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STORE AND FORWARD GROUD STATION
SYSTEM DESCRIPTION
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SFGS Description

1. Introduction

Store and Forward ground station (SFGS) is a part of Store and Forward mission of MicroDragon
{MDG) satellite. Vietnam has a long coastal. Fishery and seafood aguaculture have an important
role in Vietnamese economic. Effectively monitoring coastal line and coastal water quality is a

key of developing fisheries of Vietnam.
The objectives of SFGS are:

- Monitoring water quality and water level for science purpose
- Transmitting sensor data to a satellite which has a compatible receiver.

- Working as a standalone system when the system lost connection to network.

A SFGS is equipped:

A set of water quality sensors

- A water level sensor HC-SR04.

- Asolar power supply solution which makes SFGS become a standalone system.

- A 3G network module with an antenna

- A Data Packet Transmitter {DPT) with an antenna which can communicate with a satellite

has a compatible receiver.
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Store MicroDragon

Forward

=

Orbat
by g
'.D Water qualty’s informaton
\ (smal capactty data)
UHF Antenna
image Monitoring
High Speed Downilink (large capacity data) 3G communication

Power's Solar panel
Measurement Unit

i:!mmm Camerta

Fig 1. Store and Forward Mission

In a working scenario, SFGS measures water quality and water level. After finishing the
measurement and encoding data, if SFGS is tracking a satellite, it will transmit sensor data to

satellite. The satellite stores the data and forwards data when it has connection to satellite

ground station.
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2. System block diagram
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1 -

| |

Bl |

3GPi I | |

(| -

40 pins connectar I I 1./’ |
|

Raspberry Pi | | Power !

2 Model B :T controller/ )

I | Charger |

40 pins connectar I | 1?\1 Chl::‘ng I
A\ '

Sleepi/ | W'Ilsv Lead acid l

Rpi sleeping f ! battery |

controller | | I

S L R o

| Sensor Data, Battery capacity, Timer data /
USB to RS232

fater level data | GP|0=————

Store and Forward Ground Station Block Diagram

(Iridium short
burst data)

In a normal working scenario, main computer block and sensor interface/calibration block stay

in sleep mode thanks to Sleepi module. These block only wake up at predefined time in one day.

After waking up, sensor interface/calibration block reads water quality data, encodes it and send

to main computer block. After receive water quality data, Raspberry Pi will measure water level,

format it with water quality data together and save it into MicroSD card. Raspberry Pi use a flag

to know which packet is not sent.

When saving data process have already finished, Raspberry Pi check Iridium network is available

or not. If it is available, Raspberry Pi will request Iridium short burst data send sensor data

packets one by one.

In the final of a successful scenario, you will receive an email include sensor data packet from

Iridium.
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3. Hardware Equipment

3.1. Sensor block
SFGS includes 5 water quality sensors and 1 water level sensor. The water quality sensors

communicate with main computer through a sensar interface board. The water level sensor

connects directly to main computer.

3.1.1. Temperature sensor

Fig 3. Temperature sensor

Measurement range: 0 ~ 1002C
Accuracy: DIN EN 60751
Resistance {09C): 10000
Diameter: 6mm

Length: 40mm

Cable: 2mm

Cable length: < 150mm
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3.1.2. Conductivity sensor

Fig 4. Conductivity sensor

Sensor type: Two electrodes sensor
Electrode material: Platinum
Conductivity cell constant; 1 £0.2 cm™

Cable length: < 500 cm

3.1.3. Dissolved Oxygen sensor

Fig 5. Dissolved Oxygen sensor

Sensor type: Galvanic cell
Range: 0~20mg/L
Accuracy: £2%

Maximum operation temperature: 502C
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Saturation output: 33mV £9mV

Pressure: 0~100psig (7.5Bar)

Calibration: Single point in air

Response Time: After equilibration, 2 minutes for ZmV

Cable length: < 102 cm

3.1.4. pH sensor

Fig 6. pH sensor

Sensaor type: Combination electrode
Measurement range: 0~14pH
Temperature of operation: 0~802C
Zero electric potential: 7+0.25p
Response time: <lmin

Internal resistance: <250MQ
Repeatability: 0.017

PTS (percentage of slape): >98.5
Noise: <0.5mV

Alkali error; 15mV

10
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Reader accuracy: up to 0.01 (in function of calibration)

Cable length: < 300 cm

3.1.5. Oxidation-reduction potential sensor

Fig 7. Oxidation-reduction potential sensor

Sensor type: Combination electrode
Electric Potential: 245~270mV
Measurement range: 0 ~ £1999mV
Reference impedance: 10kQ
Stability: £8mV/24h

