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1 Before you start

1.1 Power supply
1.1.1 Battery

Reach RS2 and Reach RS2+ have a built-in LiFePO4 battery providing up to 22 hours ofautonomous work when logging data and up to 16 hours as a 3.5G or LTE rover, respectively.
1.1.2 Charging over USB

You can power and charge your Reach RS2/RS2+ over a USB-C cable using power supplieslike:
• Power bank
• USB wall adapter

1.1.3 Powering from external connector

Reach RS2/RS2+ can automatically turn on when the power is supplied to the device viaan external 9-pin bottom connector with a voltage in the range from 6 V to 40 V. You canenable this feature in the Emlid Flow settings.
To charge the receiver 5 W is required. To operate the receiver, 7.5 W on average is required(10 W maximum).
1.2 First setup
In this tutorial, we will walk you through the following steps:

• Installing the Emlid Flow app
• Connecting to Reach RS2/RS2+
• Performing firmware update

To do that, you will need Reach RS2/RS2+, a Wi-Fi network with an internet access, and asmartphone or a tablet.
1.2.1 Download Emlid Flow

To manage Reach RS2/RS2+, download the Emlid Flow app on yourmobile device iOS orAndroid mobile device.

Using Reach with Android devices: Some Android devices have the Battery optimization
setting enabled by default. Make sure you disabled it for Emlid Flow to avoid disconnection.
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1.2.2 Power up Reach RS2/RS2+

To power up your Reach, follow the steps below:
• Hold the power button for 5 seconds to turn the unit on.
• Wait for about 30 seconds until the Power LEDs will stop blinking and the NetworkLED stays solid white.

Reach RS2/RS2+ is now broadcasting Wi-Fi.
Tip: You can read more about power supply in the Power supply guide.

1.2.3 Connect to Reach RS2/RS2+

Using Reach with Android device: Turn off the mobile data on your device before connecting
to Reach’s hotspot.
To connect to your Reach, follow the steps below:

• Open a list of Wi-Fi networks on your smartphone or tablet.
• Connect to a network named reach:xx:xx.
• Type network password: emlidreach.

Once you successfully connected to Reach’s hotspot, you can go to Emlid Flow and set upconnection to your Wi-Fi network.
1.2.4 Set up Wi-Fi connection

Note: Make sure that your Wi-Fi network uses 2.4 GHz band.
To connect Reach to your Wi-Fi network, follow the steps below:
1. Open Emlid Flow and choose your Reach from the list.
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2. Tap the Set up Reach button to open Updater for further setup process.

3. Name your Reach and apply changes.

4. Select your Wi-Fi network from the list of available networks.
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5. Enter the password and tap Connect.

Reach RS2/RS2+ will stop broadcasting Wi-Fi and connect to your network. The NetworkLED will blink rapidly while scanning for networks. Once Reach connects to Wi-Fi,the Network LED will be solid blue.
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When the connection of Reach with the Wi-Fi network is established, you can connect toyour unit using Emlid Flow:
1. Connect your smartphone or tablet to the same Wi-Fi network.
2. Open the Emlid Flow app.
3. Choose your Reach from the list of available devices.

Note: If there is only one receiver, the app will automatically try to connect to this Reach.
Tip: If your device did not connect to your Wi-Fi network, it will switch back to hotspot mode. In
that case, repeat the steps and double-check the network name and password.

1.2.5 Update Reach Firmware

After connecting to Reach RS2/RS2+, the app will check available firmware updates. Followthe steps below to get the latest update:
1. Wait until Emlid Flow checks for the latest update. If there is an update available, it willstart the updating process.

Note: The process may take a few minutes.

2. When the update is complete, wait until your Reach reboots.
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3. Wait for the Network LED to stop blinking, showing that Reach RS2/RS2+ has joinedyour Wi-Fi network again. Close the Updater page.
4. Refresh the list of available devices.
5. Choose your Reach from the list of available devices.

Note: If there is only one receiver, the app will automatically try to connect to this Reach.
1.3 Connecting to Reach RS2/RS2+
Emlid Flow allows controlling Reach RS2/RS2+ receivers with iOS or Android devices. Usingthe app, you can access your receiver over Wi-Fi network, set it up for the survey, and collectand stake out points.
In this guide, you will find information on how to connect to your Reach RS2/RS2+ using theEmlid Flow app.
Note: The connection process for both iOS and Android devices is similar.
1.3.1 Setting up Wi-Fi connection

Establish Wi-Fi connection between your Reach and your device:
1. Power up the unit and wait until it is loaded.
2. Look at the Network LED of the receiver to check the mode.
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Hotspot mode

When Reach is in hotspot mode, it sharesits own network. In this case, perform thefollowing steps:
1. Open Wi-Fi settings of your device andturn on Wi-Fi.
2. Find a network with the name

reach:XX:XX.
3. Type the password emlidreach toconnect to this network.
4. Wait until it shows that you aresuccessfully connected to the network.

Client mode

When Reach is in client mode, it is connectedto the external Wi-Fi network. In this case,perform the following steps:
1. Open Wi-Fi settings of your device.
2. Connect it to the same Wi-Fi network.
3. Wait until it shows that you aresuccessfully connected to the network.

1.3.2 Connecting to Reach RS2/RS2+ using Emlid Flow

When the Wi-FI connection is established, you can connect to your unit using Emlid Flow.
1. Open the app.
2. Choose your unit from the list of available devices.

Note: If there is only one receiver, the app will automatically try to connect to this Reach.
Tip: When you connect to your Reach, all LEDs will blink simultaneously.
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Once you connect to your Reach RS2/RS2+ via Emlid Flow, you can access the settings andset it up for the survey.
1.4 Placement
Tip: A well-placed Reach base is essential for achieving good RTK positioning results.
You can place your smartphone near the window in your house and it will obtain GNSScoordinates after some time, but for RTK such environment won’t be sufficient. For RTK towork, there are special requirements for placing the base.
Clear sky view without any obstacles
Reach needs to have a clear sky view 30 degrees above the horizon. There should be noobstacles that could block the view like buildings, trees, cars, humans, laptops, etc.
Take a look at 2 pictures below. The left picture demonstrates desirable conditions for Reachlocation. The right one is an example of bad surrounding conditions such as the reducedview of the sky, possible obstructions or vegetation nearby.

Examples of good environments for Reach placement:
• field
• top of the hill
• rooftop

Examples of bad environments for Reach placement:
• indoors
• urban area
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• forestry area
No electronics nearby
Electronic devices may produce RF noise that could affect the reception of the GNSS signal.Keep all electronics as far as possible from Reach.
Setting up the base
Learn more about placing the base in the corresponding guide.
1.5 LED status
Reach RS2/RS2+ has several LEDs which are used as status indicators for different parts ofthe system.

Battery
The lights above the power button indicate the battery charge level. If the loading animationis over, then you can connect your phone to Reach.
Network
During boot, Reach RS2/RS2+ enters a network scan state and searches for known networksto connect to. If it doesn’t find a known network, it switches to hotspot mode.
RTK Status
This LED is used to display Emlid Flow RTK status. RTK status has two colors: white andblue. White indicates incoming corrections, and blue indicates whether outgoing correctionsare enabled. If the outgoing ones are turned off, there will only be a white LED. If enabled,the light will switch between white and blue every two seconds.
Power
The LED on the Power button shows two things: whether the receiver is on/off and the pointcollection process. When Reach is turned on, it lights up with a solid white light. When thepoint collection has started, the light flashes rapidly.
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2 RTK quickstart

2.1 How RTK works
RTK is a technique used to improve the accuracy of a standalone GNSS receiver. TraditionalGNSS receivers, like the one in a smartphone, could only determine the position with 2–4meters (7–13 feet) accuracy. RTK can give you centimeter accuracy.
GNSS receivers measure how long it takes for a signal to travel from a satellite to the receiver.Transmitted signals travel through the ionosphere and atmosphere and are slowed downand perturbed on the way. For example, travel time on a cloudy day and in clear sky conditionswould be different. That is why it is difficult for a standalone receiver to precisely determineits position. RTK is a technology that solves this issue.
Our YouTube channel has a video that will show you how RTK technology works.
2.1.1 High real-time precision

Two receivers are used in RTK. One of them is stationary, another moves freely. They arecalled base station and rover.

The base’s mission is to stay in one place and send corrections to a moving receiver. Roveruses that data to achieve centimeter precise position. Any number of rovers can connect toone base if their input settings match the base’s output.
2.1.2 Corrections over NTRIP

You do not necessarily need a second unit for RTK all the time. Usually, there are local servicesthat share base corrections over the internet. This technology is called NTRIP.
NTRIP is a good option for areas with strong 3G/LTE coverage and a vast network of NTRIPbases nearby. In other cases, using the second receiver as a local base station has twoadvantages:

16

https://www.youtube.com/watch?v=ieearzWTCZw


• autonomy in remote areas as there’s no need in the internet connection;
• independency from local providers, no additional fees by NTRIP service.

2.1.3 Single-band and multi-band receivers

Roughly speaking, there are two types of receivers: single-band (L1) and multi-band (L1/L2or more). Their differences come from how much data they can receive from satellites.
For example, it helps to increase the maximum distance between base and rover, which isalso called baseline:

17



Single-band maximum baseline Multi-band maximum baseline

RTK 10 km (6 mi) 60 km (36 mi)
PPK 30 km (18 mi) 100 km (60 mi)

Multi-band receiver is also way more robust when it comes to sky view. It can maintaincentimeter precision even if you survey in challenging conditions: forest, city, mining sights,quarries, etc.
2.2 Base and rover setup
This guide shows how to set up two Reach RS2/RS2+ units as a rover and a base and how tomake them work over LoRa radio in RTK mode.
2.2.1 Rename Reach devices

By default, every Reach RS2/RS2+ has the same name, and the first thing you need to do isto rename them, so it is easier to distinguish between the base and the rover in the field. Torename the units, follow the steps below:
1. Connect to Reach RS2/RS2+ you want to use as a base.

How to define Reach RS2/RS2+?: When you connect to your Reach, all LEDs will blink
simultaneously. If you need to flash LEDs during a survey—tap the cell with your receiver’s
name on the Receivers screen and get access to the Flash LEDs button.

2. Go to Settings and tap Receiver info.
3. In Receiver and hotspot name, change the name of your Reach to reach-base.

Note: The name you enter will also be used as a Wi-Fi network label when Reach is in
hotspot mode.

4. Press Save.
Tip: Use a special sticker from the package to mark the unit.
Do the same with the second Reach RS2/RS2+. However, use reach-rover name instead ofreach-base.
2.2.2 Set up your base

Now you need to configure RTK settings and communication over LoRa radio between thebase and the rover. Let’s start with the base, follow the steps below:
1. Connect to the base unit.
2. Go to Settings and tap GNSS settings. Pick each of the satellite systems.
3. Set the GNSS update rate at 1 Hz.
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4. Return to the Receivers screen. On the Base settings screen, go to RTCM3 messages.
5. Select to output RTCM3 messages as follows:

• ARP station coordinates at 0.1 Hz
• Other MSM4 messages at 0.5 Hz

6. Tap Apply.
7. Return to the Receivers screen. On the texitBase output screen, select LoRa.
8. Tap the Edit button in the LoRa cell. Select frequency and set the output power at 20dBm.
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Note: Make sure to select appropriate frequency and output power according to your local
regulations. In case there are restrictions, frequency band limitations will be applied
automatically.

9. Set air data rate at 9.11 kb/s. Tap Save.
Now you can proceed to set up your rover unit.
2.2.3 Set up your rover

To complete configuring RTK settings and communication over LoRa radio between thebase and the rover, you need to set up your rover. Follow the steps below:
1. Connect to the rover unit.
2. Go to Settings and tap GNSS settings.
3. Set the positioning mode to Kinematic.
4. Select the same GNSS systems as for the base, and set 5 Hz GNSS update rate. Applychanges.

5. To configure LoRa radio on the rover unit to receive the corrections, return to the
Receivers screen and tap Correction input.

6. Select LoRa. Set the same frequency and air rate as for the base. Tap Save.
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Tip: To make sure that corrections are passing from the base to the rover, you can put both
receivers by the window for a few minutes to provide the sky visibility. After that, open Emlid
Flow, connect to the rover and go to the Status screen. Scroll down to the Corrections section and
make sure that your rover is receiving corrections.

2.2.4 Place Reach RS2/RS2+ units

When you configured settings on both base and rover, you are ready to go outside to placethe base and complete the setup process. For the field works, you will need a tripod and asurvey pole. To place the units, follow the steps below:
Note: Before placing the base, make sure that you are in an open area with a clear sky view.
This will ensure good signal reception and a fair number of available satellites.
1. Mount Reach RS2/RS2+ base.
2. Accurately level the tripod.
3. Put the rover on the pole.
4. Attach LoRa antennas to both units.
5. Turn on the receivers.

Tip: To learn more about placement, check the Placement guide.
After placing the base on the tripod, you can complete its setup:
1. Connect to the base.
2. On the Receivers screen, tap Base settings.
3. To configure base settings, tap the Configure button.
4. Select Average SINGLE as the base coordinates entry method and set averaging time.Tap Save.
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Caution: Do not move the base while Reach is accumulating data.
Note: Base position is averaged automatically every time the receiver turns on.
After accumulating the data, you will see averaged coordinates in the Base marker section.Now your base is set up and transmits corrections to the rover.

2.2.5 View results

When you completed your RTK setup over LoRa radio, you can see the current solutionstatus in the top right corner of the Emlid Flow app:
SINGLEmeans that the rover has found a solution relying on its own receiver and basecorrections are not applied. In this case, the receiver calculates its position with the precisionof a few meters.
FLOATmeans that the rover receives corrections from the base but cannot resolve allambiguities and calculate its position with the centimeter accuracy.
FIXmeans that the rover using corrections from the base resolved the ambiguities in itspositional calculation and achieved the solution with the centimeter-level precision.
After a short period of time, the rover gets a fixed solution. In good environments, it willtake a few seconds to get a fixed solution. In tough conditions, it may take a little longer.Once rover gets FIX, you are all set for surveying.
You can also find the current solution status as well as your position in real time on theStatus screen.
Tip: When you learn how to set up RTK over LoRa radio, you can also check
how to connect your Reach to the internet and work with NTRIP service.
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2.3 Connecting Reach to internet via Wi-Fi
This guide shows how to connect Reach to the internet via your local Wi-Fi network to updatethe device to the latest firmware or get the corrections from your NTRIP service.
2.3.1 Get access to Reach in Emlid Flow

Android device: Make sure mobile data and battery optimization are turned off before connecting
to Reach’s hotspot.
To establish the connection between your mobile device and Reach, follow the steps below:
1. Download the app from Google Play or App Store.
2. Go to Wi-Fi settings on your device.
3. Connect to Reach hotspot. It appears as reach:XX:XX.
4. Enter password emlidreach.
5. Launch the Emlid Flow app.
6. Choose Reach from the list of available devices.

2.3.2 Configure Wi-Fi connection settings in Emlid Flow

Note: Make sure that your Wi-Fi network uses 2.4 GHz band.
After connecting to the Reach hotspot in Emlid Flow, set up the connection to your localWi-Fi network:
1. On the Receivers screen, tap Wi-Fi.
2. Choose your Wi-Fi network from the list.

3. Fill in the password for the selected network.
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Double-check the password: You can unmask the password by tapping an eye symbol
at the end of the password field.

4. Press the Connect button. The Network LED will start blinking blue. It means that Reachis trying to connect to your network.
5. Check the connection status after the blue LED stops blinking:

• The Network LED is solid blue. It means that Reach is connected to your Wi-Finetwork.
• The Network LED is solid white. It means that the connection to your Wi-Fi networkfailed. Reach returned to the hotspot mode.

Failed connection: If the connection to your Wi-Fi network failed, do the following:
• Check the entered password.
• Check that your network is configured correctly.
• Try connecting to another Wi-Fi network.
• Access Reach in your Wi-Fi network.

2.3.3 Access Reach in your Wi-Fi network

After configuring Wi-Fi connection settings in Emlid Flow, connect your mobile device toReach:
1. Connect your smartphone or tablet to the same Wi-Fi network as Reach.
2. Go back to Emlid Flow.
3. Refresh the list of available devices.
4. Choose Reach from the list.

Now Reach is connected to your Wi-Fi network and ready for work.
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2.4 Connecting Reach to the internet via mobile hotspot
This guide shows how to connect Reach to the internet via your control device’s hotspot toupdate it to the latest firmware or get the corrections from your NTRIP service.
2.4.1 Get access to Reach in Emlid Flow

Android device: Make sure mobile data and battery optimization are turned off before connecting
to Reach’s hotspot.
To establish the connection between your mobile device and Reach, follow the steps below:
1. Download the app from Google Play or App Store.
2. Go to Wi-Fi settings on your device.
3. Connect to Reach hotspot. It appears as reach:XX:XX.
4. Enter password emlidreach.
5. Launch the Emlid Flow app.
6. Choose Reach from the list of available devices.
7. Configure Wi-Fi connection settings in Emlid Flow.

After connecting to the Reach hotspot in Emlid Flow, set up the connection to your mobiledevice hotspot:
Note: Check that your device’s mobile hotspot is disabled to ensure a successful connection.
1. On the Receivers screen, tap Wi-Fi.
2. Tap Add a new network. As your device’s mobile hotspot has been temporarily disabled,this network is not visible.

Caution: Make sure that there are no available saved networks to ensure successful connection.
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3. Fill in the credentials of your device’s hotspot:
• Type the network name.
• Choose a security type.
• Add a password if you have it.

Double-check the password: You can unmask the password by tapping an eye symbol
at the end of the password field.

4. Press the Connect button. The Network LED will start blinking—it means that Reach istrying to connect to your device’s hotspot.
But since it is off, Reach will start sharing its hotspot again.

5. To detect your device’s hotspot and connect to it, you need to reboot Reach. Press thepower button for a while to turn your Reach off and then press it again to turn Reachon.
Rebooting Reach using Emlid Flow Alternatively, you can reboot your Reach using Emlid
Flow. Connect your device to the Reach hotspot again. Then open Emlid Flow and refresh
the list of devices to connect to your Reach. After that, tap the name of your Reach and
restart it. Finally, proceed to step 7.

6. Enable the mobile hotspot on your mobile device.
iOS device: To ensure successful connection, pay attention to the following:

• Make sure that your iOS device is not connected to any other Wi-Fi networks. iOS hotspot
may drop once your iOS device finds an available Wi-Fi network and connects to it.

• Starting with the iPhone 12 series, enable the Maximize compatibility option on its
Personal hotspot page. This will switch its hotspot to 2.4 GHz and ensure connection
to Reach.

• Keep the Personal Hotspot page on the iOS device open while the Reach is loading.
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When Reach reboots, check the connection status:
iOS device: If the connection to the device’s hotspot is successful, you will see the blue notification
at the top left corner of the screen.
The Network LED is solid blue: It means that Reach is connected to your mobile hotspot.

The Network LED is solid white: It means that the connection to your mobile hotspotfailed and Reach returned to the hotspot mode.

Failed connection: If the connection to your device’s hotspot failed, do the following:
• Check the entered password.
• Check that your network is configured correctly.
• Try connecting to another Wi-Fi network.
• Access Reach in your Wi-Fi network.

2.4.2 Access Reach in your Wi-Fi network

When your Reach is connected to your mobile hotspot, access it following the steps below:
1. Open Emlid Flow.
2. Refresh the list of available devices.
3. Choose Reach from the list.

Now Reach is connected to your mobile hotspot and ready for work.
2.5 Connecting Reach to the internet via built-in modem
This guide shows how to connect Reach to the internet via built-in cellular modem to getcorrections from your NTRIP service.
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2.5.1 Insert a SIM card

Note: Make sure you have a nano-SIM card. You can cut your SIM card to match the format.
To insert the SIM card into your Reach, follow the steps below:
1. Find the SIM card slot under the black sealing.
2. Slide the metallic cover to the right to unlock the slot.

Caution: To prevent slot damage, please use it with care.

3. Pull up the cover to open the SIM card slot.

4. Insert your SIM card into the metallic cover.
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5. Return the slot cover into the horizontal position and slide left to lock the slot.

2.5.2 Enable mobile data

When the SIM card is inserted, connect your Reach to the internet as follows:
1. Connect your device to the receiver’s hotspot using the Emlid Flow app.

Tip: You can read how to connect to the receiver’s hotspot using the Emlid Flow app in the
Connecting to Reach guide.

2. In Settings, go to the Mobile data section.
Note: If the SIM card requires a PIN code, type it into the pop-up field on the Mobile data
screen.

3. Configure APN settings.
Tip: This step is optional. If you don’t know your APN settings, contact the network carrier.
Tap APN settings and enter your APN.
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Some SIM cards may require filling in all the fields in the dropdown menu.

Tap Apply.
4. Switch mobile data on.

