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Abstract 
G o a l of this bachelor thesis is to design and create necessary electronics wi th plastic box en
closure and web-interface for low-cost beehive weight measurement. B y measuring beehive 
weight i n long term, health of colony can be determinted. In first part of the thesis, generic 
concepts of weight measuring, necessary electronics and means of wireless data transmission 
are presented. Later chapters are discussing proposed concept including firmware. F i n a l 
chapter is presenting achieved results. F i rs t bui l t unit w i l l be given to the local hobby 
beekeeper. 

Abstrakt 
Cílem b a k a l á r s k e p r á c e je navrhnout a vy tvo ř i t p o t ř e b n o u elektroniku s p l a s t o v ý m pouz
drem, w e b o v ý m r o z h r a n í m pro n ízkonák ladové b e z d r á t o v é m ě ř e n í váhy včelích ú lu . Sle
d o v a n í m váhy ú lu je m o ž n é d l o h o d o b ě sledovat zd rav í včels tva. V p r v n í čas t i p r á c e je 
vysvě t len obecný koncept m ě ř e n í váhy, p o t ř e b n á elektronika a z p ů s o b b e z d r á t o v é komu
nikace. N á s l e d n ě je de t a i l ně p o p s á n p řed ložený n á v r h vče tně firmwaru. V závěru se po
j e d n á v a o dosažených výsledcích p r á c e a možnos t i vylepšení . P r v n í vyrobena jednotka je 
d a r o v á n a loká ln ímu včelaři . 
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Chapter 1 

Introduction 

For each every-day problem there comes an idea of automating otherwise tedious task done 
by human. This part icular thesis is solving problem of regular collection of sensor data. 
Subject of measurement are beehives located i n the garden. 

Beehive weighting provides useful information, such as dai ly gain, health of colony. 
Result of this project is a low-cost wireless solution for a hobby beekeeper, including 

weight measuring instrument w i th necessary electronics enclosed in a box. F i rs t developed 
device w i l l be given to a local beekeeper for testing purpose. 

In first two chapters, basics of project are described. Later , the proposed concept is 
introduced and a l l its parts are described in detail . Descript ion of firmware is done in 
separate chapter, as well as cost analysis and testing. 

M a i n motivat ion of this thesis is an experience gained wi th product design from idea to 
working unit . 
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Chapter 2 

System overview 

Overal l system consists of three ma in parts (F ig . 2.1), which are further described in 
following sections including requirements. Whole system is intended to be as simple as 
possible. 

Data storage 
Visualization 

F i g . 2.1: General schema of system. 

2.1 Sensors 

Beehives are placed on chassis (F ig . 2.2) i n between which is the load cell measuring weight 
(with analog output) . Cable from load cell is fed to the central unit for further processing. 
L o a d cells and strain gauges are described i n chapter 3. 

2.2 Data acquisition 

L o a d cell provides analog data, which needs to be converted to d igi ta l prior to further 
processing. Cent ra l unit contains M C U 1 which is sampling data out of weight sensors is 
reporting data on regular basis through wireless module to webserver for storage. 

2.3 Wireless data transmission 

For the purpose of logging data remotely, offsite data transfer is necessary. D a t a should be 
available at any t ime wi th no need to visit beehives physically and extract these data from 
storage media (SD Card ) . Several wireless technologies are available. 

For ranges up to 50 meters to nearest network device (beekeeping i n garden), such as 
router, W i F i provides easy connection without need of specialized component on receiving 
side. For long ranges, G S M / G P R S modem may be more appropriate, but requires better 
power management (due to 2 A peak current[ , p . 2] of widely used G S M modem module 
SIM900) . 

1 microcontroller unit 

Sensors 
Data acquisition 

Processing 
Sensors 

Data acquisition 
Processing 

Wireless link 
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F i g . 2.2: 3D model of chassis w i th mounted load cell. 

