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LAB 7. Interact with DECA using BLE and Wi-FI

LAB 7. INTERACT WITH DECA USING BLE AND WI-FI

Overview: In this lab, you will interact with the DECA platform from your Android or iOS smartphone over both
Bluetooth® and Wi-Fi using the BeagleBone-compatible Wi-Fi cape from Dallas Logic. You'll be able
to visit a webpage hosted on the DECA to see sensor data and change LEDs by connecting to the
DECA as a Wi-Fi internet access point. You'll also be able to use a BLE app for iOS and Android to
look at this data over Bluetooth® Low Energy.

MAX 10 FPGAs revolutionize non-volatile integration by delivering advanced processing capabilities in a low-cost,
instant-on, small form factor programmable logic device. The devices also include full-featured FPGA capabilities
such as digital signal processing, analog functionality, Nios Il embedded processor support and memory controllers.

The DECA includes a variety of peripherals connected to the FPGA device, such as 4Gb DDR3L, MIPI camera
interface, 10/100 Ethernet, temperature sensor, ambient light and gesture sensors, LEDs, capsense buttons and a
BeagleBone compatible header.

ng Before continuing with this Tutorial, ensure that the Altera tools and drivers have been installed.
Please refer to Lab 1 for instructions.

7.1 System Overview and Architecture

In this section, you will learn about how the MAX10 on the DECA interacts with the TI CC3100 Wi-Fi Network
Processor and the CC2650 BLE chip on the BLE/Wi-Fi cape to create a wireless access point and a pairable
Bluetooth® device. The Wi-Fi/BLE cape from Dallas Logic connects to the DECA board through the BeagleBone-
compatible header giving the DECA board wireless capabilities.

7.1.1 Wi-Fi Subsystem

The Nios Il processor communicates with the TI CC3100 Wi-Fi Network Processor over a SPI interface. The Nios I
connects to a SPI master controller which manages data transfers to and from the CC3100. A parallel 10 is used to
implement the IRQ signal from the CC3100. Additionally, a UART interface is implemented to provide access to the
on-chip flash memory on the CC3100. If the user wanted to change the website hosted on the CC3100 (as html
code), the user would re-write the flash through this interface.

The CC3100 is a complete network processing solution on a single chip. The dedicated ARM MCU completely
offloads Wi-Fi and Internet protocols from the host by implementing the entire TCP/IP stack, crypto and security
engines, and an 802.11 b/g/n radio. The CC3100 has a dedicated on-board antenna which it uses to broadcast its
wireless signal. A power management subsystem includes DC-DC converters and enables low power consumption
modes such as hibernation drawing only 4 pA of power.

270 Max10 DECA Workshop Manual

NA\OW  ATERA, RS e Five Years Out



LAB 7. Interact with DECA using BLE and Wi-FI

7.1.1.1 Below is the Wi-Fi subsystem block diagram.

DECA Board BLE/WIFI CAPE

WiFi_IRQ

WiFi_SPI

BeagleBone Expansion Header

WiFi_UART_HOST

7.1.2 Bluetooth® Subsystem

The Nios Il processor communicates with the CC2650 BLE MCU over a SPI interface. The Nios Il connects to a SPI
slave peripheral and receives data and requests from the CC2650 SPI master.

The CC2650 contains a 32-bit ARM Cortex-M3 processor to implement the Bluetooth® Low-Energy (Bluetooth Smart
®) stack and the 802.15.4 MAC which are both embedded into on-chip ROM. The M3 processor manages all data
transfers between the connected Bluetooth device and the Nios Il processor, abstracting the BLE protocol away from
the Nios Il host. The CC2650 has a dedicated on-board antenna to send and receive data over the Bluetooth link.

7.1.2.1 Below is the Bluetooth® subsystem block diagram.

| BLE/WIFI CAPE

DECA Board

BLE_SPI

BeagleBone Expansion Header
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2 Set up the DECA with the BLE/Wi-Fi Cape

In this section, you will connect the BLE/Wi-Fi cape from Dallas Logic to the DECA board using the BeagleBone
compatible header. Then you will download the hardware and software programming files to the board to get it ready
to interact with.