Note: Some SIM cards require enabling the Data roaming option to connect to the network.
Tip: If you can’t connect to a cellular network, do the following:

• Make sure you’re in an area with cellular network coverage.
• Check APN settings.
• If you still can’t connect to a cellular network, contact your carrier.
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If everything is correct, you will see network bars and connection type next to the batteryicon. Once Reach connects to the internet, you can set it up to get corrections from
NTRIP service.
2.6 Working with NTRIP
This guide explains how to configure your Reach RS2/RS2+ to receive RTK corrections froman NTRIP service via the internet.
2.6.1 Overview

An NTRIP service allows you to configure RTK using only one GNSS receiver acting as a rover.With the help of an NTRIP protocol, the service allows your rover to receive correctionsfrom the nearest third-party base, a continuously operating reference station (CORS). Thisway, there is no need for you to have your own local base.
Note: In order to access NTRIP services, you need to register and get a subscription. The cost
and coverage area depends on your NTRIP service provider.

2.6.2 Connect Reach RS2/RS2+ to internet

To get NTRIP corrections, connect your Reach to the internet via your control device’s hotspotor built-in cellular modem.
Tip: To learn more about connecting your Reach RS2/RS2+ to the internet, check the following
guides:

• Connecting Reach to internet via built-in modem
• Connecting Reach to internet via Wi-Fi
• Connecting Reach to the internet via mobile hotspot

2.6.3 Configure Reach RS2/RS2+ as rover

To set up your Reach as a rover for RTK mode with NTRIP, you need to configure GNSS settingsand correction input in Emlid Flow. First, configure GNSS settings following the steps below:
1. Open Emlid Flow and connect to your receiver.
2. Go to Settings and tap GNSS settings. Make sure you have the following settings:

• The positioning mode is set to Kinematic.
• The elevation mask angle is set at 15 degrees.
• The SNR mask angle is set at 35 degrees.
• All satellites systems are selected.
• The GNSS update rate is set at 5Hz.
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3. Tap Apply.
After configuring GNSS settings, set up the correction input as follows:
1. Go to the Correction input screen.
2. Select NTRIP.
3. Tap Add profile and fill in the information from your NTRIP provider.

Tip: To find out which mount point suits you better, check the website of your NTRIP provider.
The closer the mount point, the more precise your solution will be.
Android keyboard tech tip: On some Android devices, default keyboards do not provide
a minus sign. To get access to it, we recommend downloading Gboard, a virtual keyboard
app, from the Google Play Store.
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Note: If you are using a VRS service, you need to enable Send receiver’s position to the
provider.

4. Tap Save. If you are outdoors and everything is configured correctly, you will start receivingcorrections in a few seconds.
Note: To start receiving corrections, make sure that your receiver has satellite visibility.

Tip: You can add a required number of NTRIP profiles and choose between them right on the
Correction input screen later.

2.6.4 Provide Reach RS2/RS2+ with clear sky view

Before surveying, make sure your Reach has a clear sky view of at least 30 degrees abovethe horizon. There should be no obstacles that could block the view like buildings, trees,cars, humans, laptops, etc.

Tip: Learn more about Reach setup in the Placement guide.

33



3 PPK quickstart

3.1 How PPK works
Note: To learn more about post-processing with our cross-platform desktop application Emlid
Studio, check out our documentation.
PPK stands for Post-Processed Kinematic.
3.1.1 Definitions and differences from RTK

Post-Processed Kinematic (PPK) is an alternative technique to Real-Time Kinematic (RTK).With PPK workflow, accurate positioning doesn’t happen in real time, all algorithms areapplied afterwards. Both base on the ground and rover (usually on a UAV) record raw GNSSlogs, which are then processed to receive an accurate positioning track.

While PPK is mainly used in UAV mapping, it can also be used as a back up for RTK for anysurveying job. PPK offers more flexible workflow, allowing to run the processing multipletimes using different settings. It also doesn’t require a correction link between base androver, making equipment setup simpler.
3.1.2 PPK for UAV mapping

Note: For PPK mapping, it is recommended to have few GCPs on site for data check(checkpoints).
There are several advantages of using PPK for mapping with a drone. PPK doesn’t requireplacing Ground Control Points (GCPs), which allows to inspect much wider areas. It is especiallyuseful when you need to map large territories or places with difficult terrain.
The most critical part of PPK for UAV mapping is synchronisation of a camera and ReachM+, because:
There is always a delay between camera trigger and the actual moment the photo is taken.
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1. When a drone flies at high speeds, the autopilot receives position readings only eachseveral meters. The accuracy of, say, 2 meters is not enough for surveying.
2. Reach M2/M+ solves this by connecting to a camera shutter via hot shoe. The timeof each photo is logged with a resolution of less than a microsecond. During PPK youreceive coordinates of exact moments of each photo taken.

There’s no need in integrating Reach to autopilot for UAV mapping.

Connecting a camera and Reach M+ with a hot shoe adapter
As a result of UAV PPK mapping with Reach, you’ll have a set of images and a text file containinga list of accurate coordinates corresponding to each photo. This data is then imported inmapping software such as Agisoft PhotoScan, DroneDeploy, Pix4D, etc.
DJI drones workaround: You can’t easily integrate Reach M2/M+ with DJI Mavic or Phantom,
as their cameras don’t have hot shoe. But you can always stick to working with GCPs, which is
simple and efficient for small areas – just like your DJI drone.

3.2 Preparing ground control points for PPK UAV mapping
This tutorial shows how to prepare ground control points for precise PPK UAV mapping.
Tip: Check the How PPK works and Configuring Reach UAV kit for PPK mapping guides to learn
more.

3.2.1 Overview

Ground control points (GCPs) are points with known coordinates on the ground in the surveyarea that serve as reference points and help accurately map areas.
Use ground control points for any of the following purposes:

• To check and improve the accuracy of the map.
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• To get the correct scale and orientation of the map.
• To ensure absolute positioning of the map.

Tip: Learn more about absolute and relative accuracy and positioning in the
Choosing base setup method article.

3.2.2 Workflow

To ensure precise drone mapping, you need to place and collect GCPs in RTK mode in thesurvey area.
Tip: In most cases, GCPs are necessary to obtain absolute accuracy and georeference the map.
In this case, you should place the base over a known point and manually enter its coordinates.
To learn more, check the Choosing base setup method article guide.
Placing GCPs
When placing GCPs, follow the requirements below:

• Make your GCPs clearly visible on the drone’s images: they should be big enough andcontrast with the surroundings.
• Provide enough GCPs depending on the survey area. Usually, you need 5–10 points.
• Place GCPs evenly in the survey area. For example, if you use 5 points, set one foreach corner and the last one in the center of the area.

Tip: To ensure good area cover, avoid placing GCPs in single straight lines.
• Try to place GCPs at the highest and lowest points on the site. It will help perform thecorrect flat projection.

Measuring GCPs
After placing GCPs, you need to collect them. Follow the steps below.
Configuring Reach RS2/RS2+
First, you need to configure your Reach RS2/RS2+ to receive RTK corrections. You can do itin the following ways:

• Working with RS2/RS2+ base
• Working with NTRIP service

Collecting GCPs
To collect points using Emlid Flow, follow the steps below.
1. Go to the Survey tab and create a project.

Tip: To learn more, check the How to create a project guide.

2. Collect your ground control points.
Tip: To learn more, check the Collect points guide.

3. Export the project once you collected GCPs.
Tip: To learn more, check the Export projects guide.

Now the list of your points is ready for import to photogrammetry software.
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3.3 Configuring Reach UAV Kit for PPK Mapping
This guide explains how to set up your Reach receivers for PPK mapping with UAV.
Tip: We recommend checking the How PPK works article before you start.

3.3.1 Overview

To configure Reach UAV kit for PPK mapping, you will need the following:
• Reach RS3/RS2/RS2+ or Reach RS+ base
• Reach M2/M+ rover with GNSS antenna
• Hot shoe adapter (HSA) for a camera
• Any camera that provides hot shoe access (e.g. Sony, Canon, Nikon)

Note: Reach RS+ cannot act as a base for a Reach M2 rover as Reach M2 requires multi-frequency
corrections. Still, you can use Reach RS3/RS2/RS2+ as a base for Reach M+. Note that you will not
get all advantages of the multi-band receiver in this case. You can learn more about the differences
between single-band and multi-band receivers in the Single-band VS Multi-band article.
Additionally, you will need a few Ground Control Points (GCPs). To place GCP, a base and arover are required, or you can use one receiver connected to an NTRIP.
In this guide, we are mostly focused on the GNSS equipment part of the integration. However,you also need a UAV and a PC with a Ground control station and photogrammetric software.There are 2 main requirements for UAV:

• The presence or ability to install a camera with a hot shoe connector
• Functionality allowing triggering the camera: by camera itself or by autopilot

3.3.2 Reach M2/M+ hardware setup

Connecting Reach M2/M+ to a camera using HSA
HSA allows Reach M2/M+ to precisely record a time mark at every moment the cameratakes a photo.
Note: The camera requires to have a hot shoe for integration with Reach M2/M+. If you use DJI
Mavic or Phantom which does not provide hot shoe access, you can always stick to
working with GCPs.
To connect Reach to a camera with a hot shoe adapter use 5-pin JST-GH cable that comeswith Reach M2/M+. Plug the hot shoe connector in a camera hot shoe and the JST-GHconnector in the C1 port on Reach M2/M+.
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Camera triggering
Depending on your application, there are several ways you can trigger a camera.

• Triggering via camera. Some cameras provide a Timelapse feature that allows takinga photo at regular intervals. If your camera supports this option, we recommend usingit as it is the easiest and straightforward way.
Note: Each camera uses different ports for triggering. It might be a USB or HDMI port.
Read the camera manual to find out how to trigger your camera.

• Triggering via autopilot. There are several options of triggering the camera via autopilots:
– Triggering the camera shutter at waypoints. Autopilot can trigger the shuttereach time the drone reaches a waypoint. If you use a flight controller based on
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ArduPilot, check the Camera control in auto missions guide from ArduPilot formore details.
– Triggering camera shutter at regular intervals. Check theCamera shutter configuration guide from ArduPilot to learn more.

The majority of Ground Control Station software allows and even requires a mission planpreparation before the flight. You need to configure your camera and autopilot the way itobtains images with overlaps. This is necessary because common points in adjacent imagesare required to create an orthogonal mosaic. We recommend the front overlap to be atleast about 60% and the side – about 30%.

Antenna placement
GNSS antenna should be placed on a ground plane. Antenna ground plane should be conductiveand at least 70 x 70 mm. A usual metal plate should be good for this purpose.
Note: Helical antennas do not require a ground plane. Still, a ground plane can improve observation
quality significantly.
Tip: Check the Antenna placement guide to learn more.
Isolating Reach M2/M+ from potential interference
In some cases, you might need to isolate your Reach to ensure the best logging quality. Thereason is that the transmitted power of GNSS signals is rather low relative to the possiblenoise from other hardware components installed on your UAV. It means that the antennasignal strength might be unstable and even sometimes interrupted. Interruption and temporarysignal loss on RTK receiver are called cycle slip.
To avoid cycle slips we recommend isolating Reach M2/M+ unit and connect it to the groundto eliminate interference. Also, RC components, such as radio transmitters, might affect thesignal as well. Reach should be located as far as possible from them.
The effects of bad hardware setup are substantial. Poor signal quality with low SNR values,lots of cycle slips pose issues with getting fixed solutions and missing time marks. Take a
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look at the figures below that demonstrate examples of good (the left picture) and bad (theright one) satellite reception.
You can read more about the signal quality assessment in this section of our docs.

Tip: Create a topic on the Emlid community forum in case you experience any difficulties at this
stage.

3.3.3 Reach RS3/RS2/RS2+/RS+ base setup

Check out the figure below and choose an appropriate location to place Reach RS3/RS2/RS2+or Reach RS+ base station. The basic rules are:
• Good sky angle over 30 degrees
• Away from trees and buildings
• No electricity nearby

Tip: Learn more about base placement and setup in the Placement and
Choosing base setup method articles.
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3.3.4 Configuring base and rover before the flight

Reach M2/M+ rover settings
1. Power your Reach M2/M+ from an external power source or drone battery.

Tip: Check the Power supply guide to learn more.

2. Access Reach M2/M+ in the Emlid Flow.
Tip: Check the Connecting to Reach and Connecting Reach to the Internet guides to learn
more.

3. Go to the RTK settings and configure one of the recommended GNSS selection andupdate rate for time mark logging:
Tip: M2: Reach M2 tracks GPS, GLONASS, GALILEO, QZSS, and BeiDou satellite systems. The
data can be logged with 1 Hz, 5 Hz, or 10 Hz update rate. For a drone flight, it is better to
set up the update rate to 10 Hz.
Reach M+ tracks the following:

GNSS Selection Reach M+ allowed update rates

GPS + GLONASS + GALILEO + SBAS + QZSS 1 Hz
GPS + GLONASS + QZSS 5 Hz

GPS + GALILEO 5 Hz
GPS 10 Hz

4. Enable raw data recording on the Logging screen:

Reach RS3/RS2/RS2+/RS+ base settings
1. Turn on the Reach RS3/RS2/RS2+ or Reach RS+ unit.
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2. Access the receiver in Emlid Flow.
3. Go to the GNSS settings screen.
4. Choose the same GNSS as for Reach M2/M+ with 1 Hz GNSS update rate.
5. Enable raw data recording on the Logging screen.

3.3.5 Placing Ground Control Points

Ground Control Points (GCPs) are points with known coordinates on the ground in the areaof your interests. GCPs usually help to improve and check the accuracy, get the correct scaleand orientation of the map. Also, they are needed for the absolute positioning of your mapin relation to the real world around it.
Tip: Check the Choosing base setup method guide to learn more about absolute and relative
accuracy.
Reach provides centimeter-accurate coordinates in PPK. Also, if you place the base on apoint with known coordinates, you will get the coordinates with absolute accuracy. In sucha case, GCPs can help you to verify the accuracy.
GCPs should be clearly visible on the drone’s images. Make sure the mark is a contrast toits surroundings and that it is big enough. Place a survey pole with a receiver exactly in thecenter of the mark to take its coordinates.
Enough quantity of GCPs depends on the site area. Usually, it is 5-10 points. There are somebasic rules of checkpoints placing:

• They should be allocated evenly in the area where you survey. For example, if you use5 points, set per one for each corner and the last in the center of the area
• They must not be on the same line

Also, it is great if you have the possibility to place GCPs at the highest and lowest points onsite. It helps to perform the correct flat projection.

It’s important to meet these requirements if you want to get the same accuracy across theentire plot.
Tip: Check the Placing GCPs guide to learn more.
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3.3.6 Survey flight

We do not pay much attention to this step due to the differences in the drone flight settingsfrom model to model. Please, check the manual of your drone manufacturer before theflight.
After all the configurations are done, you can proceed to flight with your drone.
Caution: Make sure:

• Raw data logging on both Reach M2/M+ and Reach RS3/RS2/RS2+ or Reach RS+ units are
enabled before the flight.

• Camera triggering is on. Trigger the camera and check the last time mark on the Camera
control screen in Settings in Emlid Flow.

When the flight is finished, you can disable logs recording. Before turning the devices off,please wait until the logs processing is done.
You can download raw data logs from both base and rover later on.
As a result of mapping mission with Reach you will have the following dataset:

• Raw log from a base
• Raw log from a rover
• Set of images from a drone
• List of GCPs

Now you can prepare the dataset for further processing.
3.4 Geotagging Photos with Emlid Studio
Note: To learn more about post-processing with our cross-platform desktop application Emlid
Studio, check out our documentation.
This guide walks you through the process of geotagging of the drone images in Emlid Studiothat are used for further mapping in photogrammetry software.
3.4.1 Overview

With the Drone data PPK feature, you can easily add geotags to the drone images’ EXIF dataand process them later in the photogrammetry software. To perform geotagging, you needraw data logs from the base and the rover, or a ready POS file with the events, and droneimages. The process includes two steps: processing and geotagging. You can skip processingand upload your own _events.pos files to obtain geotagged photos.
3.4.2 Getting started

Tip: To learn more, check out the How PPK works article.
As a result of the mapping mission, you should have the following files:

• RINEX log from a base
• RINEX log from a rover
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• Set of images from the drone’s camera
• Emlid Flow CSV file with the coordinates of ground control points

The RINEX data will be used to get precise coordinates for the image geotagging. The CSVfile is not needed at this step, but it’s essential for further mapping in photogrammetrysoftware.
3.4.3 Workflow

Post-processing
Tip: If you already post-processed RINEX files from the base and the rover and obtained the
_events.pos file, go straight to the Geotagging section.
To post-process the files from the base and the rover, follow the steps below:
1. Add the RINEX observation file from the rover.
2. Set the antenna height in meters.

Tip: We recommend leaving antenna height to 0. Usually, photogrammetry software has
the feature of calculating the antenna offset (camera center position relative to the antenna
position).

3. Add the RINEX observation file from the base.
4. Set the base coordinates.

Tip: By default, the RINEX Header Position is used. If you place your base over the point
with known coordinates, enter the coordinates and the antenna height manually. This way,
you will obtain absolute accuracy.

5. Add the RINEX navigation file from the base or the rover.
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6. Click Process. You will see the progress bar in the bottom left corner.

7. Once the .pos file is ready, Emlid Studio will show it on the plot. The _events.pos filewith the precise photos’ positions will be automatically added to the Timestamps fieldin the Geotagging section.
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3.4.4 Geotagging

Tip: If you skipped the steps above, you need to add the _events.pos file manually. Drag and
drop it to the Timestamps field.
To geotag your photos, follow the steps below:
1. Select the folder that contains the photos from the drone’s camera.

Note: Emlid Studio can only geotag photos when the number of timestamps is equal to the
number of photos.
Tip: If you want to update the original photos with geotags, toggle Update original photos.
By default, Emlid Studio creates geotagged copies of the photos in a new folder.
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2. Click on the Tag photos button. The geotagging process will start. When the processingis over, you can click on Show resull files to see the geotagged photos.

Once you have the geotagged photos, you can proceed with creating a map in thephotogrammetry software.
Note: To create a map using Pix4DMapper, check the Creating the map in Pix4DMapper tutorial.

3.5 Creating map in Pix4Dmapper
Tip: This is the third part of a guide describing the PPK mapping workflow with Reach. It implies
you already have raw logs from both base and rover, set of images, and Ground Control Points.
If you do not, please check the Geotagging photos with Emlid Studio first.
At previous steps, we got centimeter-accurate geotags from Reach and georeferenced a setof images using this data in Emlid Studio. Now, we will turn it into a map.
3.5.1 Create the map in Pix4Dmapper

Pix4Dmapper is a photogrammetry software for drone mapping by Pix4D. It provides toolsfor creating digital maps and models and taking measurements based on them.
Create a new project
To create a new project in Pix4Dmapper:
1. Start Pix4Dmapper.
2. Click Project > New project. . . The New Project window opens.
3. In the New Project window, enter a name and browse for a directory.
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4. Click Next. The Select Images window opens.

5. Click Add images. Browse to the image folder and select the images. They will displayin the window. Click Next.
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6. In Image Geolocation Editor - Coordinate System, click Edit. . . and select WGS 84 and Geoid
Height Above WGS 84 Ellipsoid [m] = 0 in Advanced Coordinate Options.

7. In Image Properties Editor - Images Table adjust the Accuracy Horz and Accuracy Vertvalues to reflect the estimated accuracy of image geolocation.
Tip: The Camera Model is usually defined automatically from images’ metadata. However,
it can be changed if necessary.

8. Select the Output Coordinate System that will be assigned to the generated results,for example, DSM and orthomosaic. If the images are georeferenced, a correspondingUTM zone will be auto-detected by default.

9. Choose Processing Options Template. The template defines parameters for each
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processing step and generated outputs.
The quality of the reconstruction and the processing time depend on the chosenparameters. If the goal is to generate a DSM and an orthomosaic, the 3D Maps templatecan be selected.
Tip: Digital Surface Model (DSM) is a raster data format with an elevation value for each
pixel. Orthomosaic is a 2D map generated based on multiple images using orthorectification.
This method removes the perspective distortions from the images using the DSM.

Import GCPs
Tip: Ground control points are optional for PPK mapping. If you do not have them, please, go to
the Processing section.
For this step, the file with Ground Control Points (GCPs) is needed. The file must be in eithera .csv or .txt file format and contain a point name, latitude and longitude in degrees, andaltitude for each point. Use a comma to separate the values:

GCP0,46.23456,6.56114,299.931
GCP1,46.23234,6.56234,299.823

...
Note: Reach supports points export in .csv format only.
To mark the GCPs on images:
1. Click Project > GCP/MTP Manager. . . . The GCP/MTP Manager window opens.
2. Click Import GCPs. In the Coordinates Order drop-down list, choose an appropriateoption, browse to the points file, press OK.

Tip: For Reach, the default order of coordinates is longitude, latitude, altitude.

3. In section GCP/MTP Editor, click Basic Editor.
Tip: GCPs can also be marked in the rayCloud after Initial Processing has been completed.
Learn more about this method on Pix4D documentation.
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4. Choose Sort Images by Distance to GCP in Images section. The images are displayed inorder from the closest to the selected GCP to the farthest.
5. Find and mark every point on 3 images at least. Marking instruments are in the Previewwindow.