Cable length: < 300 cm

3.1.6. Water level — ultrasonic sensor

Fig 8. Water level sensor

Sensor part: HC-SR04

11
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Working Voltage: DC5V
Working Current: 15mA
Working Frequency: 40Hz
Max Range: 4m

Min Range: 2cm

Measuring Angle: 15 degree

Dimension: 45*%20*15mm

3.2. Sensor interface block
Sensor interface/calibration block is designed for calibrating, formatting the sensor data and

communicating with the main controller. A Sensor interface block includes two modules:
- Waspmote — A calibration sensor and communicate board.

- SmartWater — A sensor interface board

The roles of SmartWater are

- Communicate with sensor

- Convert the sensor data to digital format

- Send the sensor data to Waspmote.

The roles of Waspmote are:

- Calibrate the measurement data

- Encode a data packet which includes sensor data, timer data, and battery level.

- Send the data packet to main computer — Raspberry Pi 2 model B.

Notice: Sensor interface block need its own battery which does not relate to lead — Acid

hattery.

12
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3.2.1. Waspmote Features

Radio Socket1  Accelerometer SPI - UART Socket

Sensor 11O

Sensor 11O Radio Socket 0

Microprocessor
Crystal Oscillator

Mini USB

Reset  Solar Battery LEDs Switch usBe
Button Socket  Socket ON/OFF Power LED

Fig 9. Waspmote — sensor calibration board (above)

Microcontroller: ATmegal281

Frequency: 14MHz

SRAM: 8KB

EEPROM: 4KB

FLASH: 128KB

SD Card: 2GB

Weight: 20gr

Dimensions: 73.5x51x13 mm

Temperature range: [-102C, +652C]

Consumption

ON:

Sleep:

15mA

S55uA

3
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Deep Sleep: 55uA

Hibernate: 0.7uA

Electrical characteristics

Battery voltage: 3.3V - 4.2V

USB charging: 5V - 100mA

Solar panel load:6 - 12 V - 280mA

RTC

SD Card

Hibemate Switch

Fig 10. Wapsmote — sensor calibration board (under)

3.2.2. SmartWater Features

Fig 11. SmartWater —sensor interface board

14
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Weight: 20gr
Dimensions: 73.5x 51 x 1.3 mm
Temperature Range: [-202C, 652C]
Board Power Voltages: 3.3V and 5V
Sensor Power Voltages: 3.3V and 5V
Maximum admitted current (continuous): 200mA
Maximum admitted current (peak): 400mA
Sensor Interface Packet:

- Temperature sensor PT1000

- Conductivity sensor

- Dissolved oxygen sensor

- pH sensor

- Oxidation-reduction potential sensor

3.3. Data Packet Transmitter — Iridium

Data Packet Transmitter (DPT) is a Store and Forward ground equipment which is used as a
data encoder and a satellite communication solution. Basing on DPT, a S&F ground station
can work with many micro satellite have a compatible receiver. In the case of MDG satellite,
DPT works in UHF range.
However, we are using a Iridium 9602 Short Burst Data Only Transcelver for DPT purposes at
the moment. The Iridium 9602 Short Burst Data Only Transceiver (9602} is designed to be
integrated into a wireless data application with other host system hardware and software to
produce a full solution designed for a specific application or vertical market. Examples of

these solutions include tracking a maritime vessel or automatic vehicle location.

15
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r .'u'.‘" GPS‘ LAEA T LLLE ]
QN B @

./

IRIDIUM COMMUNICATIONS, INC
Transceiver Model 9602

o N AN @ 7 o

RoHS Compliant. N12037
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To contact Iridium telephone +1.480.752.5155 s
No User Serviceable Parts - Warranty void if opened

Fig 12.  Iridium 9602 short bus data

The 9602 only supports Iridium’s Short Burst Data (SBD) capability. It does not support voice,
circuit switched data, or short message service (SMS). The SBD is controllable by using AT
command method. In the case of our system, SBD can transfer maximum 120 bytes data in
one time without frame check sequence.

In order to make the 9602 be compatible with our main controller, we also use the 9602
developer kit. The 9602 developer kit is designed to be a peripheral supporter for the 9602.
The developer kit supports a RS232 port which can be used to control the 9602 by AT

command .
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Fig 13.  Iridium 9602 developer kit

3.4. Main controller — computer

3.4.1. Raspberry Pi 2 Model B
Raspberry Pi 2 model B is used as the main controller of SFGS. Raspberry Pi controls
sensor interface block, encodes data and transfer it through Iridium SBD or 3G network.
Raspberry Pi also is sensor interface block power supply.