7.2.1 Attach the BLE/Wi-Fi cape to the DECA
7.2.1.1 Place the DECA board on the table with the blue/green audio jacks pointing toward you.

7.2.1.2  Align the BLE/Wi-Fi cape so that the Arrow logo is in the readable orientation and press the male header
pins on the cape firmly into the female header socket on the DECA. The final assembly should match the
image below. Ensure power is OFF.

Note: If you connect the cape incorrectly, you can permanently damage the hardware!.
n%’ Ensure that the board matches the picture below

e 52 25250 |'|"|'\‘ﬂ"|ﬁﬂr\.'ﬁl‘\ﬂaz

.1”%-\"!'\'\5

7.2.2 Open the Quartus Il Project
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.2.1 Launch Quartus Il 15.0 (64-bit) from the Start menu.

, Altera15.00.139

#, Uninstall QGuartus 0 Subscription Edid
ModelSim-Altera Edition 15.0.0.139 |
Mios T EDS15.0.0.139 [
Quartus T150.0.135
&4 Quartus 1150 (64-bit)
% Quartus115.0 Design Space Expl
|| Quartus 1150 Device Installer
A Quartus 1150 EDA Sirmulation Li
\q"’#‘ Quartus T15.0 Programmer
[® Quartus 115.0 TalkBack Install

7.2.2.2  Open the workshop project from File =Open Project.

7.2.2.3 Browse to the directory where you extracted the lab files (for example
C: \ DECA\ wor kshop_| abs\ 7_BLE_W FI _Lab) and open DECA gol den_t op. gpf .

Feel free to explore the hardware source files, namely the top level file deca_gol den_t op. v. In this file, you'll see
the top-level ports which are connected to pins on the DECA board, reg/wire declarations and some structural coding
including instantiations for two components. One of these, named RF0002_BASE, contains a Nios Il soft core
processor that will be running the software code.

7.2.3 Download the hardware configuration file (.sof) to the MAX10
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.3.1 Open the Quartus Il Programmer from Tools = Programmer or double-click on Program Device (Open
Programmer) from the Tasks pane. The Programmer should open with a pre-defined configuration showing
the appropriate device and programming file selected.

= o
7 Search altera.com @

.-3. Hardware Setup...| Mo Hardware Mode: |JTAG b ] Progress: ]

[] Enable real-time 15F to allow background programming when avaiable

G File Device Checksum Usercode Program/ Verify Blank- Examine Security
il Start Configure Check Bit

DECA_golden_top.sof 10M50DAF484 O0BE99F 008E999F Il

3l Auto Detect

Delete

M ~hange Fil
M5 Change File....

| 1 | ¥

b Save File =

=l
[% Add Device...

m

10M50DAF454

7.2.3.2 Inthe same orientation as above, plug in the USB cable included with your kit to the top USB connector
labeled J10 UB2. Since the USB Blaster Il driver software should already be installed, the Window's Device
Manager should display two entries under "JTAG Cables".

4§ ITAG cables
T i Altera USB-Elaster I (JTAG interface)
i v Altera USB-Blaster I (System Console interface)

You should see a few LEDs light up on your DECA including the blue LED labeled 3. 3V and the green LED labeled
CONF_D.

If the Device Manager shows an unconfigured USB Blaster, if Windows tries to look for drivers,
ﬂg’ or if the LEDs on the DECA do not light up, ask your workshop trainer for help.
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.3.3 Click the Hardware Setup... button in the upper left of the Programmer window. Double-click the Arrow
MAX10 DECA entry in the Hardware pane. The Currently Selected Hardware drop-down should now show
Arrow MAX10 DECA [USB-1]. Depending on your PC, the USB port number may be different. Click Close.

%Hardware Setup . —— | XS |

Hardware Settings JTAG Settings |

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: | Arrow MAX 10 DECA [USB-1] - |

Available hardware items

Hardware SErvVer Port Add Hardware...
Arrow MAX 10 DECA Local USE-1

Close

7.2.3.4  Make sure the Program/Configure checkbox is checked and click Start to program the DECA. You should
see the CONF_D LED illuminate to indicate that the configuration is complete and the Progress bar in the
Quartus Il programmer should reach 100% (Successful). Additionally, all 8 blue LEDs should be on.