6. Once all the points are marked, press OK.
Process data
Note: There are 3 parts of processing:
1. Initial processing: Keypoints are identified and matched in neighboring images andused for project reconstruction.
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2. Point Cloud and Mesh: The dense point cloud and 3D triangulated mesh are computedbased on the results of the previous step.
3. DSM, Orthomosaic, and Index: The DSM and orthomosaic are generated based on thedense point cloud.

To start processing the project:
1. Click Processing in the bottom left corner of the main window.
2. Select all three processing steps and click Start:

Tip: If necessary, processing steps’ parameters can be changed in the Processing Options
menu. For example, the density of point cloud or DSM/orthomosaic resolution. In this guide,
we use the standard settings of the 3D Maps template.

At the end of each step, a Quality report is generated and can be used to verify the successof processing.
The processing is finished! Now you can export this orthomosaic to any GIS software tocreate a vector map based on it.
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Get results
Once the project has been processed, it is possible to analyze and display results directly inPix4Dmapper or import them in third-party software.
To open the folder with the results, on the Menu bar, click Process > Open Results Folder. . .
Tip: The Orthomosaic and DSM are stored in the /3_dsm_ortho/2_mosaic/ folder.
To visualize the orthomosaic or DSM in Pix4Dmapper, click the Mosaic Editor tab.
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The processing is finished! Now you can export this orthomosaic to any GIS software tocreate a vector map based on it.
Note: To learn more about processing projects in the Pix4Dmapper, check the
Pix4D documentation.

3.6 How to Log Data for PPK
This guide shows how to record logs for Post-Processed Kinematic and download themusing Emlid Flow.
3.6.1 Overview

Post-Processed Kinematic or simply PPK is a technique that requires processing raw GNSSlogs from both base and the rover to receive an accurate positioning track or separate pointsafter the survey.
Tip: Check the How PPK works and Configuring Reach UAV kit for PPK mapping guides to learn
more.

3.6.2 Recording RINEX logs on Reach

To record logs for PPK, perform the following steps both on your base and rover:
1. Open Emlid Flow and connect to your Reach.
2. On the Receivers screen, tap Settings.
3. Go to GNSS settings and set the update rate at 1 Hz for the base and at 5 Hz for therover.
4. Go back to the Receivers screen and tap Logging.
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5. To configure logging, tap the Settings button.
6. Choose the required RINEX format in the Raw data section.

Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03.
Tip: While recording in the RINEX format, you can log the UBX file as a backup. UBX file can
be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.

7. Tap Show configuration and select the required satellite systems.
Note: Make sure that you have chosen the same set of satellite systems both on the rover
and the base.
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8. Set the logging interval at Full rate.

9. Tap Show configuration and enter the measured height to the bottom of the receiver inthe corresponding field.
10. Leave the Marker name field empty.
11. Tap Apply and start.

Tip: You can start recording automatically when your receiver is turned on. Check the
corresponding field on the Raw data settings screen.

12. Enable log recording by tapping the Start recording button.
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13. To finish recording logs, tap the End recording button.
Caution: Wait for data processing to finish.

3.6.3 Download logs

After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
1. Go to the Logs section at the bottom of the Logging screen.

Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
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3. Save your log depending on the device you use.
Tip: If you do not need your logs anymore, you can delete them using the Select button.
When your logs are downloaded, you can start working with your data in Emlid Studio.
3.7 How to Log Data for Stop & Go with Emlid Flow
This guide shows how to record logs for Stop & Go with Emlid Flow and download themusing Emlid Flow.
3.7.1 Overview

Stop & Go with Emlid Flow is a technique that involves the use of a base placed at a knownpoint and a rover attending all unknown points and occupying each one for a short time.This workflow allows you to get separate points from the track of measurements using thelogs from the base and the rover and a CSV from the Emlid Flow app.
Tip: To learn more, check the Stop & Go with Emlid Flow tutorial.

3.7.2 Recording RINEX logs on Reach

To record the logs for Stop & Go with Emlid Flow, follow the steps below:
1. Open Emlid Flow and connect to your Reach.
2. On the Receivers screen, tap Settings.
3. Go to GNSS settings and set the update rate at 1 Hz for the base and at 5 Hz for therover.
4. Go back to the Receivers screen and tap Logging.

5. Tap the Recorded logs and settings button.
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6. Choose the required RINEX format in the Raw data section.
Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03.
Tip: While recording in the RINEX format, you can log the UBX file as a backup. UBX file can
be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.

7. Tap Show configuration and select the required satellite systems.
Note: Make sure that you have chosen the same set of satellite systems both on the rover
and the base.

8. Set the logging interval at Full rate.
9. Use antenna height and enter the measured height to the bottom of the receiver forthe base. Don’t use it for the rover.
10. Leave the Marker name field empty.
11. Tap Apply and start.

Tip: You can start recording automatically when your receiver is turned on. Check the
corresponding field on the Raw data settings screen.
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12. Enable log recording by tapping the Start recording button.
Tip: Now you are ready to collect the points. To learn more, check the Collect points guide.

13. To finish recording logs, tap the End recording button.

Caution: Wait for data processing to finish.

3.7.3 Download logs

After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
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1. Go to the Logs section at the bottom of the Logging screen.
Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
3. Save your log depending on the device you use.

Tip: If you do not need your logs anymore, you can delete them using the Select button.
When your logs are downloaded, you can start working with your data in Emlid Studio.
3.8 How to log data for PPP
This guide shows how to record logs for the Precise Point Positioning services and downloadthem using Emlid Flow.
3.8.1 Overview

Precise Point Positioning is a technique that requires processing a raw data log from thestandalone receiver for further removing or modeling GNSS system errors to provide a highlevel of position accuracy.
Tip: To learn more about PPP, check the How PPP works article.

3.8.2 Recording RINEX logs on Reach

To record logs for PPP, perform the following steps:
1. Open Emlid Flow and connect to your Reach.
2. Go to the Logging screen.
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3. Tap the Recorded logs and settings button.
4. To configure logging, tap theSettings button.
5. Select the preset depending on the PPP service you choose.
6. Choose the required RINEX format in the Raw data section.

Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03. However, make sure the PPP service you choose supports this version of RINEX.
Tip: While recording in the RINEX format, you can log the UBX file as a backup. UBX file can
be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.
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7. Tap Show configuration and enter the measured height to the bottom of the receiver inthe corresponding field.

8. Fill in the point’s name in the Marker name field.
9. Tap Apply.

Tip: You can start recording automatically when your receiver is turned on. Check the
corresponding field on the Raw data settings screen.

10. Enable log recording by tapping the Start recording button. The red recording icon willappear in the status bar.
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Note: PPP services requires recording the data for at least 4 hours to get the best accuracy.

11. To finish recording logs, tap the End recording button.

Caution: Wait for data processing to finish.
Tip: You may log the data for up to 24 hours, depending on the accuracy required.
Once you finish the survey, don’t forget to turn off raw data recording in the logging settings.
3.8.3 Downloading logs

After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
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1. Go to the Logs section at the bottom of the Logging screen.
Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
3. Save your log depending on the device you use.

Tip: If you do not need your logs anymore, you can delete them using the Select button.
When the logs are downloaded, you can start working with your data in the PPP service.
3.9 How to log data for OPUS
This guide shows how to record logs for NOAA’s Online Positioning User Service (OPUS) anddownload them using Emlid Flow.
3.9.1 Overview

Online Positioning User Service (OPUS) is provided by the National Oceanic and AtmosphericAdministration (NOAA). With OPUS, you may accurately determine the coordinates of astatic point mostly on the territory of the US without real-time corrections or a base stationnearby.
Tip: Check this map to see if the service is available in your region.
Tip: You can learn more about the NOAA’s OPUS on their official site.

3.9.2 Recording RINEX logs on Reach

To record logs for OPUS, follow the steps below:
1. Open Emlid Flow and connect to your Reach.
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2. Go to the Logging screen.

3. Tap the Recorded logs and settings button.
4. To configure logging, tap the Settings button.
5. Select the OPUS preset.
6. Choose the required RINEX format in the Raw data section.

Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03.
Tip: While recording in the RINEX format, you can log the UBX file as a backup. UBX file can
be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.
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7. Tap Show configuration and enter the measured height to the bottom of the receiver in the
corresponding field.

8. Fill in the point’s name in the Marker name field.
9. Tap Apply.

Tip: You can start recording automatically when your receiver is turned on. Check the corresponding
field on the Raw data settings screen.

10. Enable log recording by tapping the Start recording button.The red recording icon willappear in the status bar.

Note: NOAA’s OPUS requires recording the data for at least 4 hours to get the best accuracy.
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11. To finish recording logs, tap the End recording button.
Caution: Wait for data processing to finish.

Tip: You may log the data for up to 24 hours, depending on the accuracy required.
Once you finish the survey, don’t forget to turn off raw data recording in the logging settings.
3.9.3 Downloading logs

After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
1. Go to the Logs section at the bottom of the Logging screen.

Note: You can also find information on the logs size and recording date and time here.
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2. To export the file, tap the Download button.
3. Save your log depending on the device you use.

Tip: If you do not need your logs anymore, you can delete them using the Select button.
When the logs are downloaded, you can submit the data to NOAA’s OPUS for processing.
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4 Base Setup

4.1 Choosing base setup method
4.1.1 Overview

Real-Time Kinematic (RTK) is a technique that enhances the accuracy of GNSS positioningby using two receivers—a stationary base with known coordinates and a moving rover. Therover measures its position relative to the base. This means that even though measuredwith the centimeter precision, the coordinates of the rover are only as accurate as the baseplacement. Any shift in the absolute base position will also be present in the rovermeasurements.

For some applications, it is sufficient when the position of an object is only accurate relativeto the base station, but for surveying and mapping, it is critical to know the true positionwith high absolute accuracy. To achieve this, the error in the base station position shouldbe avoided or reduced by placing it over a known point or carefully determining itscoordinates.
That’s why it’s important to pay close attention to proper positioning when setting up thebase. Let’s take a look at the key concepts that will help you understand how to properly setup the base for your needs.
4.1.2 Coordinate systems anddatums

The first thing to consider before setting up the base for RTK is the coordinate system thatyou are going to use for the measurements.
In surveying, the position of an object in space is defined by a coordinate system. There aremany coordinate systems designed for different applications and countries. The foundationof every coordinate system is datum.
Datum contains the information about the mathematical model of the Earth (ellipsoid) andhow it is aligned with the Earth’s surface, providing the reference frame for the
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measurements. A coordinate system is then used to describe the positions relative to thedatum with latitude and longitude. For a flattened Cartesian representation of the coordinates,a cartographic projection is applied.

It is important to choose the correct datum and coordinate system for the area you areworking in if you want your measurements to be compatible with the other existing data.Mixing datums is like mixing kilometers and miles—your measurements won’t make sense.
The required datum and coordinate system are usually given in the technical assignmentor official documentation. In some cases, you can look for the coordinate system optimizedfor your area in the EPSG Geodetic Parameter Dataset (aka EPSG registry).
The whole setup then ends with the project setup on your rover which requires specifying acoordinate system that is usually based on the datum of your base.
Tip: Learn more about the coordinate system setup in Emlid Flow & Emlid Flow 360 in the
Introduction to the coordinate systems article.

4.1.3 Positioning

After setting up a coordinate system, you need to decide how you are going to set the basecoordinates. In general, there are two ways to set the position of your base—specify theknown point coordinates or average the position of your base in SINGLE.
In both cases, the rover measurements will be centimeter-precise, but the absolute accuracywill always depend on the accuracy of the base position. Depending on the base setup method,you can obtain high relative accuracy (averaging in SINGLE) or absolute accuracy (using theknown coordinates).
Tip: Learn more about absolute and relative accuracy in the
Simple intro to accuracy and precision article in our blog.
Relative positioning
As mentioned earlier, in RTK, the base serves as the main reference point for the rover.Coordinates collected by the rover are always accurate relative to the base, but may not
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be accurate relative to the selected coordinate system. This is called relative positioningand occurs when the position of the base station is not accurately defined in the selectedreference frame.
For example, when you don’t know the base position, you can average it in SINGLE.Averaging is done in standalone mode without using any corrections, and the position isdetermined with the accuracy of several meters. Each time you average the base positionfrom the same point, the measured coordinates may differ by several meters from the previousresults and from the true position. Thus, the actual (absolute) accuracy of the rovermeasurements will be at meter level. See Figure 1 below.

Figure 1
This type of setup is suitable when you need to measure the objects relatively to each other.For example, this method can be used to measure areas and distances, or to keep anautonomous tractor on the right track. To reuse the setup and get the same coordinatesfor the same points, you’ll need to place the base over the same point (using a mark onthe ground is a good idea) and enter the same previously determined base coordinatesmanually or pick them from the saved ones in Emlid Flow. Otherwise, you may end up witha different base position that won’t fit your project and lead to coordinates mismatch.
If you want to learn more about this method, check out ourguide on using Average SINGLE coordinates entry method in Emlid Flow.
Absolute positioning
When the positions collected in RTK are accurate both relative to the base and to the selectedcoordinate system, it is called absolute positioning. To achieve this, the coordinates of thebase must be known and set manually. Entering the known position of the base “pins” yourRTK setup to the right place on the ground. This way, the positions measured with the roverwill be precise and accurate in the selected coordinate system to the centimeter level. SeeFigure 2 below.
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Figure 2
We recommend setting up the base using the manual coordinates entry method if you wantto get precise and repeatable results in a selected coordinate system. Working with a knownbase position is necessary when you plan to use the collected measurements with the otherdata, for example, submit the surveyed parcel boundaries to the land registry. There areseveral ways to get known coordinates to set up the base:

• Place the base over the existing known point or benchmark using theManual coordinates entry method in the Emlid Flow app;
• If the benchmark is located in hard to reach point but you’re nearby, you can use thebenchmark coordinates to apply the base shift feature in Emlid Flow;
• Set your base’s coordinates with absolute centimeter accuracy using theAverage FIX coordinates entry method by setting it up as a rover and receivingcorrections from the NTRIP service;
• Determine the coordinates of a point using the Static processing workflow in EmlidStudio or online post-processing services such as OPUS, AUSPOS, NRCAN, IBGE.

4.2 Setting up base position manually
This guide explains how to use the Manual coordinates entry method in the Emlid Flow appto set up base over a known point.
4.2.1 Overview

The Manual coordinates entry method in the Emlid Flow app allows you to enter the positionof your base when you have a point with known coordinates in DD or DMS LLH format. Inthis case, the positions measured with the rover will be precise and accurate in the selectedcoordinate system to the centimeter level.
Note: To learn more about the accuracy for RTK and PPK measurements, read our Simple Intro
to Accuracy and Precision article.

4.2.2 Workflow

Placing base in field
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To place your base station in the field, follow the recommendations below.
Clear sky view without any obstacles
Reach base needs to have a clear sky view 30 degrees above the horizon. There should beno obstacles that could block the view like buildings, trees, cars, humans, laptops, etc.
Take a look at 2 pictures below. The left picture demonstrates desirable conditions for Reachlocation. The right one is an example of poor surrounding conditions such as the reducedview of the sky, possible obstructions or vegetation nearby.

Examples of recommended environments for Reach placement:
• field
• top of the hill
• rooftop

Examples of poor environments for Reach placement:
• indoors
• urban area
• forestry area

No electronics nearby
Electronic devices may produce RF noise that could affect the reception of the GNSS signal.Keep all electronics as far as possible from Reach.
Measuring antenna height offset
When placing your Reach in the field, make sure your Reach device is placed precisely abovethe marked point on the tripod and leveled. When you are setting up base coordinatesmanually, you need to measure the antenna height offset. Follow the steps below:
1. Measure the distance from the mark to the bottom of your Reach (h in Figure 1).
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2. Specify the measured distance in Emlid Flow. It will automatically calculate the antennaheight.
Note: For Reach RS2/RS2+, the antenna height is the distance from the mark on the ground
to the center point on the Reach’s bottom (h in Figure 1), antenna reference point (ARP),
plus the height of the receiver to the antenna phase center (APC), antenna height offset.
Emlid Flow automatically adds the antenna height offset, which is 134 mm.

When you placed Reach over the mark and measured the antenna height, you are ready toset up the base position in the Emlid Flow app.
Setting up base’s coordinates in Emlid Flow
To set up your base using the Manual coordinates entry method in Emlid Flow, follow thesteps below:
1. Open the Emlid Flow app and connect to your Reach.
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2. Go to Base settings of your Reach and tap Configure.

3. Tap Coordinates entry method and select Manual from the menu.
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4. Tap Antenna height to set the antenna height and save it.

5. Enter the geographic coordinates of your point in DD or DMS format, or import a pointfrom your Emlid project by tapping Choose from project.
Note: If your known point has local coordinates, add it to your Emlid project and use the
point picker option to set it as a base’s coordinates. Emlid Flow will convert this coordinates
into geographic ones.
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6. Once you’ve set the coordinates of the point, tap Save in the upper right corner.
The coordinates of your base are now set, and you are ready to proceed with creating aproject on your rover.
Note: After setting up coordinate system for your project on the rover, make sure to specify the
same datum as on the base while configuring rover’s coordinate system in the survey project.

4.3 Averaging base position in FIX
This guide explains how to use the Average FIX coordinates entry method in the Emlid Flowapp to obtain the coordinates of a known point and set up your base over it.
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4.3.1 Overview

The Average FIX method allows you to determine the base’s coordinates with absolutecentimeter accuracy. In this case, your base acts as a rover which receives the correctiondata from an NTRIP service via the internet.
Tip: You can find out how to get corrections from an NTRIP service in the
Working with NTRIP service guide.

4.3.2 Workflow

Placing base in field
To place your base station in the field, follow the recommendations below.
Clear sky view without any obstacles
Reach base needs to have a clear sky view 30 degrees above the horizon. There should beno obstacles that could block the view like buildings, trees, cars, humans, laptops, etc.
Take a look at 2 pictures below. The left picture demonstrates desirable conditions for Reachlocation. The right one is an example of poor surrounding conditions such as the reducedview of the sky, possible obstructions or vegetation nearby.

Examples of recommended environments for Reach placement:
• field
• top of the hill
• rooftop

Examples of poor environments for Reach placement:
• indoors
• urban area
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• forestry area
No electronics nearby
Electronic devices may produce RF noise that could affect the reception of the GNSS signal.Keep all electronics as far as possible from Reach.
Measuring antenna height offset
When placing your Reach in the field, make sure your Reach device is placed precisely abovethe marked point on the tripod and leveled. When you are setting up base coordinatesmanually, you need to measure the antenna height offset. Follow the steps below:
1. Measure the distance from the mark to the bottom of your Reach.
2. Specify the measured distance in Emlid Flow. It will automatically calculate the antennaheight.

Note: For Reach RS2/RS2+, the antenna height is the distance from the mark on the ground
to the center point on the Reach’s bottom (h in Figure ), antenna reference point (ARP), plus
the height of the receiver to the antenna phase center (APC), antenna height offset. Emlid
Flow automatically adds the antenna height offset, which is 134 mm.

When you placed Reach over the mark and measured the antenna height, you are ready toset up the base position in the Emlid Flow app.
Setting up base’s coordinates in Emlid Flow
Once your base receives RTK corrections from the NTRIP service, follow these steps to getyour base’s coordinates in the Emlid Flow app:
1. Open the Emlid Flow app and connect to your Reach.
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2. Go to Base settings and tap Configure.

3. Tap Coordinates entry method and select Average FIX from the menu.
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4. Tap Antenna height to set the antenna height and save it.

5. Set averaging time and tap Save. After accumulating the data, you will see averagedcoordinates in the Base marker section.
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Note: After setting up coordinate system for your project on the rover, make sure that your
rover and base are in the same datum by checking the note in the project info.

Now your base’s coordinates are set, and you can continue setting up a project on yourrover.
4.4 Applying base shift
This guide explains how to apply the base shift in Emlid Flow to calibrate all further collecteddata in your survey project.
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4.4.1 Overview

With the Base shift feature, Emlid Flow helps you calibrate your survey project data basedon one point—it applies an XYZ shift to the base’s ECEF coordinates in real time. The appcalculates the difference between the known and measured points and applies a linear shiftto all further collected points within one project.
Base shift can be applied independently of the used coordinate system—you can apply it tosurvey projects in local coordinate systems, for example, in UTM.
The Base shift feature helps you calibrate the survey data when there is a difference betweenthe known and current base coordinates. You may need this in the following cases:

• When it is impractical to place your base over a permanent survey mark (PSM). Forexample, you cannot provide a clear sky view in this area, which may compromise thequality of the base logs.
• When you exceed the baseline and need to relocate your base.

Note: The calculated shift is stored in the attributes of a particular survey project, applies to all
further collected points, and cannot be auto-applied to another project.

4.4.2 Calibrate your base’s position relative to a PSM

This workflow describes the case when you want to survey the field using a permanentsurvey mark located in a hard-to-reach place. It is not convenient to install a tripod in thisarea or leave the base unattended. Or it is just simply a limited sky view that may compromisethe quality of base logs. Here, the Base shift feature comes in handy—you can place yourbase in proper conditions nearby the permanent survey mark, collect the permanent surveymark with a rover and calibrate all further collected data in your survey project relative to it.
In this case, all you need is two points in the project:

• A known point, which is the PSM you want to calibrate with.
• A measured point, which is the same PSM collected with a rover in the field.