2.4 Data storage / visualization 

D a t a acquired from load cells are sent through wireless network to a server, either as on 
L A N or as a V P S 2 , handl ing data storage for further viewing. In case of webserver running 
on L A N , low-cost devices like Raspberry P i can be used. 

User accesses web service containing administrat ion, charts for every load cell w i t h 
history data and overall statistics. 

2 virtual private server 

G 



Chapter 3 

Weighting principles 

The most common strain measurement sensor is a strain gauge. The strain gauge transduc
t ion principle is based on the relationship between the change i n length and its resulting 
change i n the resistance of a conductor [6, p. 373]. 

A Stra in gauge is a sensor whose resistance varies w i th applied force and i n commonly 
used for load, weight, and force detection..It is basically a foil resistor, whose line resistance 
is proport ional to the length and inversely to the area of the cross section. It consists of a 
small diameter wire, that is attached to a backing mater ial (usually made of plastic). The 
wire is looped back and forth several times to create an effectively longer wire. The longer 
the wire, the larger the resistance, and the larger the change i n resistance wi th . However, 
the change of the resistance is very small , so we need a good amplifier and measurement 
principle to detect such smal l differences. It is one of the most important tools of the 
electrical measurement technique applied to the measurement of mechanical quantities. 

direction 
of strain 

solder 
terminal 

1 

T 

etched 
metal foil 

, backing 
material 

connect ing wires 
( leads) 

^ D EWE Soft1 

F i g . 3.1: St ra in gauge structure [ ] 

The Wheatstone Bridge circuit is nothing else than two simple series-parallel arrange
ments of resistors connected between a voltage supply terminal and the ground producing 
zero voltage difference, when the two parallel resistor legs are balanced. It has two input 
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terminals and two output terminals consisting of four resistors configured i n a diamond. 
Y o u can see the typ ica l drawing of Wheatstone bridge in the picture below. It is suitable 
for measuring smal l changes i n resistance, making it good for strain gauges. [ ] 

^ DEWESoft* 

F i g . 3.2: Wheatstone bridge [7]. 

T y p i c a l force/torque sensors are called load cells. [ , p. 373]. 

Beehives are to be placed on a chassis w i t h necessary measuring instrument (load cell 
in this case), see F i g . 3.3. Each beehive stack weights from 30kg to 90kg - depending on 
the t ime of year, therefore chassis and load cell shall sustain weights up to 150kg. 

F i g . 3.3: Beehive placed on a weighting chassis w i th load cell. 
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Chapter 4 

Existing solutions 

This chapter summarizes s imilar available commercial systems similar to the unit created 
as a result of this thesis. Provided functionality may vary. 

4.1 A L Y A s.r.o 
Company A L Y A s.r.o. offers product w i th name V I L K O (Fig . 4.1), which contains electron
ics necessary for measuring beehive weight. Accord ing to manufacturer, weight is placed 
only under reference beehive which is located near the rest. Device is t ransmit t ing data 
through G S M network. Whole set includes weight and costs 660€[1, p. 1]. 

F i g . 4.1: Beehive placed on a weighting system of company A L Y A s.r.o. [ 
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4.2 Beewise 

Company Beewise® offers similar system. This system is using reporting by S M S messages 
and can be also powered by solar panel. Interesting feature is availabil i ty of theft protection 
- stolen unit cannot be used because P I N code is hardcoded in device [5]. 

F i g . 4.2: Beehive placed on a weighting system Beewise [5]. 

4.3 Arn i a 

Company A r n i a offers wireless weighting system, where under each beehive, separate wire
less module is t ransmit t ing data to central module, which aggregates data and sends them 
through 2 G G P R S network. Uni t s are battery powered without solar panels. D a t a are sent 
to shared cloud service [3]. 