Progress: [ 100%% (Successful) '3]

7.2.4 Download the software executable (.elf) to the Nios Il Soft Processor

Now that the MAX10 has been programmed with the necessary hardware configuration, the software executable
needs to be downloaded to the memory for the Nios Il processor to begin executing it.
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.4.1 Launch Nios Il 15.0 Software Build Tools

. Altera15.00.139
5 Uninstall Quartus I Subscription Edif

| ModelSim-Altera Edition 1500139

W MiosTEDS15.0.0139
(87 Mios I115.0 Command Shell
|| MiosIT15.0 Documentation

_[;_@ Mios D150 Software Build Tools for Eclipse|
Mhiartus 1500139

7.2.4.2 Import both the application and the bsp project folders using the menu: File & Import

7.2.4.3 The Import dialog box appears. Select General = Existing Projects into Workspace and Click Next

% mpor | '—'
Select N4

(reate new projects from an archive fil= ar directory.

Select an impart source;
type filter text
4 = Ceneral
& Archive File
2% Existing Projects into Workspace|
[, File System
EL Pre‘erances ‘

> & CfCH+
> & VS
b & Cit
» = Install -
4= =)
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.4.4 Browse to C. \ DECA\ wor kshop_| abs\ 7_BLE_W FI _Lab\ sof t war e folder and select both
ble wifi_appandbl e_wi fi_bsp projects. Select "Finish".

7.2.4.5 For this step, we will not build the
format) file.

software project but merely just run the existing elf (executable linked

7.2.4.6 Inthe menu: Run = Run Configurations... Click Nios Il Hardware along the left pane, and press the

ar

new button (')

7.2.4.7 A new configuration will appear. In the Project tab on the right-hand pane, check the Enable browse for
system ELF file and browse tothe bl e_wi fi _app. el f file as shown:

= Run Configurations

Create, manage, and run configurations
Mios I Hardware Tab Group

T EX| B2

type filter text

[E] C/C++ Application
[E] C/C++ Remote Application
= Launch Group
4 E."_ﬂ Mios I Hardware
P New_configuration
ﬁaﬂ Mios I Hardware v2 (beta)
I Mios 0 ModelSim
= Mios 0 ModelSim v2 (beta)

Version 15.0
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|| Mame: Mew_configuration

| El Project . Jl, Target Connection e Debugger| B Source| = Common

Project name: ble_wifi_app -

Project ELF file name: C:\DECA\workshop_labs\7 BLE_WIFI_|ab\software\ble_wifi_appble_wifi_app.elf

[¥] Enable browse for file system ELF file

File system ELF file name:
C:\DECAWworkshop_labs\7_BLE_WIFI_Lab'\software\ble_wifi_app'ble_wifi_app.elf
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.4.8 Inthe Target Connection tab, click the Refresh Connections if the Run button has been grayed out.

7.2.4.9 Click Run to launch the ble_wifi_app.

When the ble_wifi_app launches, it will run through several lines of code before stopping and asking
the user for some input as shown

; ob z Console [ Nios 1 Console 23
New_configuration - cable: Arrow MAYX 10 DECA on localhost [USB-1] device ID: 1instance ID: 0 name: jtaguart_0
X

=
£

[NETAPF EVENT] IP Acquire
3

B = T 4 B )

Host Driwer Version: 1.0.0.1
Build Version 2.0.7.0.31.0.0.4.1.1.5.3.3

12
Device is configured in default state
13
14
15
16
G}
18
[NETAFEF EVENT] IF Acguire
Please input the SSID name for AP mode:

7.2.4.10 Create a custom SSID for the WIFI access point. Enter any nhame you wish, up to 32 characters long, then
press enter

7.2.4.11 Enter what type of encryption you want for this session. Press 1 for Open encryption

7.2.5 Interact with the DECA board over Wi-Fi

The Tl CC3100 on the BLE/Wi-Fi cape has now been configured as a Wi-Fi access point (AP). In this section, you
will connect to the AP and send/receive data to the DECA board over the link.
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.5.1 From your smartphone or laptop, connect to SSID you created just as you would with any other wireless
network. The access point has no security so your device should have no trouble connecting.