Fig 14.  Raspberry Pi 2 Model B

e A 900MHz quad-core ARM Cortex-A7 CPU

¢ 1GBRAM

Like the (Pi 1) Model B+, it also has:

1



SFGS Description

o 4 USB ports

e 40 GPIO pins

e Full HDMI port

e Ethernet port

e« Camera interface (CSI)

e Micro SD card slot

3.4.2. 3G communication module
Because Iridium network is easy to affect by weather condition, 3G communication

module — 3GPi is used an alternative telecommunication solution. After power on, if 3G network
is available, main controller will log in to network automatically. Raspberry Pi also can control

3GPiby AT Command

Fig 15. 3GPi

3.4.3. Sleepi — Raspberry Pi sleeping controller
Sleepi is a controllable Raspberry Pi sleeping controller. It can force Raspberry Pi to

sleep or wake Raspberry Pi up in a desired time interval or in a desired date.

18
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Fig 16.  Sleepi

3.5. Solar power supply
A solar power supply is used to make SFGS can become a standalone system. It includes

a solar panel, a 12V-6A battery and a power control board which provide a battery charger and a
stable 5V output.

The solar power supply will power Main controller block and Iridium short burst data.

Fig 17.  1W3100-BP Battery Charger PWM

4. Hardware Integration
TBD
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5. System Operation

5.1 Sensor Calibration
Some sensors in sensor block need to be calibrated before deploying:

- pHsensor

- Dissolved oxygen sensor

Conductivity sensor

Oxidation-reduction potential sensor.

Please check the SFGS_TestProcedure document for more detail calibration information.
5.2. System Operation

After power on, the software on main controller block will start automatically. If it is
integrated a HDMI monitor and Iridium network is available, the following string will appear on

the command window:

Initialization

initialization Complete

5588455423 230468750

0#4043.73548388484160 613021835 42EE3.17BER

BINARY TRANSFER

i i [
PERFORM SBD SESSION
#¥Successful transfer data packet to Iridium satellite¥

20
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OK

Fig 18.  System Box Integration

6. Data Format

A data packet of SFGS is formatted in a predefined template. The template structure is

described below:

SAC#DO#ORP#pH#T#BL#BV#TimerEEWLEEE

where:

- SA:the beginning characters

- #: the separate characters

- C: conductivity sensor data

- DO: dissolved oxygen sensor data

- ORP: oxidation reduction potential data
- pH: pH sensor data

- T: temperature sensor data

- BL: battery level data

21



SFGS Description

- BV: hattery voltage data

- Timer: timer data (generate in the same time with timer data)
- EE: end of water quality sensor data

- WL water level sensor data

- EEE: the ending characters
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Store&Forward Field Test Report

1. Purpose:

This documents summarizes the hardware configuration of the S&F ground station, field test
procedures, as well as the test results. The established ground station worked well, and the data
transfer through satellite communication network could be successfully demonstrated, using
Iridium satellite network in this time. Based on this achievements, global water level
measurement network will be able to be implemented via S&F communication network through
micro-satellite constellation. Through the activity, it is also shown that the international
collaboration between young engineers worked very well.

2. Required Equipments:

Figure 1. Sensors, sensor boards and micro controller

2.1. Sensors

» Temperature Sensor (PT1000)

Specifications:
Measurement range: 0 ~ 100°C
Accuracy: DIN EN 60751
Resistance (0°C): 1000Q
Diameter: 6mm

Length: 40mm
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Cable: 2mm

Cable length: < 150mm
Conductivity Sensor
Specifications:

Sensor type: Two electrodes sensor
Electrode material: Platinum
Conductivity cell constant: 1+ 0.2 cm-
Cable length: < 500 cm

Dissolved Oxygen Sensor
Specifications:

Sensor type: Galvanic cell

Range: 0~20mg/L.