10 



Chapter 5 

Proposed concept 

Load cell Load cell Load cell 

Converter 1 Converter 2 Converter n 

MSP432 Launchpad <-
DS18B20 

thermometer 

AT complaint 
device 

(ESP8266) 

Central unit 

Ethernet 

Webserver 

F i g . 5.1: Detai led schema of system 

Centra l unit enclosed in 3D printed box (F ig . 5.3) contains Texas Instruments M S P 4 3 2 
LaunchPad [12], battery pack as a power source, W i F i module and manufactured Boost-
erPack. BoosterPack is an expansion board wi th connectors placed at predefined posit ion 
on a P C B fit t ing together w i th master module (see F i g . 5.2). For each load cell , A D C 
converter w i t h amplifier on breakout board is provided in separate box (F ig . 5.1 ). 

11 



F i g . 5.2: BoosterPack's abi l i ty to stack [12]. 

Fi rs t development i teration contained converters on BoosterPack, but due to size re
quirements, separate modules for converters were created. 

F i g . 5.3: Cent ra l unit i n box, without l id 

5.1 BoosterPack 

Chosen platform T I M S P 4 3 2 enables developers creation of customized add-on boards, 
similar to shields for Ardu ino . One such BoosterPack is designed and manufactured to 
enable easy connection of converter modules and batteries w i th central unit (F ig . 5.3). 

BoosterPack includes connectors for 8 weighting converters, W i F i module, battery, solar 
panel (reverse protected by diode), connector for temperature sensor D S 1 8 B 2 0 1 . Sleep mode 
on W i F i module can be enabled on-demand through P N P transistor. 

1https://datasheets.maximintegrated.com/en/ds/DS 18B20.pdf 
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5.1.1 PCB 
Design of Booster Pack started wi th defmtion of necessary peripherials, mostly connectors 
for weighting sensors. P C B is designed in tool Upver te r 2 (F ig . 5.4), which provides easy 
user interface for prototyping boards. 

F i g . 5.4: P C B layout of BoosterPack. Designed i n u t i l i ty upverter.com. 

5.1.2 Power 
BoosterPack is powered direct ly from 3.3V ra i l provided by LaunchPad . Device shall be 
able to be powered by external energy (solar panel, battery), therefore has to have suitable 
linear regulator. L o w quiescent linear regulator L F 3 3 C V is used, which has m a x i m u m input 
voltage of 40V [11]. Dur ing autonomous measuring, system is p r imar i ly powered by 4x A A 
batteries. Solar panel is connected for reduction of power consumption during the day. 

2https://upverter.com 
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Solar panel 
(OV.. 9V) 

Battery pack 
(5V.. 6V) 

Linear regulator 
LF33CV 

BoosterPack 

F i g . 5.5: Block schema of power management. 

5.1.3 Connectors 
4 p in screw terminals w i th pi tch 2.54mm are used between central unit and converter -
in future, may be replaced wi th R J 4 5 . 2 p in terminals w i th p i tch 5.08mm are used for 
connecting external power. Header connector is used for connecting W i F i module. 

5.1.4 Manufacturing 

P C B prototype was then manufactured on C N C mi l l ing machine. After functional valida
t ion, more robust P C B (Fig . 5.9) was made by etching. 

F i g . 5.6: Manufactured BoosterPack P C B 

14 



5.2 Load cell 

Consul t ing wi th local distr ibutor of weights and weighting systems L E S A K s.r.o., load 
cell Z E M I C L 7 G (F ig . 5.7) was suggested by them to be suitable for this purpose. This 
part icular load cell has m a x i m u m capacity of 300kg. Cost of one unit is 101€(as of M a y 
2016) 3 , al though price may be more favorable i n greater quantities. 

F i g . 5.7: 3D model of load cell Z E M I C L 6 G 

5.3 Weight converter 

Weight of object placed on chassis w i t h load cell is acquired by integrated circuit H X 7 1 1 
which contains amplifier (gain 128x) and 24-bit A D C [ ] . 

