111
28 2.1 52.5 47.4 0.092 0.083
29 1 25 27.9 0.044 0.049
30 1 25 23.1 0.044 0.040
31 1 25 22.2 0.044 0.039
32 12 300 294.9 0.525 0.516
33 12 300 283 0.525 0.495
34 9 225 200.9 0.394 0.352
35 15 375 425.2 0.656 0.744
36 3.5 87.5 69.7 0.153 0.122
37 2 50 47.2 0.088 0.083
38 30 750 822.5 1.313 1.439
39 40 1000 972.2 1.750 1.701
40 16 400 434.6 0.700 0.761
41 10 250 286 0.438 0.501
42 5.5 137.5 160.3 0.241 0.281
43 17 425 467.3 0.744 0.818
44 8 200 196 0.350 0.343
45 6 150 172 0.263 0.301
46 6 150 148.7 0.263 0.260
47 11.5 287.5 273.1 0.503 0.478
48 20 500 520.6 0.875 0.911
49 9 225 248.2 0.394 0.434
50 9 225 230.8 0.394 0.404
51 15 375 339.3 0.656 0.594
52 14 350 393.5 0.613 0.689
53 7.5 187.5 147.3 0.328 0.258
54 9 225 202.9 0.394 0.355
55 9.7 242.5 222.6 0.424 0.390
56 6 150 89.1 0.263 0.156
57 11.3 282.5 259.8 0.494 0.455
58 12.5 312.5 341.5 0.547 0.598

experiment using the methods with the measur-
ing frame and the AutoCAD program.

When determining the surface of the capped 
honey with the measuring frame the filled 
squares are counted ocular after which the sur-
face in square centimeters is calculated (Table 
1). When measuring the surface of the capped 
honey with AutoCAD program the values are 
obtained in square centimeters (Table 1). 

Fig. 4 illustrates the results for the measured 
surface by the two methods for each of the ex-
perimental honeycombs. It can be seen (fig. 

4) that the profile of the curve obtained when 
measuring with AutoCad almost coincides 
with that of the approved method. This find-
ing suggests that the AutoCad method can be 
applied to calculate the surface of the capped 
honey. A number of authors apply computer 
programs in beekeeping due to the established 
accuracy and speed of work with them (Tofils-
ki, 2004; Abou-Shaara et al., 2011; Mladenovic 
et al., 2011).

This is confirmed by the absence of statisti-
cally proven significant difference between the 
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results obtained by measuring the two methods 
(p = 0.978) – fig. 5.

Fig. 5 shows the statistically processed results 
of determining the surface of capped honey by 
these methods. In the method of measurement 
with a measuring frame the average value of the 

studied indicator 359.24 ± 121.58 cm2  was es-
tablished. The variation in minimum–maximum 
limits is from 150 to 625 cm2. The average value 
measured by the method with the AutoCAD pro-
gram is 338.64 ± 122.26 cm2. This value is lower 
than that measured by the method with a mea-

Fig. 4. Results of the studied methods of measuring the surface of capped honey
Фиг. 4. Резултати от изследваните методи за измерване на площта на запечатания мед

 
p ≤ 0.05 

 Fig. 5. Results of the studied methods of measuring the surface of capped honey, cm2 (p = 0.978)
Фиг. 5. Резултати от изследваните методи за измерване на площта на запечатания мед, cm2  

(p = 0,978)
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suring frame of 20.60 cm2 or 5.73%. This differ-
ence was not statistically confirmed at a signifi-
cance level p ≤ 0.05 (p = 0.978).

Analogously to Fig. 4 the profile of the curve 
in fig. 6 for the amount of honey obtained when 
measured with the AutoCAD program overlaps 
that when measured with the measuring frame. 
This gives us reason to believe that determining 

the amount of honey with an AutoCAD program 
can be considered as an alternative method to the 
established method with a measurement frame. 

Figure 7 presents the statistically processed 
data from the determination of the amount of 
capped honey (kg) by both methods. 

In the well-established method of measure-
ment with a measuring frame it was found that 

Fig. 6. Results of the studied methods of measuring the amount of capped honey, kg
Фиг. 6. Резултати от изследваните методи за измерване на количеството на запечатания мед, кг
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Fig. 7. Results of the studied methods of measuring the sealed honey in kg (p = 0.978)
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the average value of the studied indicator is 0.424 
± 0.287 kg. The indicated difference between 
the mean values of the studied indicator was not 
statistically confirmed at a significance level p 
≤ 0.05, (p = 0.978). The variation in minimum–
maximum limits is from 0.044 to 1.750 kg (fig. 
7). The mean value measured by the AutoCAD 
method is 0.426 ± 0.302 kg. This value is higher 
than that measured by the method with a mea-
suring frame of 0.002 kg which is less than 1% 
(0.47%). This finding confirms the conclusions of 
Tofilski (2004) that automatic measurements are 
fast and accurate and AutoCAD can be success-
fully applied in beekeeping (Mladenovic et al., 
2011). Many authors report the application of ac-
curate and fast semi-automatic computer meth-
ods to determine the surface of the capped brood 
using digital photography (Emsen, 2006; Yoshi-
yama et al., 2011). Colin et al. (2018) develop the 
CombCount software with which the surface of 
the brood and honey can be determined. Other 
authors report 94.3% accuracy in determining 
open-cell brood with the HiveAnalyzer program 
(Höferlin et al., 2013). The free software Deep-
Bee © (Thiago et al., 2020) gives very promis-
ing results for determining the area of pile and 
honey in combs.

Conclusions 

The average value of the surface of capped 
honey obtained by the method of measurement 
with a measuring frame is 359.24 ± 121.58 cm2 
and in the method with the AutoCAD program 
338.64 ± 122.26 cm2. The established differ-
ence between the average values of the surface 
of capped honey measured by the two methods 
is 5.73%.

When determining the amount of the capped 
honey in combs by the measuring frame method 
the average value of 0.424 ± 0.287 kg is estab-
lished. The value measured by the method with 
the AutoCAD program is 0.426 ± 0.302 kg. This 
value is higher than that measured by the method 
with a measuring frame of 0.002 kg, which is 
less than 1% (0.47%).

The results of the obtained experimental 
data give us reason to assume that the measure-
ments with AutoCAD program are accurate and 
the same can be successfully applied to deter-
mine the surface and amount of capped honey 
in combs. 
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