To calculate and apply base shift to your survey project data, follow the steps below:
1. Place your base and average its position in SINGLE.

Tip: Learn more about base placement and setup in the Placement and
Choosing base setup method articles.

2. Configure RTK communication between the base and the rover and wait for FIX.
Tip: To learn more, check the following guides in the Reach RS2/RS2+ RTK quickstart section.

3. Create a survey project in Emlid Flow.
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4. Manually add a point with coordinates of your PSM and save it. This will be a knownpoint.
Note: You can also do it later on the Base shift screen, tap Add a point and fill in the
coordinates of your PSM.

5. Place the rover over the PSM and collect it. This will be a measured point.
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6. Swipe up the project drawer and tap Base shift.
7. Tap Measured point.
8. Select the point that you collected. We called it ‘Measured point’.

9. Tap Known point.
10. Select the point with the PSM coordinates. We called it ‘Known point’. After that, theapp will calculate the shift.
Note: If you did not add a known point in advance, tap Add a point and fill in the coordinates
of your PSM.
11. Tap the Apply button to activate the shift.

86



When the shift is applied, you’ll see that it’s active in the project’s overview, and the rovericon on the map appears shifted.

Right from this moment, Emlid Flow starts applying base shift to all the points you collectfurther. In our case, it means that all points collected after base shift will be positioned exactlyrelative to the permanent survey mark.
4.5 AUSPOS-Online GPS processing service
This guide explains how to get the precise coordinates of a standalone receiver using theAustralian online GPS processing service AUSPOS.
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4.5.1 Overview

AUSPOS is an online GPS processing service provided by Geoscience Australia. With AUSPOS,you may accurately determine the coordinates of a static point worldwide without real-timecorrections or a base station nearby.
Tip: You can learn more about the AUSPOS service on their official site.

4.5.2 How AUSPOS works

A standalone receiver finds its position by relying on the raw data obtained from satellitesonly. In this case, it can determine its position at the several-meter level. To improve theaccuracy, the receiver can be used with a base station in the RTK setup. Since both receiverswork in the same conditions, the base station sends corrections that eliminate ionosphericand tropospheric delays, clock errors of the receiver and satellites and improve accuracy.
With AUSPOS, you can achieve a centimeter-level accurate position of a point with onereceiver. When you upload your observation file, AUSPOS chooses up to 15 nearest InternationalGPS Service (IGS) and Asia-Pacific Reference Frame (APREF) stations for processing.
These stations form a local network that provides the data required to eliminate ionosphericand tropospheric delay errors. With the help of the data from these stations, the servicecalculates the approximate coordinates of the receiver.
The last stage of the processing is computing a solution. AUSPOS eliminates clock errorsof the receiver and the satellites to obtain precise coordinates of the point. It computesprecise coordinates in International Terrestrial Reference Frame (ITRF) anywhere on Earthand Geocentric Datum of Australia (GDA) within Australia.
AUSPOS provides a network solution (relative positioning) using a double-difference strategy.
Note: AUSPOS uses dual-frequency GPS data for solution computation and supports only Static
Positioning mode.
Depending on the accuracy level and time that is required to get the solution, the AUSPOSservice can calculate the data in the following modes:

Orbit type When the orbit is ready for use Accuracy

ULTRA-RAPID 3–9 hours after the end of the survey ~5 cm
RAPID 17–41 hours after the end of the survey ~2.5 cm
FINAL 12–8 days after the end of the week after the survey ~2.5 cm

4.5.3 Workflow

Placing the base
Place your Reach precisely above the marked point on the tripod and level it. You can learnmore about placing Reach in the Placement tutorial.
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Recording RINEX logs on Reach
To record logs for AUSPOS, perform the following steps:
1. Open Emlid Flow and connect to your Reach.
2. Go to the Logging screen.

3. Tap the Recorded logs and settings button.
4. To configure logging, tap the Settings button.
5. Select the AUSPOS preset.
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6. Choose the required RINEX format in the Raw data section.
Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03.
Tip: While recording in the RINEX format, you can log the UBX file as a backup. UBX file can
be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.

7. Tap Show configuration and enter the measured height to the bottom of the receiver inthe corresponding field.
8. Fill in the point’s name in the Marker name field.
9. Tap Apply and start.

Note: You can start recording automatically when your receiver is turned on. Check the
corresponding field on the Raw data settings screen.
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10. Enable log recording by tapping the Start recording button.
Note: AUSPOS requires recording the data for at least 4 hours to get the best accuracy.

11. To finish recording logs, tap the End recording button.
Caution: Wait for data processing to finish.

Tip: You may log the data for up to 24 hours, depending on the accuracy required.
Once you finish the survey, don’t forget to turn off raw data recording in the logging settings.
Downloading logs
After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
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1. Go to the Logs section at the bottom of the Logging screen.
Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
3. Save your log depending on the device you use.

Note: If you do not need your logs anymore, you can delete them using the Select button.
Submitting data to AUSPOS service
Once the logs are downloaded, export them to your PC in a preferred way and submit thedata to AUSPOS for processing.
1. Go to AUSPOS submission page.
2. In the Load RINEX Files field, click the Choose File(s) button and browse for the observationfile (.**O). You can upload up to 20 files at once.

Note: The observation file name should not contain any special characters, symbols, or
spaces. Otherwise, the file will be rejected.

3. Enter the pole height in the Height (m) field.
4. Choose EML_REACH_RS2 NONE in the Antenna Type field.

Note: For Reach RS2+, choose EML_REACH_RS2+ NONE.
5. In the Email Address field, enter your email address to get the results.
6. Click Submit.
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AUSPOS will assign the job number to your submission and send the file with the solutionto your email address.
Assessing AUSPOS results
In the solution report, you will get the following information:

• Computed coordinates in 3 different formats:
– Cartesian (XYZ)

– Geodetic (LLH)

– UTM Grid

• Positional uncertainty showing the estimated accuracy of the computed coordinates
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Additionally, you can check the ambiguity resolution for every reference station used in thecomputation.
Note: After you get the solution report, it might be useful to check how accurate the results are.
The most accurate AUSPOS solutions have no warning messages in the report.
Setting up obtained base coordinates in Emlid Flow
If you want to use the obtained coordinates as a base position, you can enter the basecoordinates in Emlid Flow.
1. Open Emlid Flow and connect to the Reach you want to use as a base.
2. On the Receivers screen, tap Base settings.
3. Tap the Configure button.
4. Set the Coordinates entry method to Manual.
5. Specify the antenna height and enter the coordinates.

6. Tap Save.
After setting up the base position, you can continue working in RTK or PPK.
4.6 NOAA’s Online positioning user service (OPUS)
This guide explains how to get the precise coordinates of a standalone receiver using theNOAA’s Online Positioning User Service (OPUS).
4.6.1 Overview

Online Positioning User Service (OPUS) is provided by the National Oceanic and AtmosphericAdministration (NOAA). With OPUS, you may accurately determine the coordinates of astatic point mostly on the territory of the US without real-time corrections or a base stationnearby.
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Tip: Check this map to see if the service is available in your region.
Tip: You can learn more about the NOAA’s OPUS on their official site.

4.6.2 How OPUS works

A standalone receiver finds its position by relying on the raw data obtained from satellitesonly. In this case, it can determine its position at the several-meter level. To improve theaccuracy, the receiver can be used with a base station in the RTK setup. Since both receiverswork in the same conditions, the base station sends corrections that eliminate the offsetsand improve the accuracy.
OPUS allows achieving a centimeter-level accurate position of a point if you have only onereceiver. When you upload your observation file, OPUS determines the date of a log recordingand the receiver’s approximate position. Based on this information, OPUS retrieves GlobalNavigation Satellite System (GNSS) observation data sets distributed by the InternationalGNSS Service (IGS) and then selects up to the best 9 reference stations from the IGS orContinuously Operating Reference Stations (CORS) network for a solution computing process.
Then these solutions are performed between each reference station and the receiver withinthe ITRF reference frame. The results are compared and averaged, and if the results fromany reference station fail to pass the quality tests, then the next reference station is usedin the computation. After the successful solution is obtained, OPUS software transformsthe ITRF coordinates into the NAD83 datum, UTM, and State Plane Coordinates mappingprojections. OPUS uses dual-frequency GPS data logs for solution computation and supportsthe Static mode only. The Static data is required to be recorded on the stationary receiver.
There are 2 ways you can process the data in OPUS:

• Static (for data that are 2 to 48 hours in duration)
• Rapid-Static (for data that are 15 minutes to 2 hours in duration)

The Static and Rapid-Static methods use different processing software and provide relativelysimilar horizontal accuracy. Rapid-Static processing has more strict requirements for dataquality in comparison with the Static approach.
4.6.3 Placing Reach

Place your Reach precisely above the marked point on the tripod and level it. You can learnmore about placing Reach in the Placement tutorial.
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4.6.4 Recording RINEX logs on Reach

To record logs for OPUS, follow the steps below:
1. Open Emlid Flow and connect to your Reach.
2. Go to the Logging screen.

3. Tap the Recorded logs and settings button.
4. To configure logging, tap the Settings button.
5. Select the OPUS preset.
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6. Choose the required RINEX format in the Raw data section.
Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03.
Note: While recording in the RINEX format, you can log the UBX file as a backup. UBX file
can be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.

7. Tap Show configuration and enter the measured height to the bottom of the receiver inthe corresponding field.
8. Fill in the point’s name in the Marker name field.
9. Tap Apply.

Tip: You can start recording automatically when your receiver is turned on. Check the
corresponding field on the Raw data settings screen.
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10. Enable log recording by tapping the Start recording button. The red recording icon willappear in the status bar.

Note: NOAA’s OPUS requires recording the data for at least 4 hours to get the best accuracy.

11. To finish recording logs, tap the End recording button.
Caution: Wait for data processing to finish.
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Tip: You may log the data for up to 24 hours, depending on the accuracy required.
Once you finish the survey, don’t forget to turn off raw data recording in the logging settings.
4.6.5 Downloading logs

After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
1. Go to the Recorded logs section section at the bottom of the Logging screen.

Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
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3. Save your log depending on the device you use.
Tip: If you do not need your logs anymore, you can delete them using the Select button.

4.6.6 Submitting data to NOAA’s OPUS service

Once the logs are downloaded, export them to your PC in a preferred way and submit thedata to NOAA’s OPUS for processing.
1. Go to the NOAA’s OPUS site submission page.
2. Click on the Choose file button and browse for the observation file (.**O).
3. Choose EML_REACH_RS2 NONE in the Antenna field.

Tip: For Reach RS2+, choose EML_REACH_RS2+ NONE.

4. Type a pole height in the Antenna Height field.
5. In the email address field, enter your email address to get the results.
6. Click on the Upload to Static button.

OPUS will send the file with the solution to your email address.
4.6.7 Assessing NOAA’s OPUS results

In the solution report, you will get the name of the used reference frame, the XYZ and LLHcoordinates of the point, and the estimated accuracy in meters. Additionally, you can checkthese fields: OBS USED, FIXED AMB, OVERALL RMS.
After you get the solution report, it might be useful to check how accurate the results are.The most accurate OPUS solutions meet the following conditions:

• Orbits used in the computation are precise or rapid.
• Over 90% of observations are used.
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• Over 50% of ambiguities are fixed.
• Overall RMS is less than 3 cm.

4.6.8 Setting up obtained base coordinates in Emlid Flow

If you want to use the obtained coordinates as a base position, you can enter the base coordinatesin Emlid Flow.
1. Open Emlid Flow and connect to the Reach you want to use as a base.
2. On the Receivers screen, tap Base settings.
3. Tap the Configure button.
4. Set the Coordinates entry method to Manual.
5. Specify the antenna height and enter the coordinates.

6. Tap Save.
After setting up the base position, you can continue working in RTK or PPK.
4.7 How PPP works
With the Precise Point Positioning (PPP) technique, you may accurately determine thecoordinates of a static point anywhere in the world without real-time corrections or a basestation nearby.
4.7.1 Overview

A standalone receiver finds out its position relying on the data obtained from satellites only.Along with raw data, it gets navigation messages with satellite clock offset, the ionosphericand tropospheric corrections, etc. Using the information about these offsets, the receiver
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may calculate its position with a several-meter level accuracy. If there were no navigationdata, the accuracy would be much worse.

In RTK and PPK, these offsets might be eliminated since both the base and the rover operatein quite similar conditions. Compared with these two methods, PPP allows the single receiverto achieve a high-level accuracy without the use of corrections from the base station. Tocalculate the coordinates, PPP uses the same data that is provided by the navigation messagegenerated from a network of global reference stations. Thereby, the single receiver mightdetermine its position with a centimeter-level accuracy using only its own raw data, preciseephemerides, and clock offsets provided by a PPP service.

With the PPP technique, it is possible to determine the base position with absolute accuracyfor further RTK and PPK surveys anywhere around the world. The PPP technique doesn’trequire an additional receiver and the presence of an internet connection during the survey.As to the requirements, most of the PPP services are capable of working with GPS andGLONASS satellites only.
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4.7.2 PPP services overview

There are several PPP services available:
• Brazilian IBGE-PPP service, mainly used in South America region, is capable of workingwith both single-band and multi-band Reach receivers.
• Canadian NRCan CSRS-PPP service can process both single-frequency and multi-frequencylogs.

4.8 Canadian Spatial Reference System Precise Point Positioning (CSRS-PPP)
This guide explains how to get the precise coordinates of a standalone receiver using theCanadian NRCan CSRS-PPP service.
4.8.1 Overview

The Canadian Spatial Reference System (CSRS) PPP service is provided by Natural ResourcesCanada’s Canadian Geodetic Survey. It uses single or dual-frequency GPS and GLONASSdata for solution computation and supports both Static and Kinematic modes.
Tip: Static computation is accomplished with a receiver sitting on one point. As the result of
Static mode, you will get the absolutely determined position of this point. Kinematic mode allows
surveying with a moving receiver and provides a path as the solution.
Depending on the accuracy level and time that is required to get the solution, the NRCanCSRS-PPP service can calculate the data in the following modes:
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Orbit type When the orbit is ready for use Accuracy

ULTRA-RAPID about 60 minutes after the end of each hour ~15 cm
RAPID about 12 hours after the end of each day ~5 cm
FINAL 12 days after the end of each week ~2 cm

Tip: You can learn more about NRCan CSRS-PPP service on their official site.

4.8.2 Workflow

Tip: This guide will show you how to process raw data recorded in the Static mode.
Placing the base
Place your Reach precisely above the marked point on the tripod and level it. You can learnmore about placing Reach in the Choosing base setup method tutorial.

Recording RINEX logs on Reach
To record logs for NRCan CSRS-PPP, perform the following steps:
1. Open Emlid Flow and connect to your Reach.
2. Go to the Logging screen.
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3. Tap the Recorded logs and settings button.
4. To configure logging, tap the Settings button.
5. Select the CSRS preset.
6. Choose the required RINEX format in the Raw data section.

Note: If you do not know which version of RINEX you need, we recommend using RINEX
3.03.
Top: While recording in the RINEX format, you can log the UBX file as a backup. UBX file
can be used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable
logging in the UBX format in the logging settings in Emlid Flow.
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7. Tap Show configuration and enter the measured height to the bottom of the receiver inthe corresponding field.

8. Fill in the point’s name in the Marker name field.
9. Tap Apply.

Tip: You can start recording automatically when your receiver is turned on. Check the
corresponding field on the Raw data settings screen.

10. Enable log recording by tapping the Start recording button. The red recording icon willappear in the status bar.
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Note: NRCan CSRS-PPP requires recording the data for at least 4 hours to get the best
accuracy.

11. To finish recording logs, tap the End recording button.
Caution: Wait for data processing to finish.

Tip: You may log the data for up to 24 hours, depending on the accuracy required.
Once you finish the survey, don’t forget to turn off raw data recording in the logging settings.
Downloading logs
After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
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1. Go to the Recorded logs section at the bottom of the Logging screen.
Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
3. Save your log depending on the device you use.

Tip: If you do not need your logs anymore, you can delete them using the Select button.
Submitting data to NRCan CSRS-PPP service
Once the logs are downloaded, export them to your PC in a preferred way and submit thedata to NRCan CSRS-PPP for processing.
1. Go to NRCan CSRS-PPP official site.
2. Click the Sign in button and enter your login and password to access the NRCanCSRS-PPP submission page or create a new account in case you don’t have it yet.
3. In the Email for results field, enter your email address to get the results.
4. In Processing mode, choose Static.
5. Choose the datum in which you would like to get the position. In this guide, we willwork with the ITRF option.
6. In the RINEX observation file field, click the Choose file button and browse for theobservation file (.**O).
7. Click the Submit to PPP button to send the file for processing.
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NRCan CSRS-PPP will send the file with the solution to your email address.
Assessing NRCan CSRS-PPP results
In the solution report, look for the Estimated Position. There should be a table with 4 rows:

• The first row contains calculated LLH coordinates in the chosen coordinate system.
• The Sigmas row shows an estimated accuracy.
• In the A Priori row, there is a few-meter accurate position taken from the RINEX header.
• The Estimated - A Priori row displays the accuracy from this position specified in theRINEX header.

Setting up obtained base coordinates in Emlid Flow
If you want to use the obtained coordinates as a base position, you can enter the basecoordinates in Emlid Flow.
1. Open Emlid Flow and connect to the Reach you want to use as a base.
2. On the Receivers screen, tap Base settings.
3. Tap the Configure button.
4. Set the Coordinates entry method to Manual.
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5. Specify the antenna height and enter the coordinates.

6. Tap Save.
After setting up the base position, you can continue working in RTK or PPK.
4.9 IBGE-PPP-Online service for post-processing GNSS data
This guide explains how to get the precise coordinates of a standalone receiver using theIBGE-PPP service.
4.9.1 Overview

IBGE-PPP is a free online GNSS data processing service provided by Instituto Brasileiro deGeografia e Estatística (Brazilian Institute of Geography and Statistics). The service is basedon the CSRS-PPP software provided by NRCan. It uses single or dual-frequency GPS andGLONASS data for solution computation and supports both Static and Kinematic modes.
Tip: Static computation is accomplished with a receiver sitting on one point. As the result of Static
mode, you will get the absolutely determined position of this point. Kinematic mode allows surveying
with a moving receiver and provides a path as the solution.
Depending on the accuracy level and time that is required to get the solution, the IBGE-PPPservice can calculate the solution using 3 types of orbits: Ultra-Rapid, Rapid and Final.These orbits’ parameters vary depending on the territory of the survey.
If you conduct a survey on the territory of Brazil, IBGE-PPP will use the following orbits inthe solution computation:

Orbit type When the orbit is ready for use Accuracy

ULTRA-RAPID 1.5-2.5 hours after the end of the survey ~15 cm
RAPID 12-36 hours after the end of the survey ~5 cm
FINAL 11-17 days after the end of the survey ~2 cm
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If you conduct a survey outside of Brazil, IBGE-PPP will use the following orbits in the solutioncomputation:
Caution: Outside of Brazil, IBGE-PPP uses only GPS satellites in solution computation.

Orbit type When the orbit is ready for use Accuracy

RAPID 17-41 hours after the end of the survey ~2.5 cm
FINAL 12-20 days after the end of the survey ~2.5 cm

Tip: You can learn more about the IBGE-PPP service on their official site.

4.9.2 Workflow

This guide will show you how to process raw data recorded in the Static mode.
Placing the base
Place your Reach precisely above the marked point on the tripod and level it. You can learnmore about placing Reach in the Choosing base setup method tutorial.

Recording RINEX logs on Reach
To record logs for IBGE-PPP, perform the following steps:
1. Open Emlid Flow and connect to your Reach.
2. Go to the Logging screen.
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3. Tap the Recorded logs and settings button.
4. To configure logging, tap the Settings button.
5. Select the IBGE preset.
6. Choose the required RINEX format in the Raw data section.

Caution: IBGE-PPP accepts files in the RINEX format only of version 2.11 or older.
Tip: While recording in the RINEX format, you can log the UBX file as a backup. UBX file can be
used to adjust RINEX file settings in the Converter tool in Emlid Studio. You can enable logging in
the UBX format in the logging settings in Emlid Flow.

6. Tap Show configuration and enter the measured height to the bottom of the receiver inthe corresponding field.
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7. Fill in the point’s name in the Marker name field.
8. Tap Apply.

Tip: You can start recording automatically when your receiver is turned on. Check the corresponding
field on the Raw data settings screen.

9. Enable log recording by tapping the Start recording button. The red recording icon willappear in the status bar.

Note: For IBGE-PPP, there is no minimum required time for an observation session. However, we
recommend recording data not less than 4 hours to get the best accuracy.
10. To finish recording logs, tap the End recording button.
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Caution: Wait for data processing to finish.

Tip: You may log the data for up to 24 hours, depending on the accuracy required.
Once you finish the survey, don’t forget to turn off raw data recording in the logging settings.
Downloading logs
After you finish raw data logging, you need to download RINEX data from Reach to yourmobile device.
1. Go to the Recorded logs section at the bottom of the Logging screen.