F i g . 5.8: H X 7 1 1 on breakout board, source: [10] 

Integrated circuit is soldered on an inexpensive breakout board for easy prototyping. 
Whole system needs to modular up to 8 beehives. 
H X 7 1 1 on breakout board is soldered to designed P C B 5 . 9 making it possible to con

nect external thermometer. In current design, data from external thermometers are not 
gathered. 

3http://www.profivahy.cz/profi-vahy/eshop/0/3/5/772-ZEMIC-L6G-300kg-IP-65-hlinik 
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F i g . 5.9: P C B design of BoosterPack. 

Breakout board connected to P C B is enclosed in 3D printed box (5.10) for protection 
against short circui t ing. 

F i g . 5.10: Converter mounted on P C B wi th 3D printed box. 

5.3.1 Protocol 
A D C converter H X 7 1 1 uses simple bi t-banding protocol described i n [ ]. P ro toco l is similar 
to S P I - by sending pulses to PD_SCK p in , one bit of 24 bit number is shifted out to DOUT. 
In one reading cycle, up to 27 pulses may be sent to PD_SCK - first 24 bit are for data, three 
more are for setting gain of amplifier i n next measuring. 

16 



5.4 Enclosure 

Due to outdoor placement of box w i t h electronics, sufficient cover protecting P C B inside 
needs to be created. Simple solution for smal l amount of manufactured units is 3D print ing 
such box. Such box can be seen i n F i g . 5.11. 

F i g . 5.11: Cent ra l unit assembly model. 

3D pr int ing of bo t tom part takes up to 4 hours. 

5.5 Data transmission 

Centra l unit contains W i F i module ESP8266 , which acts as client. Modu le contains com
piled firmware O p e n M C U wi th L u a language interpreter' 1. Th is module is interfaced 
through U A R T from M S P 4 3 2 and receives commands. Module also may run i n both client 
and A P mode, which allows overall configuration through web browser. For the purpose of 
this thesis, SSID and password is predefined in a file. 

5.6 Information system, service 

Information system has four database tables (F ig . 5.12). System also differentiates sensor 
types - currently only weight. 

4https://www.lua.org/start.html 
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Devices 
« P K » id : integer 

« U Q » serial: string 

name : string 

Sensors 

« P K » id : integer 

locaUd : integer 

factor: double 

offset: double 

name : string 

0..* 

1 

0..* 

SensorTypes 
« P K » id : integer 

name : string 

unit_abbreviation : string 

Measurements 
« P K » id : integer 

at: timestamp 

raw_value : double 

value : double 

F i g . 5.12: E R diagram of information system. 

H T T P requests sent from ESP8266 are received by a v i r tua l server running L A M P 5 

stack. Information system is running on P H P (Laravel framework) interfacing M y S Q L 
database. 

Each central unit has 64 bit serial number stored i n ESP8266 , which is used for authen
t icat ion when submit t ing data i n form of hexadecimal representation. 

User needs to know serial number except for last 3 bytes for access to statistics. In order 
to submit new data, full serial number must be known. Th i s method prevents database 
poisoning. M e t h o d is not bullet-proof, but serves purpose wel l and prevents necessity of 
more complex authentication methods like username and password. 

'Linux, Apache, MySQL, and PHP 
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H e x a m o n Browse devices 

Device CC18DA1FC0BE4989 • o 
na zahrade 1 

From Jul 26 : 2016 To Jul 28, 2016 = 

27. Jul lb:0O 17:00 18:00 19:00 20:00 

SNo Local Id Device Id Factor Actions 

1 1 1 14700 • • • 
F i g . 5.13: Web interface wi th device detail , showing charts. For debugging purpose, full 
serial number is shown. 

Example charts can be seen on U R L : http://hexamon.io/devices /CC18DAlFC0 . 

5.6.1 API 

D a t a are reported i n H T T P G E T request parameters. System is made to be as simple as 
possible, therefore central unit needs to send only one type of A P I call : 

GET /devices/{SERIAL>/sensors/{LOCAL_ID}/{SENSOR_TYPE>/{RAW_VALUE> 

where: 

• SERIAL - 64 bit serial number i n hexadecimal format, uppercase. 