The Nios Il Console should report a few more lines of information showing that the AP lease has
been acquired and a client is connected.

[METAPF EVENI] Lease Aquire
la
1k
Configured CC3100 in AP mode, Restarting CC3100 in AP mode
lc
1d
le
TE
[NETAPP EVENI] IF Rcguire
Connect client to LP test

=

NHETAFP EVENT] Lease Aguire
ient connected

(]
[ I R T R
P

[&4]

Domain name = mysimplelink.net 24

Device TEN = mysimplelink

Version 15.0 279

,\]WW @ . }-}E}E‘E%TS{UMENTS Five Years Out



LAB 7. Interact with DECA using BLE and Wi-FI

7.25.2

In your web browser, type the domain name given by the terminal into the URL field i.e.

www. mysi mpl el i nk. net . You should see the following web page showing status information for the Wi-Fi

access point. Feel free to scroll down and explore the Status page.

L]
Tos
DallasLogic M\N INSTRUMENTS

« Status

e Accerometer. Temperature & Humdity
s LED & Push Button

Device Name: mysimplelink
Device Mode: Access Point
MAC Address: DO:5FB84D:64:22

| »

DHCP State: Enabled
IP Address: 0.0.0.0
Subnet Mask: 00.00
Default Gateway: 0.0.00
DNS server: 0.0.00

Channel No: (3]
SSID: DallasLogicWIFI
Securitv Tvne: (inen =
280 Max10 DECA Workshop Manual
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7.25.3

7.25.4

LAB 7. Interact with DECA using BLE and Wi-FI

Click the link for the accelerometer, temperature & humidity data. The new page displays instantaneous
accelerometer, temperature and humidity data from the various sensors on the board. A live feed of this data
can be enabled by clicking the "Start Continuous" button on the page.

+ Status

€« C M [ www.mysimplelink.net a8 ® =

= Apps @_} MAX10 Campaign L.. 44 Journey Program - ... E'l Google » (] Other bookmarks

Dallas Logu: I\Nww INSTRUMENTS

¢ Accerometer. Temperature & Humiditv

+« IED & Push Button

Temperature:
Humudity:
M-axis:
Y-Axis:

L-Axis:

WIFI BLE Info.

| Start Continuous |

40 2407531738281
18.3837890625
1981
2010

1269

Tilt the DECA board in various directions to see if you can determine the X, Y and Z orientations of

the board.

Click the link for the LED & Push Button data. The new page displays the status of the LEDs on the DECA

Note that the Push Button portion is currently not implemented.

Version 15.0
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LAB 7. Interact with DECA using BLE and Wi-FI

@ NOTE: Pushbutton 0 [Key 0] is connected to the system reset. Pushing this button will
cause Nios to reset. If you accidentally reset the system, restart the application (Run 2Run
Configuration)

=1 |
iﬂ! i3 Texas
Dallas Logic ANWVV *:’ INSTRUMENTS
. Stafus

s Accerometer. Temperature & Hunudity
» LED & Push Button

LED & Push Button

LEDD LED1 LED?2 LED3 LED4 LED3 LED& LED7

Tum On Tum On Tum Off Tum Off Tum Cn Tum Off Tum On Tum On

Push Button Tune:

Click a few LED buttons in the webpage and observe the corresponding LEDs illuminating on the
DECA board.

Notice that the Nios Il terminal displays an [HTTP EVENT] entry for each action you make in the
webpage.

EUENT 1 event
EUENT 1 event
EUENT 1 event

EUENT 1 event
EUENT 1 event
EUENT ] event

Congratulations! You have completed the WiFi portion of this lab!

7.2.6 Interact with the DECA board over Bluetooth® LE

The CC2650 fully implements the Bluetooth® Low Energy stack and is configured to appear as a pariable device to
other Bluetooth capable devices. In this section, you will pair your smartphone with the DECA and interact with the
sensors over the Bluetooth link.

your workshop trainer for help. For iOS users, continue on to the next step. For Android users,

@ If you have an older smartphone, your device may not support Bluetooth Low Energy. Please ask
please skip to section 7.2.6.7.
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.6.1 Open the Bluetooth settings on your iOS device and ensure that the device’s Bluetooth function is ON.