Note: You can also find information on the logs size and recording date and time here.

2. To export the file, tap the Download button.
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3. Save your log depending on the device you use.
Tip: If you do not need your logs anymore, you can delete them using the Edit button.
Submitting data to IBGE service
Once the logs are downloaded, export them to your PC in a preferred way and submit thedata to NRCan CSRS-PPP for processing.
1. Go to IBGE-PPP submission page.
2. In Selecione o Modo de Processamento (Select Processing Mode), choose Estático (Static).
3. In the Selecione um arquivo RINEX (Select a RINEX file) field, click the Choose file buttonand browse for the observation file (.**O).
4. Choose EML_REACH_RS2 NONE in the Tipo de Antena (Antenna Type) dropdown menu.

Tip: For Reach RS2+, choose EML_REACH_RS2+ NONE.
5. Enter the pole height in the Altura da antena (Antenna height) field and apply changesby checking the A altura da antena somente será alterada se esta caixa estiver marcada

(The antenna height will only change if this box is checked) checkbox.
6. In the E-mail válido do usuário (User’s valid email) field, enter your email address to getthe results.
7. Click the Processar (Process) button. IBGE-PPP will process your file.

8. To download the results, click the Download dos resultados (Download the results) buttonin the Resultado do processamento (Result of processing) section. IBGE-PPP will also sendthe file with the solution to your email address.
After you get the solution file, you can continue working with the coordinates of a point youobserved.
Setting up obtained base coordinates in Emlid Flow
If you want to use the obtained coordinates as a base position, you can enter the basecoordinates in Emlid Flow.
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1. Open Emlid Flow and connect to the Reach you want to use as a base.
2. On the Receivers screen, tap Base settings.
3. Tap the Configure button.
4. Set the Coordinates entry method to Manual.
5. Enter the coordinates and specify the antenna height.

6. Tap Save.
After setting up the base position, you can continue working in RTK or PPK.
4.10 Static processing
This tutorial shows how to post-process static data in Emlid Studio to get the precise positionof a single point.
Tip: Learn more about Emlid Studio and download it for free here.

4.10.1 Overview

The Static processing workflow allows you to obtain an accurate position of a single point.Usually, it is used to get coordinates of a local base station when you cannot access an NTRIPservice for RTK. For example, when the Internet coverage is too poor, or the baseline to thenearest station is too long.
In this case, you need to log the raw data on your base and get logs from the nearestcontinuously operating reference station (CORS) for further post-processing.
4.10.2 Getting started

To get coordinates of your local base station using the Static processing workflow, you willneed the following files:
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• a RINEX observation file from a CORS
• a RINEX observation file from a local base
• a RINEX navigation file from a CORS or a local base

Note: If you recorded raw data in the UBX format or got corrections from the NTRIP service in
the RTCM3 format, Emlid Studio will automatically convert them to RINEX using the background
conversion feature.

4.10.3 Workflow

To post-process the collected data, follow the steps below:
Tip: Emlid Studio selects the One best solution by default. To double-check it, click the blue gear
and you will access the settings. There, find the Output solution field and make sure that One
best is chosen.
Tip: To add a file, simply drag and drop it from your desktop.
1. Select the workflow from the drop-down list in the upper-left corner.

2. Add the RINEX observation file from the local base to the Static receiver field.
3. Set the antenna height by clicking Edit.
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Note: If you use antenna height for your static receiver, you need to fill in the same antenna
height in the base field when continuing post-processing your survey data using the Kinematic
processing, Drone Data PPK, Stop & Go with Emlid Flow workflows. This will ensure data
consistency.

4. Add the RINEX observation file from the CORS to the Base field. You will see the CORScoordinates.
Note: By default, the RINEX Header Position is used.

5. Add the RINEX navigation file from the local base or from the CORS.
6. Click Process. You will see the progress bar in the bottom left corner.
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7. Once the processing is finished, Emlid Studio will show you the processed point on theplot.
Tip: To check the local point’s coordinates, just click on it on the plot.
Note: You can also find the coordinates of your local base in the generated .pos file. Click
the Show result files button to move to the resulting folder.

Tip: If you want to continue post-processing using the obtained .pos file, you can simply
drag and drop the obtained position of your local base from the plot to the base’s field in
the required workflow.

Now that you have obtained the coordinates of your local base station, you can set up yourbase coordinates in Emlid Flow.
Note: Learn more in the Setting up base position manually guide.
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4.11 Averaging base position in SINGLE
This guide explains how to use the Average SINGLE entry method in the Emlid Flow app toset up base position.
4.11.1 Overview

When you don’t know your base’s position, you can average it in SINGLE using the AverageSINGLE coordinates entry method in Emlid Flow. Averaging is done in standalone modewithout using any corrections and the position of the base is determined with the accuracyof several meters. In this case, the rover measurements will be centimeter-precise onlyrelative to the base but their actual (absolute) accuracy in the selected coordinate systemwill be at meter level.
Tip: To learn more about the accuracy for RTK and PPK measurements, read our Simple Intro to
Accuracy and Precision article.

4.11.2 Workflow

Placing base in field
To place your base station in the field, follow the recommendations below.
Clear sky view without any obstacles
Reach base needs to have a clear sky view 30 degrees above the horizon. There should beno obstacles that could block the view like buildings, trees, cars, humans, laptops, etc.
Take a look at 2 pictures below. The left picture demonstrates desirable conditions for Reachlocation. The right one is an example of poor surrounding conditions such as the reducedview of the sky, possible obstructions or vegetation nearby.

Examples of recommended environments for Reach placement:
• field
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• top of the hill
• rooftop

Examples of poor environments for Reach placement:
• indoors
• urban area
• forestry area

No electronics nearby
Electronic devices may produce RF noise that could affect the reception of the GNSS signal.Keep all electronics as far as possible from Reach.
Measuring antenna height offset
When placing your Reach in the field, make sure your Reach device is placed precisely abovethe marked point on the tripod and leveled. When you are setting up base coordinatesmanually, you need to measure the antenna height offset. Follow the steps below:
1. Measure the distance from the mark to the bottom of your Reach (h in Figure 1).
2. Specify the measured distance in Emlid Flow. It will automatically calculate the antennaheight.

Tip: For Reach RS2/RS2+, the antenna height is the distance from the mark on the ground
to the center point on the Reach’s bottom, antenna reference point (ARP), plus the height of
the receiver to the antenna phase center (APC), antenna height offset. Emlid Flow automatically
adds the antenna height offset, which is 134 mm.

When you placed Reach over the mark and measured the antenna height, you are ready toset up the base position in the Emlid Flow app.
Setting up base’s coordinates in EmlidFlow
Let’s see how to set up the base’s position using the Average SINGLE coordinates entrymethod in the Emlid Flow app:
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1. Open Emlid Flow and connect to your Reach.

2. Go to Base settings and tap Configure.

3. Tap Coordinates entry method and choose Average SINGLE from the menu.

122



4. Tap Antenna height to set the antenna height and save it.

5. Set averaging time, tap Save.
Now, when your base coordinates are averaged, you can continue creating up a project onyour rover.
Tip: You can save these coordinates and use them later within the same project. Without knowing
them, you won’t be able to reproduce this project.
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5 Integration

5.1 Getting Reach coordinates on Android via BT
This guide describes how to get precise coordinates from Reach on an Android device overBluetooth.
5.1.1 Overview

Caution: Make sure your Android device provides Bluetooth connectivity.
Some of the survey and GIS apps for Android used with Reach:

• Mobile Topographer Pro
• PointMan
• ESRI ArcGIS Collector
• Mapit GIS
• LandStar
• Autocad360
• QField

5.1.2 Pairing Reach with Android device

Tip: To output a centimeter accurate position, Reach should be in RTK mode. To learn more,
check the How RTK works article.
Configure Reach unit to act as a rover in RTK.
Getting corrections from Reach RS2/RS2+ base on Reach RS2/RS2+ rover: Set up RTK
communication between 2 Reach RS2/RS2+ units over LoRa radio following this video guide.
Getting corrections from NTRIP/CORS: Configure NTRIP/CORS network as a source of
positioning corrections for Reach rover following this guide.

5.1.3 Access Reach rover using Emlid Flow

1. Go to Wi-Fi settings on your device.
2. Connect to Reach hotspot. It appears as reach:XX:XX.
3. Enter the password emlidreach.
4. Open Emlid Flow and connect to your Reach.
5. Go to Settings and tap Bluetooth.
6. Enable Bluetooth by tapping the Turn on Bluetooth button.
7. Tap Discoverability and turn on the Discoverability option. Tap Save to apply changes.
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Note: Reach name is displayed just above its MAC. In this guide, we used the unit named as
Reach.

5.1.4 Access an Android device

1. Navigate to the Bluetooth configuration screen. Activate the Bluetooth connection.
2. Wait for Reach to be listed as an available device.

Tip: Keep Reach within a few meters from your Android device.

3. Tap the name of your Reach in the list of available devices on the Android device.
4. You should receive a pairing request from Reach.
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5. Enter the PIN code of your Reach unit and confirm it.

Reach and Android device are now paired.

5.1.5 Position Streaming from Reach to Android

1. Open Emlid Flow and connect to your Reach.
2. Go to Settings and tap Position streaming 1.
3. Select Bluetooth.
4. To configure position streaming, tap the Edit button in the Bluetooth cell.
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5. Tap Format and choose NMEA. Apply changes.

5.1.6 Android mock location

We provide a guide on how to use Reach with Lefebure NTRIP Client.
Besides being an NTRIP Client, this app also allows NMEA data input via Bluetooth andsupports Android feature calledmock location. This feature allows substituting your device’sbuilt-in GPS receiver with an external location provider.
Note: Lefebure NTRIP Client allows the survey and GIS apps on the Android device to use accurate
coordinates from Reach.
1. Install the app Lefebure NTRIP Client on your Android device.
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2. Open Developer options on your Android device and choose Lefebure NTRIP Client inthe Select mock location app field.

Note: It is recommended to switch off the power-saving mode on your phone as it may
limit background data usage for the Lefebure NTRIP client app.

3. Launch the Lefebure NTRIP Client app and tap on the settings icon (gear in the upperright corner).

4. Go to the Receiver Settings.
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Inside the receiver’s settings set the following:
• Configure Receiver Connection as External via Bluetooth.
• Change Bluetooth device to the Reach you are paired with.
• Change Bluetooth Connection Method to Secure via Reflection.
• Enable GPS Mock Locations.
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5. Go back to the main screen and tap the Connect button.
Tip: Check the log messages to confirm the Bluetooth connection got established and the
information about satellites is updated.

From this moment on, all apps on the Android device that use location services willautomatically have access to the positional data streamed from Reach. You can just open asurvey or GIS app you want to use and start surveying.
Note: Tapping the Disconnect button in the Lefebure NTRIP Client will revert back to the Android
built-in GNSS.

5.2 ArcGIS Survey123 integration
This tutorial provides step-by-step instructions on how to perform integration of ReachReach RS2/RS2+ with ArcGIS Survey123 via TCP using an iOS or Android device to create,share and analyse surveys.
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5.2.1 What is ArcGIS Survey123?

ArcGIS Survey123 is an app for creating, sharing, and analyzing surveys. With this app, youcan collect data via web or mobile devices, even when disconnected from the internet.
Note: Visit the site to learn more.

5.2.2 Getting started

To perform the integration, you will need the following:
• an iOS or Android device
• Emlid Flow
• Reach Reach RS2/RS2+

To start, download the ArcGIS Survey123 app from the App Store or Google Play and connectyour Reach Reach RS2/RS2+ to the iOS or Android device using the Emlid Flow app. In thistutorial, we use an iOS device.
Note: Make sure that your iOS or Android device and Reach Reach RS2/RS2+ are connected to
the same Wi-Fi network.

5.2.3 Establishing TCP connection

To establish a TCP connection between your Reach Reach RS2/RS2+ and ArcGIS Survey123,configure settings both in Emlid Flow and ArcGIS Survey123.
Configuring settings in Emlid Flow
1. Open Emlid Flow and connect to your Reach.
2. Go to Settings and tap Position Streaming 1.
3. Choose TCP server.
4. Tap the Edit button in the TCP server cell.
5. Tap Format and choose NMEA. Save changes.

Note: By default, the receiver will be configured on the TCP port 9001.
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Configuring settings in ArcGIS Survey123
1. Open the ArcGIS Survey123 app.
2. Tap the GNSS location icon.

3. Tap the Settings icon.
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4. Tap Add location provider.

5. Choose the Network connection type.
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6. Enter the Reach Reach RS2/RS2+ IP address in the Hostname field and the port thatwas configured on the receiver in the Port field.

Tip: You can check the IP address of your Reach Reach RS2/RS2+ in the Emlid Flow app. Go
to the Settings screen and find it under the name of your receiver.
Note: Make sure that the port corresponds to the one configured on the receiver.

7. Tap the Add location provider button and press the back button to check the locationproviders list. Once the app is connected to your Reach Reach RS2/RS2+, you will see atick near the hostname.
Once you successfully integrated your Reach Reach RS2/RS2+ with ArcGIS Survey123, youare ready for the survey. Tap on the GNSS location icon to check the GNSS location status:
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You can also check the SNR and sky plot in the Sky Plot tab:

Note: To survey with ArcGIS Survey123, you will need to sign in with your ArcGIS account. After
that, you can create a new survey following these instructions.

5.3 Using QGIS as survey tool
5.3.1 Overview

QGIS (previously known as Quantum GIS) is the cross-platform free and open-source desktopgeographic information system (GIS) app that provides data viewing, editing and analysis. Itcan be used for almost any GIS application.
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5.3.2 Connecting QGIS to Reach

First of all, we need to connect survey equipment to QGIS. There are two simple ways. One,over local network, or second by USB.
Tip: To configure the connection in QGIS, you might need to enable the GPS Information panel
first. Go to the View list in the Menu bar and tick this option in the Panels field to accomplish this.
TCP
In order to connect over local network, the computer running QGIS needs to be on the samenetwork as the rover. This can be via the rover’s hotspot. This screenshot shows the roverconfiguration and QGIS configuration. The port number is the same as we will enter in QGISto find the position string.
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In QGIS, the color panel turns green to indicate connection when we enter in the IP addressof the rover and the port number.

USB
The second way to connect is via "serial device", actually USB. First plug the micro USB intothe opening on the rover.
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Then, plug the other end into the computer usb port.

For this, the settings on your rover should be as on the screenshot below.
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In QGIS, choose to connect by serial device and use the same COM port as is shown inconnected devices.

Now that we are connected, we should see Reach position in QGIS.
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5.3.3 QGIS basics

In QGIS, we can choose from a wide range of the background maps, including your owndrone imagery.

The GPS panel shows status, but if you want to check for the solution status, it is better tokeep an eye on the Emlid Flow app for that. Once we are connected and have our layersand snapping settings ready, we can add points, lines, and polygons, based on our location.

QGIS CAD tools
Let’s see at the feature of manually entering lines. Often we need to enter a line and thenenter distances and directions based on that line, e.g., 30 m at 90 degrees relative to a givenline. QGIS has a feature called CAD tools that should work for this. First, enter the line (forexample, property line). Then, draw parallel or perpendicular lines from that one. This isfound in the advanced digitizing panel. Here you can select start point by vertex and thenbegin drawing from that point at a direction relative to a selected line.
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Distances and angles can be preset. Back in the office after the survey, there are options totrim, extend, fillet linework, convert points to arcs, etc. These features could be used whilesurveying as well. Check out the plug-in QAD.

Also check out plug-in CadTools.

Tip: Check out the tutorial for QGIS CAD tool by Klas Karlsson.

5.3.4 Credits

We want to thank Brent Wiebe for sharing his experience of using QGIS as survey tool withReach.
5.4 Microsurvey FieldGenius setup guide
In this tutorial, you will find the information on how to set up data collector running FieldGeniuswith Reach via Bluetooth. Step-by-step guide can be also found on MicroSurvey knowledgebase.
Note: If you use FieldGenius for Android, please refer to the
Bluetooth output and Android mock location guide.

5.4.1 Configuring Bluetooth connection

1. Open Emlid Flow and connect to your Reach.
2. Go to Settings and tap Bluetooth.
3. Enable Bluetooth by tapping the Turn on Bluetooth button.
4. Tap Discoverability and turn on the Discoverability option. Tap Save to apply changes.
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5. In Windows, go to Bluetooth settings and select Add a Bluetooth Device. Select Reachfrom the list of discovered devices and confirm the connection.

When pairing is completed you will see Windows device is listed in the Emlid Flow app. Reachdevice will be listed as a device in Windows.
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5.4.2 Configuring Emlid Flow

After successful Bluetooth pairing you should configure BT position streaming and correctioninput if needed.
Position streaming
Set up position streaming as follows:
1. Go to Settings and tap Position streaming 1.
2. Choose Bluetooth.
3. To configure position streaming, tap the Edit button in the Bluetooth cell.

4. Tap Format and choose NMEA. Apply changes.
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Correction input
To send the corrections from your controller via Bluetooth, do the following:
1. Go to the Receivers screen and tap Correction input.
2. Choose Bluetooth.

5.4.3 Configuring FieldGenius

Creating a new project and instrument profile
1. Launch FieldGenius. It will ask to create a new project. On this step, you can go to

Project Settings to configure units and coordinate system. Click OK to proceed.
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2. You will see FieldGenius interface. Choose Select Instrument.

3. Choose the GNSS Rover instrument type and add a new instrument profile.

4. Set Reach profile name and click Save.
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Configuring the communication between FieldGenius and Reach
1. Pick the Edit option to configure the receiver parameters.

2. Select Model and Communication.
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3. Select NMEA from the Make list and Basic Model. Click on Bluetooth Device List.

4. Click Search in Bluetooth Device List.

5. Select Reach device.
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6. Enter the default PIN Code (it is "123456" for Reach) and press OK.

7. After adding Reach device in Bluetooth Device List, return to Model and Communication
settings and click Connect.

You will see progress dialog.
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If the connection is successful, the position will be displayed with a number of satellites andPDOP.

Configure FieldGenius to receive RTK corrections from an NTRIP caster
1. Go to Instrument Settings.
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2. Choose Link Configure.

3. Pick Data Collector internet in Link Device and click Setup.

4. In the Dialog window, click Press to Modify.
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5. Click Add in NTRIP Casters dialog and enter NTRIP caster details. Press OK.

6. Select the created caster.

7. Click OK to finish the setup.
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8. In the Link Configure dialog, click Connect.

9. Once connected to the internet, request the sourcetable and choose a mountpoint.
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In a moment you will see the solution status in FieldGenius interface.

You can also go to Emlid Flow to check the solution status.

5.5 DJI RTK drone and Reach RS2/RS2+ base integration
This guide shows how to set up your Reach RS2/RS2+ as a base for DJI RTK drones like Phantom4 RTK, Mavic 3E, and Matrice 300 RTK to geotag drone images for further mapping inphotogrammetry software.
Tip: Learn more about RTK and PPK in the guides below:

• How RTK works

• How PPK works
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5.5.1 Overview

DJI RTK drones use NTRIP to receive corrections which allows you to use Reach RS2/RS2+ asa base station. Reach can send NTRIP corrections via Emlid Caster through the internet orusing the Local NTRIP option in Emlid Flow without connection to the internet.
To set up your Reach RS2/RS2+ as a base for DJI RTK drone, you will need the following:

• DJI RTK drone with GS RTK as a rover
• Controller
• Reach RS2/RS2+ as a base
• A smartphone or tablet with the Emlid Flow app installed internet connection on bothdevices if you use Emlid Caster
• Access to Emlid Caster

In this guide, we will use DJI Phantom 4 RTK drone, but the process is the same for the otherDJI RTK drones.
5.5.2 Workflow

The text below covers the process of setting up Reach RS2/RS2+ as a base for DJI Phantom4 RTK drone using Emlid Caster through the internet or the Local NTRIP option in EmlidFlow.
Set up Reach RS2/RS2+ as base
Reach RS2/RS2+ can send NTRIP corrections via Emlid Caster or using the Local NTRIP optionin Emlid Flow. The difference is that Emlid Caster requires an internet connection, and LocalNTRIP allows you to set up RTK without an internet connection. Select the method dependingon your use case and follow the steps below.
Set up Reach RS2/RS2+ as base using Local NTRIP
Caution: This setup will work for your DJI RTK drone only if it supports a Wi-Fi connection.
To set up your Reach as a base for the DJI Phantom 4 RTK drone using the Local NTRIP optionin Emlid Flow, follow the steps below:
1. Place your Reach on the tripod and provide it with a clear sky view.

Tip: Learn more about base placement in the Placement and Choosing base setup method
articles.

2. Open Emlid Flow and connect to your Reach.
3. Tap Base output and select the Local NTRIP option.
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4. Tap the information button to access the page with rover credentials.