• L0CAL_ID - integer which identifier sensor i n scope of central unit (usually 0 or more). 

• SENSOR_TYPE - denoted type of sensor. Possible values are weight, temp, humidity. 

• RAW_VALUE - raw value acquired by sensor. Tare and mul t ip ly ing is done on server-
side. 
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Chapter 6 

Modules description and firmware 

This chapter presents details of proposed modules i n previous chapter and describes used 
firmware. 

Espressif ESP8266 is an inexpensive W i F i module containing 8 0 M H z / 1 6 0 M H z SoC chip 
wi th architecture Xtensa LX106[ ]. Module can be bought as a P C B soldered by user to 
breakout board (Fig . 6.1). 

M a i n advantage of this module is that its possible to flash to it customized firmware. For 
this project, N o d e M C U was chosen due to low complexity. Fi rmware contains filesystem, 
which makes it possible to store and edit scripts without full rehash. Last but not least 
benefit may be abi l i ty to redownload scripts periodical ly from webserver, making it possible 
to upgrade A P I remotely. 

M S P 4 3 2 is an architecture introduced in 2015 by Texas Instruments, based on previous 
architecture M S P 4 3 0 , providing backwards compat ibi l i ty [ ]. A s of Q2 2016, standalone 

6.1 ESP8266 

F i g . 6.1: ESP8266 module soldered on breakout board. 

6.2 MSP432 

20 



M C U is available only on a LaunchPad or as a sample. For this part icular project, pro
gramming language Processing was chosen for easier development. 

F i g . 6.2: Flowchart of program in M S P 4 3 2 . Paral lelogram denotes interfacing wi th I / O . 

Program running on M C U consist of main loop (6.2), which is regularly collecting 
data from sensors and sending them to webserver through W i F i module. Between each 
measurements cycle through a l l sensors, M C U sleeps for some time - usually 5 minutes or 
1 hour, depending on need. 
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Chapter 7 

Calibration and testing 

This chapter is briefly describing cal ibrat ion process and determining error of continuous 
measuring of permanent load. 

7.1 Determining scaling factor 

Cal ibra t ion of load cell is done by placing object of known weight on load cell. B y measuring 
raw value from converter without any load and wi th reference weight, parameters of linear 
function describing curve mapping raw value to weight can be estimated. 

offset = raw_value_no_load 
raw_value_loaded — raw_value_no_load 

scaling _j actor = 
object _weight 

7.2 Error of continuous measurements 

B y placing constant weight on load, 800 measurement samples were done wi th period 
of 5 seconds to see how weight changes in time. For cal ibrat ion and testing like this, 
wooden platform (7.1) was created on which items can be placed. After 800 samples w i t h 5 
second period, conclusion was made that standard deviat ion is 4.99 grams under constant 
temperature. F u l l list of measured values can be found on attached D V D . 

F i g . 7.1: Reference platform consisting of two wood sheets for cal ibrat ion 

Further improvements can be made by shielding the converter. For this part icular 
purpose of weighting, given error is sufficient. 
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Chapter 8 

Conclusion 

Firs t prototype unit was successfully made and ready for release for long term testing. 
Developed system fullifies requirements, but is s t i l l not mature enough to compete wi th 
commercial solutions. Development of this project w i l l continue after completion of this 
thesis. V i s i o n is to integrate M C U on one board wi th a l l connectors, w i th possibil i ty to 
chain converters on one bus, L i P o battery charger circuit which w i l l make it possible to 
charge batteries from solar panel and G S M modem for remote data gathering. 