7.2.6.2 Open the App store and search for BLE Uti | ity. Install the app below on your device.

w3 ATAT ITE 1:03 AM LE LS W)

4 ble utlity 19 Assuls €

BLE Likility
- [+
* Fonwiared: HREh |
LE

H.Ius:hjmik BLE Utility GET |
Xin 2ni 7
Seancdi Lipate

7.2.6.3  After the installation is complete, open the app. After the application opens and scans, you should see at
least one entry for ARROW BLE WIFI CAPE. Note the negative number in the blue box. This is the device's
Received Signal Strength Indicator (RSSI) number. It measures the strength of the Bluetooth device's signal

in dB.
eeeco ATET LTE 3:33 PM
Scanning...
ARROW BLE WIFI CAPE gy
BDBEB 7CI5-4ACE-4AM1-5013-736E7409C985 T
BE2A-1ER1-0C8BC5D36808 e
Central
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.6.4 If there are multiple entries, move your iOS device very close to your DECA board. You should observe the
RSSI value of one of the entries approach about - 30. Select this device to pair with it.

esac0 ATAT LTE 3:20 PM T 2% E 4

Scamning..  Services o]

Unknow Service

UUID: OxFFFO

Central

284 Max10 DECA Workshop Manual

f\r\r\E\N @ : }-IEI};?]?{UMENTS Five Years Out



Version 15.0

LAB 7. Interact with DECA using BLE and Wi-FI

The CC2650 has been configured to provide two data "services". One provides Device Information
such as system ID, hardware revision, and serial number; each of these fields is called a
“"characteristic". The other, titled "Unknown Service", allows the BLE Utility app to read temperature,
humidity, and accelerometer data from the DECA board.

AT LTE 3:20 PM 7R 2% T 14 eseco ATRT LTE 3:20 PM TR 21l 4

senvices  Characteristics sevices Characteristics

Device Information Unknow Service
UUID: Ox180A UUID: OxFFFO

Unknow Characteristic
Sy

Froper e d, Write

Model Unknow Characteristic
]| LiD: o
Frope Metify

Unknow Characteristic

LIUID: OxFFF3

Unknow Characteristic
(sl FFFS

Central Simulaf About Central
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LAB 7. Interact with DECA using BLE and Wi-FI

Feel free to explore the Device Characteristics service to see what kind of information can be
learned.

7.2.6.5 From the "Unknown Service" select the Unknown Characteristic with UUID of OxFFF2. This characteristic
displays the raw temperature and humidity data from the DECA board.

T LTE 3:30 PM

;.'.‘.'harac.te...ﬁ Characteri_" ..Descripturs y

Unknow S
Unknow Characteristic
UUID: OxFFF2

Values
Hex 77 88 99 AA FF FF

ASCH nfa

Decimal 119 136 153 170 255 255

286 Max10 DECA Workshop Manual

,m_vv MEA B - }E}S('?S.UMENTS Five Years Out



LAB 7. Interact with DECA using BLE and Wi-FI

You should see the hexadecimal value fluctuating every few seconds. The format of the data is as
follows:

temperature data (2 bytes), Humidity data (2 bytes), 0x0000

Wrap your hands around the DECA board and blow hot air on the board and observe how these
values change.

7.2.6.6 Go back to the "Unknown Service" and select the Unknown Characteristic with UUID of OxFFF4. This
characteristic displays the raw accelerometer data from the DECA board.

&T LTE 3:30 PM TR 21l 4

Characte... Characteri... ..Descripturs y

Hex 11 22 33 44 55 66

ascl "3DUT

Decimal 17 34 51 68 85 102

Central

Again, you should see the hexadecimal value fluctuating. The format for the accelerometer data is
as follows:

x-data (2 bytes), y-data (2 bytes), z-data (two bytes)

Tilt the DECA around and watch the hex value change. See if you can determine the nominal
orientation of the accelerometer!