5. Connect your controller to the same Wi-Fi network as your Reach.
Note: To ensure proper connection, keep the distance between the drone’s controller and your
base within several meters.
Set up Reach RS2/RS2+ as base using Emlid Caster
To set up your Reach RS2/RS2+ as a base for DJI Phantom 4 RTK using Emlid Caster, youneed to get access to Emlid Caster and get NTRIP credentials. Follow the steps below:
1. Access Emlid Caster and get NTRIP credentials for both base and rover.

Tip: To learn more, check the Emlid Caster docs.
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2. Place your Reach on the tripod and provide it with a clear sky view.
Tip: Learn more about base placement in the Placement and Choosing base setup method
guides.

3. Open Emlid Flow and connect to your receiver.
4. Connect your Reach to the internet.

Tip: To learn more about connecting your Reach RS2/RS2+ to the internet, check the following
guides:

• Connecting Reach to Internet via built-in modem
• Connecting Reach to Internet via Wi-Fi
• Connecting Reach to the Internet via mobile hotspot

5. On the Receivers screen, tap Base output and select the NTRIP option.

6. Tap the Edit button and insert the NTRIP credentials for the base.
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Note: To ensure successful corrections transmitting, double-check the credentials you entered.
Once you place and set up your base, you can proceed to the drone’s setup.
Set up DJI Phantom 4 RTK as rover
To set up your DJI Phantom 4 RTK as a rover, follow the steps below:
1. Connect the controller to your drone.
2. Open GS RTK.
3. Select Plan or Fly menu. If you choose Plan, select a planning method.
4. Open Settings by tapping the 3 dots icon at the top right corner.
5. Go to the RTK Settings tab.
6. In RTK Service Type, choose Custom network RTK and fill in the NTRIP credentials form.

Note: Fill in the credentials you obtained when accessing Emlid Caster or enabling the
Local NTRIP option in Emlid Flow. Make sure that you use the credentials for the rover.
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7. Tap the Connect button. The "Network RTK server connection successful" message willappear. That means that the base is successfully connected.

5.5.3 Perform flight

When you set up communication between your Reach RS2/RS2+ and a drone, you can performthe flight. Provide DJI Phantom RTK with a clear sky view and proceed to the mission.

Once the flight is completed, you can download the geotagged images and use them forfurther mapping in photogrammetry software.
Tip: To create a map using Pix4DMapper, check the Creating the map tutorial.

5.6 Autel EVO II Enterprise and Reach RS2/RS2+ base integration
This guide shows how to set up Reach RS2/RS2+ as a base for the Autel EVO II Enterprisedrone to geotag drone images for further mapping in photogrammetry software.
Note: It is also possible to use the Autel EVO II RTK Series drone with Reach RS2/RS2+ base.
Tip: Learn more about RTK and PPK in the guides below:
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• How RTK works

• How PPK works

5.6.1 Overview

Autel EVO II Enterprise uses NTRIP to receive corrections, which allows you to use Reach asa base station. Reach can send NTRIP corrections via Emlid Caster through the internet orusing the Local NTRIP option in Emlid Flow without connection to the internet.
Note: To use the Local NTRIP option, the base and the rover should be connected to the same
Wi-Fi network.
To set up your Reach as a base for the Autel EVO II Enterprise drone, you will need thefollowing:

• Autel EVO II Enterprise drone as a rover
• Controller
• Reach RS2/RS2+ as a base
• A smartphone or tablet with the Emlid Flow app installed
• internet connection on both Reach RS2/RS2+ and Autel
• Smart Controller if you use Emlid Caster
• Access to Emlid Caster

5.6.2 Wokflow

Set up Reach RS2/RS2+ as base
Reach RS2/RS2+ can send NTRIP corrections via Emlid Caster or using the Local NTRIP optionin Emlid Flow. The difference is that Emlid Caster requires an internet connection, and LocalNTRIP allows you to set up RTK without an internet connection. Select the method dependingon your use case and follow the steps below.
Set up Reach RS2/RS2+ as base using Local NTRIP
To set up your Reach as a base for the Autel EVO II Enterprise drone using the Local NTRIPoption in Emlid Flow, follow the steps below:
1. Place your Reach on the tripod and provide it with a clear sky view.

Tip: Learn more about base placement in the Placement and Choosing base setup method
articles.

2. Open Emlid Flow and connect to your Reach.
3. Tap Base output and select the Local NTRIP option.
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4. Tap the information button to access the page with rover credentials.

5. Connect Autel Smart Controller to the same Wi-Fi network as your Reach.
Note: To ensure proper connection, keep the distance between the drone’s controller and your
base within several meters.
Set up Reach RS2/RS2+ as base using Emlid Caster
To set up your Reach as a base for Autel EVO II Enterprise using Emlid Caster, you need toget access to Emlid Caster and get NTRIP credentials. Follow the steps below:
1. Access Emlid Caster and get NTRIP credentials for both base and rover.

Tip: To learn more, check the Emlid Caster docs.
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2. Place your Reach on the tripod and provide it with a clear sky view.
Tip: Learn more about base placement in the Placement and Choosing base setup method
guides.

3. Open Emlid Flow and connect to your receiver.
4. Connect your Reach to the internet.

Tip: To learn more about connecting your Reach RS2/RS2+ to the internet, check the following
guides:

• Connecting Reach to Internet via built-in modem
• Connecting Reach to Internet via Wi-Fi
• Connecting Reach to the Internet via mobile hotspot

5. On the Receivers screen, tap Base output and select the NTRIP option.

6. Tap the Edit button and insert the NTRIP credentials for the base.
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Note: To ensure successful corrections transmitting, double-check the credentials you entered.
Once you place and set up your base, you can proceed to the drone’s setup.
Set up Autel EVO II Enterprise as rover
To set up your Autel EVO II Enterprise as a rover, follow the steps below:
1. Attach the RTK Module to your drone.

Tip: Skip this step, if you use the Autel EVO II RTK Series drone.

2. Connect the controller to your drone.
3. Open the Autel Explorer app. Tap the Camera button.
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4. To open the Settings screen, tap the gear icon at the top right corner.

5. Go to the RTK screen.
6. Turn on the RTK Aircraft Feature option. In RTK connection options, choose

Custom Network RTK option and fill in the NTRIP credentials.
Note: Fill in the credentials you obtained when accessing Emlid Caster or enabling the
Local NTRIP option in Emlid Flow. Make sure that you use the credentials for the rover.

7. Tap Login.
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8. The login success message will appear if the base is successfully connected. RTKNetwork Status should change to the Connection successful state.

5.6.3 Perform Flight

When you set up communication between your Reach and a drone, you can perform theflight. Provide Autel EVO II Enterprise with a clear sky view and proceed to the mission.
Once the flight is completed, you can download the geotagged images and use them forfurther mapping in photogrammetry software.
Tip: To create a map using Pix4DMapper, check the Creating the map tutorial.
Credits
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We want to thank Dave Pitman for sharing his experience of using the Autel Robotics droneas a survey tool with Reach RS2/RS2+.
5.7 Using Reach RS2/RS2+ base station for YellowScan LiDAR systems
This guide explains how to record a raw data log on your Reach RS2/RS2+ used as a basestation for the YellowScan LiDAR systems for drone mapping and prepare it to get thecorrected trajectory SBET file for further processing in the CloudStation software.
5.7.1 Overview

You can use your Reach RS2/RS2+ as a part of the YellowScan LiDAR system setup for dronemapping. During a drone flight mission, Reach RS2/RS2+ acts as a base station that recordsthe RINEX observation data. This data, along with the raw trajectory data from the drone,is used to obtain a corrected flight trajectory file, SBET, in the Applanix POSPac software.The obtained SBET file is then processed together with the scanner data in the CloudStationsoftware to get the geotagged point cloud.
This guide covers only the setup of Reach RS2/RS2+ base and the recording of a RINEXobservation log on it, and the further preparation of the log for processing in ApplanixPOSPac to ensure the generation of a corrected flight trajectory trajectory SBET file.
5.7.2 Workflow

To record logs on Reach RS2/RS2+ base and prepare them for further processing in theApplanix POSPac software, follow these steps:
1. In the Emlid Flow app, set up your Reach as a base. in GNSS settings, select the samesatellite systems in GNSS settings that you have on your drone. Set the update rate to1 Hz.

Tip: Learn more about base setup in the Base setup guides.

2. Set up log recording on Reach. In Logging settings, select the RINEX format, specify theantenna height, and keep the Full rate logging interval. We recommend that you startyour flight 2 minutes after you start recording the log, and trim it afterwards. This willimprove the log’s quality for further processing.
Tip: You can learn how to record logs on your Reach base and download them in the
How to log data for PPK guide.

3. Open Emlid Studio, select Convert to RINEX.
Note: Learn more about Emlid Studio and download it for free on the Emlid Studio landing
page.

165



4. Upload your log to Emlid Studio, and tap on the blue gear button to access theprocessing settings.
5. In the Logs duration section, set the time 2 minutes after log recording starts to trimthe log. Tap Save, and then Convert.

Once you got the trimmed log, you can upload it together with the raw trajectory T04 filefrom your LiDAR survey to Applanix POSPac to get the corrected trajectory SBET file. Thenyou can upload it to CloudStation to generate a LAS file.
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5.8 Integration of Reach RS2/R2+ with Mergin Maps for Android
This tutorial provides step-by-step instructions on how to integrate your Reach RS2/RS2+with Mergin Maps for Android via Bluetooth.
5.8.1 Overview

Mergin Maps is a mobile app for Android devices that allows you to collect, share and publishgeodata and collaborate with teams using instant sync with QGIS.
To integrate your Reach RS2/RS2+ Mergin Maps via Bluetooth, you will need the following:

• Reach RS2/RS2+
• A device on Android
• Mergin Maps mobile app installed on your Android device
• Mergin Maps account

5.8.2 Workflow

Configuring receiving corrections in Emlid Flow
To achieve centimeter-level accuracy when surveying with Reach RS2/RS2+, configure it toact as a rover in RTK in the following ways:

• Set up RTK communication between 2 Reach RS2/RS2+ units over LoRa radio accordingto the guide about base and rover setup.
• Configure your Reach RS2/RS2+ to receive corrections from an NTRIP service by followingthe steps from the Working with NTRIP service guide.

Note: To start receiving corrections, make sure that your receiver has satellite visibility.
Setting up position streaming from Reach RS2/RS2+
To stream your Reach RS2/RS2+ position in the NMEA format to the Android device, proceedas follows:
1. Open Emlid Flow and connect to your Reach.
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2. Go to Settings and tap Position streaming 1.

3. Select Bluetooth.
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4. To configure position streaming, tap the Edit button in the Bluetooth cell.

5. Tap Format and choose NMEA. Save changes.
Enabling Reach RS2/RS2+ discoverability
To make your Reach RS2/RS2+ discoverable via Bluetooth, follow these steps:
1. Connect to your Reach RS2/RS2+ using Emlid Flow.
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2. Go to Settings and tap Bluetooth.

3. Enable Bluetooth by tapping the Turn on Bluetooth button.
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4. Tap Discoverability and turn it on. Tap Save to apply changes.

Pairing Reach with Android device
To pair your Reach RS2/RS2+ with the Android device, do the following:
1. Navigate to the Bluetooth configuration screen on your Android device and enable

Bluetooth.
2. Wait for your Reach to be listed as an available device.

Tip: Keep Reach within a few meters from the device.

3. Tap the name of your Reach in the list of available devices on the Android device.
Note: If your device requires a PIN code, enter 123456.
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4. Pair Reach with the Android device.
Configuring communication between Mergin Maps and Reach RS2+
1. Open the Mergin Maps app and create an account if you don’t have it yet to access theapp.

2. Open or create a new project.
3. On the opened screen in the lower right corner, tap More and Settings.

4. In Settings, tap Select GPS receiver.
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5. Tap Connect new receivers.

6. Choose your GPS receiver from the list of Bluetooth devices and wait until it’s connected.
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7. Go back to Settings and set the antenna height. For Reach RS2/RS2+, the antenna heightis the distance from the mark on the ground to the center point on the Reach’s bottom,antenna reference point (ARP), plus the height of the receiver to the antenna phasecenter (APC), antenna height offset. The antenna height offset equals to 134 mm.

8. Go to the GPS tab and check the RTK status and accuracy on the map. To check thedetailed GPS info, tap the tab one more time.
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Now you are ready to start collecting data!
5.9 Integration of Reach RS2/RS2+ with Aplitop TcpGPS for Android
This tutorial shows how to integrate your Reach RS2/RS2+ with the TcpGPS app for Androiddevices over Bluetooth to collect and stake out data in the field in RTK mode.
5.9.1 Overview

Aplitop TcpGPS is a mobile app for Android devices that allows you to collect and stake outdata in the field in RTK mode.
To integrate your Reach with the Aplitop TcpGPS app, you’ll need the following:
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• Reach RS2/RS2+
• A device on Android OS v7.0+
• Emlid Flow v9.2+
• Aplitop TcpGPS v2.6+

5.9.2 Workflow

To integrate your Reach RS2/RS2+ with the Aplitop TcpGPS app follow the steps below.
Configuring Reach RS2/RS2+ settings in Emlid Flow
First you need to configure correction input, enable tilt compensation, and set up positionstreaming in the NMEA format on your Reach RS2/RS2+ in the Emlid Flow app. Follow thesteps below:
1. Open the Emlid Flow app and connect to your Reach using Wi-Fi.

2. Go to Correction input and select Bluetooth.
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3. Go back, In Settings aselect Position Streaming 1.
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4. Select Bluetooth and tap the Edit button.
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5. Select NMEA as format.

6. Tap NMEA settings. Select GGA, GSA, GST and EBP messages with 5Hz frequency andGSV message with 0.5Hz frequency. Then, tap the Apply button.
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Configuring communication between Aplitop TcpGPS and Reach RS2/RS2+
Note: Make sure Bluetooth is enabled on your Android device.
1. Open the Aplitop TcpGPS app and tap the receiver icon next to Device type.

2. On the opened screen, select the following:
• GNSS External Receiver (Bluetooth) for Device type
• EMLID for Brand
• Reach RS2/RS+ for Model
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3. Tap the Receiver button and select the Bluetooth device. If the receiver is not on thelist, tap the Search button.

4. Tap the Connect button and wait for the configuration of Reach.
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5. Tap the forward arrow button and on the opened Working mode screen, tap the Roverbutton.

6. Configure NTRIP to send RTK corrections over Bluetooth.

182



7. To set up the NTRIP server, tap the three dots button and specify the followingparameters:
• Name of the profile
• IP
• Port
• User name
• Password
• Mountpoint
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After that, tap the OK button.
8. Tap the Connect button and check that the number of bytes sent and received grows.

9. Tap the forward arrow button and select or create a project.
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10. Tap the survey button, enter the antenna height on the right side of the status bar,and start working with TcpGPS for Android and the Reach RS2/RS2+.
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5.10 Processing of project from Emlid Flow in TcpMDT
This tutorial shows how to create a digital terrain model (DTM), contour lines and profiles inTcpMDT using a topographic survey imported from Emlid Flow.
5.10.1 Summary

TcpMDT by Aplitop is a land survey software that runs on AutoCAD®, BricsCAD®, GstarCAD®,or ZWCAD® and provides tools for creating digital terrain models, profiles, volumecalculations, roads, etc.
To integrate Emlid Flow data with the Aplitop TcpMDT application, you’ll need the following:

• Emlid Flow v9.2+
• AutoCAD® v2007+, BricsCAD® Pro v16+, GStarCAD® Professional v2021+, or ZWCADProfessional® v2012+
• TcpMDT Standard v9.0+

5.10.2 Workflow

Below is one of the possible workflows, which consists of drawing the survey points, creatingthe digital terrain model, generating the contour lines, creating an alignment, and obtaininglong and cross sections.
Importing points
1. Start TcpMDT.
2. Run MDT9 > Points > Import.
3. Select the Manufacturer format and choose Emlid Flow.
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4. Press the Configuration button and choose the PENZD option (Point Number, East,North, Z, Description). Also leave the Convert code suffixes checked. Click OK.

5. Choose a suitable scale for the representation of texts and uncheck the Draw from
Codes option.
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6. Click OK and choose the CSV file exported from Emlid Flow.

7. The points will be drawn with their numbering and elevations.
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8. Run MDT9 > Points > List and make sure that the points in the file have been imported.

9. Press the All button and check that the point codes have been converted correctly.The ones with point geometry, e.g., TREE, appear as is, and the ones with the lineargeometry are completed with the suffixes "S" for start and "E" for end.
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Drawing break lines and blocks (Optional)
TcpMDT can generate the digital terrain model more accurately by drawing changes in theterrain slope, known as break lines. These can be drawn as polylines on different layerswith CAD tools, or automatically generated if the points have been coded on the site. Blockscan also be automatically inserted from the codes, e.g. trees, manholes, posts, streetfurniture, etc.
1. Run MDT9 > Points > Codes > Code Database.

2. Select the item from the list to be modified and click the Edit button. The figure showsthe LS code (Low Slope) which is of line type and will be drawn on the layer LOW-SLOPEin magenta color.
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3. Press OK twice.
4. Run MDT9 > Points > Codes > Draw from Codes.

5. Keep the default options and click OK.
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Creating digital terrain model
1. Run MDT9 > Surfaces > Create Surface and accept the proposed file name.
2. In the dialog, check that within Elements to Triangulate there are the Points and Break

Lines elements. Tap the Layers button.

3. Choose the list of layers that should be considered as break lines, drawn automaticallyor manually, using the > button, and press OK.
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4. Click OK again to generate and draw the triangulation.

Generating contour lines
1. Run MDT9 > Contour Lines/Mapping > Create Contour Lines.
2. Set the intervals between minor and major contour lines.
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3. Click OK to generate the contour lines.

Creating alignment
1. Run Draw > Polyline and draw an alignment that we’ll use to create profiles.
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2. Run MDT9 > Horizontal Alignments > Convert Polyline to Alignment and select the previouspolyline.

3. Enable the Annotate Alignment option and click OK two times.
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Creating profiles
1. Run MDT9 > Long Sections > Create Long Section and select the alignment created in theprevious step.
2. In the dialog, leave all options by default and press OK.

3. Choose the appropriate values for Horizontal Scale and Vertical Scale. In the Vertices to
Represent frame, choose Constant and set an interval.
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4. Click OK to draw the longitudinal profile in model space and choose an insertion pointin a clear area of model space.

5. Run MDT9 > Cross Sections > Create Cross Sections and select the alignment again.
6. In the dialog, set the left and right profile lengths and the interval between sectionsand press OK.

197



7. In the dialog, chose Paper Space and set the horizontal scale, vertical scale, and papersize.

8. Click OK to proceed with the drawing.
5.11 Processing of project from TcpGPS in TcpMDT
This tutorial shows how to create a digital terrain model (DTM), contour lines and profiles inTcpMDT using a topographic survey imported from TcpGPS.
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5.11.1 Summary

TcpMDT by Aplitop is a land survey software that runs on AutoCAD®, BricsCAD®, GstarCAD®,or ZWCAD® and provides tools for creating digital terrain models, profiles, volume calculations,roads, etc.
To integrate Emlid Flow data with the Aplitop TcpMDT application, you’ll need the following:

• TcpGPS for Android 2.7+
• AutoCAD® v2007+, BricsCAD® Pro v16+, GStarCAD® Professional v2021+, or ZWCADProfessional® v2012+
• TcpMDT Standard v9.0+

Tip: Check the data collection procedure in the
Integration of Reach RS2/RS2+ with Aplitop TcpGPS for Android guide.

5.11.2 Workflow

Below is one of the possible workflows, which consists of drawing the survey points, creatingthe digital terrain model, generating the contour lines, creating an alignment and obtaininglong and cross sections.
Importing points
1. Start TcpMDT.
2. Run MDT9 > Points > Import.
3. Select format Generic and choose NXYZ.

4. Choose a suitable scale for the representation of texts and uncheck the Draw from
Codes option.
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5. Click OK and choose the PUN file previously exported from TcpGPS in MDT format.

6. The points will be drawn with their numbering and elevations.
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7. Run MDT9 > Points > List and make sure that the points in the file have been imported.

8. Press the All button and check that the point codes have been converted correctly.The ones with point geometry, e.g., TREE, appear as is, and the ones with the lineargeometry are completed with the suffixes "S" for start and "E" for end.
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Drawing break lines and blocks (Optional)
TcpMDT can generate the digital terrain model more accurately by drawing changes in theterrain slope, known as break lines. These can be drawn as polylines on different layerswith CAD tools, or automatically generated if the points have been coded on the site. Blockscan also be automatically inserted from the codes, e.g. trees, manholes, posts, street furniture,etc.
1. Run MDT9 > Points > Codes > Code Database.

2. Select the item from the list to be modified and click the Edit button. The figure showsthe LS code (Low Slope) which is of line type and will be drawn on the layer LOW-SLOPEin magenta color.
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3. Press OK twice.
4. Run MDT9 > Points > Codes > Draw from Codes.

5. Keep the default options and click OK.
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Creating digital terrain model
1. Run MDT9 > Surfaces > Create Surface and accept the proposed file name.
2. In the dialog, check that within Elements to Triangulate there are the Points and Break

Lines elements. Tap the Layers button.