Fi rs t unit w i l l be installed on 8 beehives of a local beekeeper for long-term testing and 
collection of feedback of the device. BoosterPack is probably not the best solution for 
commercial applications, but may provide alternative to expensive commercial products. 
Interest to such systems can be seed throughout online forums and websites like Instructa-
bles [10], containing simple methods to achieve beehive weighting. Current state of the 
project is by no means user-friendly i n terms of instal lat ion and usage, but provides a good 
starting point of development of such devices. Webservice is current running on domain 
http : / / h e x a m o n . i o . 
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Appendix A 

Contents of D V D 

src/esp/esp-open-sdk - ESP8266 toolchain 
src/esp/nodemcu-f irmware - N o d e M C U firmware wi th integrated L u a language inter
preter 
src/esp/esptool - U t i l i t y for flashing firmware 
src/esp/luatool - U t i l i t y for transferring scripts to ESP8266 
src/msp432 - firmware of M S P 4 3 2 wi th libraries 
src/web - Laravel website containing information system 
BP_xlucan01.pdf - this thesis in digi ta l form 
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Appendix B 

Compiling and flashing firmware 

This chapter discusses firmware compilat ion and flashing procedure. 

B . l ESP8266 

B . l . l ESP8266 toolchain 

In order to compile N o d e M C U , toolchain needs to be buil t to proceed. Depending on used 
platform, instal lat ion manua l 1 needs to be followed. D V D contains precompiled O p e n S D K 
for x64 Fedora flavour L i n u x dis tr ibut ion. 

B.l.2 NodeMCU 

Before compil ing N o d e M C U firmware, file BuildShell needs to modified to suit the path 
of resulting binary generated in previous section. Default directory is /share. B y issuing 
command make, firmware is bui l t . Resul t ing firmware is located in directory bin w i th names 
0x00000.bin and 0xl0000.bin. 

B.l.3 Flashing NodeMCU 

U p o n connecting ESP8266 board to any USB-to-ser ia l converter (must be 3,3V complaint) 
and connecting GPI00 to ground p in . B y issuing command ./esptool.py -b 921600 
write_flash -fm dio 0x00000 bin/OxOOOOO.bin 0x10000 bin /OxlOOOO.bin firmware 
is flashed. B y pul l ing G P I O 0 to 3.3V and restarting the device, N o d e M C U is started. 
B y reconnecting to serial port at baud rate 115200, terminal is shown w i t h L u a interpreter 
prompt. 

B.l.4 Uploading scripts 

Serial port cannot be occupied dur ing script uploading due to collisions. In file weight-
ing.lua, default SSID, password, IP address of webserver can be changed. B y issuing com
mand make, necessary scripts are copied to file system. B y reissuing make command, a l l 
existing files are rewritten. Automated updat ing of scripts from webserver upon startup is 
not implemented in current version. 

1https://github.com/esp8266/esp8266-wiki/wiki/Toolchain 
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B.2 MSP432 

To compile and upload firmware to M S P 4 3 2 , program E n e r g i a 2 needs to be downloaded 
and installed. After installat ion, project can to be opened (weighting.ino). Before flashing 
through the program, board needs to be set in Tools - B o a r d - LaunchPad w / msp432 
E M T (48MHz) 

B.3 Web installation 

Directory /public needs to be set as a root for given Vi r tua lHos t . To set database config, 
file . env. example needs to be copied to file . env and modified appropriately. Package man
ager Composer 3 needs to be installed. After instal lat ion, commands composer i n s t a l l , 
php artisan migrate need to be issued. 

2http: / / energia.nu/ 
3https://getcomposer.org/ 
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Appendix C 

BoosterPack and converter P C B 

B o t h BoosterPack and converter were designed i n online service Upverter. Previous out
dated K i C a d designs are not published. 

BoosterPack schematic w i th design: 
https://upverter.com/Adluc/0fc215ac3ab9a2c0/40-Pin-Launchpad-BoosterPack-HX711/ 

A D C converter P C B : 
https://upverter.com/Adluc/47b601ea2e495fe4/HX711-ADC-board/ 
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