Accuracy: £2%

Maximum operation temperature: 50°C
Saturation output: 33mV £9mV
Pressure: 0~100psig (7.5Bar)
Calibration: Single point in air
Response Time: After equilibration, 2 minutes for 2mV
Cable length: < 102 cm

pH Sensor

Specifications:

Sensor type: Combination electrode
Measurement range: 0~14pH
Temperature of operation: 0~80°C
Zero electric potential: 7+0.25p
Response time: <Imin

Internal resistance: <250MQ
Repeatability: 0.017

PTS (percentage of slope): >98.5
Noise: <0.5mV

Alkali error: 15mV

Reader accuracy: up to 0.01 (in function of calibration)
Cable length: <300 cm
Oxidation-Reduction Potential Sensor
Specifications:

Sensor type: Combination electrode
Electric Potential: 245~270mV
Measurement range: 0 ~£1999mV
Reference impedance: 10kQ

Stability: =8mV/24h

Cable length: <300 cm

Ultrasonic Sensor (HC-SR04)
Operating voltage: 5V

Static current: 2mA Max

Induction angle: 15°

Detection range: 2-200cm

High precision up to 3 mm
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Figure 2. HC-SR04 Ultrasonic Sensor Assembly

% A quick look of HC-SR04 Ultrasonic sensor model: The HC-SR04 ultrasonic sensor uses
sonar to determine distance to an object like bats or dolphins do. It offers excellent non-
contact range detection with high accuracy and stable readings in an easy-to-use package.
From 2cm to 400 cm or 17 to 13 feet. It operation is not affected by sunlight or black
material like Sharp rangefinders are (although acoustically soft materials like cloth can be
difficult to detect). It comes complete with ultrasonic transmitter and receiver module [4].

% Because of the difference between voltage supply of HC-SR04 and Raspberry Pi 2B (5
Volts vs. 3.3 Volts), a resistor has been added series to the connection lines of the two
modules in order to match the supply voltages (marked as yellow circle in Fig.2).

2.2. Circuit boards

» SmartWater Board

Electrical Characteristics:

« Board Power Voltages: 3.3V and 5V

+ Sensor Power Voltages: 3.3V and 5V

* Maximum admitted current (continuous): 200mA
* Maximum admitted current (peak): 400mA

» Waspmote Sensor Board
- See the detailed specifications of Waspmote in [2]
- See the setup for Waspmote in [3]

2.3. Microcontroller

» Raspberry Pi 2B



2.4. Power supplies

» DC Voltage Supply

» Solar Panel

» Lithium Battery
» Power Control Circuit
» Slee-Pi (for Raspberry Pi 2B)

2.5. Communication

» 3GPi (for Raspberry Pi 2B)

2.6. Computer Aided Software

» Waspmote Pro IDE v.04 (for compile and upload sensor measuring and controlling code
from computer to Waspmote Sensor Board)
» Python 2.7 (for Raspberry Pi to connect and read the data from Waspmote Sensor Board)

3. DPT Schematic Diagram

Ground Transmitter system
for S&F Mission (Verl.0c)
Ta Phuong Linh
tplinh@vnsc.org.vn
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4, Test Procedure

4.1. Indoor sensors testing

SmartWater’s Sensors

Smart Water

HEr

i =L

Conductivity
— —

Electronics Jumper

DPT

Power Supply
Rigid
Solar
Panel

Power
Battery

Vendor’s
Communication
Device

@

3GPI

F‘tenuator ———,_

Power
Control
Unit

Slee-Pi

Raspberry

Pi2B

|

Ultrasonic

Figure 3. DPT schematic diagram

Sensor

Step 1: Connect SmartWater to Waspmote, then connect them to Raspberry Pi 2B.



Figure 4. Sensor boards and MicroController connectivity

Important Note: When measuring the water component with more than two sensors
simultaneously, it is need to connect Waspmote with its battery to maintain the sufficient power
level.

Step 2: Test with Temperature Sensor
#1: Connect to SmartWater

e Type of connector: PTSM

Figure 5. Temperature Sensor’s socket

#2: Carry out the measurement

Note: The temperature sensor is directly powered from the 5V supply, so is no necessary to
switch the sensor ON



Step 3: Test with Conductivity Sensor
#1: Connect to SmartWater

e Type of connector: PTSM

Figure 6. Conductivity Sensor’s socket

#2: Carry out the measurement

In order to get an accurate measurement it is recommended to calibrate the conductivity sensor
to obtain a precise value of the cell constant. Although a single point calibration should be
theoretically enough, a two point calibration is advisable to compensate for side effects of the
circuitry, such as the resistance of the sensor wire or the connector. For a proper calibration
two solutions of a conductivity as close as possible to that of the target environment should be
used [1]. Once the required Calibration Kit has been delivered, the calibration process will be
done based on the 4.2.4 section of [1].