3. Choose the list of layers that should be considered as break lines, drawn automaticallyor manually, using the > button, and press OK.
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4. Click OK again to generate and draw the triangulation.

Generating contour lines
1. Run MDT9 > Contour Lines/Mapping > Create Contour Lines.
2. Set the intervals between minor and major contour lines.
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3. Click OK to generate the contour lines.

Creating alignment
1. Run the Draw > Polyline CAD command and draw an alignment that we’ll use to createprofiles.
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2. Run MDT9 > Horizontal Alignments > Convert Polyline to Alignment and select the previouspolyline.

3. Enable the Annotate Alignment option and click OK two times.
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Creating profiles
1. Run MDT9 > Long Sections > Create Long Section and select the alignment created in theprevious step.
2. In the dialog, leave all options by default and press OK.

3. Choose the appropriate values for Horizontal Scale and Vertical Scale. In the Vertices to
Represent frame, choose Constant and set an interval.
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4. Click OK to draw the longitudinal profile in model space and choose an insertion pointin a clear area of model space.

5. Run MDT9 > Cross Sections > Create Cross Sections and select the alignment again.
6. In the dialog, set the left and right profile lengths and the interval between sectionsand press OK.
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7. In the dialog, chose Paper Space and set the horizontal scale, vertical scale, and papersize.

8. Click OK to proceed with the drawing.
5.12 senseFly RTK guide
In this tutorial, you will find the information on how to survey in RTK with senseFly dronesand Reach RS2/RS2+.
Note: Step-by-step guide can be also found on senseFly Knowledge Base.
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5.12.1 Setting up Reach RS2/RS2+

In this part, we will explain how to configure Reach RS2/RS2+ to transmit corrections to thePC via Bluetooth.
Placing the Reach RS2/RS2+ receiver
Tip: To find out other ways of placing the local base station, check the Placing the base guide.
The general steps for placing the base receiver are described below.
1. Make sure you choose an appropriate location to place Reach RS2/RS2+ base station.Take a look at 2 pictures below. The left picture demonstrates desirable conditions forthe base location. The right one is an example of bad surrounding conditions such asthe reduced view of the sky, possible obstructions or vegetation nearby.

2. Make sure your Reach RS2/RS2+ is placed precisely above the marked point on thetripod and leveled.
3. If you are setting up base coordinates manually, measure the antenna height offset.

Note: Antenna height is measured as the distance between the mark and the antenna reference
point (ARP).
For Reach RS2/RS2+, consider the antenna height as the distance between the mark andthe bottom of Reach RS2/RS2+ (h on the figure below) plus 134 mm.
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Note: If you require absolute centimeter-level accuracy, you need to calculate an absolute base
coordinate.
If you require relative centimeter-level accuracy, you can average base position.
Pairing with PC
1. Open Emlid Flow and connect to your Reach.

Steps for connecting via hotspot: To learn more, check the Connecting to Reach guide.

2. On the Settings screen, tap GNSS settings.
3. Select GNSS constellations as follows.

Note: For working with eBee drones, enable GPS and GLONASS at 1 Hz.

4. Go back to the Receivers screen and tap Logging.
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5. Tap the Settings button.
6. In the Format dropdown menu, choose UBX. Apply changes and close the Logging screen.
7. Go to Settings and tap Bluetooth.
8. Enable Bluetooth by tapping the Turn on Bluetooth button.
9. Tap Discoverability and turn on the Discoverability option. Tap Save to apply changes.

10. Enable Bluetooth on your PC.
11. Open Bluetooth settings.

213



12. Click on Add Bluetooth or other device.

13. Choose the Bluetooth option in the Add a device window.

14. Make sure your Reach RS2/RS2+ is discoverable and can be seen in the list of devices.
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Once you can see Reach RS2/RS2+ in the list, connect to it.

If the connection is successful, you will get a message "Your device is ready to go!"
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Now you can proceed to the next step.
Configuring base output
1. On the Receivers screen in Emlid Flow, tapBase output.
2. Choose Bluetooth.
3. Go back to the Receivers screen and tap Base settings.
4. Choose Coordinate entry method. In this guide, we use Average Single.

Tip: To learn more, check the Placing the base guide.

5. Fill in Antenna height and then specify Averaging time.
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6. Tap RTCM3 messages and specify transmitted RTCM3 messages.
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Checking connection
You will need to find out what COM port on your PC is used by Reach RS2/RS2+. For that,werecommend using the PuTTY client for Windows.
1. Download and install PuTTY.
2. Open Device Manager on your computer.
3. Check available Standard Serial over Bluetooth link ports.

4. Open PuTTY.
5. Go to the Session tab.
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6. Specify the COM port in the Serial line.
7. Choose speed at 9600.
8. Choose the connection type Serial.

You can do the same in the Serial tab:
1. Go to the Serial tab.
2. Specify the COM port in the Serial line to connect to.
3. Choose speed at 9600.

4. Press Open.
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If you have chosen the correct port, you will see the corrections from Reach RS2/RS2+ inthe RTCM3 format on the screen. If you cannot see the data coming, choose another COMport in Serial line.

Now you are ready to configure the RTK link in eMotion3.
5.12.2 Connecting to eMotion3

Now we will show you how to establish an RTK link with Reach RS2/RS2+ base on your eBeedrone.
1. Launch eMotion3.

2. Create mission and go to the Mission tab.

3. Press the Connect button. Connect to the drone by pressing Connect to your drone orsimulate your flight by pressing Start a simulation.
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4. Activate your RTK/PPK license in theeBee plus upgrade tab of the Drone’s panel. Toactivate a license for simulation, tick an Activate update for simulator box.

Now you can see the RTK tab enabled on your Mission panel on your left.
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5. Go to the RTK tab in the Mission panel.

6. Press Set-up RTK/PPK to configure your base.

7. In the opened window, you can specify either a base station, reference points, or aVRS. To configure the base station, press Add base + in the Base tab.
8. Set Reach RS2/RS2+ to a base name.
9. Set Other to a base manufacturer.
10. Set Connection type to Serial.
11. Choose the COM port that you checked on the previous step.
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12. Set the same baud rate for all connected devices.
13. Press OK.

Once you configured the connection, you can choose the base station in the RTK tab.

14. Press on the chosen base station to see the Set up Local Base window.
15. Press Open base-drone datastream.

Note: If you are testing the setup inside, the GPS and GLONASS fields will show Not sufficient
message.

16. Check the base position the drone receives.
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17. Go to the Drone’s panel. In the Instruments tab, you can see that the drone providescentimeter-level accuracy and the mode is RTK-fixed.

Now you have successfully configured RTK corrections on your drone from Reach RS2/RS2+.
5.13 senseFly PPK guide
In this tutorial, you will find the information on how to perform PPK with senseFly dronesand Reach RS2/RS2+ in eMotion software.
Note: Step-by-step guide can be also found on senseFly Knowledge Base.
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5.13.1 Preparing Reach RS2/RS2+ data

In this part, we will explain how to place Reach RS2/RS2+ to record logs for PPK.
Note: To find out other ways of placing the local base station, check the PBase setup guide.
The general steps for placing the base receiver are described below.
1. Make sure you choose an appropriate location to place Reach RS2/RS2+ base station.Take a look at 2 pictures below. The left picture demonstrates desirable conditions forthe base location. The right one is an example of bad surrounding conditions such asthe reduced view of the sky, possible obstructions or vegetation nearby.

2. Make sure your Reach RS2/RS2+ is placed precisely above the marked point on thetripod and leveled.
3. If you are setting up base coordinates manually, measure the antenna height offset.

Note: Antenna height is measured as the distance between the mark and the antenna
reference point (ARP).
For Reach RS2/RS2+, consider the antenna height as the distance between the markand the bottom of Reach RS2/RS2+ (h on the figure below) plus 134 mm.
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Note: Precise base coordinates will be needed for post-processing in eMotion.
Raw data logging
1. Open a list of Wi-Fi networks on your smartphone/tablet.
2. Connect to a network named reach:xx:xx.
3. Type the network password emlidreach.
4. Choose Reach RS2/RS2+ from the list of available devices in the Emlid Flow app.
5. On the Settings screen, tap GNSS settings.
6. Select GNSS constellations as follows.

Note: Our default recommendation is all GNSS enabled at 1 Hz.

7. Go back to the Receivers screen and tap Logging.
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8. Tap the Setting button.
9. In the Format dropdown menu, choose UBX. Apply changes.

Once Reach RS2/RS2+ base starts data logging, you can fly your eBee in a standalone mode.
Converting raw data log
1. Download RTKLIB QT apps.
2. Download raw files from Reach to your PC.
3. Start RTKLIB RTKConv.
4. Push Options button.
5. Choose RINEX Version 2.11.
6. Turn on satellite systems you need.
7. Press OK.
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8. Add your rover raw log in the first field and choose an output directory.
9. Choose format of your log in the pop-down menu. Set format to u-blox.

10. Press Convert.
Now you can proceed to post-processing your logs in eMotion3.
5.13.2 Post-processing with eMotion

1. Launch eMotion3 and select post flight FDM (Flight Device Manager).

2. Create a project and import the flight logs. Proceed to the RTK/PPK workflow tab.
3. Set Input file format to RINEX.
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4. Select newly converted RINEX O, N, and G files from the Reach RS2/RS2+ base.
5. Set Antenna model to UNKNOWN.
6. Fill the base position field with the known coordinates of the marked ground point(ground marker).
7. Set Height Reference to Ground marker.
8. Enter the antenna height calculated according to explanation in this step for the receiver.
9. Press Next to calculate solution.

10. Once the solution is calculated, the geotags are post-processed based on the RINEXfile with corrected base position.

11. Proceed to the remaining FDM steps to complete the postflight process.
Now you have successfully post-processed logs from Reach RS2/ES2+ and eBee drone.
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6 Troubleshooting

6.1 How to update firmware
This guide explains how to update the firmware on your Reach RS2/RS2+ using the Updatertool in the Emlid Flow app.
6.1.1 Overview

Updater is a tool in Emlid Flow that helps update the firmware on your receiver. Firmwarerefers to the background program that runs your receiver and requires updates to upgradethe receiver with new features, optimize its performance, and protect it from vulnerabilities.
Tip: We recommend updating firmware every time it is available.
Note: You can also subscribe for Beta updates in Emlid Flow. In Settings, go to Firmware updates,
tap Beta Updates and enable Beta updates.

6.1.2 When to update your Reach

You need to update firmware on your Reach when you use the receiver for the first time orwhen the update is available. To get access to Updater, follow the steps below.
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When you use a receiver for the first time:
Check the First setup guide and perform thefollowing steps:
1. Install the Emlid Flow app.
2. Connect to the receiver.
3. Update the firmware following theon-screen instructions.

When the update is available:
Perform the following steps:
1. Connect the receiver to the internetfollowing one of the guides:

• Connecting to the internet via Wi Fi
• Connecting to the internet viamobile hotspot

2. Open Emlid Flow. If the update isavailable, you will see the notificationin Settings.
3. Tap the notification.
4. Update the firmware following theon-screen instructions.

6.1.3 Update firmware

Note: You can allow using mobile data for updates by turning on the Allow updates using mobile
data option on the Mobile data screen. However, we recommend updating your Reach using
Wi-Fi network due to the large bulk of data.
To update the receiver, perform the following steps:
1. Tap the Update Reach button.
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2. On the Updater screen, tap the Upgrade Reach Firmware button to start the update.
3. Wait until Reach reboots. Keep the Wi-Fi network on.

4. After reboot, wait for the Network LED to turn blue, showing that Reach RS2/RS2+ hasjoined your network again.
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5. Close the Updater screen.
6. Go back to the Receivers tab.
7. Refresh the list of available devices.
8. Connect to your receiver.

Note: If there is only one receiver, the app will automatically try to connect to this Reach
RS2/RS2+.

9. Go to the Firmware updates screen and make sure you are up to date.

Now your Reach RS2/RS2+ is ready for work.
6.2 Firmware reflashing
Note: You do not need to reflash the firmware unless you want to bring your Reach to its initial
state. This will delete all the data on your unit.
This tutorial shows how to reflash Reach RS2/RS2+ firmware using Reach Firmware FlashTool.
Tip: Most new features are released via the Emlid Flow app and can be updated simply via its
interface.
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6.2.1 Reach Firmware Flash Tool installation

To flash your Reach R2/RS2+, you’ll need to download and install Reach Firmware Flash Toolon your computer which is available for Windows, Ubuntu, and macOS. Please, refer to theguide in our official online documentation to get the links.
Follow the instructions to install Reach Firmware Flash Tool on your PC.
6.2.2 Windows installation

1. Double-click on the downloaded file.
2. Follow the instructions to install Reach Firmware Flash Tool on your PC.
3. Reboot your PC.

6.2.3 Ubuntu installation

Tip: We recommend using the terminal to install the Flash Tool on your PC.
Tip: If your Flash tool version is 1.7.1 or older, to update to the latest version you will need to
add the new GPG key. Run the following command in the terminal:

sudo apt-key adv --keyserver keyserver.ubuntu.com --recv-keys 90F3927E0416B765

1. Press Ctrl+Alt+T to open the terminal.
2. Navigate to the directory with the downloaded file using cd ∼/Downloads command.
3. Run sudo dpkg -i reach-firmware-flash-tool_1.9.2_amd64.deb to start installation.

Caution: Please confirm adding the current user to plugdev and dialout groups during
the installation process. In case of a negative answer, the application might not work as
expected.

4. Reboot your PC.
6.2.4 macOS installation

1. Double-click on the downloaded file.
2. Follow the instructions to install Reach Firmware Flash Tool on your Mac.
3. Drag the application icon to the Applications folder.

6.2.5 Reflash your Reach RS2/RS2+

Reflash your Reach following the steps below:
1. Open Reach Firmware Flash Tool and choose Reach RS2/RS2+.
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2. Connect your Reach in Firmware mode.
How to switch your Reach to firmware mode: Make sure that Reach RS2/RS2+ is turned
off and perform the following steps:
(a) Press and hold the power button.
(b) Plug the USB cable into PC.
(c) Release the power button.
(d) All LEDs should blink several times simultaneously, and then start blinking one after

another.

3. Download the proposed Reach Firmware .zip file.
Note: Make sure you have enough disk space. Reach Firmware Flash Tool creates 2 folders:
one to download the image and another one to unpack it. Once you close the Flasher tool,
the folder with the unpacked image will be deleted.
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4. Click Flash.

5. Wait until the end of the flashing process.
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6. Wait until Reach reboots after reflashing. When Reach successfully reboots, you willsee "Reach is flashed and ready to use" message.
Caution: Do not unplug your unit on this step.

7. Set up your Reach.
Tip: You can check the First setup guide to ease setup process.

6.3 How to download Simple system report
This guide explains how to download a Simple system report (SSR) in the Emlid Flow app tofacilitate Reach troubleshooting.
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6.3.1 Overview

An SSR is a tool used to facilitate Reach troubleshooting. It provides information about yourReach configuration, network, and the Emlid Flow version in a plain text format.
6.3.2 Download Simple system report

To generate and download an SSR, perform the following steps:
1. Open the Emlid Flow app and connect to your Reach.
2. Go to textitSettings.
3. In Troubleshooting, tap System report.
4. Select Simple report and generate it.

5. Save the report depending on your device.
Now you can send the SSR of your Reach to the Support team at support@emlid.com.
6.4 How to download Full system report
This guide explains how to download a Full system report (FSR) in the Emlid Flow app tofacilitate Reach troubleshooting in complicated cases.
6.4.1 Overview

An FSR is a tool used to facilitate Reach troubleshooting. It comes in a ZIP archive and containssystem logs and technical details of your Reach.
Caution: We do not recommend sharing FSR publicly—it contains information such as your
location, Wi-Fi network password, NTRIP caster login credentials.
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6.4.2 Download Full system report

To generate and download an FSR, perform the following steps:
1. Open the Emlid Flow app and connect to your Reach.
2. Go to Settings.
3. In Troubleshooting, tap System report.
4. In the Full report section, tap Generate.

5. Save the report depending on your device.
Now you can send the FSR of your Reach to the Support team at support@emlid.com.
6.5 How to find serial number
This guide explains how to find the serial number of your Reach.
6.5.1 Overview

The serial number is assigned to your Reach unique string of numbers and letters.
6.5.2 Find serial number

To find the serial number of your Reach, perform the following steps:
1. Scan the QR code under the SIM card slot cover.
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2. Copy the serial number of your Reach that appeared on the screen of your mobiledevice.
Now you can send the serial number of your Reach to the Support team at support@emlid.com.
6.6 How to enable raw data debug option
Caution: We recommend enabling the option only on the Support team request since the debug
data adds extra weight to the logs.
This guide explains how to enable the raw data debug option on your Reach to facilitatetroubleshooting in complicated cases.
6.6.1 Overview

Caution: The raw data debug option works only for the raw data logs in the UBX format. You
can enable logging in the UBX format in the logging settings in the Emlid Flow app.
The raw data debug option adds additional internal information to the raw data logs inthe UBX format. This feature provides more detailed information on the RTK calculationprocesses that can be used for debugging purposes in particular cases.
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6.6.2 Enable raw data debug option

To enable the raw data debug option on your Reach, take the following steps:
1. Open the Emlid Flow app and connect to your Reach.
2. Go to Settings.
3. In Troubleshooting, turn the Raw data debug option on.

4. Record raw data logs as usual.
Tip: You can read how to record logs here.

5. Save the raw data logs depending on your device.
6. Go back to Troubleshooting and turn the Raw data debug option off.

Tip: The raw data debug option turns off automatically on a reboot of your Reach.
Now you can send the raw data logs recorded using the raw data debug option to the Supportteam at support@emlid.com.
6.7 How to restore initial settings
This guide explains how to restore the initial settings on your Reach RS2/RS2+.
6.7.1 Overview

You can restore initial settings on your Reach using the Restore initial settings option inEmlid Flow. The option allows restoring GNSS settings, Correction input, Base output, andBase mode to an initial state. All other settings, including receiver name, Wi-Fi settings, logs,and projects will be saved.

241

support@emlid.com


6.7.2 Workflow

To restore the initial settings on your receiver, follow the steps below:
1. Connect to your Reach via Emlid Flow.

2. Tap Settings and go to the Troubleshooting section.

3. Tap Restore initial settings.
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4. Tap the Restore settings button.

Once it’s done, you will see that the button becomes gray and its name changes to Done.
After that, you can proceed to set up your Reach.
6.8 How to access Reach panel from a web browser
This guide explains how to access Reach Panel in a web browser to work with the Reachdevice.
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6.8.1 Overview

You can access your Reach from a PC using Reach Panel. Reach Panel is a web interfacethat allows you to work with Reach devices in a browser. For example, you may want todownload heavy logs directly to your laptop for post-processing in your desktop application,or you may want to preset your Reach from your laptop before working in the field.
Note: Your Reach and PC must be connected to the same Wi-Fi network.

6.8.2 Workflow

To access Reach Panel to work with your Reach, you need an IP address for your device.In hotspot mode, your Reach has a default static IP address of 192.168.42.1. When youconnect your Reach to a Wi-Fi network, your receiver is assigned a dynamic IP address.
To access your Reach in Reach Panel, follow the steps below:
1. Open the Emlid Flow app.
2. Find your Reach in the list of available devices and connect to it. If there is only oneavailable device, Emlid Flow will automatically connect to it.
3. Find an IP address under the name of your Reach. Type this IP address in the addressbar of your browser to open Reach Panel.