Congratulations! You have completed the BLE portion of this lab!
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.6.7 Open the Bluetooth settings on your Android device and ensure that the device's Bluetooth function is ON.

7.2.6.8 Open the Play Store and search for BLE Tool . Install the app below.

[& saving sereenshot ..

MM LOG

1800 Generic Access
2400 Device Name

2801  Appearance

2402 Peripheral Privacy Flag

BLE Tool

Action+

UNINSTALL OPEN

L2800

Devmloads

Tools Similar

ELEBluetooth low
energy,dangletcol BT explore HRW,CSC B
LUETOOTH,BLE scanner.

Copied to clipboard.

WHAT'S NEW
I In thig version, it can refresh device list by a
vertical swine oesture.
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.6.9  After the installation is complete, open the app. After the application opens and scans, you should see at
least one entry for ARROW BLE WIFI CAPE. Note the negative number on the left side of each entry. This is

the device's Received Signal Strength Indicator (RSSI) number. It measures the strength of the Bluetooth
device’s signal in dB.

MAIN LOG MAIN LOG
N ———,

-96 70:73.CB:E1:15:.CC null

Device name : ARROW BLE

-88 2C:B4:3A:27:19:A5 null WIFI CAPE

{ {
-64 00:12:4B.00:5E:51 ARROW RSSI:-76
BLE WIFI CAPE

1800 Generic Access
2A00 Device Name

2A01 Appearance

2404 Peripheral Preferred
Connection Parameters

1801 Generic Attribute
2A05 Service Changed

180A  Device Information
2A23 System ID
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.6.10 If there are multiple entries, move your Android device very close to your DECA board. You should
observe the RSSI value of one of the entries approach about - 30. Select this device to pair with it.

7.2.6.11 The CC2650 has been configured to provide two data "services". One provides Device Information such as
system ID, hardware revision, and serial number; each of these fields is called a "characteristic". Feel free to
open some characteristics and browse the information available. The other, titled "Unknown Service", allows
the BLE Ultility app to read temperature, humidity, and accelerometer data from the DECA board.

MAIN LOG

r s e A R ST R IV TRT Y e

180A Device Information
2A23 System 1D

o~

2424 Model Number String
2A25 Serial Number String
2426 Firmware Revision String
2827 Hardware Revision String
2A28 Software Revision String
2429 Manufacturer Name String

2A2A IEEE 11073-20601
Regulatory Certification Data List

2A50 PnP ID
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LAB 7. Interact with DECA using BLE and Wi-FI

7.2.6.12 From the "Unknown Service" section select the Unknown Characteristic with UUID of OxFFF2. Click the
Listen for Notify button. This characteristic displays the raw temperature and humidity data from the DECA

board.
MAIN LOG MAIN LOG

Profile : Unknow Profile : Unknow

UUID : FFF2 ¢ UUID: FFF2

Properties : Notify Properties : Notify $

Decimal 4 Decimal 4

Listen for Notify Stop Notify
20:50:53.568 -> 190 121 075
084 255 255
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LAB 7. Interact with DECA using BLE and Wi-FI

You should see the hexadecimal value fluctuating every few seconds. The format of the data is as
follows:

Timestamp - temperature data (2 bytes), Humidity data (2 bytes), OXFFFF

Wrap your hands around the DECA board and blow hot air on the board and observe how these
values change.

7.2.6.13 Go back to the "Unknown Service" and select the Unknown Characteristic with UUID of OxFFF4. This
characteristic displays the raw accelerometer data from the DECA board.

MAIN LOG

Profile : Unknow

UUID : FFF4
Properties : Notify $
Decimal 4
Stop Notify
20:51:08.581 -> 007 205 007
237004173

Again, you should see the hexadecimal value fluctuating. The format for the accelerometer data is
as follows:

Timestamp -> x-data (2 bytes), y-data (2 bytes), z-data (two bytes)

Tilt the DECA around and watch the hex value change. See if you can determine the nominal
orientation of the accelerometer!

CONGRATULATIONS! YOU HAVE COMPLETED THE BLE/WIFI
CONNECTIVITY LAB!
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