Step 4: Test with Dissolved Oxygen Sensor
#1: Connect to SmartWater

e Type of connector: SMA-RP

Figure 7. Dissolved Oxygen Sensor’s socket



#2: Carry out the measurement

The calibration process for the dissolved oxygen sensor can be divided into two parts. The first
one corresponds to a single point calibration, which should be enough for most applications. In
the second one, the calibration is extended to a second point, which leads to a more accurate
value, although it implies a high leap in complexity. This second point is specially advisable if the
sensor is going to operate in an environment with a low oxygen concentration.

Once the required Calibration Kit has been delivered, the calibration process will be done based
on the 4.3.4 section of [1].

Step 5: Test with pH Sensor
#1: Connect to SmartWater

e Type of connector: SMA-RP

Figure 8. pH Sensor’s socket

#2: Carry out the measurement

A periodic calibration is highly recommended for the pH sensors if an accurate measurement is
desired. If the sensor is going to be deployed in an environmental with a changing temperature
or the calibration is going to be carried out under a different temperature from the operation
conditions, it will also be required a temperature compensation to update the sensitivity of the
sensor to the actual conditions.

The required material for the pH sensor calibration consists of a Waspmote and Smart Water
sensor board, the pH sensor to be calibrated (plus a PT1000 sensor if temperature
compensation is going to be applied) and three pH buffer solutions, one of 7.0pH and two of
higher and lower values (4.0pH and 10.0pH). Note that for a proper calibration all the buffers
must be at the same temperature, being a temperature the closest possible to that of operation
or, if this one is not known, of approximately 252C.



Once the required Calibration Kit has been delivered, the calibration process will be done based
on the 4.4.4 section of [1].

Step 6: Test with Oxidation-Reduction Potential Sensor
#1: Connect to SmartWater

o Type of connector: SMA-RP
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Figure 9. Oxidation-Reduction Potential Sensor’s socket
#2: Carry out the measurement

Since the sensor output is a straightforward voltage directly measured by the Waspmote’s
analog-to-digital converter there is not a conversion function. Thus, the calibration process will
consist in a verification of the proper operation of the sensor with an ORP calibration standard
solution, which will lead to the application of a correction offset in the code or in the data
processing in the receiver.

Once the required Calibration Kit has been delivered, the calibration process will be done based
on the 4.5.4 section of [1].

Step 7: Test with Ultrasonic Sensor
Step 8: Collect the data
4.2. Outdoor test with Iridium

The outdoor testing is carried out as illustrated in this figure below, with the Iridium 9602 SBD
model plays as mobile’s ground station L-band transceiver. This transceiver corresponds to the
Iridium Subscriber Unit (ISU) at this figure.
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Figure 10. Iridium’s short burst data architecture

Data collected from sensor (Field Application) will be processed by Raspberry Pi 2B
microcomputer, then has been up-converted and attached with carriers at the transceiver unit.
The radiofrequency uplink data will be sent to Iridium Satellite Constellation, which included of
64 LEO satellites, before queuing and pending at the SBD Subsystem (SBD). After that, data will
be sent to the vendor's communication devices via either IP socket or Email methods. In the
former way, the data is formalized in binary.

Because of the limitation of maximum 132 symbols for each sending session, we are able to send
only sensors data, and current status of microcomputer (operation mode, battery level and its
corresponding voltage).

Figure 11. DPT indoor test



Figure 13. Packaging the DPT module



Figure 14. DPT with waterproof case

Figure 15. DPT with waterproof case



Figure 17. DPT field test preparation



Figure 18. DPT outdoor deployment, with GPS antenna
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Figure 19. Sensors deployment.

(a) Waspmote’s Smart Water sensors (b) HCRO4 ultrasonic sensor



Figure 20. The result displayed on Raspberry Pi 2B screen monitor.

Figure 21. Data collected by sensors.



Fig.20 shows the indoor test’s result frame on the screen of Raspberry Pi, from left to right: SAO
(start frame), data sensor (alphabetical displayed, separated by hash key): Conductivity,
Dissolved Oxygen, Oxidation-Reduction potential, pH and Temperature. Ultrasonic sensor was
the last, right before the EEE (end of frame).

Fig.21 shows the field test displayed result on the screen of Raspberry Pi, with the order of sensor
data is just the same as it in the indoor test. However, the values of data are different because
we carried out this measurement in real water environment. For instance, the ultrasonic sensor
result is 68.58 cm (instead of the result of 3.17 ¢cm in the indoor test).

Figure 22. The data was successfully received by computer’s email

Fig.22 shows the format of receiver email, with the time of Session in UTC standard and the
position (which is included longitude, latitude of the vendor’s application with tolerable radius of
3km); the received data has the length of 110 bits.
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