You can open Reach Panel from your phone’s browser. To do this, tap the name of yourReach to open a menu, then go to Reach Panel.
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You are now ready to work with your Reach in the Reach Panel web interface.
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7 Specifications

7.1 Reach RS2 Specification
7.1.1 Performance specs

Datasheet for Reach RS2 [PDF, 5,7 MB]
Datasheet for Reach RS2+ [PDF, 1,4 MB]
7.1.2 Ports overview

SIM card slot
RS2+: Reach RS2+ has a built-in LTE modem with 3G/2G fallback and global coverage. Toget the corrections from NTRIP, you can simply insert the GSM SIM card inside Reach RS2+and set it up following the Connecting Reach to Internet via built-in modem guide.
RS2: Reach RS2+ has a built-in 3.5G modem with 2G fallback and global coverage. To getthe corrections from NTRIP, you can simply insert the GSM SIM card inside Reach RS2 andset it up following the Connecting Reach to Internet via built-in modem guide.
External bottom connector
Reach RS2/RS2+ has External bottom connector which can be used in several ways:

• To supply constant power from an external battery. In Emlid Flow, you can also configurethe receiver to automatically turn on and off when an external battery is connected ordisconnected. It’s useful when you want to set up RS2/RS2+ as a permanent base orintegrate it with a tractor for precision agriculture.
• To establish RTK communication with third-party devices. You can connect an externalradio via External bottom connector and stream corrections using RS-232 serialcommunication protocol.
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• To stream Reach’s position to other devices or third-party apps. You can connect adevice or third-party app via External bottom connector and stream Reach’s positionusing RS-232 serialcommunication protocol. You just need to enable the Position streaming option inEmlid Flow.
USB-C port
Reach RS2/RS2+ receiver can be charged via a USB-C cable connected to the power bank orUSB adapter.
To establish RTK communication with third-party devices, you can connect external radiovia USB-C port.
You can enable the Position Streaming to other devices or third-party apps via USB-C port.You just need to turn on Position Streaming in Emlid Flow.
LoRa radio port
Reach RS2/RS2+ has a built-in low-powered LoRa radio for RTK communication betweenReach devices. Attach the LoRa antenna and set up the LoRa link following the How to set up RTK over LoRa radioguide to work on the baselines up to 8 km in the line of sight Emlid Flow.
5/8" thread
Reach RS2/RS2+ can be placed on the survey pole or tripod using this thread.
7.1.3 Mechanical specs

File name Download link

Reach RS2/RS2+ general drawing reachr-s2-rs2plus-drawing [PDF, 807 KB]
Reach RS2/RS2+ 3D model in STEP format reach-rs2-rs2plus [STEP, 38.6 MB]
Reach RS2/RS2+ 3D model in IGES format reach-rs2-rs2plus [IGES, 43.7 MB]

7.1.4 Electrical specs

Antenna reference point (ARP) of Reach RS2/RS2+ is located on the bottom of the receiver.For Reach RS2/RS2+, the distance between the ARP and GNSS antenna is 134 mm.
Reach RS2/RS2+ extension connector pinout [PDF, 836 KB]
7.1.5 Extension cables specs

Cable type Download link

Without second connector 2m without-connector [PDF, 135 KB]
DB9F 2m DB9F [PDF, 139 KB]
DB9 2m DB9F [PDF, 139 KB]
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7.1.6 Serial Number

Scan the QR code under the SIM card slot cover to see serial number of your Reach RS2/RS2+.
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8 Glossary
2D Grid distance
2D Grid distance between points A and B is the length of the straight line AB on a flat plane.
2D Ground distance
2D Ground distance between points A and B is the length of the shortest AB line on thesurface of the ellipsoid.
2D perimeter
2D perimeter of an enclosed object is the sum of 2D distances of its sides without the heightdifference consideration.
Absolute positioning
Absolute positioning shows your actual global coordinates relative to the Earth’s surface.Absolute positioning is a key to RTK surveys where you need absolute geographical accuracy(e.g, mapping, surveying the borders of the property, etc). In this case, your base absoluteposition is crucial for high accuracy results.
Accuracy
Accuracy is the closeness of the measurements to a specific value. In surveying, accuracyrefers to whether the coordinates you collected are true relative to the global coordinates.Not to be confused with Precision.
Age of differential
Age of differential is the measure of how old are the corrections your receiver is getting.It is calculated by subtracting the time when the correction message has been generatedfrom the current receiver time. The standard Age of Differential for RTK is normally 1-2seconds.
Antenna Phase Center
Antenna Phase Center could be referred to as the antenna’s source of radiation. All GNSSmeasurements referred to the phase center. The phase center does not correspond to thephysical center of the antenna and its real position depends on the direction of the comingradio signal. In addition, every band has its own phase center respectively.
Antenna Reference Point
The antenna reference point is the center point on the bottom of the receiver. It is used forcalculation of the antenna height.
Area
Area of an object is the total amount of space enclosed by its shape on flat surface.
AR ratio
This is a result of the ratio test performed on the potential “Fix” solution, it shows how manytimes is the best solution better than the next one. If this number is more than 3, Reach willconsider RTK solution Fixed.
This parameter corresponds to single-band Reach devices only (Reach RS/RS+, Reach Module/M+).
Base
Base is one of the receivers that act as a reference station in RTK or PPK scenarios. It is astatic unit with the determined coordinates that sends corrections to the moving unit orrover. If the base is set over the known point, it provides absolute accuracy.
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Base Correction log
This log contains the corrections from the base station in RTCM3 format.
Baseline
Baseline is the distance between a rover and a base. If the baseline is bigger than recommended,the solution will be less accurate, the fix time will be longer or it won’t be calculated at all.
BeiDou
BeiDou is a Chinese navigation system. Back in 2000, BeiDou-1 was only covering China.Then, in 2012, BeiDou-2 began covering the Asia-Pacific region. Since 2015, BeiDou offersglobal coverage. We recommend using this system if you are located in the Asia-Pacificregion.
Client mode
The client mode means that Reach is connected to an external Wi-Fi network.
Continuous
Continuous is a strategy for solving the ambiguities in RTK and PPK. In this case, ambiguitiesare resolved epoch by epoch. Less stable than Fix-and-Hold, but no risk of holding a falsefix.
Coordinate system
Coordinate system is a coordinate-based local, regional or global system used to locategeographical entities. A spatial reference system defines a specific map projection, as wellas transformations between different spatial reference systems.
Correction input
This is the part of the rover’s settings that is responsible for configuring the acceptance ofthe corrections. Using the correction input configuration in the Emlid Flow app, you canchoose the way your rover receives the corrections: via Serial, TCP, NTRIP, Bluetooth, orLoRa. Reach receivers support the correction input in RTCM3 format.
Corrections
The corrections are the data that is used to eliminate ionospheric and tropospheric delays,and satellite clock errors. The static base transmits corrections to the moving rover in theRTK scenario.
CORS
Continuously Operating Reference Stations or CORS network is the network of the staticstations that provide exact GNSS data (carrier phase, code range, etc) and corrections aswell. Surveyors can access this information to increase the accuracy of their post-processedsurvey data or to work in RTK on site.
Delta E/N
Delta E/N between points A and B is the difference in their coordinates along the correspondingEasting and Northing axes.
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Dilution of Precision or DOP
Dilution of Precision or DOP is the term used to evaluate the geometrical position of thesatellites relative to the receiver. When the satellites are too close to each other in the fieldof view, it means the satellite geometry is weak (a high DOP value). If the distance betweenthe satellites is sufficient and they are allocated evenly and cover more space, the geometryis considered strong, therefore, the DOP value is low. The lower the DOP, the more accurateyour data is. A good DOP value is considered to be below 2.
Direction (azimuth)
Direction (azimuth) of a line AB, or from point A to B, is a horizontal angle in degrees, measuredat point A clockwise between the direction to the north and the direction to point B.
Dynamic IP address
A dynamic IP address is an Internet Protocol (IP) address that is automatically assigned toyour Reach device by a DHCP (Dynamic Host Configuration Protocol) server each time yourReach device connects to the network or reboots. These addresses are temporary and canchange over time, which is in contrast to static IP addresses, which remain the same.
Elevation mask
Elevation mask can be configured in RTK settings in the Emlid Flow app. Satellites lowerthan set elevation will be excluded from the computation. The default setting is 15 degrees.Usually, satellites with a lower elevation provide too noisy measurements as the signal passesthrough the most atmosphere.
Emlid Flow
Emlid Flow is the mobile app created by Emlid. It is used to control and configure the Reachreceivers, create projects, collect points, etc.
ENU
One of the formats for Position Streaming available for Reach devices. Simple text protocolfor East, North and UP components of the baseline as well as solution status.
ERB
One of the formats for Position Streaming available for Reach devices. Used for communicationto ArduPilot. ERB stands for Emlid Reach Binary protocol.
External bottom connector
External bottom connector is a 9-pin connector located at the bottom of Reach RS/RS+,RS2/RS2+, and RS3. It is used to supply constant power from an external battery, to establishRTK communication with third-party devices, and to stream Reach’s position to other devicesor third-party apps. It uses RS-232 serial communication protocol.
Fix-and-Hold
Fix-and-Hold is a strategy for solving the ambiguities in RTK and PPK. After the first ambiguityfix holds them constrained. Fix is more stable but in case first initialization was not correctit will take longer to recover and initialize correctly. You can think of it as if Fix had inertia.
Full System report
A full system report is a tool used to facilitate issues reports. It comes in ZIP archive, andcontains system logs and technical details of your device as well as some sensitive informationlike your NTRIP credentials or network passwords. That is why we do not recommend sharingthe report publicly. These are used to debug complicated cases in support.
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Galileo
Galileo is a European satellite navigation system. It first started operating in 2011 and nowhas global coverage.
Global datum
Global datum is an ellipsoidal coordinate reference system that is used by the receiver tomeasure coordinates before any transformations are applied.
Grade
Grade of a line is the measure of its steepness, with larger values standing for steeper slopesand 0 procent indicating a horizontal line.
Grid North azimuth
Grid North azimuth is the angle measured clockwise between a line parallel to the centralmeridian, and the direction to a point of interest (a straight line between two points on theprojection flat plane).

Grid distance
Grid distance is the distance measured on the projection flat plane.
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Ground distance
Ground distance is the distance measured on the actual surface of the Earth, taking themean elevation of the measured points into account.

Ground Control Point or GCP
Ground Control Point is a point on a surface with known coordinates. The GCPs are activelyused in aerial mapping and photogrammetry. The surveyors set GCPs over the area, markthem so they can be visible from the drone. The GCPs are then surveyed to find their exactcoordinates and used as reference points for future data processing.
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GIS
Geographic Information System or GIS is a system for collecting, storing, analyzing, andgraphically visualizing spatial data and related information about required objects.
GLONASS
GLONASS is a global satellite navigation system. It was created as an alternative to GPS inSoviet Union and first launched in 1982.
GLONASS AR mode
A processing parameter enabling to turn on and off the ambiguity resolution for the GLONASSsignal separately. Contrary to GPS, all GLONASS satellites transmit on different frequencies,which results in Inter Channel Biases (ICB) that are unique for each receiver model.
Reach devices can correct GLONASS ICBs, allowing for GLONASS AR with non-Reach basessuch as NTRIP casters. The general recommendation is to always have GLONASS AR set toon.
This parameter corresponds to single-band Reach devices only (Reach RS/RS+, Reach Module/M+).
GNSS
Global Navigation Satellite System or GNSS is a system designed to determine the location(geographical coordinates) of land, water, and air objects. Such systems consist of spaceequipment, a ground segment called control systems, and individual receivers. The operationof GNSS is based on measuring the distance from the antenna on the object (receiver) tosatellites whose position is known with great accuracy.
GPS
Global Positioning System or GPS is a global satellite navigation system that measures distance,time, and location in the WGS 84 world coordinate system. The system was developed in1978, and is operated by the United States.
Ground plane
A ground plane is a conductive plate providing insulation for the antenna. It may be a pieceof metal, a roof of a car, a metal roof of a building, and etc. It is recommended to use atleast a 70x70 mm ground plane.
Hot shoe adapter Hot shoe is a point on the top of a camera that is used to attach accessoriesor other equipment to the camera. Using hot shoe adapter, you can connect your camerato Reach M2/M+ for UAV mapping.
Hotspot mode
The hotspot mode means that the Reach is broadcasting its own Wi-Fi network.
Kinematic Positioning
Kinematic positioning is one of two positioning modes. It implies that the rover is movingduring the positioning process.
LLH One of the formats for Position Streaming available for Reach devices. Simple textprotocol for Latitude, Longitude, and Height as well as solution status.
Localization
Localization in GNSS surveying is a feature for calculating local coordinate system parametersor adjusting the existing one to fit control points in the survey area.
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LoRa radio
Long Range or LoRa radio is used for Reach receivers to send or receive corrections withoutan internet connection. Reach RS3/RS2/RS2+/RS+ is equipped with internal Lora radio. ReachM2/M+ has external LoRa radio available: you can connect it via S2 port. The radio worksonly one way: it either sends correction or receives them. Using LoRa modulation it is possibleto hit up to 19 km (11.8 mi) in line of sight.
Mock location
Mock location feature of Android devices enables you to manually change the location ofyour device to any other place. In the case of Reach devices, it enables the GPS collectorapps to get the GPS observations directly from the receiver instead of the internal GPS ofthe unit.
Mount Point
Mount point is a correction data source related to the specific physical or virtual referencestation chosen or created based on your location respectively. When you get correctionsfrom a VRS, you need to enable sending your receiver’s position in the NMEA format.
Multi-band receiver
A multi-band receiver is a receiver that can accept signals from the satellite on more thanone frequency band. It means the receiver takes less time to establish the first fix solution,has a longer baseline, and has more chances to maintain fix solution in the blocked skyview conditions.
Multipath
Multipath is an effect occurring when the GPS signal is deflected from the obstacles, so theGNSS receiver detects signals not only directly from the satellites but also from the localobjects. Multipath effect results in an error in pseudo-range measurements and thus affectsthe positional accuracy.
Night mode
Night mode allows you to turn off the LEDs until the next reboot of the Reach device.
NMEA 0183
One of the formats for Position Streaming available for Reach devices. The most popularstandard in the industry. Supported messages: GNRMC, GNGGA, GPGSA, GLGSA, GAGSA,GPGSV, GLGSV, GAGSV, GNGST, GNVTG, GNZDA.
NTRIP
The Networked Transport of RTCM via internet Protocol or NTRIP network is an alternativesource of corrections. NTRIP allows your rover to accept corrections over the internet withno need for the second local receiver acting as a base. A reference station collects data,then sends it to NTRIP caster, where it is retransmitted through the internet port to theclient rover connected via a particular port and authorized.
Point cloud
Point cloud is a set of vertexes in a three-dimensional coordinate system. Point clouds arecreated with 3D scanners and are used in photogrammetry and 3D-modeling.
Point Collection
Point collection is a feature in the Emlid Flow app that allows you to find the exact coordinatesof the point. The receiver determines the coordinates (x, y, z) of a ground point and recordsit to your project for further processing .
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Point Stakeout
Point stakeout is a feature in the Emlid Flow app that allows finding points with known coordinateson the site.
Pole Height
When preparing for point collection, configure the height of your survey pole in Emlid Flow.It will help the app to automatically calculate the antenna height.
Position log
This log contains positional information. Reach devices can log their position in LLH, XYZ,ENU, NMEA, and ERB formats.
Position Streaming
Reach devices can send the position data to third-party GIS apps and external devices includingtractors, drones, robots, and more. The position could be out shared via Serial, TCP, andBluetooth. Various applications require different formats of the positional data, that is whyReach outputs its position in LLH, XYZ, ENU, NMEA, and ERB.
PPK
Post-Processed Kinematic is one of the techniques used for highly accurate surveys. Sameas in RTK, one needs two units: a base and a rover. The core difference is that in PPK scenariothere is no need for a real-time connection between two units. Base and rover record logsseparately, and these logs are processed together later using specific post-processing software,for example, RTKLib.
PPP
Precise Point Positioning or PPP is a technique used for determining the centimeter-levelaccurate coordinates of the point. The receiver put over a point is recording data for a certainperiod. Then this data is sent to the PPP services.
Precision
Precision is the closeness of two or more measurements to each other. Precision meansthat the coordinates you collected are true relatively to another object. In this case, you donot need exact georeferencing coordinates of the points, you only need to know that thecollected points are, say, situated on the same distance from each other. Not to be confusedwith Accuracy.
QZSS
QZSS stands for Quasi-Zenith Satellite System—the Japanese satellite system. It primarilyserves the Asia-Pacific region, with a particular focus on Japan’s needs for precise and reliablepositioning information. The first satellite was launched on September 11, 2010, and becameoperational in 2018.
Raw data log
A raw data log contains GNSS observations from the receiver without the calculation ofaccurate coordinates. It can be recorded in UBX or directly in industry-standard RINEX format.
Reach Panel
Reach Panel is a tool that allows you to access your Reach in a browser, monitor its statusand get additional options such as downloading a large number of logs and configuringNMEA messages output on your Reach to integrate it with old agricultural machinery.
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Relative positioning
Relative positioning shows your coordinates relatively to another reference object. Thebase sends information about its absolute position to the rover. Using this information, therover determines its position relative to the base with centimeter accuracy.
RINEX
RINEX is a standard raw-data format that allows storing satellite observations and navigationaldata measurements made by the receiver. It also allows the post-processing of the receiveddata by various applications from different manufacturers of receivers and programs.
RMS
The square root of the average of the squared error. The RMS calculations are used to evaluatethe accuracy of the position measurement. A horizontal or vertical dilution of precisionmultiplied by three RMS could give the horizontal or vertical precision value respectively.
Rover
Rover is one of the two GNSS receivers that is used for collecting data in RTK or PPK scenarios.Rover is a moving unit: the surveyor uses rover to record the points, while rover receivesthe corrections from the static base.
RTCM3
RTCM3 is an industry standard format for correction output.
RTK
Real-Time Kinematic or RTK is one of the techniques used to improve the accuracy of thedata collected from the satellites by the receiver. For RTK one needs two receivers: a baseand a rover. The base sends corrections to the moving rover during data collection.
RTKCONV
RTKCONV is a tool in RTKLIB that converts UBX raw data or RTCM3 base correction datafrom a receiver to RINEX format.
RTKLIB
RTKLIB is an open-source program package for standard and precise positioning with GNSS.It is used for PPK data processing. Works with signals from GPS, GLONASS, Galileo, QZSS,BeiDou, and SBAS. Emlid produces the version of RTKLib tailored for Reach products.
RTKPLOT
RTKPLOT is a tool in RTKLIB that allows viewing and plotting the position solutions fromRTKPOST as well as observation data from RTKCONV.
RTKPOST
RTKPOST is a tool for post-processing raw logs in RTKLIB. The result is stored in the positionsolution file in LLH WGS 84 – POS file. In this file, we will get centimeter-accurate track ofthe receiver.
Serial Port (UART, USB, RS-232)
A serial communication interface in which the information transfers in or out sequentiallyone bit at a time. That kind of communication could be realized via various devices likeUART, USB, or RS-232. Reach receivers can use a serial port to exchange the position andcorrection data with 3rd party devices.
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Signal-to-noise ratio
Signal-to-Noise Ratio or SNR is the primary indicator of how good the reception is. The valueis equal to the ratio of the power of the useful signal to the noise power. You can find theSNR indicator on the main screen of the Emlid Flow app. When the SNR of a satellite is over45, it will be marked green. Grey bars indicate SNR of the base station. The more satellitesare in a green zone, the more precise your measurements are and the faster your ambiguityresolution is.
Simple System report
A Simple System report is a tool used to facilitate issues reports. It provides informationabout the Emlid Flow version, configurations, and network in a plain text format.
Single-band receiver
A Single-band receiver is a device that accepts signals from the satellite on one frequencyband. It has the same level of accuracy as the multi-band one. Single-band receiver hasshorter baseline in comparison to multi-band, and might not even find fix solution in blockedsky view conditions.
Slope distance
Slope distance from point A to point B is the length of the straight line AB, measured alongthe slope, taking the height difference between the points into account.
Slope perimeter
Slope perimeter of an enclosed object is the sum of slope distances of its sides with theheight difference consideration.
SNR mask
Signal-to-Noise ratio mask or SNR mask is a tool that filters the satellites used for the fixsolution. Satellites with low SNR will be excluded from the computation. The default settingin the Emlid Flow app is 35.
Solution status (FIX, FLOAT, SINGLE)
Solution status defines the precision that can be achieved at the moment. There are threesolution statuses you can see when working with Reach devices.
SINGLE means that the rover has found a solution relying on its own receiver and basecorrections are not applied. In this case, the receiver calculates its position with the precisionof a few meters.
FLOAT means that the rover receives corrections from the base but cannot resolve all ambiguitiesand calculate its position with the centimeter accuracy.
FIX means that the rover using corrections from the base resolved the ambiguities in itspositional calculation and achieved the solution with the centimeter-level precision.
Static Positioning
Static positioning is one of the positioning modes. It assumes that the Reach rover is static.Constraining the system helps to resolve ambiguities faster as well as produce measurementswith higher precision.
TCP
Transmission Control Protocol or TCP is one of the main internet data transfer protocolsdesigned to control data transfer. Typical scenario for using TCP is sending correction datato an application on the same network or to a server with public IP.
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Time mark
The time mark function verifies the exact moment when the camera takes a photo. Afterthe flight, you can process the raw logs from the base and a rover to get an «*_events.pos»file. This file includes information about the time and coordinates of each photo. You canuse geotagging software to write this information to the photos’ EXIF data.
True North azimuth
True North azimuth is the angle ranging from 0 to 360 degrees measured clockwise betweenTrue North and the direction to a point of interest.

UBX
UBX is the GNSS raw data format. The UBX protocol is a u-blox proprietary binary protocolthat outputs in hexadecimal format.
Update rate
The update rate is a value that shows how frequently the receiver calculates and reports itsposition. For Reach receivers, we recommend having 1 Hz update rate on the base and 5 Hzon the rover.
VRS
Virtual Reference Station or VRS is a useful tool for long baselines. It is an imaginary, unoccupiedreference station generated nearby the RTK user. The rover sends data back to the NTRIPcaster. NTRIP allows the uniting of the data from your rover and the data from dense NTRIPbases and models a virtual base next to you.
WGS 84
World Geodetic System 1984 or WGS 84 is the global system of geodetic parameters of theEarth, including the system of geocentric coordinates. It was accepted in 1984 and definescoordinates relative to the Earth’s center of mass, with an error of less than 2 cm.
XYZ
One of the formats for Position Streaming available for Reach devices. Simple text protocolfor X, Y, Z ECEF coordinates as well as solution status.
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